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ABSTRACT

[T9TEATE The first years of life are particularly important because vital developments occur in all devel-
opment domains including motor, cognition, communication, and social-emotional. Early detection of
developmental delays is essential in planning for early intervention. This study aims to standardize the
score of bayley scales of infants and toddlers development-third edition (Bayley-lll) for Iranian samples
aged 1-42 months.

Participants included 1700 children divided into 17 age groups of 100 children. The
normative information was based on a national sample representative of Iran’s population for infants
aged 1-42 months based on the 2011 national population and housing census. For each age group, the
total raw scores of each Bayley-lll subscale (cognition, receptive communication, expressive commu-
nication, fine motor, and gross motor) were converted to scaled scores with a Mean=SD of 10+3. The
composite scores (cognition, language and motor domains) were obtained by summing up the scaled
scores. The composite scores were scaled to a metric with Mean+SD of 100+15 ranged 40-160. Growth
scores (ranged 200-800, with a Mean+SD 500+100), percentile ranks (ranged from 1-99, with 50 as the
mean and median), and developmental age equivalent were also determined. Confidence intervals for
all five subscales were also determined. To compare the development level of the US children (norm
samples) and Iranian children, their mean raw scores in five subscales were compared for finding the
difference in scores.

[EETE The Bayley-lll was performed on 1744 children aged 0-42 months, including 908 (52.1%) girls and
836 (47.9%) boys. In comparing the development level of Iranian and US children, it was found that the
mean scores were significantly different in 28 age groups (P<0.05). In seven age groups, the US children’s
scores were higher (age groups <6 months), and in 21 age groups, the scores of Iranian children were
higher ( age groups >6 months).

[TTIEET For early detection and intervention of children with developmental delays, a test with a

Received: 24 Mar 2021 normalized score should be used in Iran. Using the US norm-based scores in Iranian children leads to
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Extended Abstract

Introduction

he childhood years are the most vital years of

life which make the foundation of future life

when humans experience developments in

Cognition, motor, language, emotional, and

social domains [1, 2]. More than 200 million
children in developing countries, i.e, more than one-third of
children worldwide, do not experience proper development.
As a result, their countries lose approximately 20% of their
manpower [3]. The critical period for growth and develop-
ment is during the early years of childhood (first 5 years)
[4]. To ensure optimal development, a growth assessment in
early childhood is needed; therefore, developmental screen-
ing for timely interventions in early childhood can reduce
the incidence of developmental delay [5-9]. About 6-9%
of children under 6 years of age suffer from developmental
delay or disorders and need early intervention [10-14]. An
$tudy in the United States (US) indicated that 1 in 6 children
with developmental disorders have speech and language dis-
orders, mental retardation, cerebral palsy, and autism [11].
Most children who need early intervention are not diagnosed
before school age [9, 15]. Children whose developmental
delay is undiagnosed and, consequently, receive no interven-
tion until school age are at risk for academic failure, behav-
ioral problems, and socio-emotional disorders [16].

The World Health Organization has emphasizes that the
provision of better care in early childhood improves the
child’s school performance [17-19]. To definitively diag-
nose children with developmental disorders, valid and reli-
able tools should be used. In developing countries, the tools
developed by developed countries are often used. These
tools include items that may be adaptable to other cultures.
Hence, the tools may fail to assess children from different
cultures [20]. These tools should be translated and localized
to be adaptable to other cultures [21]. On the other hand, the
use of norm scores based on the original version of the tools
can lead to errors in estimating the developmental level of
children in other countries; therefore, determining the norm
scores for different cultures is necessary [22].

The standardization of developmental tests for children is
limited in Iran; the ages & stages questionnaire (ASQ) [24]
and the Denver Developmental Screening Test [25] have
been translated and their validity and reliability have been
examined, but their norm scores have not been determined.
The bayley scales of infant and toddler development, third
edition (Bayley-III) assesses the child’s developmental sta-
tus in five developmental domains including cognition, lan-
guage (receptive, expressive communication), motor (gross
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and fine), social-emotional, and adaptive behavior in early
childhood, i.e, from day 15 to 42 months. It is used as the
gold standard for grading other developmental assessment
tools [23], and is applied in many countries. In a study, it
was found reliance on US norm-based scores of Bayley-
IIT led to the misclassification of developmental delays in
Malawian children [26]. A study conducted in Taiwan sug-
gested that higher Bayley-III scores should be considered in
Taiwanese children as a sign of developmental delay [27].
Godamunne used cognition and motor subscales of Bayley-
III for Sri Lankan children and compared their performance
with US children based on the subscales. The results showed
that the scores of 12-month-old children were higher in the
cognition domain and lower in the motor domain compared
to the US children, while the scores of 24-month-old chil-
dren were lower in the cognition domain compared to the
US children [28]. In another study which was conducted on
preterm infants, it was warned that we should be cautious in
interpreting Bayley-III scores for detecting developmental
delays in this group and the norm scores of this test should
be considered higher than US norm-based scores [29].

