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Key Words Background: With increasing acceptance of universal developmental screening in primary

ASQ-3; care, it is essential to evaluate the local validity and psychometric properties of commonly

Bayley-IIl; used questionnaires like the parent-completed Ages and Stages Questionnaires, 3rd Edition

cohort study; (ASQ-3) in identifying developmental delays. The aim of this study is to assess the convergent

developmental validity of the ASQ-3 with the Bayley Scales of Infant Development-3rd edition (Bayley-lll) in
screening; identifying developmental delay in a low-risk term cohort in Singapore.

validity Methods: ASQ-3 and Bayley-Ill data was collected prospectively with generation of ASQ-3 cut-

off scores using three different criteria: 1-standard deviation (SD) (Criterion-l) or 2-SD (Crite-
rion-1l) below the mean, and using a Receiver Operator Curve (ROC) (Criterion-lll). Sensitivity,
specificity, positive (PPV) and negative (NPV) predictive values were calculated. Correlations
between the ASQ-3 and Bayley-Ill domains were evaluated using Pearson coefficients.

Results: With all three criteria across different domains ASQ-3 showed high specificity (72
—99%) and NPV (69—98%), but lower sensitivity (19—74%) and PPV (11—-59%). Criterion-I
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identified 11—21% of children as “at-risk of developmental delay,” and was the most promising
criterion measure, with high specificity (82—91%), NPV (69—74%) and overall agreement of 64
—71%. Moderate-strong correlations were seen between ASQ-3 Communication and Bayley-lll
Language scales (r = 0.44—0.59, p < 0.01). The lowest sensitivities were seen in the motor

domains.

Conclusions: ASQ-3 is reliable in low-risk settings in identifying typically developing children
not at risk of developmental delay, but it has modest sensitivity. Moderate-strong correlations
seen in the communication domain are clinically important for early identification of language
delay, which is one of the most prevalent areas of early childhood developmental delay.

Copyright © 2023, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).

1. Introduction

The first 1000 days of life are recognized as being vital in a
child’s development as a consequence of the plasticity and
vulnerability of the developing brain, with a strong influ-
ence of risk and protective factors on subsequent outcomes
into school age and adult life. Early identification of and
intervention for developmental delays in this period are
critical in optimizing outcomes, both in childhood and into
adult life. Deleterious consequences in education, health,
earning potential, and socio-emotional domains have been
reported for those with delayed intervention.'*

However, identification is often delayed, with no more
than 30% of children with developmental problems being
identified before school age.* Given that the prevalence of
developmental delay in preschool children is 5—15%,%
developmental screening is increasingly recommended in
primary care public health systems. The American Academy
of Pediatrics (AAP)® recommends developmental surveil-
lance at all pediatric visits and formal screening at ages 9,
18, and 30 months. Evidence-based standardized screening
tools have been shown to increase the detection of possible
developmental delays from 16% to 62%.° Thus, having a
valid, easy-to-use tool to assess development in the early
years is critical.

Traditionally, standardized instruments such as the
Bayley Scale of Infant and Toddler Development, Third
Edition (Bayley-Ill) have been widely considered the "gold
standard” in diagnosing developmental delay in children
between 0 and 42 months. However, the Bayley-lll requires
individual administration by trained professionals with
constraints of time, cost, and resources. Efforts have thus
been made towards effective use of screening approaches
in low-risk populations for accurate identification of chil-
dren at risk of delay as well as reduction of unnecessary
referrals and expensive diagnostic assessments in children
with normal screening results. In recent years, the use of
parent-completed screeners, such as the Parents’ Evalua-
tion of Developmental Status'® and the Ages and Stages
Questionnaire—Third Edition,"" have become increasingly
popular due to their psychometric properties, lower cost,
and ease of use with minimal training.

Parent-led developmental screening may also enhance
communication between parents and healthcare providers
and encourage parents to be active partners in assessing

their child’s needs and progress with involvement in sub-
sequent evaluations and interventions, which are essential
for optimizing outcomes.'?

Our previous work has shown the ASQ-3 to be a valuable
screening tool for the neurodevelopmental follow-up of
preterm, very low birth weight infants (VLBW)'® and a
reliable developmental screening tool in a low-risk cohort
in Singapore.’® However, further evidence for ASQ-3’s
performance in multi-ethnic populations is still needed.
The aim of the present study was to evaluate the concur-
rent validity of ASQ-3 screening with the Bayley-Ill in a low-
risk, multi-ethnic cohort in Singapore.

