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Background: Screening for developmental delay is recommended for pediatricians, yet validated screening tools
in Arabic are scarce.

Aims: Assess the reliability, validity, sensitivity and specificity of the Arabic ASQ-3 in detecting developmental
delays in children aged 4-33 months.

Study design: Cross-sectional observational study.

Subjects: A sample of 491 children from all Lebanese governorates from five age groups (4, 10, 18, 27 and
33 months).

Outcome measures: Internal consistency using Cronbach's alpha (Ca), convergent construct validity using
Pearson Correlation Coefficient (CC) comparing ASQ-3 in Arabic (A-ASQ-3) to Bayley scale for infant devel-
opment (BSID-III) scores were computed. A subset sample (n = 35) underwent assessment with BSID-III for
convergent validity, and sensitivity and specificity. A-ASQ-3 scores were compared to the US mean cutoff scores.
Results: Subjects' mean age was 17.75 + 10.6 months. Ca was 0.85; Pearson CC showed positive moderate
correlation between A-ASQ-3 gross and fine motor scores and BSID-III composite motor scores (r = 0.42,
p = 0.002; r = 0.39, p = 0.004, respectively); and positive moderate correlation between A-ASQ-3 problem
solving and BSID-III cognitive scores (r = 0.43, p = 0.001). A-ASQ-3 had 100% sensitivity and 50% specificity
for cognitive scores; 60% sensitivity and 70% specificity for motor scores.

Conclusion: A-ASQ-3 has adequate reliability and validity for the tested age groups. It is plausible that this would
hold true for the rest of the questionnaires. Further testing is needed to make the five clusters more aligned with
the US sample scores and to improve the sensitivity and specificity.

1. Introduction

In the most recent United Nation reports, enhancing child devel-
opment was a top priority that addresses seven indicators of the sus-
tainable developmental goals (SDGs) [1]. In low-to-middle income
countries, an estimated 200 million children under the age of five, are
not reaching their developmental potential due to poverty, poor health,
and inadequate medical and developmental care [2]. Children who do
not achieve their potential are at increased risk of becoming un-
employed parents, transferring this non-productivity to subsequent

generations [2]. Therefore, addressing child development early is cru-
cial to prevent delay and to allow children to reach their full potential,
which aligns with the American Academy of Pediatrics [3] re-
commendation of early screening to identify delays and appropriate
interventions, with parental education and support [4].

Important factors contributing to late detection of developmental
delays in our region include the lack of early screening and the dearth
of validated screening tools in Arabic. Most screening tools are devel-
oped and validated for English speaking children living in high-income,
Western societies with adequate health care and prevention services.
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Because different cultures have different expectations for the age at
which mastery of certain skills is achieved, culturally validated tools are
invaluable [5]. Of the three developmental screening tools translated
into Arabic, two have reported validity: the Pre-Denver Developmental
Screening Test (Pre-DDST) and the Ages and Stages Questionnaire
second edition (ASQ-2). The Pre-DDST translation lacks clear evidence
of reliability and validity, [6] while the Ages and Stages Questionnaires
second edition (ASQ-2) has been shown to correlate highly with phy-
sicians' assessments [7]. The ASQ is a parent administered screening
tool for early child development which consists of questions that ad-
dress the domains of communication, gross motor, fine motor, problem
solving, and personal-social skills. The ASQ is a valid, quick, and cost-
effective screening tool that relies on parents as experts and is designed
for use by early educators and health professionals in all contexts
[8-10]; it also familiarizes parents with their child's developmental
status [11]. The ASQ-2 has been translated into many languages in-
cluding Arabic [12-19]. Although the Arabic ASQ-2 was adopted and
tested for ages 4-36 months [17], the new revised version ASQ-3 has
additional age groups (2 and 9 months) and different threshold scores,
requiring further testing [9,11]. Building on previous work, the aim of
this study is to assess the reliability, validity, sensitivity and specificity,
of the ASQ-3 in detecting developmental delays in children from 4 to
33 months.

2. Methods
2.1. Study design

This is a cross-sectional observational study conducted in a middle-
income country from September 2015 to December 2018. The study
was approved by the University Institutional Review Board (IRB) for
human rights in research. Written informed consents were obtained
from all parents upon enrollment.