Since a comprehensive and appropriate test is not avail-
able for health care providers in Iran to assess the develop-
ment status of children in various fields and be used as a
gold standard, and given that the use of scores based on the
norms of a country may lead to the wrong estimation of dis-
orders in other countries, this study aims to standardize the
Bayley-III for Iranian children. The mean raw scores in the
two main and Persian versions were examined to compare
the development level of US and Iranian children.

Materials and Methods
Study design and participants

This is a cross-sectional study. Sampling was conducted
using a stratified sampling method. First, Iran was divided
into eight geographical zones (center, north, west, south,
southeast, southwest, northeast, northwest, and center) and
10 cities including Tehran, Isfahan, Mashhad, Rasht, Tabriz,
Hamadan, Ahvaz , Shiraz, Qom, and Zahedan were selected.
Two experienced childcare experts from each city were se-
lected for training and testing. The sampling phase lasted for
3-6 months, depending on the population rate of different cit-
ies. The selected samples were 1700 children aged 16 days to
42 months 15 days including 17 age groups of 100 samples
from A to Q. The age range was categorized into 1-6 months
groups with a one-month interval, 6-12 months group with
a two-months interval, 12-30 months group with a 3-month
interval, and 30-42 months group with a 6-month interval.
This sample size was calculated based on the 2011 national
population and housing census related to the population aged
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Table 1. Number of norm samples from the selected cities in Iran

Norm samples

No. City Population*
No. (%)
1 Hamedan 45500 50(2.9)
2 Rasht 51239 57(3.3)
3 Esfahan 147738 161(9.2)
4 Qom 104387 114(6.5)
5 Mashhad 268278 295(16.9)
6 Shiraz 117987 130(7.5)
7 Zahedan 90047 98(5.6)
8 Ahvaz 135231 148(8.5)
9 Tabriz 126061 141(8.1)
10 Tehran 476210 550(31.5)
Total 1562678 1744(100)

* Children aged 0-4 years according to the 2011 national population and housing census.

<4 years for each city [30]which are presented in Table 1.
The samples were classified based on demographic factors
including age, gender, and geographical area. Inclusion crite-
ria were no significant medical complications and not being
under treatment for any cognition, physical, or behavioral
problems. Exclusion criteria were attendance in rehabilita-
tion interventions, being unable to speak in Persian, and hav-
ing sensory disorders. After receiving written consent from
the parents of children, they completed a demographic form
(surveying child’s age and gender, parents’ education, gesta-
tional age at birth, birth weight, birth defects). In case of a de-
velopmental delay, the child was introduced to the Integrated
Center for Child Development for diagnostic measures and
health promotion training.

Data collection

The Bayley-III is an assessment tool that evaluates devel-
opmental level of children in 5 domains including cogni-
tion (91 items), receptive communication (49 items), ex-
pressive communication (48 items), fine motor (66 items),
and gross motor (72 items). Norm data of this test were
achieved from 1700 samples in the US version [23]. The
assessment was conducted objectively by the examiner.
The norm scores were determined for 48 age groups to in-
crease the accuracy. The test reports four groups of norm
scores: Scaled scores, composite scores, percentile ranks,
and growth scores. Confidence intervals are provided for
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these scores, and developmental age equivalents are avail-
able for the relevant scales. The Persian version of Bayley-
III was used in this study. The Cronbach’s alpha coeffi-
cients for all domains are higher than 0.76 and the Pearson
correlation coefficient in the test-retest method and inter-
rater method for different domains was 0.987 (P<0.001)
and 0.991 (P<0.001), respectively [31].