2. Methods

The current study was part of a parent-offspring longitu-
dinal research cohort, the Growing Up in Singapore Towards
Healthy Outcomes (GUSTO) project.”> GUSTO recruited
1247 pregnant women in their first trimester and collected
outcome data on development, growth, and other param-
eters throughout the antenatal, neonatal and early child-
hood periods for 1176 children born between November
2009 and May 2011.

The current sub-study recruited participants from the
neurodevelopmental domain arm of the larger GUSTO
cohort. ASQ-3 forms were sent to parents or caregivers to
complete and return at the subsequent clinic visit. Trained
examiners administered the Bayley-Ill to toddlers at age 24
months. The study was approved by Institutional Review
Boards (CIRB Ref: 2009/280/D) (DSRB Ref: 09/021), and
consent was obtained from all parents.

2.1. Measures

2.1.1. Ages & stages questionnaires, 3rd edition
(AsQ-3)"V

The ASQ-3 is a parent-completed developmental screening
tool for children aged 1—66 months, with 21 questionnaires
targeting specific age ranges. It measures development in
five domains: communication (CM), gross motor (GM), fine
motor (FM), problem solving (CG), and personal-social (PS).
Each questionnaire has six scoring items per developmental
domain using a three-level system: “yes” (10 points),
"sometimes” (5 points), and ‘“not yet” (0 points). Total
domain scores are computed by adding points obtained
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from each domain item and comparing them to cut-off
scores from a normative sample. A child with an ASQ-3
score below the cut-off point is considered “at risk” for
developmental delays and in need of referral for further
evaluation. The questionnaires have been translated into
Chinese, Malay, and Tamil for non-English speaking par-
ents/caregivers. '

2.1.2. Bayley-llI"®

The Bayley-lll is a psychometric assessment test measuring
three developmental domains: cognitive, language (i.e.,
receptive and expressive), and motor (i.e., gross and fine
motor) skills in children aged 0.5—42 months. It yields a
standardized composite score with a mean of 100 and a
standard deviation (SD) of 15. A composite score below 70
indicates significant developmental delay, while a score of
70—84 is interpreted as “suspect delay.”

The Bayley-Ill was administered at home to 2-year-old
children by psychologists/examiners who spoke two or
more of the four languages. Examiners attended a three-
day training session and completed 10 h or more of super-
vised administration.

2.2. Data analysis

Three sets of local ASQ-3 cut-off criteria were first gener-
ated using two methods, either the mean and less than one
(Criterion-l) or two (Criterion-1l) standard deviations (SD),
or using a receiver operating characteristic (ROC) curve in
which the Bayley-Ill was the criterion measure (Criterion-
lll). These three cut-off values were then compared for
agreement and concurrent validity with the Bayley-IIl.

The data were analyzed using IBM SPSS version 26. The
analysis proceeded in five steps. First, descriptive statistics
for both tools (e.g., mean and SD, proportions) of the study
sample were calculated. Second, the categorization results
(i.e., typical development, developmental delay) were
determined for the ASQ-3 and Bayley-lll. As indicated in our
previous study,'* and also in a Dutch study,'’ U.S. norms for
the ASQ-3 might not be adequate when used in different
populations. In the current study, our local sample
(n = 335) was used to generate cut-off points with 1 and 2
SD values for the ASQ-3 and Bayley-lll. The third step
required using the ROC analyses to determine optimal cut-
off points for sensitivity and specificity using the Bayley-llI
as a reference measure. A Bayley-lll domain composite
score of <70 was coded as “developmental delay.” For the
ROC analyses, scores below the local cut-off on any of the
three Bayley-lll scales (i.e., language, cognitive, and
motor) were coded as “developmental delay.” An area
under the curve (AUC) of >0.60 was considered accept-
able'® for generating cut-off points.

In the fourth step, the validity of the ASQ-3 cut-off
points were evaluated based on sensitivity, specificity,
negative predictive value (NPV) and positive predictive
value (PPV). Sensitivity and specificity values above 70%
were considered acceptable as recommended by AAP Pe-
diatrics® and another study by Steenis et al."

