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Abstract

Objectives 
The Bayley Scales of Infant and Toddler Development (3rd ed.; 
Bayley III) are widely used to assess cognitive, language, and motor 
development of children aged 1–42 months. It is unclear whether or 
not the reference norms of the Bayley III are acceptable for use in other 
populations or lead to over- or underestimating the developmental 
status of target children. This study aimed to compare the Tehran 
norms to the reference norms.

Materials & Methods 
We used Bayley III norms to assess cognitive, language, and motor 
development of 1,674 healthy children from health care centers in 
Tehran. Differences between the scaled scores were calculated based 
on the Tehran and reference norms. A one-sample multivariate analysis 
of variance (MANOVA) was used to control the mean difference scores 
over all subtests. When MANOVA showed significant differences 
between the scaled scores based on the Tehran and reference norms, 
we used univariate analysis to see which subtest and age group led to 
these significant differences. Finally, the proportions of children with 
low scores (scaled scores <7 or -1 SD and <4 or -2 SD) based on 2 
norms were compared using the McNemar test to determine the over- 
or underestimation of developmental delay. 

Results 
The scaled scores based on the Tehran norms varied across values 
based on the reference norms in all subtests. The mean differences 
were significant in all 5 subtests (p < .05) with large effect sizes 
for receptive and expressive communication, fine and gross motor 
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subtests of .20, .23, .14, and .25, respectively, as well as with 
a small effect size for the cognition subtest of .02. Large 
effect sizes for all age groups were found for cognition, 
expressive communication, and fine motor subtests. More 
children scored below 1 and 2 SD using the Tehran norms. 
Using the reference norms resulted in underestimation of 
developmental delay regarding cognitive, receptive and 
expressive communication, and fine and gross motor skills.

Conclusion 
Population-specific norms should be used to identify 
children with low scores for referral and intervention. The 
Tehran norms differed from the reference norms for all 
subtests, and these differences were clinically significant. 
Keywords: Bayley Scales of Infant and Toddler 
Development; Development; Testing norms; Children.
DoI: 10.22037/ijcn.v16i1.29236

Introduction
Globally, the potential for growth, cognitive, and 
socioemotional development is not being achieved 
in more than 200 million children under the age of 
5 years (1). Early interventions are vital to prevent 
long-term sequels because the critical period of 
brain development occurs in the early years of 
life (2). Children in low socioeconomic status 
face poor health conditions, large family size, lack 
of home environmental stimulation, and fewer 
educational resources (3). The early experiences of 
the infant can affect its whole life since physical, 
social-emotional, and cognitive development in 
early childhood provides the basis for the child’s 
development in future years (4,5). Previous studies 
have determined that the developmental paths of 
children with different cultural backgrounds, even 
within the same country, are significantly different 

for motor and language skills (6). 
The Bayley Scales of Infant and Toddler 
Development (3rd ed.; Bayley III) are the most 
commonly used tool to assess early developmental 
status, specifically cognitive, language, and motor 
skills (7). The Bayley III is an objective test with 
stepwise guidelines, norm-referenced scores, and 
appropriate psychometric properties to measure 
and assess infants’ development in health care 
settings and for scientific research purposes; it 
was designed and normalized in the US. Given 
the factors affecting the development of infants, 
such as genetic features, child-rearing, social 
habits, ecological characteristics, socioeconomic 
factors, and the relationship between these factors 
(8), using reference norms in populations with 
different features and cultures appears to result 
in misclassification of developmental delay. 
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Overestimating development leads to the non-
referral of infants who need intervention and the 
loss of opportunity for early interventions, while 
underestimating development increases health care 
costs, parents’ concerns, and unnecessary referrals. 
Most studies conducted on child development in 
developing countries use tests adapted, designed, 
and validated for western countries (9-11). In some 
studies, “translating” is the only effort made (12, 
13), which if not carried out in conjunction with 
the so-called “adaptation” process, it cannot alone 
be indicative of that region’s cultural traditions 
and may lead to misinterpretation of the results 
(14). Also, these adapted tests have limited 
value without knowledge of a normal variety for 
other populations. Adjustment studies have been 
conducted in many developing countries, mainly 
using translated and rarely adapted original tests 
(15-18). In terms of development, this could lead 
to misclassification when the cut-off points of 
developed countries are used to assess children in 
developing countries (14).
Many studies conducted on Bayley III have shown 
that the reference norms are inappropriate to use in 
other populations (19- 27). Most of these studies 
have focused on specific groups (such as preterm 
infants and 1 age group with small sample sizes), 
and specific population norms have not been used 
in these studies (19-26). Population norms were 
used in 17 age groups only in 1 study to determine 
the cut-off points of the Bayley III in Dutch children 
regarding cognitive, motor, and language domains 
compared to the reference norms (27). 
This study aimed to compare the Tehran norms of 
the Bayley III to the reference norms in cognitive, 
language and, motor scales of Persian-speaking 
children aged 1 to 42 months. 