Data analysis

At firdt, 48 age groups were determined based on the avail-
able samples. To determine norm scores from the main ver-
sion; i.e, the conversion of raw scores into scaled, composite,
and growth scores, the percentile ranks and developmental
age equivalents were used at 48 age groups from 15 days to
42 months. The scaled scores obtained from the raw scores
were converted linearly into scores in the range of 1-19 with
a Mean+SD of 10+3. The composite scores were derived
from the sums scores of the subscales and converted into a
score of 40-160 with a Mean£SD of 100£15. The percentile
scores were converted into a score of 1-99 with a mean of
50. The sums percentile ranks (range from 1 to 99, with 50
as the mean and median), and 90% and 95% confidence in-
tervals were determined for cognition, language, and motor
subscales. The growth scores were obtained by converting
raw scores to scores in the range of 200-800 with a mean of
500 and a SD of 100. Accordingly, the growth curves were
plotted to show the child’s growth over time for cognition,
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receptive and expressive communications and fine and gross
motors at 5, 10, 25, 50, 75, 90, and 95 percentiles. To deter-
mine the developmental age equivalent, the raw score which
was equivalent to the score of 10 for each age group, was
calculated. To compare the developmental level of the US
and Iranian children, their mean raw scores were examined
in five domains at 48 age groups, and the difference in scores
was statistically evaluated.

Table 2. Mean raw scores of age groups in the norm samples
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Results

In this study, participants were 1744 children aged 15 days
to 42 months; 908 girls (52.1%) and 836 boys (47.9%). Their
norm scores based on the Bayley-III were determined in 48
age groups. Based on the parents’ educational level, 64.5%,
34.2%, and 1.3% of fathers, and 58%, 41%, and 1% of
mothers had diploma and lower, bachelor’s degree, master’s
degree and higher, respectively. Table 2 presents the mean

MeaniSD
Age group No. (%) . N
Cognition Recepflve. Expres§ |ve. Fine Motor  Gross Motor
Communication = Communication
A 16 days - 104(6) 5.5643.17 3.61+1.69 16107 3.61:1.85  3.94£143
1 month and 15 days T T T T T

B A G e dA5et s 100(5.7)  8.70+2.99 4.40+1.14 3.75+1.25 553168  8.45+3.20
2 months and 15 days

¢ 2monthsand16days— a0 11504588 6.62+2.82 5.54+3.07 6.6742.43  11.333.85
3 months and 15 days

p  cwenilisen IS 99(5.7)  14.74+4.03 7.05+1.18 5.34+1.17 11461252  16.45+2.75
4 months and 15 days

g Amonthsandlbdays— 5000 14744403 7.05+1.18 5.34:1.17 11464252  16.45:2.75
5 months and 15 days

Fo Do ekys— 61(3.5)  26.15+3.34 9.65+1.92 7.1242.23 19.6242.61  24.62+3.50
6 months and 15 days

G  ©monthsand 16 days— 89(5.1)  30.10+2.01 11.03+1.80 9.25:2.62 21.69+1.89  29.69+4.41
8 months and 30 days

H SIS e D CE S 84(4.8)  33.97+3.10 12.06+1.81 9.84+2.57 25.8742.23  34.68+3.34
10 months and 30 days

| 11 months and 0 days - 97(5.6)  40.71+3.79 14.97+2.56 14.16+3.13 2806252  42.63+4.37
13 months and 15 days

y  13monthsandlbdays— 000 4541430 19.49+2.90 19544338 32344245  50.71+3.64
16 months and 15 days

g  omonthsandlbdays— 500 55474400 20.87+2.97 21.28+4.27 34534224  52.19+3.46
19 months and 15 days

19monthsandibdays— 100 q  5g5014.06 25.204+2.93 26.85+3.27 37.85¢335  55.40£2.16
22 months and 15 days

M 22monthsand 16 days - 104(6) 62.50+6.07 30.22+3.86 32784650  40.11#3.01  57.28+4.06
25 months and 15 days

n  2omonthsandibdays— o000 grerisey 31.7145.19 31764740 4167441  5881+3.63
28 months and 15 days

o 28monthsandibdays— o100 7039:i55s 35.26+4.21 38.5246.19  44.82+4.16  61.27+3.37
32 months and 30 days

5 CONEESEOCES- 146(8.4)  74.72+4.93 38.24+4.42 4141+476  5033+4.03  63:4.45
38 months and 30 days

q  39monthsand0days— 67(3.8)  76.83+4.69 42.39+4.41 43+7.01 53.8844.12  66.50+2.66