Lastly, correlations between ASQ-3 and Bayley-lll scores
in each domain were analyzed using Pearson correlation
coefficients. Correlations >0.50 were considered high,

0.30—0.50 moderate, and below 0.30 low. We expected
ASQ-3 and Bayley-lll correlations to be moderate or high in
convergent domains (e.g., ASQ-3 communication and
Bayley-Ill language), and low (i.e., r < 0.30) in divergent
domains (e.g., ASQ-3 CG and Bayley-lll GM).

3. Results

3.1. Participants

Children (n = 335) with complete data were included in
this study; their demographic characteristics were
compared to national population data?® as shown in Table
1, revealing a significant difference in income distribu-
tion, ethnicity, and maternal education. Minority ethnic-
ities were more commonly seen, and fewer higher income
families (>SGD 4000) were reported in our cohort compared
to national data.?’ As shown in Table 1, 74.5% of the
mothers had education at or higher than college level,
compared to 42.40% of the national population.

The mean age of the participants was 24.19 months
(SD = 0.40, range 23—25 months). Their mean gestational
age and birth weight were 38.84 weeks (SD = 1.34) and
3101.02 g (SD = 431.40), respectively, with 50.5% being
boys.

3.2. Descriptive statistics of the ASQ-3 and
Bayley-lIll

Mean scores in the different domains and total ASQ-3 and
Bayley-Ill results at age 24 months are presented in Table 2.
Bayley-lll standard composite scores in each domain were
normed on the local sample with a mean of 100 (SD 15—16).
Bayley-Ill scores < 2SD below the mean were seen in 9
(2.71%), 12 (3.6%), and 8 (2.4%) children in the language,

Table 1 Demographic characteristics of the study cohort
(n = 335) and comparison with Singapore’s national
population.
Characteristics n (%) in % in Sig.
the study Singapore

Child Gender
Male 169 (50.45) 49.30% ns
Female 166 (49.55) 50.70%
Monthly Household

Income
<SGD2000 (USD1450) 45 (14.38)  14.50% p < 0.001
SGD2000-3999 92 (29.39) 21.20%

(USD1450—2900)
>=5GD4000 176 (56.23) 64.30%

(USD2901)
Ethnicity
Chinese 198 (60.00) 74.30% p < 0.001
Malay 84 (25.45) 13.40%
Indian 48 (14.55)  9.00%
Maternal education
< =High School 84 (25.45) 57.60% p < 0.001
College and above 246 (74.55) 42.40%
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Table 2 Descriptive data of the ASQ-3 and Bayley-lll at 24
months.
n Mean (SD) Minimum Maximum

ASQ-3 24-Month

Communication 332 47.56 (14.06) O 60

Gross Motor 334 53.90 (8.93) O 60

Fine Motor 333 45.71 (9.26) 15 60

Problem-Solving 330 43.94 (12.50) 5 60

Personal Social 335 43.16 (11.51) 10 60

Total ASQ-3 score 327 234.76 (40.37) 90 300
Bayley-IlI

Cognitive 335 100.25 (14.59) 55 145

Language 332 100.22 (16.11) 47 141

Motor 331 100.35 (14.59) 46 139

cognitive, and motor domains, respectively, while 20
(6.08%) were identified as “delayed” in one or more Bayley-
Il domains.

3.3. Comparison of three sets of cut-off ASQ-3
scores

Table 3 describes three sets of ASQ-3 cut-off scores, along
with sensitivity, specificity, NPV, PPV, and overall agree-
ment across different domains, using Bayley-1ll scores <70
as the convergent measure. Using Criterion-1 (Mean—1SD)
cut-off scores on the ASQ-3, 11%—21% of children were
identified as "at risk.” Sensitivity ranged from 14% to 33%,
specificity from 82% to 91%, NPV from 69% to 74%, and PPV
from 38% to 59%, with overall agreement from 64% to 71%.

Following Criterion-ll (Mean—2SD) to generate ASQ-3
cut-off scores, 3—6% were identified as “at risk,” with
sensitivity ranging from 20 to 47%, specificity from 94 to
98%, NPV from 95 to 97%, and PPV from 19 to 53%, with
overall agreement from 90 to 94%.