Materials &Methods
This cross-sectional study was conducted in Tehran. 
We used the Bayley III, in which the adaptation, 
psychometric properties, and the Tehran cut-off 
points were determined in previous studies (28, 
29). According to the health care services, Tehran 
is divided into 3 geographical regions (i.e., north 
and east, center and south, and west), which 
collectively cover 60% of the health care visits and 
98% of vaccinations for children aged newborn to 5 
years. Sampling was in proportion to the population 
of children covered in each region. Inclusion 
criteria were apparently-healthy 1- to 42-month-
old children and Persian-speaking. Normal 
development was defined as “any child born with 
no significant medical complications and is not 
currently diagnosed with or receiving treatment 
for cognitive, motor, language, or behavioral 
problems.” The exclusion criteria consisted of 
known developmental disorders, including attention 
deficit and hyperactivity disorder, autism spectrum 
disorders, chromosomal disorders, congenital 
anomalies, intellectual disability, receiving 
rehabilitation interventions, sensory disorders, 
such as hearing or visual problems. The examiners 
for this study were selected based on the following 
criteria: a degree in occupational therapy, speech 
therapy, or psychology, as well as at least 2 years 
of experience working with children and a desire 
to work with them. They then received training.  
Data collection tools and methods: After 
obtaining the assigned parents’ informed consent, 
mothers completed a demographic questionnaire, 
such as the date of birth, child health, and the 
parents’ education.
The Bayley III is an individually administered 
assessment tool that assesses developmental 
functioning in children aged 1 to 42 months in 
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cognitive (91 items), receptive (49 items) and 
expressive (48 items) communication, and fine (66 
items) and gross motor (72 items) domains (7). For 
practical purposes, this age range is divided into 17 
age groups. Scaled scores are derived from the raw 
scores of the Bayley III. The range of the scaled 
scores is 1 to 19, with an SD of 3 and a mean value 
of 10. Therefore, a scaled score of 10 in each subtest 
indicates mean functioning in that age group and 
7 one SD below the mean, and scaled scores of 4 
represent the 2 SDs from the mean (7). The Persian 
version of the Bayley III was used in this study, 
which had its validity confirmed in a previous 
study (28). The forward-backward translation 
method was used to prepare the Persian version 
of the Bayley III, and, to increase its application 
in Iranian culture, modifications were made to the 
items, especially in the subtests of receptive and 
expressive communication for compatibility with 
grammar and language development in Persian-
speaking children. Also, these modifications were 
made to the illustrations of the stimulus book as 
follows: changes in the receptive communication 
subtest: the games were replaced with the usual 
games played in Iranian culture. Given the words’ 
frequency in the period of language development 
in Persian-speaking children, the word “candy” 
was replaced with “cake” and “bird” with “fish,” 
and the illustrations were appropriately changed, 
and the tool “cup” was replaced with “handled 
glass.” Given that there is a vowel point to indicate 
possession in the Persian language, this form of 
pronouns was also added to the instructions, and the 
simpler and more popular form of the continuous 
tense, namely “to have + present tense,” was used. 
Changes were also made to the pronouns. Changes 
in the expressive communication subtest: Changes 
were made with respect to expressing continuous 

verb tenses, use of plural words, signs of possession 
in the Persian language, present tense verbs, and 
signs of future verbs. 
Data analysis: The differences between the scaled 
scores for all children in all subtests, based on 
the Tehran and reference norms, were calculated. 
A one-sample multivariate analysis of variance 
(MANOVA) was used to control the mean difference 
scores over all subtests. When MANOVA showed 
significant differences between the scaled scores 
based on the Tehran and reference norms, we 
used univariate analysis to see which subtest led 
to these significant differences. Because the mean 
differences might be age-dependent, the MANOVA 
(including all subtests) was separately performed 
for each age group in the next step. These results 
were evaluated and interpreted according to Cohen 
(30) effect size (η p2) (.06 or less is small, .07-.13 
medium, and .14 or higher large).

Finally, the proportions of children with low scores 

(scaled scores <7 and <4), based on the Tehran and 

reference norms, were compared using the McNe-

mar test. Analyses were performed using SPSS 

version 20 (SPSS Inc, Chicago, Ill, USA). 

The Ethics Committee of the University of Social 

Welfare and Rehabilitation Sciences approved this 

study (code: 801/93/18330/1).

