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Objective  To identify the usefulness of both the Bayley Scales of Infant and Toddler Development, 3rd edition 
(Bayley-III) and Denver Developmental Screening Test II (DDST-II) in preterm babies with neurodevelopmental 
impairment, considering the detection rate as regulation of criteria.
Methods  Retrospective medical chart reviews which included the Bayley-III and DDST-II, were conducted for 
69 preterm babies. Detection rate of neurodevelopmental impairment in preterm babies were investigated by 
modulating scaled score of the Bayley-III. The detection rate of DDST-II was identified by regarding more than 
1 caution as an abnormality. Then detection rates of each corrected age group were verified using conventional 
criteria.
Results  When applying conventional criteria, 22 infants and 35 infants were detected as preterm babies with 
neurodevelopmental impairment, as per the Bayley-III and DDST-II evaluation, respectively. Detection rates 
increased by applying abnormal criteria that specified as less than 11 points in the Bayley-III scaled score. In 
DDST-II, detection rates rose from 50% to 68.6% using modified criteria. The detection rates were highest when 
performed after 12 months corrected age, being 100% in DDST II. The detection rate also increased when applying 
the modified criteria in both the Bayley-III and DDST-II.
Conclusion  Accurate neurologic examination is more important for detection of preterm babies with 
neurodevelopmental impairment. We suggest further studies for the accurate modification of the detection 
criteria in DDST-II and the Bayley-III for preterm babies.
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INTRODUCTION

Recent developments in perinatal management and 
neonatology have contributed to increased survival rates 
of preterm infants, low birth weight infants, and newborn 
infants with impairments [1]. The number of infants with 
impairments and subject to special education is increas-
ing along with congenital factors, which in turn increases 
the importance of pediatric rehabilitation. However, few 
studies have been conducted on the long-term morbidity 
of infants with neurodevelopmental impairment. 

Compared with normal birth weight babies, preterm 
and low birth weight infants do not have effective im-
mune systems, and their brains and nervous systems 
(e.g., spinal cord) are vulnerable to infection or trauma 
due to structural problems (e.g., germinal matrix), which 
are likely to lead to neurological impairment [2]. Fac-
tors for impairment in infants can be detected using 
imaging techniques such as ultrasound and MRI, which 
helps predict their development [3]. However, there may 
be some developmental impairments that cannot be 
detected using these techniques, and even if issues are 
detected, the clinical severities are difficult to determine 
using imaging. Hence, the clinical practice for neurologic 
examination includes developmental screenings, in ad-
dition to imaging techniques for preterm or low birth 
weight infants showing abnormalities. The developmen-
tal screening tests currently used include the Denver De-
velopmental Screening Test II (DDST-II), Bayley Scales of 
Infant and Toddler Development, 2nd edition (BSID-II), 
3rd edition (Bayley-III), Korean Developmental Screen-
ing Test for Infants & Children (K-DST), and Peabody De-
velopment Motor Scales and Korean-Ages & Stage ques-
tionnaires (K-ASQ) test. These screening tests allow the 
early detection of developmental impairment and serve 
as tools for follow-up studies, resulting in therapeutic in-
tervention and improved prognosis [4-6].

The DDST was first published in 1967, with an im-
proved version, DDST-II, published in 1992. The DDST-II 
targets infants and children 0–6 years old. It is composed 
of 4 sections (personal-social development, fine motor-
adaptive development, language development, and gross 
motor development), and all items are established based 
on age. 

The Bayley-III published in 2006 targets infants and 
children 1–42 months old, and consists of 5 sections 

(motor development, cognition development, language 
development, social emotion development, and adaptive 
behavior development). In contrast to the BSID-II, which 
is based on mental, motor, and behavioral development, 
the Bayley-III separates mental development into cogni-
tion and communication, and motor development into 
gross motor and fine motor. Therefore, the Bayley-III is 
more precise in determining the developmental impair-
ment. In addition, it is able to convert composite scores 
into scaled scores based on age, thereby being more ef-
fective in detecting developmental impairment in clinical 
practice. 