2.2. Study population

A list of all practicing pediatricians was obtained from the Lebanese
Orders of Physicians, and a list of all licensed day cares in Lebanon was
obtained from the Ministry of Public Health, which adequately re-
presented the five Lebanese governorates. Although we attempted
random selection of pediatricians and day care centers using a com-
puter generated program, our final sample was non-random due to the
high rate of refusal from pediatricians, daycares mainly because of
unwillingness to allocate the necessary time for the study. In pediatric
clinics, parents of eligible children were approached during their well
child visit after approval of the pediatricians. In daycares, flyers were
sent to parents inviting them to participate, and those who agreed were
given the questionnaires to complete at home. Eligible children in-
cluded those whose ages fell within 1 month of the corresponding age
groups studied (4, 10, 18, 27 and 33 months) on average, as specified
by the user manual guidelines [20]. Non-Arabic speaking parents and
children with severe disability or chronic conditions were excluded.

2.3. Sample size

Sample size was determined according to international guidelines
for cross-cultural adaptation of questionnaires [21], which recommends
a sample of 30 to 40 participants for field testing of newly adapted
instruments, and according to Rouquette & Falissard's the rule of thumb
[22], which suggests a minimum of 300 subjects for factor analysis.
Thus, 500 participants were recruited, 100 per each age group divided
into groups of 20 participants per governorate to allow for adequate
representation.
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2.4. Procedure

2.4.1. Selection of age groups

The age groups of 4, 10, 18, 27 and 33 months were chosen because
the questions overlap with many other age groups questionnaires for
the 0-3 years group. For example, the 8 months questionnaire contains
23 questions out of 38 that overlap with the 10 months age group.
Hence, testing the 5 chosen age groups would cover the majority of the
questions intended for the entire range of 0 to 3 years.

2.4.2. Translation and adaptation

The new ASQ-3 age group questionnaires of interest were compared
to the ASQ-2. In total, 4 new questions were added, 12 were changed,
and 7 were removed. The previously translated Arabic ASQ-2 (A-ASQ-
2) [17] was used as a template for the new A-ASQ-3. The new additions
in the English ASQ-3 were adapted into Arabic and incorporated into
the ASQ-2 yielding the first A-ASQ-3. The process of adaptation con-
sisted of the following steps based on the WHO recommendations
(2010) [24]: (1) two bilingual psychologists familiar with the Arab
culture performed forward translation, (2) an independent bilingual
psychologist, blinded to the original translation, did the back transla-
tion into English, (3) all forward and back translations were reviewed
and compared by two of the authors, (4) all items on the questionnaires
were reviewed and discussed with a child psychologist, a pediatric
occupational therapist, and an early child education expert. Items that
were found to be culturally sensitive were modified; for example, the
item “shopping cart” was removed and replaced by “other toys on
wheels” (question 2 in personal social domain for the 33 months
questionnaire). A consensus was reached and appropriate changes were
made to yield the second A-ASQ-3.

Face-to-face interviews with 25 consenting parents (5 per age
group) were held by a psychologist who asked parents about the ease of
readability and clarity of the questions. Questions were modified based
on the feedback received (not included in the data). Each interview
took no < 10 min. Two questions from the 4 months age group and one
question from the 10 months age group were unclear and needed re-
wording. A third version of A-ASQ-3 was then field-tested on 50 parents
(10 from each age group), with no changes made to the final version of
the A-ASQ-3.

2.5. Data collection

2.5.1. ASQ

Thirteen university graduate students/research assistants (RAs)
were trained to administer the A-ASQ-3 by the authors, with > 10
years' of experience in using ASQ. The training consisted of explaining
each item and ensuring that each RA can clarify the items to parents. At
the pediatricians' offices, consenting parents completed the A-ASQ-3
questionnaires in the waiting room, and one RA was available to clarify
any questions. Parents recruited from day-care centers filled the ques-
tionnaire at home and sent it back to the daycare where an RA collected
completed questionnaires weekly.

2.5.2. BSID-III

The Bayley Scale for Infant Development third edition (BSID-III)
[23], is a gold standard diagnostic tool for developmental delay that is
administered by trained professionals to children up to 42 months of
age. BSID consists of a series of activities related to cognitive, language,
and motor development. A trained child psychologist administered the
BSID-III for a sub-group of participants (N = 30). A BSID-III composite
score of < 85 was classified as “developmental delay” [23]. Since the
BSID is not adapted to Arabic we envisioned that testing language and
communication without translation and adaptation would not reflect
the actual level of the child since the Arabic grammar differ sig-
nificantly from the English. Therefore language and communication
were not tested.