Results
In this study, 1,674 children were enrolled, of which 
913 were boys (54.5%). The highest educational 
level of the mothers was at a moderate level (47%). 
Table 1 demonstrates background characteristics 
and 17 age group distribution of the participants. 
Table 2 shows the univariate MANOVA results 
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with significant differences for all subtests and 
large effect sizes for receptive and expressive 
communication and fine and gross motor subtests 
of .20, .23, .14, and .25, respectively, as well as a 
small effect size for the cognition subtest of .02. 
The mean difference and partial eta squared values 
between the scaled scores based on the Tehran 
and reference norms are presented in Table 3. The 
smallest mean difference (equal to .01) was found 
for cognition for age group B (1 month 16 days-2 
months 15 days), expressive communication for age 
group N (25 months 16 days-28 months 15 days), 
fine motor for age group Q (39 months 0 days-42 
months 15 days), and gross motor for age group 
A (16 days-1 month 15 days) and D (3 months 16 
days-4 months 15 days). For gross motor skills for 
age group Q (39 months 0 days-42 months 15 days), 
the largest mean difference of 2.77 was found, 
which is near to 1 SD based on the scaled scores. 
The effect sizes regarding the multivariate analyses 
are displayed in the second column in Table 3. For 
all age groups, large effect sizes were found for the 
differences between the scaled scores based on the 
Tehran and reference norms, but not consistently 
for particular subtests or definite age groups (Table 

3). For cognition, expressive communication, and 
fine motor subtests, effect sizes were generally 
large for all age groups. For the receptive 
communication subtest, effect sizes were generally 
large, with the exception of 4 age groups. For the 
gross motor subtest, effect sizes were generally 
large, with the exception of 6 age groups.  
Using a scaled score of 7 (-1 SD) or 4 (-2 SD) 
as the cut-off point, McNemar tests showed that 
for all subtests, except for a scaled score of 4 for 
fine motor, significantly different rates of children 
with low scores were found using the Tehran and 
reference norms (Table 4). It means that fewer 
children scored below 1 or 2 SD in cognition, 
expressive, and receptive communication and 
fine and gross motor performance when using 
the reference norms instead of the Tehran norms. 
In addition, McNemar tests were performed on 4 
age groups (Table 4). The proportions of children 
scoring below 1or 2 SD using the Tehran and 
reference norms varied significantly for all age 
groups. Therefore, using the reference norms, 
fewer children score below 1 and 2 SD than the 
Tehran norms.

Table 1. Background characteristics of the sample (N=1674).

N Percent

Gender

Boys 913 54.5

Girls 761 45.5

mother Educational level *

Low 643 38.5

Moderate 788 47

High 243 14.5

age groups

A: 16 days-1 month 15 days 53 3.2
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N Percent

Gender

B: 1 months 16 days-2 months 15 days 62 3.7

C: 2 months 16 days-3 months 15 days 63 3.8

D: 3 months 16 days-4 months 15 days 108 6.5

E: 4 months 16 days-5 months 15 days 58 3.5

F: 5 months 16 days-6 months 15 days 86 5.1

G: 6 months 16 days-8 months 30 days 159 9.5

H: 9 months 0 days-10 months 30 days 96 5.7

I: 11 months 0 days-13 months 15 days 138 8.2

J: 13 months 16 days-16 months 15 days 163 9.7

K: 16 months 16 days-19 months 15 days 116 6.9

L: 19 months 16 days-22 months 15 days 89 5.3

M: 22 months 16 days-25 months 15 days 80 4.8

N: 25 months 16 days-28 months 15 days 101 6.0

O: 28 months 16 days-32 months 30 days 84 5.0

P: 33 months 30 days-38 months 30 days 132 7.9

Q: 39 months 30 days-42 months 15 days 86 5.1

*‘Low educational level’ refers to special education, primary school, or pre-vocational secondary education 
(< 12 years); ‘medium educational level’ refers to senior general secondary education, pre-university 
education, or secondary vocational education (13–16 years); ‘high educational level refers to higher 
professional education or university (17+ years).

Table 2. MANOVA results per sub-tests over all age groups.
Mean difference P 95% CI ηp2

Cognition -0/02 0/04 -0/07,0/03 0.02
Receptive Communication -1/01 0/001 -1/16,1/00 0.20
Expressive Communication -0/51 0/001 -0/57,0/46 0.23
Fine Motor -0/29 0/001 -0/38,-0/20 0.14
Gross Motor -0/73 0/001 -0/82,-0/66 0.25

Note. The Mean difference is calculated by the scaled score based on the Tehran norms minus the scaled 
score based on the US norms. Mean differences < 0 indicate that the score based on the US norms was 
higher than the scaled scores based on the Tehran norms. Mean differences >0 indicate that the scaled score 
based on the US sample is lower than the scaled score based on the Tehran sample. The number of degrees 
of freedom in all subtests is 1.
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Table 3. Mean differences (SD), and Partial eta squared values for all subtests per Bayley-III age groups.