In this study, the Bayley-III and DDST-II tests were con-
ducted for preterm infants with neurologic impairment. 
No studies have evaluated the detection rate of these two 
tests for infants with neurodevelopmental impairment. 
Furthermore, a number of cases have been reported 
where infant patients detected with neurodevelopmental 
impairment in screening tests have developed normally. 

This study therefore aimed to establish appropriate 
tests and test criteria for infants with developmental 
impairment, by determining the detection rates of the 
Bayley-III and the DDST-II, thereby increasing the ac-
curacy of early screening tests by determining the level 
of agreement between tests and areas requiring mutual 
supplementation. 

MATERIALS AND METHODS

Subjects
Subjects were selected from infant patients who visited 

or were admitted to Department of Pediatrics and Re-
habilitation Medicine, Kosin University Gospel Hospital 
from June 2010 until August 2013. Infants diagnosed with 
neurological impairment after neurological assessment 
by a rehabilitation specialist, and who underwent both 
the Bayley-III and DDST-II, were included in the study. 

The neurological examinations included tests for mus-
cle tone, primitive reflex, Vojta reaction, cranial nerve, 
muscle power, deep tendon reflex, sensory function, and 
general movement. The subjects of this study were 74 
premature infants less than 37 weeks old, with an aver-
age gestational age of 31 weeks and 5 days (min 25 weeks; 
max 36 weeks and 6 days). The average birth weight was 
1,641.3 g (min 610 g; max 2,940 g). There were 28 infants 
with extremely low birth weight (<1,500 g). Five patients 
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were excluded because they were only tested for some 
of the items of the Bayley-III. Therefore, a final of total 
69 patients were selected as subjects of this study. The 
time between administration of the Bayley-III and the 
DDST-II did not exceed one week, and the two tests were 
conducted by a well-trained occupational therapist, to 
ensure an objective and consistent study.

Methods
The Bayley-III, a tool used to determine the degree of 

development in infants aged 1–42 months, consists of 
tests for cognition, language (receptive and expressive), 
motor skills (fine/gross), and social-emotion and adap-
tive behaviors. The test was conducted in accordance 
with standard guidelines. The raw scores for respective 
items were converted into scaled scores for application, 
and the range of the scaled scores was set from 1 to 19 
points. In the Bayley-III evaluation criteria, 10 points 
is average, 7 points is -1 standard deviation (SD), and 4 
points is -2 SD. The raw scores of respective items were 
converted into scaled scores, and cases where patients 
scored less than 7 points were identified as developmen-
tal impairment. In the DDST-II, if there are two or more 
cautions and/or one or more failures at baseline, the sub-
ject is suspected of having a developmental delay. 

In this study, we modified the criteria for the Bayley-III 
and DDST-II tests, with the aim to increase the detection 
rate of neurodevelopmental impairment. For the Bayley-
III, we changed the base for an abnormal scaled score 
adjusting the score by 1 point, thereby considering up to 
below 11 points to indicate gradually increasing abnor-
mality. For modified criteria of the DDST-II, one or more 
cautions were considered abnormal.

We compared items and corrected age in the Bayley-III 
and DDST-II to determine the detection rate for respec-
tive age groups. Corrected age groups spanned up to 24 
months, in intervals of 6 months. Additionally, the level 
of agreement of the sector between the two tests was de-
termined by the kappa value. 

We applied each item of the DDST-II and the Bayley-
III to their corresponding sectors, using ‘cognitive’ for 
‘social’, ‘fine motor’ for ‘fine motor-adaptive’, ‘language 
(receptive communication)’ and ‘language (expressive 
communication)’ for ‘language’, and ‘gross motor’ for 
‘gross motor’.

RESULTS

Of the 69 infants with neurological impairment, the 
gestational age of 15 infants was 34– weeks (late preterm). 
There were 40 males and 29 females. Diagnostic implica-
tions included 19 patients with hemorrhagic lesion, 25 
with cavum septi pellucidum or cavum vergae, 6 with 
cystic lesion, and 19 with no abnormal findings in brain 
imaging (Table 1).