L. Charafeddine, et al.

2.6. Statistical analysis

2.6.1. Validity and reliability

Validity refers to the degree to which inferences made from test
scores are supported by evidence and theory (AERA, APA, NCME,
2014), and the degree to which the tool measures what is supposed to
measure [25]. A prior study reported face and content validity of the A-
ASQ-2 [17]. In the current study, we examined convergent validity with
the Bayley scores and predictive validity by comparing the A-ASQ-3
scores with demographic variables that are known to impact childhood
development (maternal education and working status). Sensitivity and
specific of the A-ASQ-3 in detecting pathology in children labeled as
“delayed” using the BSID III, were also computed. Finally, we compared
the mean A-ASQ-3 scores to those of a US normative sample. Reliability
refers to the consistency of scores across items, time, observers, and test
versions. Since a previous study reported the stability and inter-rater
reliability of the A-ASQ-2 [17], we tested the internal consistency of
items using Cronbach's alpha.

Descriptive statistics were carried out by presenting the number and
percent for categorical variables, whereas the mean and standard de-
viation ( = SD) was calculated for continuous ones. The association
between BSID-III scores and A-ASQ 3 results was assessed by ANOVA
test. Correlation between the BSID-III cognitive and motor scores and
each A-ASQ-3 scores was carried by using the Pearson correlation
coefficient test. Cronbach's alpha was computed for internal con-
sistency. Sensitivity and specificity analysis was done for the A-ASQ 3
against the gold standard (BSID-III), along with the 95% confidence
intervals. The mean A-ASQ-3 scores were compared to those of US
normative sample using one sample t-test. Cut off points of each domain
were generated for each age group by subtracting two standard de-
viations from the mean score of each domain area as mentioned in the
ASQ manual [17]. The level of statistical significance was p-value <
0.05. The Statistical Package for Social Sciences (SPSS, version 22;
SPSS, Inc., Chicago, IL) was used for analyses.

3. Results
3.1. Sample characteristics

The target sample size was 500 participants. A total of 540 parti-
cipants were recruited from 5 geographical governorates in Lebanon. Of
the total questionnaires 9% (49/540) were excluded due to age in-
eligibility (actual age falling beyond the acceptable window of a one
month average). There was equal distribution among 4 governorates
(21-22%) and only 14% from the fifth one. The majorities (83%) were
recruited from pediatricians' clinics and were fairly distributed among
the 5 age groups; 21.8% (107/491) were 4 months, 17.7% (87/491)
were 10 months, 18.7% (92/491) were 18 months, 18.5% (91/491)
were 27 months and 18.1% (89/491) were 33 months. Close to half the
questionnaires were completed by parents alone (252/491) while
48.7% (239/491) were completed with the help of an RA. All parents
who completed the questionnaire spoke Arabic as a first language. None
of participants withdrew before completion of the questionnaire
(Table 1).

3.2. Internal consistency

Cronbach's alpha was used to assess the internal consistency of the
translation. Overall, Cronbach's alpha was 0.85, with Ca being 0.84 for
the 4 months A-ASQ-3 age group, 0.86 for the 10 months, 0.83 for the
18 months, 0.84 for the 27 months age group, with the highest Ca being
0.90 for the 33 months age group.
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Table 1
Population characteristics.
N* =491

Age(months) 17.75 = 10.58
Gender, n (%)

Male 250 (60.3)

Female 241 (49.1)
Preterm, n (%) 34 (6.9)
Governorates, n (%)

Beirut 104 (21.2)

Mount Lebanon 110 (22.4)

Bekaa 102 (20.8)

North 106 (21.6)

South 69 (14.1)
Mother age 30.20 + 5.14
Father age 35.94 + 6.25
Mother educational level

High school or less 53.41 = 9.51

University 52.13 = 9.31
Father educational level

School or less 51.85 + 10.12

University 52.64 = 9.00
Mother employment, n (%)

Employed 216 (47.5)

Unemployed 239 (52.5)
Father employment, n (%)

Employed 450 (91.1)

Unemployed 4 (0.9)
Child care at home, n (%)

Mother 452 (99.3)

Relatives 139 (30.5)

Home helper 78 (17.2)

Attends daycare 124 (27.3)
Language used at home, n (%)

Arabic 188 (41.5)

Arabic and English 138 (30.5)

Arabic and French 60 (13.2)

Arabic and other language 1(0.2)