Age
group

Cognition Receptive 
Communication

Expressive 
Communication

Fine Motor Gross Motor

Mean 
difference

(SD)

η p2 Mean 
difference

(SD)

η p2 Mean 
difference

(SD)

η p2 Mean 
difference

(SD)

η p2 Mean 
difference

(SD)

η p2

A -1.47(0.3) 0.55 -0.58 (0.2) 0.35 0.03(0.01) 0.15 0.58(0.21) 0.15 0.01(.001) 0.10

B 0.01(0.01) 0.65 -0.54 0.21) 0.45 1.61(0.87) 0.25 0.83(0.15) 0.30 0.17(0.03) 0.21

C -0.50(0.10) 0.72 -0.26(0.11) 0.52 0.68(0.14) 0.52 0.52(0.12) 0.40 0.58(0.16) 0.28

D -0.96(0.07) 0.44 0.75(0.08) 0.14 0.15(0.12) 0.49 -0.35(0.11) 0,03 -0.01(0.12) 0.12

E -0.44(0.11) 0.23 0.96(0.12) 0.20 0.41(0.19) 0,16 -0.25(0.11) 0,33 -1.68(0.14) 0.30

F -0.25(0.08) 0.25 2.22(0.08) 0.21 -0.31(0.06) 0.20 0.73(0.05) 0.18 -0.62(0.06) 0.21

G 0.55(0.08) 0.11 1.42(0.06) 0.19 0.07(0.04) 0.44 0.54(0.04) 0.28 -0.81(0.03) 0.22

H -0.34(0.09) 0.60 1.13(0.08) 0.50 -0.05(0.07) 0.35 -0.05(0.07) 0.44 -1.15(0.04) 0.21

I 0.89(0.05) 0.32 1.44(0.05) 0.12 0.40(0.04) 0.14 0.08(0.07) 0.18 -0.05(0.10) 0.10

J 1.04(0.06) 0.44 1.51(0.04) 0.24 0.74(0.07) 0.38 1.49(0.09) 0.33 2.06(0.07) 0.07

K 0.23(0.10) 0.17 0.83(0.07) 0.22 -0.43(0.08) 0.55 0.70(0.11) 0.43 1.12(0.10) 0.30

L 0.16(0.11) 0.32 0.95(0.12) 0.02 0.07(0.09) 0.44 0.58(0.09) 0.10 0.80(0.09) 0.19

M -0.36(0.12) 0.23 1.31(0.10) 0.13 0.33(0.11) 0.13 0.45(0.12) 0.21 1.08(0.10) 0.16

N -0.05(0.12) 0.21 0.89(0.07) 0.27 -0.01(0.06) 0.44 0.49(0.06) 0.33 1.70(0.13) 0.20

O -0.25(0.13) 0.04 1.13(0.12) 0.14 1.92(0.09) 0.14 1.10(0.13) 0.15 2.60(0.12) 0.06

P -0.19(0.11) 0.21 1.33(0.07) 0.09 1.65(0.12) 0.27 -2.16(0.33) 0.11 2.52(0.09) 0.22

Q -0.09(0.13) 0.19 2.05(0.12) 0.10 1.70(0.17) 0.12 0.01(0.32) 0.16 2.77(0.10) 0.11

Note. The Mean difference is calculated by the scaled score based on the Tehran norms minus the scaled score based 
on the US norms. Mean differences < 0 indicate that the score based on the US norms was > the scaled scores based 
on the Tehran norms. Mean differences >0 indicate that the scaled score based on the US sample is < the scaled score 
based on the Tehran sample. Effect sizes are all statistically significant, p < .01, except those not bold. 

Table 4. Proportion of children with low scores based on the US or the Tehran norms.

Us norms
<- 2SD %

Tehran norms
< -2SD %

Us norms
< -1SD %

Tehran norms
< -1SD %

All age groups

Cognition 1.7 3.1* 12.8 19*

Receptive Communication 0.5 3.4* 7.2 19.6*

Expressive communication 1.2 3.3* 12.7 21*

Fine Motor 1.2 2.9 8.2 17.8*
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Us norms
<- 2SD %