42 months and 15 days
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Table 3. Comparison of the mean scores of Bayley-III between the US and Iranian children

Age Group Subscale Sample N Mean+SD P
us 30 613
Cognition P<0.01
Iran 18 4.22+1.35
1
us 30 5.00+1.50
Receptive communication P<0.05
Iran 18 4.11+1.32
us 30 5.50+1.62
4 Receptive communication P<0.05
Iran 12 4.42+1.17
us 30 4+1.75
5 Expressive communication P<0.05
Iran 30 5.20+1.67
us 30 611.62
6 Receptive communication P<0.05
Iran 21 5+1.41
us 30 20+3.75
14 Gross motor P<0.01
Iran 16 17.06+2.74
us 30 21+3.87
15 Gross motor P<0.5
Iran 19 18.3243.33
us 30 9.50+1.87
16 Receptive communication P<0.01
Iran 88 10.81+1.65
us 30 35+3.75
19 Gross movements P<0.05
Iran 58 32.90+4.27
us 30 15+2.75
23 Receptive communication P<0.01
Iran 64 17.23+2.86
us 30 44.50+4.87
Cognition P<0.05
Iran 50 46.86+3.81
24
us 30 1643.25
Receptive communication P<0.01
Iran 50 18.10+2.69
us 30 1743.25
Receptive communication P<0.05
Iran 49 18.57+2.97
us 30 31+3
25 Fine motor P<0.01
Iran 49 32.73+2.33
us 30 47+4
Gross motor P<0.01
Iran 49 49.98+3.69
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Age Group Subscale Sample N MeantSD P
us 30 18+3.50
Receptive communication P<0.05
Iran 62 19.61+3.29
26
us 30 48.50+4.12
Gross motor P<0.05
Iran 62 50.52+4.24
us 30 21.50+4.12
29 Receptive communication P<0.05
Iran 37 23.431£3.01
us 30 26.50%5.25
34 Receptive communication P<0.05
Iran 19 29.63+3.15
us 30 31.50+6.37
40 Receptive communication P<0.05
Iran 17 34.35+2.85
us 30 36.506.12
Expressive communication
Iran 16 40.4444.77 P<0.05
42
us 30 45+4.87
Fine motor P<0.05
Iran 16 48.31+3.86
us 30 3746.62
Expressive communication P<0.05
Iran 23 40.74+5.07
43
us 30 45.50%5
Fine motor P<0.05
Iran 23 47.91+3.01
us 30 62.50+4
44 Gross motor P<0.05
Iran 24 64.38+2.76
us 30 49.50+5.87
47 Fine motor P<0.05
Iran 74 51.95+3.57
us 30 38+6.62
Receptive communication P<0.01
Iran 71 41.62+4.29
48
us 30 65.50+3.75
Gross motor P<0.05
Iran 71 67.18+2.40

raw scores and SD for the Bayley-III subscales in the norm
sample for 17 age groups.

The norm scores in 48 age groups based on composite score,
percentile rank, and developmental age equivalent for cogni-
tion, receptive and expressive communications, gross motor,
and fine motor were also obtained. Results in Table 3 showed a
significant difference between the US and Iranian children. The
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mean scores at 28 age groups (2 in cognition, 12 in receptive
communication, 3 in receptive communication, 4 in fine motor,
and 7 in gross motor) were different between the two groups.

Discussion and Conclusion

In this study, the Bayley-III score was normalized in a sam-
ple of 1744 children aged 1-42 months in Iran. Norm scores

Soleimani F. Standardization of the Bayley for Iranian Children. RJ. 2022; 23(1):8-31
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(scaled, composite, and growth scores) were calculated,
and the percentile ranks and developmental age equiva-
lent of Iranian children were determined. The difference in
mean norm scores in 28 age groups was different between
the US and Iranian samples (P<0.05). In 7 age groups, the
mean norm scores were higher than in the US children (age
range <6 months) while in 21 age groups, the mean norm
scores were higher than in the Iranian children (age range
>6 months). In this study, only children with normal devel-
opment were included. Since the US samples are represen-
tative of the general population, about 10% of the samples
were devoted to children with special needs (21 children
with trisomy, cerebral palsy, autism spectrum disorder, pre-
maturity, specific speech disorders, maternal alcohol con-
sumption during pregnancy, asphyxia at birth, and low birth
weight) [23]. Previous studies have indicated that the in-
clusion of children with special needs in a standard sample
can negatively affect the ability to distinguish children with
natural development and developmental delay [32]. For this
reason, this technqgiue was not used in our study. The selec-
tion of normal children in Iran may have caused an increase
in the mean scores, a difference between the US and Iranian
samples, or a difference in biological, environmental, and
cultural characteristics. The same differences between the
two norms have been identified in the studies conducted in
other countries [26-29, 33, 34].