Using Criterion Ill, to generate ROC for identification of
cut-off scores with optimal agreement with the Bayley-lIl,
6—30% of children were identified as “at risk” on the ASQ-3,
with a sensitivity of 20—74%, specificity from 72 to 94%,
NPVs from 95 to 98%, and PPVs from 11 to 19%, with overall
agreement from 72 to 90%.

3.4. Correlations between the ASQ-3 and Bayley-lll

Significant correlations were seen between ASQ-3 domains
and all five Bayley-Ill scales/sub-scales, as shown in
Table 4.

Convergent validity. There were moderate to strong
correlations between the ASQ-3 communication and Bayley-
Il language scales (r = 0.441inRL, r = 0.591in EL, p < 0.01).
A moderate correlation was seen between ASQ-3 commu-
nication and Bayley-lll cognitive domains (r = 0.33,
p < 0.01) and between ASQ-3 personal social and Bayley-Ill
EL domains (r = 0.37, p < 0.01). While the ASQ-3 GM and
Bayley-Ill GM domains showed a moderate correlation
(r = 0.36, p < 0.01), the ASQ-3 FM and Bayley-lll FM do-
mains showed a significant but much lower correlation
(r = 0.13, p < 0.05). A low correlation coefficient was also
seen for the ASQ-3 problem-solving and Bayley-Ill cognitive
(r = 0.22, p < 0.01) domains.

Divergent validity. Correlation was much lower be-
tween conceptually divergent ASQ-3 and Bayley-lll do-
mains, such as ASQ-3 communication and Bayley-lll GM
(r =0.21, p < 0.01) and FM (r = 0.17, p < 0.01) scales in

Table 3  ASQ-3 24-month cut-off score, number and percentage of children identified as “at-risk”, specificity, sensitivity PPV,
NPV and overall agreement rate following three different cut-off criteria (n = 335).
ASQ-3 Cut-off Rule ASQ-3 domain ASQ-3 Risk of Sensitivity Specificity NPV~ PPV Overall
cut-off point delay n (%) (%) (%) (%) (%) agreement (%)
Criterion-l: Mean — 1 Communication 33.50 49 (14.76) 27.88 91.11 73.21 59.18 71.12
standard deviation Gross Motor 44.97 37 (11.08) 14.29 90.27 69.39 40.54 66.16
on ASQ-3 Fine Motor 36.45 52 (15.62)  19.05 85.78 69.42 38.46 64.55
Problem-Solving 31.44 69 (20.91) 26.67 81.53 70.16 40.58 63.91
Personal-Social  31.64 64 (19.10)  33.02 87.17 73.51 54.69 69.88
Total Score 194.39 56 (17.13)  29.81 88.64 72.76 55.36 69.75
Criterion-1l: Mean — 2 Communication 19.44 17 (5.12) 47.37 97.39 96.76 52.94 94.48
standard deviation Gross Motor 36.04 21 (6.29) 20.00 94.48 94.79 19.05 89.94
on ASQ-3 Fine Motor 27.19 15 (4.50) 25.00 96.74 95.19 33.33 92.35
Problem-Solving 18.94 11 (3.33) 20.00 97.70 94.89 36.36 92.90
Personal-Social  20.13 18 (5.37) 30.00 96.12 95.50 33.33 92.10
Total Score 154.02 12 (3.67) 21.05 97.35 95.15 33.33 92.83
Criterion-1ll: ROC Communication 41.00 87 (26.20) 68.42 76.55 97.51 15.29 76.07
optimal cut-offs of Gross Motor 37.50 21 (6.29) 20.00 94.48 94.79 19.05 89.94
ASQ-3 using Bayley Fine Motor 38.00 52 (15.62)  40.00 85.67 95.64 15.38 82.87
as the criterion Problem-Solving  35.50 92 (27.88) 50.00 73.36 95.71 10.99 71.91
Personal-Social  38.75 100 (29.85) 70.00 72.49 97.39 14.14 72.34
Total Score 211.50 85 (25.99) 73.68 76.49 97.88 16.47 76.32

Note: NPV = negative predictive values; PPV = positive predictive values.



Pediatrics and Neonatology xxx (xxxx) xxx

Table 4 Correlations between the ASQ-3 at 24 months and Bayley-Ill (n = 335) (for consideration).