The infants were tested for all items for their age group 
in the Bayley-III and DDST-II. As per the conventional 
criteria, which considers a scaled score of below 7 points 
as abnormal for the Bayley-III, the detection rate was 
22 infants (31.88%). When the modified criteria with a 
scaled score from below 8 to below 11 were applied, the 
detection rate increased from 30 infants (43.48%) to 68 
infants (98.55%) gradually, indicating that increase in the 
reference point for abnormality increases the detection 
rate (Table 2). 

Among infant patients with suspected neurological 
abnormalities who underwent the DDST-II, 35 infants 
(50.7%) had neurological abnormalities based on criteria 
of two or more cautions and or/one or more delays at age 
baseline. If the criteria, considering one or more cautions 
to be abnormal are applied, the total detection rate was 
48 infants (69.6%) (Table 3).

Table 1. Demographic characteristics

Characteristic Value
Gestational age (wk) 31.5±3.1

   ≤34 54

   >34 and <37 15

Sex

   Male 40

   Female 29

Birth weight (g) 1,653.9±617.5

Brain image findings

   Hemorrhagic lesiona) 19

   Cavum septi pellucidum or cavum vergae 25

   Cystic lesion 6

   None 19

Values are presented as mean±standard deviation or num-
ber of cases.
a)Hemorrhagic lesion includes all of hemorrhage in brain 
(e.g., germinal matrix hemorrhage, microbleed, subep-
endymal hemorrhage).
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With corrected ages set at 6-month intervals, a cor-
rected age of 7–12 months showed the highest detection 
rate in ‘cognition’, ‘gross motor,’ and ‘fine motor’ using 
the Bayley-III, whereas a corrected age of 13–18 months 
showed the highest detection rate in ‘language’ (recep-
tive communication and expressive communication). 
In contrast, a corrected age of 19–24 months showed the 
highest detection rate in ‘cognition (personal-social) and 
language’ using the DDST-II, whereas a corrected age of 
13–18 months showed the highest detection rate in ‘gross 
motor’ and ‘fine motor’ (Table 4).

For the level of agreement between the DDST-II and 
the Bayley-III, the correlation coefficient between the 
language score on the DDST-II and the language (expres-
sive communication) score on the Bayley-III was 0.355 
(p=0.003), indicating fair agreement. Comparing lan-
guage on the DDST-II and language (receptive communi-
cation) on the Bayley-III, the correlation coefficient was 
0.193 (p=0.03), indicating a slight agreement. All results 
showed statistically significant correlation. The correla-
tion coefficient between the ‘personal-social’ score on 

the DDST-II and the ‘cognitive’ score on the Bayley-III 
was 0.112 (p=0.352), fine motor-adaptive and fine motor 
was 0.066 (p=0.580), and the gross motor scores was 0.04 
(p=0.731), indicating a slight agreement. However, none 
of these results were statistically significant. The overall 
agreement between the DDST-II and the Bayley-III was 
0.048 (p=0.664), indicating a slight agreement, but these 
results were not statistically significant. ‘Language’ on 
the DDST-II and ‘language’ (expressive communication) 
on the Bayley-III showed fair agreement, but the overall 
agreement between the remaining items and between 
these two tests did not exceed ‘fair agreement’ (Table 5). 

DISCUSSION

Preterm and low birth weight infants are at a risk of 
behavioral, motor, and cognitive impairment, and early 
detection and subsequent treatment are critical to prog-
nosis [5-7]. Clinical practice in Korea uses several tests to 
predict developmental impairment, including the DDST-
II, the Sequenced Language Scale for Infants (SELSI), the 

Table 2. Detection rate using modified criteria for the Bayley-III scaled scores 

Bayley-III scaled score (criteria for abnormal scaled score)
<7 <8 <9 <10 <11

Cognitive 5 7 12 18 28

Receptive communication 3 8 14 23 43

Expressive communication 9 15 25 46 62

Gross motor 14 19 24 36 47

Fine motor 6 6 12 20 30

Total detection number (rate) 22 (31.88) 30 (43.48) 36 (52.17) 52 (75.36) 68 (98.55)

Values are presented as number (%).
Total number of infants with neurodevelopmental impairment is 69.
Bayley-III, Bayley Scales of Infant and Toddler Development, 3rd edition.