Tehran norms
< -2SD %

Us norms
< -1SD %

Tehran norms
< -1SD %

Gross Motor 1.8 3.4* 12.1 19.2*

4 Age groups

0–6 months 15 days

Cognition 1.1 1.9* 30.6 23.1*

Receptive communication 1 1.9* 9.3 19.4*

Expressive communication 0.9 3.7* 11.1 24.1*

Fine Motor 0.9 0 7.4 12*

Gross Motor 1.1 0 3.7 20.4*

6 months 16 day -13 months 15 days

Cognition 2.9 4.3* 9.4 15.2*

Receptive Communication 1.4 5.8* 7.2 15.9*

Expressive communication 2.2 5.1* 15.2 21*

Fine Motor 2.2 4.3* 16.7 18.1*

Gross Motor 1.9 5.8* 22.5 15.2*

13 months 16 day -25 months 15 days

Cognition 0.6 2.5* 5.5 19.6*

Receptive Communication 1.2 3.7* 9.8 20.9*

Expressive communication 1 1.8* 3.7 23.3*

Fine Motor 1 2.5* 3.7 20.2*

Gross Motor 1.6 3.7* 8 17.8*

25 months 16 day -42 months 15 days

Cognition 0 1.2* 4.8 19*

Receptive Communication 0 3.6* 3.5 13.1*

Expressive communication 0 4.8* 3.6 11.9*

Fine Motor 0 3.6* 7.1 19*

Gross Motor 0 3.6* 1.2 17.9*

Note. Scaled scores of < -1SD correspond to scaled scores <7 indicating a low score which may 
reflect a mild to moderate developmental delay in the subtest domain and scaled scores of <- 2SD 
correspond to scaled scores <4, which may indicate a moderate to severe delay in the domain examined. 
* p < .01
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Discussion
In this study, a total of 1,674 children were assessed 
using the Bayley III. The present study, conducted 
on a large number of Persian-speaking children in 
Tehran, showed a significant difference between 
the Tehran and reference norms. Overall, the effect 
size of the difference between the Tehran and 
reference norms was large. There were significant 
rate differences in the analysis of developmental 
delay children. Using the reference norms leads 
to an overestimation of development in all 
subtests compared to the Tehran norms, as well 
as underdiagnosis of developmental delay. These 
findings showed important differences in children’s 
functioning and developmental levels between the 
2 populations. Also, the results showed that over- 
or underestimation of development using these 2 
norms was somewhat age-dependent, especially in 
0-6 months groups. 
The same method used for the main reference 
norms was also used for standardization and 
normalization in Tehran, but our sample included 
only apparently-healthy children. Therefore, the 
difference may be due to the mixed sampling method 
in the reference norms. The inclusion of about 10% 
of high-risk and developmental disorders groups 
in the normative sample of the third edition in the 
US is the most likely cause for the overestimation, 
as this methodology tends to lower group means, 
increase SD, and, as a result, decrease the ability to 
detect developmental delay. On the other hand, the 
difference between the Tehran and reference norms 
may be due to differences in race, socioeconomic 
status (SES), parents’ ethnicity, and environmental 
factors. Previous studies have shown that even in 
a single country, the development of children with 
different ethnic backgrounds differs significantly 
with respect to acquiring motor (31) and language 

(6) skills. 
Another factor affecting children’s development 
is the parents’ education. Previous studies have 
shown that mothers’ education is related to the 
scores of children (32). In the US, the education 
level is measured based on the number of years of 
education; accordingly, 42% of the mothers have 
low levels of education, 30% moderate, and 28% 
high (7). In the present study, 38.5% of the mothers 
had low, 47% moderate, and 11.7% high levels 
of education. The difference in the pattern of the 
Tehran and reference norming sample regarding 
educational levels might also contribute to the 
differences between the norms.
Specific norms with cut-off point’s determination 
were done only in the Netherlands by Steenis et al. 
In this study, the scaled scores of the US and Dutch 
norms were compared in 1,912 children between 
the age groups of 16 days and 42 months and 15 
days. The researchers found that using the reference 
norms led to overestimation of the gross motor 
development and underestimation of the cognitive, 
receptive, and expressive communication and 
fine motor development (27). Using the reference 
norms instead of the Tehran norms (such as Dutch 
norms), the study leads to misclassification of 
developmental delay, indicating the need for using 
norm-specific scores.
In another study conducted by Manandhar et al., 
using the Nepalese version of the Bayley III on 102 
children aged 1-42 months, comparing the scaled 
scores of these children with the US (unlike our 
study) revealed that the mean scaled scores were 
lower than the mean scaled reference scores in 
cognitive, fine, gross motor domains (33). The 
results are not similar to our study, which may be 
due to the small sample size, rearing and cultural 
factors, parents’ educational level/SES, and 
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ethnicity. Finally, the authors concluded that using 
population-specific norms instead of the reference 
norms used outside the US is recommended, even 
though creating such norms is time-consuming and 
expensive. 
Nguyen prepared the Vietnamese version of the 
Bayley III, tested it on 129 Vietnamese children, 
and determined its psychometric properties. The 
authors concluded that there were no significant 
differences in the performance of Vietnamese 
children against the US norms and argued that the 
US norms could be used for this version (34). This 
result is not similar to our study. The small sample 
size (7-9 children in each age group) and the 
simple comparison of the raw scores without any 
categorization based on the 2 versions might limit 
appropriate statistical comparisons in the study.
In other studies on the Bayley III, population-
specific norms were not used, and the only mean 
scores of the special 2 groups were compared with 
the US norms. In a study conducted by Walker 
et al., 211 one-year-old Australian infants were 
randomly selected. The mean scores in all the 
subtests, except for the fine motor subtest, were 
significantly different from the reference norms. 
Therefore, the researchers suggested that specific 
cut-off points should be used for Australian 
children when administering the Bayley III (21). 
In a study conducted by Chinta et al. in Australia, 
156 three-year-old term children were assessed 
using the Bayley scale and compared to the 
reference norms in terms of the mean scores in 
5 domains. The mean scores were higher in the 
cognitive, fine motor, and receptive and expressive 
communication subscales, and there were no 
significant differences in the gross motor subscale. 
The highest difference was observed in the receptive 
communication subscale. Similar to our results, 