Bayley Receptive Bayley Expressive Bayley Bayley Bayley

Language Language Cognitive Gross Motor Fine Motor
ASQ-3 Communication 0.44* 0.59* 0.33** 0.21* 0.17*
ASQ-3 Gross Motor 0.11* 0.18* 0.18** 0.36* 0.18*
ASQ-3 Fine Motor 0.26** 0.22* 0.24* 0.17* 0.13*
ASQ-3 Problem-Solving 0.27* 0.23* 0.22** 0.18* 0.12*
ASQ-3 Personal Social 0.29** 0.37* 0.28** 0.16* 0.16*

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

contrast to the convergent domains. Similarly, ASQ-3
problem-solving and personal-social domains showed
lower correlations with the GM and FM scales on Bayley-IIl.
However, surprisingly, the ASQ-3 FM domain had a higher
correlation with Bayley-lll RL (r = 0.26, p < 0.01), EL
(r = 0.22, p < 0.01), and cognitive (r = 0.24, p < 0.01)
domains than with the convergent GM domain on Bayley-llI
(r =0.17, p < 00.01).

4. Discussion

Our prospective study established local normative cut-off
scores for ASQ-3 at 24 months of age and evaluated its
validity as a screening tool using Bayley-Ill as the conver-
gent measure. ASQ-3 cut-off scores based on Criterion-I
seemed to be the most promising given the high specificity
(82—91%) and NPV (69—74%) with moderate to strong cor-
relations seen between ASQ-3 communication and Bayley-llI
receptive and expressive language scores.

4.1. Recommendations for ASQ-3 cut-off points

Our previous study' reported significant differences be-
tween ASQ-3 scores in Singapore and the U.S. and sug-
gested establishing local cut-offs. In the current study,
the 24-month ASQ-3 local cut-off scores were derived
from three different criteria (Table 3) along with identi-
fication of children “at-risk” for developmental delay.
Based on Criterion-l, local ASQ-3 cut-off points were set
at 1SD below the mean, resulting in 11-21% of the chil-
dren at two years of age being identified as “at-risk” of
delay across the five ASQ-3 domains. These rates are
similar to the 18—20% figures reported by Sheldrick?' and
Veldhuizen?? from low-risk primary care or general pop-
ulations. The Criterion-Il and Criterion-lll ASQ-3 cut-off
points had lower identification rates in certain domains,
such as 3% in problem-solving based on Criterion-ll and 5%
in gross motor skills based on Criterion-Ill. As a screening
measure, such low identification rates may reflect false-
negative results and result in delayed referral/
intervention.

ASQ-3 cut-off scores based on Criterion-lI seemed to be
the most promising given the high specificity (82—91%) and
NPV (69—74%). The use of 1SD as a cut-off score at 24
months was also recommended by Lamsal et al.?* as having
better test characteristics as a screening tool compared to
25D below the mean cut-off (Criterion II).

4.2. Sensitivity and specificity of ASQ-3 at 24
months

With all three criteria, we saw higher specificity (72—99%)
and NPVs (69—98%) than sensitivity (19—74%) and PPV
(11-59%). Specifically, all three ASQ-3 cut-off scores
showed lower than expected (70%) sensitivity values,
especially in the motor domains (GM and FM) (19—40%). This
is similar to recently reported findings?' that screening
tools, including the ASQ-3, offered adequate specificity but
modest sensitivity for detecting developmental delays
among young children. The authors also concluded that
there was a trade-off between sensitivity and specificity for
developmental screening tools. Specificity assesses how
well a test would correctly identify children without
developmental delay, and sensitivity estimates how well a
test would correctly identify children with developmental
delay. As a screening measure, sensitivity may be traded off
for specificity as a test with low specificity would yield a
large number of false-positive results with the ensuing un-
necessary referrals and diagnostic assessments. This would
limit the upscaling and generalizability of the screening
test in low-risk populations.