Table 3. Detection rate using modified criteria for the DDST-II 

Criteria for abnormal DDST-II
≥2 cautions or ≥1 delay ≥1 caution

Personal-social 6 (8.7) 15 (21.7)

Language 13 (18.8) 21 (30.4)

Gross motor 22 (31.9) 33 (47.8)

Fine motor-adaptive 7 (10.1) 16 (23.2)

Total detection number (rate) 35 (50.7) 48 (69.6)

Values are presented as number (%).
Total number of infants with neurodevelopmental impairment is 69.
DDST-II, Denver Developmental Screening Test II.
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Table 4. Detection rates of neurodevelopmental impairment by corrected age group using the conventional criteria of 
the Bayley-III and DDST-II

Corrected age (mo)
0–6 (n=17) 7–12 (n=29) 13–18 (n=14) 19–24 (n=9)

Cognition

   Cognitivea) Normal 16 26 13 9

Abnormal 1 (6) 3 (10.3) 1 (7.1) 0 (0)

   Personal-socialb) Normal 17 27 12 7

Abnormal 0 (0) 2 (6.9) 2 (14.3) 2 (22.2)

Language

   Receptive communicationa) Normal 17 27 13 9

Abnormal 0 (0) 2 (6.9) 1 (7.1) 0 (0)

   Expressive communicationa) Normal 16 26 11 8

Abnormal 1 (6) 3 (10.3) 3 (21.4) 1 (11.1)

   Languageb) Normal 17 26 8 5

Abnormal 0 (0) 3 (10.3) 6 (42.9) 4 (44.4)

Motor

   Gross motora) Normal 14 20 12 9

Abnormal 3 (17.6) 9 (31.0) 2 (16.7) 0 (0.0)

   Gross motorb) Normal 17 20 5 5

Abnormal 0 (0) 9 (31.0) 9 (64.3) 4 (44.4)

   Fine motora) Normal 16 25 13 9

Abnormal 1 (6) 4 (13.8) 1 (0.7) 0 (0)

   Fine motor-adaptiveb) Normal 17 28 10 7

Abnormal 0 (0) 1 (0.34) 4 (28.6) 2 (22.2)

Total

   Bayley-III Normal 16 20 5 5

Abnormal 1 (6) 9 (31.0) 9 (64.3) 4 (44.4)

   DDST-II Normal 17 17 0 0

Abnormal 0 (0) 12 (41.4) 14 (100) 9 (100)

Values are presented as number (%).
Bayley-III, Bayley Scales of Infant and Toddler Development, 3rd edition; DDST-II, Denver Developmental Screening 
Test II.
a)Bayley-III subtest (developmental disorder baseline: scaled score of less than 7). 
b)Sector of DDST-II.

Table 5. Agreement between the Bayley-III and the DDST-II

DDST-II Bayley-III Kappa value p-value
Personal-social Cognitive 0.112 0.352

Fine motor-adaptive Fine motor 0.066 0.580

Language Receptive communication 0.193 0.030

Expressive communication 0.355 0.003

Gross motor Gross motor 0.040 0.731

Total Total 0.048 0.664

Bayley-III, Bayley Scales of Infant and Toddler Development, 3rd edition; DDST-II, Denver Developmental Screening 
Test II.
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K-DST, and the K-ASQ [8]. The K-DST is used for patients 
4–71 months old, and observes infants and children or 
conducts a questionnaire survey with parents; however, 
it is a recently developed test and is therefore not used 
widely. The K-ASQ has the advantage of allowing parents 
to observe their infants and reply to the questionnaire 
survey by post. However, the results may be subjective 
since the survey is conducted with the parents. The SELSI 
is for infants under 36 months old, and can only be used 
to evaluate delays in language development. 

In the DDST-II and Bayley-III, medical personnel ob-
jectively observe the infants for the given criteria; these 
tests have the advantage of being able to determine 
quantified and age-corrected scores [8-10]. Due to their 
ability to evaluate the developmental status of infant pa-
tients in general (e.g., language, motor, cognition, and 
sociality), the DDST-II and Bayley-III are widely used 
for early developmental screening and developmental 
impairment diagnosis [11-13]. The DDST-II is intended 
to screen for developmental delays, and numerous stud-
ies have confirmed its validity and reliability in infants 
[4,14,15]. 