the researchers concluded that children with mild 
developmental delay might not be diagnosed when 
using reference norms and recommended the use 
of Australian norms in this population (20). Higher 
mean scores have also been reported in Australian 
children who had been assessed using the reference 
norms in a number of other IQ and developmental 
tests, showing that the results of these tests can be 
affected by cultural factors and the individual’s 
level of maturity and performance in the test (21, 
35). The results also agree with preliminary studies 
conducted in different countries, which compared 
Bayley’s test results with the reference norms (19-
23). 
In a study conducted by Krogh et al. in Denmark 
(2012), longitudinal data were collected at 4, 7, 10, 
and 13 months for 45 Danish infants; the results 
showed significant differences between the US 
and Danish scores in cognitive, language, and 
motor domains. The difference was particularly 
noticeable in receptive communication, such that 
Danish infants had a significant developmental 
delay in all the age groups compared to the US 
infants. According to the authors, 1 reason for 
this difference was the nature of Danish language 
phones, which make the process of learning this 
language more difficult, and the researchers 
suggested that care should be taken in using 
Bayley cut-off points in countries without normed 
scores specific to that society (23). In another 
study conducted by the same researchers (2016), 
43 Danish children were tested using the Bayley 
III at 2 and 3 years. Despite the previous study, the 
results showed no significant differences between 
the scores of the Danish and American children in 
motor and cognitive domains, the Danish children 
scored higher in the language domain, perhaps 
because the Bayley III overestimated the language 
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development of Danish children in this age band 
(36). Similar to our study, the mean scores of 
receptive and expressive communication were also 
higher than the reference norms, especially in the 
receptive communication subtest.
In 2014, Cromwell et al. assessed the validity of the 
Bayley III in Mali by administering the test in 167 
healthy Malawian children, and, while extracting 
the normed scores, they used the standard Z-score 
to categorize developmental delay. According to 
their results, the mean scores of Malawian children 
aged less than 6 months were higher than those of 
their American counterparts in all the subtests, but 
after the age of 6 months, the US children showed 
higher mean scores. The researchers concluded 
that the reference norms were different in different 
populations and that the interpretation of the test 
in Malawian children based on the US norms led 
to errors in categorizing developmental problems, 
especially in cognitive and communication 
domains (24).
In a study in Taiwan, similar to our study, the 
results showed that the Bayley III overestimated 
the development of Taiwanese children, and the 
researchers recommended that the cut-off points 
should be raised to show a developmental delay in 
this population (22). 
Godamunne compared the cognitive and motor 
domains of the translated Bayley III in 150 
Sri Lankan term children and found that at 
age 12 months, the Sri Lankan children scored 
significantly higher than the US children in the 
cognitive subtest––but lower in the gross motor 
subtest. In contrast, at 24 months old, the US 
children’s scores were higher than the Sri Lankan 
children on the cognitive scale, and there was no 
significant difference between them in their motor 
scores. Similar to our results, the score differences 

did not follow a fixed age-dependent pattern (26). 
According to these studies, using reference norms 
may not be appropriate in other populations since 
children from different countries develop at a 
lower, similar, or occasionally higher rate than the 
reference norms.

Limitation
The findings of other studies on the Bayley III 
revealed that some adaptations are needed to make 
the Bayley III appropriate for other countries. 
Thus, in the Persian version, besides translation, 
some changes were made to all subtests, especially 
to the language scale in accordance with Iranian 
culture and Persian language development (28). 
However, we did not assess whether the original 
sequence of items of the Bayley III, in which the 
items increase in difficulty, would be appropriate 
for the assessment of Iranian children and whether 
the same item arrangement could be applied. Thus, 
we suggest that the level of difficulty for adapted 
items be determined in accordance with the item’s 
increasing difficulty pattern. Another suggestion 
is to provide a language scale for other Iranian 
languages such as Turkish, Kurdish, and Baluch.

In Conclusion
Although the Bayley III is known as an accurate 
developmental assessment tool, standardized norms 
are required in each population to enable clinical 
and research application. Among Persian-speaking 
children in Tehran, the Tehran norms should be 
used. Using the reference norms of the Bayley III 
in Tehran children led to an underestimation of 
developmental delay. 



74

A Comparison Study of the Tehran Norms to the Reference Norms on Children Performance of the Bayley III

Iran J Child Neurol. Spring 2022 Vol. 16 No. 2

Acknowledgment
We acknowledge the financial support of the 
University of Social Welfare and Rehabilitation 
Sciences and the Pediatric Neurorehabilitation 
Research Center. Authors declare any sources of 
potential conflicting interest. The present study 
relied on the work of many colleagues of the health 
centers of Medical Universities of Tehran, Shahid 
Beheshti, and Iran. The authors are grateful for all 
children and parents who participated in this study. 