In Iran, only the ASQ score has been normalized [24].
The ASQ has communication, fine motor, gross motor,
problem-solving and personal-social domains for the ages
of 4-60 months, which is completed by parents. Examin-
ing the difference between the mean scores of the Iranian
and US children reported that the scores of Iranian children
in the areas of fine motor, problem-solving and personal-
social, especially at the ages of 8 and 12 months, were
higher than those of the US children, while in the gross
motor domain, especially at 36 months, their scores were
lower than the US children (P<0.05) [24]. In our study, the
mean scores of all Bayley-III subscales for the age group
>6 months were higher in the Iranian children compared
to the US children. In the Netherlands, the Bayley-III norm
scores were obtained at 48 age groups for cognition, mo-
tor, and language scales. The mean scores of Dutch and US
children were different. It was reported that the use of US
norm-based scores in the Netherlands leads to the lack of
early detection of developmental delay in children [35].

Cromwell et al. examined the validity of Bayley-I1I in Mali.
They performed the test on 167 healthy Malawian children.
The results indicated that the mean scores of Malawian chil-
dren under the age of 6 months were higher than those of
US peers in all subscales; however, the US children showed
higher scores at the ages above 6 months [26]. Moore eval-
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uvated 185 children aged 29-41 months simultaneously with
the Bayley-II and Bayley-III tools. Their results indicated
that the development level of children’s cognition and com-
munication based on the Bayley-III score was higher than
that based on the Bayley-II score. They suggested that it
should be careful in using the Bayley-III scores to detect
developmental delays in children [29].

Similarly, Johnson et al. conducted a study on 158 preterm
childs to assess how to classify neurodevelopmental delay
using Bayley-III compared to the Bayley-II. The scores
obtained by the Bayley-III were higher than those by the
Bayley-1I [33]. In Taiwan, Yu et al. used the Bayley-II and
Bayley-III simultaneously in 47 norm infants and 167 pre-
term infants at the ages of 6, 12, 18, and 24 months. They
stated that the scores obtained from the Bayley-III deter-
mined the development level of Taiwanese children higher
compared to the scores of Bayley-II [27]. Anderson et al.
evaluated the Bayley-I1I’s ability to diagnose developmen-
tal delay in 2-year-old children born prematurely (aged <28
weeks) or underweight (weight <1,000 grams) in Victoria,
Australia. The mean of all subscale scores in the patient
group was significantly lower than in the control group.
However, their mean scores were consistent with the mean
scores of the US samples; the mean scores in the control
group were higher than in the US samples. They concluded
that the US children’s Bayley III scores underestimated the
developmental delay in Australia [34]. Godamunne et al.
used the cognition and motor domains of the Bayley-I1I in
150 Sri Lankan norm children in 6-, 12-, and 24-month-
old age groups and compared their performance with the
US children. The results showed that the cognition score of
12-month-old children was higher and their motor scores
were lower compared to the US children, and the cognition
score of 24-month-old children was lower than that of the

US children [28].

The Bayley-I1I is apropriate for assessment of child devel-
opment, because of its good psychometric properties and
quantitative scoring system. The standardization of its Per-
sian version not only allows early detection of developmen-
tal delay, but also eliminates the lack of a gold standard for
comparing the results of other developmental tests in Iran.
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3. Adaptation

4. Modification

5.norm

6. Ages & Stages Questionnaire

7. Bayley Scales of Infant and Toddler Development, Third
8. Denver Developmental Screening Test
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1. Autism Spectrum Disorder (ASD)
2. World Health Organization (WHO)
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9. Objective

10. Scaled Score

11. Composite Score

12. Percentile Rank

13. Growth Score

14. Confidence Interval

15. Developmental Age Equivalent
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18. Mental Developmental Index (MDI)
19. CB-lll Score

20. Predictive Validity

21. Bayley Il MDI
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