Across all ASQ-3 domains as well as for the total ASQ
scores, high NPV and specificity were seen in both our
current study of low-risk children and our previous study of
high-risk preterm VLBW survivors.”®> This implies that a
“typical development” screening result on the ASQ-3 could
be used to provide a degree of reassurance to parents and
avoid unnecessary caregiver anxiety, over-referrals, and
expensive assessments. Anticipatory guidance should
continue to be provided about appropriate preventive care
and stimulation, and health care professionals should
continue ongoing developmental surveillance and recom-
mended age-appropriate developmental screening.? These
measures would also provide a valuable opportunity build a
positive relationship with families and enable family-
centered care.

Our findings have also been corroborated by a national
Canadian study,”® which supports the use of ASQ-3 in
identifying children not at risk of a neurodevelopmental
disorder; and similarly other studies have shown usefulness
of the ASQ in identifying children without a developmental
delay.™

However, the ASQ-3’s sensitivity in the current study was
lower (17%—74%) than the high sensitivity (84%) noted in our
previous study'® in preterm survivors. One possible reason
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for this was the low prevalence of developmental delay
(2.5—6%) in our current low-risk cohort. The AAP reports a
sensitivity range of 70—90% for the ASQ-3 based on a
mixture of population and study types. However, a meta-
analysis assessing the effectiveness of universal develop-
mental screening in primary care settings included only
studies conducted in low-risk populations and used stan-
dardized diagnostic evaluation.?”> That meta-analysis iden-
tified only four studies meeting inclusion criteria; and, for
the ASQ-3, it reported a median sensitivity of 55.0%
(47.1%—66.7%) and a median specificity of 86.0% (38.6%—
94.3%). Similar to this meta-analysis, our study was also
conducted in a low-risk population and used a standardized
diagnostic evaluation and showed comparable sensitivity
and specificity.

4.3. Correlations between the ASQ-3 and Bayley-llI

The moderate to strong correlations seen between ASQ-3
communication and Bayley-lll receptive and expressive
language scores are clinically important, especially given
Singapore’s multilingual population. Language delay is
among the most prevalent areas of developmental delay in
young children and is reported in 5—12% of children be-
tween two and five years of age.”® Communication delays
have a negative effect on long-term academic, psycholog-
ical, and social development. The significant correlations
seen between the ASQ-3 communication with Bayley-llI
receptive/expressive language domains suggest that the
ASQ-3 domain scores may help clinicians identify individual
areas of delay and provide specifically targeted
interventions.

The lower-than-expected correlation coefficients be-
tween ASQ-3 and Bayley-lll raised concerns about the
convergent validity of some of the ASQ-3 domain scores,
especially in the ASQ-3 FM and problem-solving domains,
where correlations with the corresponding Bayley-Ill scores
were the lowest (0.12—0.21). Similar findings of significant
but weak correlations between the two measures were
reported in previous studies from China?’ and Chile.?®

4.4. Strengths of the current study

The study aimed at validating the ASQ-3 in a large low-risk
cohort and it has the potential to answer questions about
the ASQ-3’s usefulness as a universal screening tool in the
general population. Our study adds to the limited data
available on using a developmental screening measure in
low-risk populations, with corroboration provided by a
standardized, diagnostic evaluation.

4.5. Limitations and directions for future research

The validity of the convergent Bayley-1ll measure requires
further investigation as its use resulted in a relatively low
identified prevalence of developmental delay (6%), and it
showed weak correlations with the ASQ-3 in some domains.
The Bayley-Ill has been normed on a non-Asian population,
and thus there may be aspects of cultural sensitivity that
were not taken into consideration in the current study. This

may be a possible reason for the weak correlations in the
non-language ASQ domains with the Bayley-lII.

While our study has examined validity of the ASQ-3 in
Singapore’s multi-ethnic context, the validation of the
Bayley-Ill as a diagnostic measure requires further
research. Another direction for future research is to eval-
uate the relation of the ASQ-3 to longer-term outcomes
(e.g., in school age).

5. Conclusions

The current study reported and compared three sets of
ASQ-3 cut-off points based on different methods and
criteria. Recommendations for selecting and using appro-
priate ASQ-3 cut-off points in clinical practice were made
accordingly. The high specificity of the ASQ-3 reflects its
value in identifying typically developing children not at risk
of developmental delay. It also helps to provide reassur-
ance to parents about their child’s typical development,
avoiding unnecessary referrals and expensive assessments,
and minimizing the burden on family community pediatri-
cians and developmental specialists.
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