Author’s Contribution
Soleimani F, Azari N, Kraskian A, and Norouzi 
M had substantial contributions to the conception 
and design of the work; they had substantial 
contributions to acquisition, analysis, interpretation 
of data and drafting the work and revising it 
critically for important intellectual content; they 
had also contributed for final approval of the 
version to be published; and they have agreement 
to be accountable for all aspects of the work in 
ensuring that questions related to the accuracy or 
integrity of any part of the work are appropriately 
investigated and resolved. Vameghi R, Sajedi F, 
Shahshahani S, Karimi H, Shahrokhi A, Teymouri 
R, Gharib M, and Mehdipour N had substantial 
contributions to the conception, design, drafting 
and revising the work; they had contributed for final 
approval of the version to be published; and they 
have agreement to be accountable for all aspects of 
the work in ensuring that questions related to the 
accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

References 
1. Grantham-McGregor S, Cheung YB, Cueto S, et 

al. Developmental potential in the first 5 years 
for children in developing countries. Lancet 

2007; 369: 60–70.
2. Williams  J, Holmes CA. Improving the early 

detection of children with subtle developmental 
problems. Journal of child health care : for 
professionals working with children in the 
hospital and community. 2004;8(1):34-46.

3. Walker SP, Wachs TD, Gardner JM, et al. Child 
development: risk factors for adverse outcomes 
in developing countries. Lancet 2007; 369: 
145–57.

4. Phillips DA, Shonkoff JP. From Neurons to 
Neighborhoods: The Science of Early Childhood 
Development: National Academies Press; 2000.

5. Developmental surveillance and screening 
of infants and young children. Pediatrics. 
2001;108(1):192-6.

6. Duncan AF, Watterberg KL, Nolen TL, Vohr 
BR, Adams-Chapman I, Das A, et al. Effect of 
ethnicity and race on cognitive and language 
testing at age 18-22  months in extremely 
preterm infants. The Journal of pediatrics. 
2012;160(6):966-71.e2.

7. Bayley N. Bayley Scales of Infant Development 
and Toddler Development: Technical Manual: 
The PsychCorp; 2006.

8. Sameroff A. A unified theory of development: 
a dialectic integration of nature and nurture. 
Child development. 2010;81(1):6-22.

9. Durkin MS, Davidson LL, Desai P, Hasan 
ZM, Khan N, Shrout PE, et al. Validity of 
the ten questions screened for childhood 
disability: results from population-based 
studies in Bangladesh, Jamaica, and 
Pakistan. Epidemiology (Cambridge, Mass). 
1994;5(3):283-9.

10. Powell CA, Walker SP, Himes JH, Fletcher 
PD  ,Grantham-McGregor SM. Relationships 
between physical growth, mental development 



75

A Comparison Study of the Tehran Norms to the Reference Norms on Children Performance of the Bayley III

Iran J Child Neurol. Spring 2022 Vol. 16 No. 2

and nutritional supplementation in stunted 
children: the Jamaican study. Acta paediatrica 
(Oslo, Norway : 1992). 1995;84(1):22-9.

11. Joos SK, Pollitt E, Mueller WH, Albright 
DL. The Bacon Chow study: maternal 
nutritional supplementation and infant 
behavioral development. Child development. 
1983;54(3):669-76.

12. Boivin MJ, Green SD, Davies AG, Giordani 
B, Mokili JK, Cutting WA. A preliminary 
evaluation of the cognitive and motor effects 
of pediatric HIV infection in Zairian children. 
Health psychology : official journal of the 
Division of Health Psychology, American 
Psychological Association. 1995;14(1):13-21.

13. Boivin MJ, Giordani B, Ndanga K, Maky 
MM, Manzeki KM, Ngunu N, et al. Effects of 
treatment for intestinal parasites and malaria on 
the cognitive abilities of schoolchildren in Zaire, 
Africa. Health psychology : official journal of 
the Division of Health Psychology, American 
Psychological Association. 1993;12(3):220-6.

14. Geisinger KF. Cross-cultural normative 
assessment: Translation and adaptation issues 
influencing the normative interpretation 
of assessment instruments. Psychological 
assessment. 1994;6(4):304.

15. al-Naquib N, Frankenburg WK, Mirza H, 
Yazdi AW, al-Noori S. The standardization 
of the Denver Developmental Screening Test 
on Arab children from the Middle East and 
north Africa. Le Journal medical libanais The 
Lebanese medical journal. 1999;47(2):95-106.

16. Lim HC, Chan T, Yoong T. Standardisation 
and adaptation of the Denver Developmental 
Screening Test (DDST) and Denver II for use in 
Singapore children. Singapore medical journal. 
1994;35(2):156-60.

17. Song J, Zhu YM, Gu XY. Restandardization 
of Denver Developmental Screening Test for 
Shanghai children  .Chinese medical journal. 
1982;95(5):375-80.

18. Stoltzfus RJ, Kvalsvig JD, Chwaya HM, 
Montresor A, Albonico M, Tielsch JM, et al. 
Effects of iron supplementation and anthelmintic 
treatment on motor and language development 
of preschool children in Zanzibar: double 
blind, placebo controlled study. BMJ (Clinical 
research ed). 2001;323(7326):1389-93.

19. Westera JJ, Houtzager BA, Overdiek B, van 
Wassenaer AG. Applying Dutch and US versions 
of the BSID-II in Dutch children born preterm 
leads to different outcomes. Developmental 
medicine and child neurology. 2008;50(6):445-
9.