# Numbers do not add up because of missing data.
3.3. Validity

3.3.1. Convergent validity

A-ASQ-3 questionnaires were divided into 3 categories: “Pass” for
those who fell in the normal range and did not appear to have devel-
opmental delay in any domain, 304/491 (62%), “suspect” for those who
scored above the threshold but below normal (grey zone) in one or
more developmental domain, 116/491 (24%), and “referred” for those
who scored below the threshold in at least one developmental domain,
71/491 (15%). The “referred” children were offered BSID-III tests to
confirm diagnosis of delay. Of the 71 “referred”, only 30 (42%) children
actually underwent BSID III testing because the parents of the other 41
refused to acknowledge the results and did not consent to further
testing by BSID. Pearson correlation coefficient showed positive cor-
relation between A-ASQ-3 scores and BSID-III fine and gross motor
scores (r = 0.42, p = 0.002; r = 0.39, p = 0.004, respectively) and a
positive moderate correlation between A-ASQ-3 problem solving scores
and BSID-III cognitive scores (r = 0.43, p = 0.001) (Table 2).

3.3.2. Association with known variables/predictive validity

The relationship between mothers' education level and employment,
and the children's total language and problem solving skills scores was
assessed using ANOVA. There was no relationship between mothers'
educational level and children's problem solving skills (F = 2.26,
p = 0.06) or communication scores (F = 1.02, p = 0.39). However,
children of stay at home mothers scored higher on both problem solving
items (F =5.94, p = 0.000) and communication items (F = 15.30,
p = 0.015).



L. Charafeddine, et al.

Table 2
Correlation between BSID-III cognitive and motor scores and each A-ASQ-3
scores.

A-ASQ-3 scores BSID-III scores

Cognitive Motor

Communication Pearson 0.316 0.306
p-Value 0.021 0.026

Gross motor Pearson 0.335 0.420
p-Value 0.014 0.002

Fine motor Pearson 0.372 0.386
p-Value 0.006 0.004

Problem solving Pearson 0.427 0.417
p-Value 0.001 0.002

Personal-social Pearson 0.394 0.353
p-Value 0.004 0.011

significance of bold is p < 0.05

3.3.3. Sensitivity and specificity

A-ASQ-3 results (pass vs. referred) were compared against the BSID-
III scores to calculate sensitivity and specificity. The A-ASQ-3 had 100%
sensitivity and 50% specificity for cognitive scores, and 60% sensitivity
and 70% specificity for gross motor scores (Table 3).

3.3.4. Comparison of A-ASQ-3 mean scores between Lebanese and
American US norms

The A-ASQ-3 mean scores for each domain per age group were
compared to those of the US sample. There were significant differences
in the mean scores between the Lebanese and US normative sample in
most age groups and in most domains (p < 0.05). A few exceptions
were noted in the fine motor domain (age groups 10 months,
18 months, 27 months and 33 months), in the problem solving domain
(4 months age group), and personal social domain (age groups
10 months, 18 months and 33 months) (Table 4).

4. Discussion

This study aimed to adapt and assess the psychometric properties of
the A-ASQ-3 as a screening tool for children aged 0-3 years. The in-
ternal consistency of the total A-ASQ-3 as measured by Cronbach's
alpha was good (r = 0.85) ranging between 0.83 and 0.90, which is
comparable to other reported reliabilities of 0.63 to 0.86 in different
cultures, such as in the Spanish [12], the Chinese [26], and Iranian
translations [27]. Our results showed significant correlation between
the A-ASQ-3 scores and the BSID-III, indicating that A-ASQ-3 measured
the same concepts as those on the BSID-III. Unexpectedly, we noted that
children of stay-at-home mothers had higher scores in A-ASQ-3 com-
munication and problem solving domains. Although this finding is
unlike most published studies [28,29], possible reasons may include
that stay-at-home mothers provide more stimulation for their children
than working mothers, who leave them in the care of foreign domestic
helpers who may not be able to provide adequate stimulation.

Table 3
Specificity and sensitivity of the A-ASQ-3 against BSID-IIIL.
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Our study yielded a sensitivity of 100%, which is higher than most
published studies where sensitivity ranges between 54% and 82%
against BSID-III/II [30]. In one study, ASQ-3 had a specificity of 82%
and sensitivity of 45% when compared to BSID [31]. Our results could
be skewed because only 30 children underwent assessment using BSID-
III by a certified child development specialist, which may not have al-
lowed for much error in detection. In our study, specificity was lower
than reported in previous studies, where specificities ranged between
81% and 92% [16,20,32]. The low specificity could be explained by the
small number of children referred for testing. It is also plausible that
parents falsely convince the examiner their child is capable of passing
an item on the BSID-III by interfering and pushing or helping the child
to accomplish the task being tested by the BSID.