The BSID-II is composed of only two types of develop-
mental scores: the Mental Developmental Index (MDI) 
consisting of cognitive and language development, and 
the Psychomotor Development Index (PDI) consisting of 
fine and gross motor skill development. The Bayley-III is 
also able to calculate ‘cognition’, ‘language,’ and ’motor’ 
skills as separate composite scores, as well as determine 
the level of development by sub-dividing the sectors into 
‘receptive communication’, ‘expressive communication,’ 
and ‘fine and gross motor’, using scaled scores. Addition-
ally, it approaches the social-emotional and adaptive 
behaviors of infants by integrating parent questionnaires. 
For these reasons, the Bayley-III provides more useful 
clinical information regarding the early development of a 
high risk population. 

Very few surveys have been conducted to determine the 
prevalence of developmental disabilities [16], particularly 
in Korea. Furthermore, there are difficulties in applying 
most of these testing methods to developmental delays 
for infants in Korea, because they were designed for in-
fants in the US. 

The results of this study can be summarized as follows: 
when the Bayley-III test with conventional criteria was 
conducted by a skilled rehabilitation specialist in infant 

patients with suspected neurological abnormalities, the 
detection rate was 31.88%. The detection rate for the 
DDST-II with conventional criteria was 50.70%. The de-
tection rate was higher for the DDST-II than the Bayley-
III, which is in agreement with the results of recent 
studies which demonstrate that the Bayley-III tends to 
overestimate development [11,17,18]. 

We estimated detection rate of Bayley-III and DDST-
II in premature infants less than 34 weeks of gestational 
age, at 34 weeks, and above 34 weeks of gestational age.

Among the infants with neurological impairment in 
cognition and motor skills, the Bayley-III had a higher 
detection rate for those under 12 months, and the DDST-
II had a higher detection rate for at age 12–24 months. 
In language, both tests had higher detection rates for 
infants 12–24 months old. These results suggest that 
the Bayley-III is superior for infants under 12 months, 
whereas the DDST-II should be recommended for 12–24 
month infants suspected of neurological developmental 
impairment in cognition and motor skills. It is believed 
that the evaluation of language development (e.g., SELSI, 
etc.) is required for infants under 12 months old who are 
suspected of neurological developmental impairment in 
language. 

Both the Bayley-III and DDST-II had relatively high 
detection rates for infants with neurological impairment 
above a corrected age of 13 months, yet they had rather 
low detection rates for infants under 13 months. In par-
ticular, the DDST-II presented a 100% detection rate for 
infants 13–24 months old. 

When conventional criteria were applied, the DDST-
II and Bayley-III had detection rates as low as 50.7% and 
31.88%, respectively. When modified criteria for devel-
opmental impairment were applied, with one or more 
cautions in the DDST-II, the detection rates increased 
to 69.6%, and with scores of below 8 or 11 points in the 
Bayley-III, the detection rates increased to 43.48% and 
98.5%, respectively.

In this study, an agreement between the Bayley-III and 
DDST-II was very low, with varying detection rates of 
neurological impairment, depending on the respective 
tests and development sector. Furthermore, the detection 
rate of infants with neurological impairment was only 
31.88%–50.7% when the conventional criteria were ap-
plied in the Bayley-III and the DDST-II. The use of modi-
fied criteria facilitated early detection of infants with 
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neurological impairment. Since the possibility of early re-
habilitation and normal development increases when the 
neuroplasticity of the child is taken into consideration, 
careful determination of abnormalities should be made 
using the Bayley-III and DDST-II.

There are some limitations of this study. The sample 
size was small, hence there were difficulties in powering 
the desired effect. Furthermore, for infants with clinically 
determined neurological developmental impairment, the 
sectors were not subdivided into motor, cognition, and 
language. The maximum corrected age of the subjects 
was 24 months, which failed to represent a study popula-
tion of a wider age range. Therefore, we recommend a 
large-scale research on infant patients diagnosed with 
neurodevelopmental impairments, to reestablish the cri-
teria for screening tests that are appropriate for Korean 
infants.
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