20. Chinta S, Walker K, Halliday R, Loughran-
Fowlds A, Badawi N. A comparison of the 
performance of healthy Australian 3-year-olds 
with the standardised norms of the Bayley 
Scales of Infant and Toddler Development 
(version-III). Archives of disease in childhood. 
2014;99(7):621-4.

21. Walker K BN, Halliday RJ, et al. Brief report: 
performance of Australian children at one year 
of age on the Bayley scales of infant and toddler 
development (version III). Aust Educ Dev 
Psychol 2010;27:54–8.

22. Yu YT, Hsieh WS, Hsu CH, Chen LC, Lee 
WT, Chiu NC, et al. A psychometric study 
of the Bayley Scales of Infant and Toddler 
Development - 3rd Edition for term and preterm 
Taiwanese infants. Research in developmental 
disabilities. 2013;34(11):3875-83.

23. Krogh MT, Væver MS, Harder S, Køppe S. 
Cultural differences in infant development 
during the first year: A study of Danish infants 



76

A Comparison Study of the Tehran Norms to the Reference Norms on Children Performance of the Bayley III

Iran J Child Neurol. Spring 2022 Vol. 16 No. 2

assessed by the Bayley-III and compared to 
the American norms. European Journal of 
Developmental Psychology. 2012;9(6):730-6.

24. Cromwell EA, Dube Q, Cole SR, Chirambo 
C, Dow AE, Heyderman RS, et al. Validity 
of US norms for the Bayley Scales  of Infant 
Development-III in Malawian children. 
European journal of paediatric neurology : EJPN 
: official journal of the European Paediatric 
Neurology Society. 2014;18(2):223-30.

25. Anderson PJ, De Luca CR, Hutchinson E, 
Roberts G, Doyle LW. Underestimation of 
developmental delay by the new Bayley-III 
Scale. Archives of pediatrics & adolescent 
medicine. 2010;164(4):352-6.

26. Godamunne P, Liyanage C, 
Wimaladharmasooriya N, Pathmeswaran 
A, Wickremasinghe AR, Patterson C, et al. 
Comparison of performance of Sri Lankan and 
US children on cognitive and motor scales of 
the Bayley scales of infant development. BMC 
research notes. 2014;7:300.

27. Steenis LJ, Verhoeven M, Hessen DJ, van 
Baar AL. Performance of Dutch children on the 
Bayley III: a comparison study of US and Dutch 
norms. PloS one. 2015;10(8):e0132871.

28. Azari. N, Soleimani F, Vameghi R, Sajedi 
F, Shahshahani S, Karimi H, Kraskian A, 
Shahrokhi A, Teymouri R, Gharib M. Validity & 
reliability determination of the Iranian(persian) 
version of Bayley Scales of Infant and toddlers 
Development III test in 1-42 months old children 
inTehran city. Project granted of University of 
Social Welfare and Rehabilitation Sciences; 
Research Report.Tehran, Iran; 2014.

29. Soleimani F, Azari N, Vameghi R, Sajedi F, 
Shahshahani S, Karimi H, Kraskian A, Shahrohi 
A, Teymouri R, Gharib M. Cut off point 

determination of the Persian version of Bayley 
Scales of Infant and toddlers Development III 
test in 1-42 months old children in Tehran city. 
Project granted of University of Social Welfare 
and Rehabilitation Sciences; Research Report 
.Tehran, Iran; 2015.

30. Cohen, J. Statistical power analysis for the 
behavioral sciences (2nd ed.). Hillsdale, NJ: 
Lawrence Earlbaum Associates; 1988. 

31. Kelly Y, Sacker A, Schoon I, Nazroo J. Ethnic 
differences in achievement of developmental 
milestones by 9 months of age: The Millennium 
Cohort Study. Developmental medicine and 
child neurology. 2006;48(10):825-30.

32. Calvo A, Bialystok E. Independent effects 
of bilingualism and socioeconomic status on 
language ability and executive functioning. 
Cognition 2014; 130(3):278–288. 

33. Manandhar SR, Dulal S, Manandhar DS, 
Saville N, Prost A. Acceptability and Reliability 
of the Bayley Scales of Infant Development III 
Cognitive and Motor Scales among Children in 
Makwanpur. Journal of Nepal Health Research 
Council. 2016;14(32):47-50.

34. Nguyen KVHAotbsoiatd. third edition (bayley-
III) for vietnam: A preliminary study. (Order 
No. 10609746). Available from ProQuest 
Dissertations & Theses A&I; ProQuest 
Dissertations & Theses Global. (1904873381). 

35. Hickey A FE, Williams A, et al. Performance 
of Australian children on the Miller assessment 
for preschoolers compared with USA norms. 
Aust Occup Ther J 2000;47:86–94. 

36. Krogh MT, Væver MS. BayleyIII: Cultural 
differences and language scale validity in 
a Danish sample. Scandinavian Journal of 
Psychology. 2016;57(6):501-8.