When comparing the means on the five A-ASQ-3 subscales with a
USA normative sample, we found significant differences on almost all
items across all age groups. Our participants scored lower on commu-
nication and gross motor items across age groups. A possible explana-
tion is that Arab parents tend to read or talk to their children less than
parents in the USA (personal observation). The lower gross motor skills in
our participants can be a result of most Lebanese children living in high
rise apartments with minimal access to playgrounds or parks.
Additionally, most mothers in our culture are protective of their chil-
dren and limit their opportunities to explore (e.g. “don't jump, you will
hurt yourself” “don't run, you will fall”). Our children scored sig-
nificantly higher on the problem solving and personal social items,
indicating that our participants' cognitive abilities are robust. This can
be a result of child rearing in an extended family environment with
extensive interactions. It is worth noting that while developmental
milestones are universal, children's different skill repertoires and se-
quence across cultures may vary [33]. The normative sample of the
United States may not accurately reflect our population, which may
explain the low specificity obtained in our study and the significant
differences in all five subscales. Future studies are required to re-ex-
amine the psychometric properties of ASQ and establish cut off scores.

The strength of this study stems from its large sample size and re-
presentation across socio-economic groups found in the different geo-
graphic locations across the country that have varying levels of depri-
vation. The results may be generalized to Arabic speaking populations;
however further testing is needed in other Arab cultures and commu-
nities. Some limitations need to be acknowledged. First, there was low
recruitment from one of the governorates, making the representation
from that area less robust. Second, almost half of the children who were
suspected of delay did not have their BSID-III assessed because of
parental refusal, which may have affected our results, particularly the
specificity. Finally, social desirability is a known limitation of any
questionnaire based on parental reports.

5. Conclusion

To our knowledge, this is the first study to test the psychometric
properties of the Arabic version of ASQ-3. This provides preliminary

A-ASQ-3 Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)
Referred Pass
BSID-III cognitive scores Abnormal 20 0 1.00 (0.65-1.00) 0.46 (0.31-0.62) 0.30 (0.16-0.49) 1.00 (0.80-1.00)
Normal 23 10
BSID-III motor scores Abnormal 29 4 0.60 (0.27-0.86) 0.67 (0.51-0.80) 0.30 (0.13-0.54) 0.88 (0.71-0.96)
Normal 14 6
Total 43 10

BSID-III normal = average; high average and superior.
BSID-III Abnormal = extremely low; borderline; low average.
ASQ referred = referred and suspect.
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Table 4
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Comparison of the A-ASQ-3 mean scores and US normative values per domain per age group.

Age Communication Gross motor Fine motor Problem solving Personal social
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
4 months
US (ref) 52.3 (8.8) 54.6 (8.1) 51.6 (10.9) 53.8 (9.4) 51.9 (9.4)
Lebanese 55.9 (5.3)" 52.5 (9.6)" 48.5 (12.9)" 53.3 (10.4) 53.9 (8.5)"
10 months
US (ref) 48.2 (12.6) 53.1 (11.5) 54.7 (8.4) 52.2 (9.8) 49.5 (11.1)
Lebanese 52.6 (9.5)" 48.7 (13.7)" 53.4 (7.3) 54.2 (9.1)° 47.9 (13.1)
18 months
US (ref) 42.3 (14.6) 55.5 (9.0) 52.4 (9.1) 46.0 (10.1) 47.9 (10.4)
Lebanese 52.6 (9.5)" 48.7 (13.7)° 53.4 (7.3) 54.2 (9.1) 47.9 (13.1)
27 months
US (ref) 50.4 (13.2) 50.3 (11.1) 43.7 (12.7) 49.9 (11.2) 46.9 (10.8)
Lebanese 53.9 (9.7)* 54.1 (8.9)" 42.4 (12.7) 52.2 (7.9)" 49.8 (9.7)"
33 months
US (ref) 49.4 (12.0) 53.3 (9.2) 43.5 (15.6) 50.6 (11.9) 50.7 (10.9)
Lebanese 53.6 (10.9)" 55.1 (8.1)* 45.6 (14.6) 53.2 (9.8)" 50.8 (10.0)
2 p < 0.05.
b p < 0.0001.

evidence that the A-ASQ-3 a robust, practical, and cost-effective tool
that can be used to assess child development in an Arabic speaking
population. Further research is needed to refine the tool and establish
stronger correlations with BSID-III and to establish culturally sensitive
cut off scores in other Arabic speaking communities.
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