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Background: Early detection of developmental problems is vital for facilitating

early access to targeted intervention and augmenting its beneficial outcomes.

Standardized developmental screening tools are known to enhance detection

rates of developmental problems compared to clinical judgment alone and

are widely recommended to be used in infants and young children. Most of

the available developmental screening tools have been developed in Western

countries. Many of their items may not be suitable for other cultures while

others are expensive. Currently, none of the developmental screening tools

have been validated in the United Arab Emirates (UAE), with only a few available

in the Arabic language.

Objective: To create and validate a developmental screening tool, in both

English and Arabic, that is simple, quick to use, and culturally relevant to the

United Arab Emirates (UAE) child population aged 9–48 months.

Methods: The available literature was used to create a list of developmental

milestones in five domains for children aged 9–48 months, divided into seven

age groups. The selected milestones were used to create questionnaires in

both English and Arabic, which were pilot tested twice. Each time, the results

were analyzed and used to select, modify, and rephrase questions. Validation of

the Dubai Tool for Developmental Screening (DTDS) was done against Parents’

Evaluation of Developmental Status (PEDS) as a gold standard instrument.

The DTDS and PEDS were administered cross-sectionally to parents of 1,400

children in seven age groups. Sensitivity, specificity, and kappa agreement of

the DTDS compared with PEDS were calculated.

Results: The DTDS had a sensitivity of 100% in four age groups and 75–78%

in the other three age groups. Specificity ranged from 96 to 99% across all age

groups. The kappameasure showed substantial agreement in five age groups, a

moderate agreement in one age group, and a fair agreement in one age group.

Conclusions: The DTDS is a valid screening tool for early identification of

developmental delays and disabilities in early childhood.

KEYWORDS

child development, developmental screening, screening tool, developmental delay,

motor development, speech development, social emotional development, problem

solving self-help development
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Introduction

Pediatricians and other primary care physicians frequently

see children with abnormal development and behavior.

Disordered development and behavior affect about 12–16%

of American children below 5 years of age (1, 2). Early

identification of developmental disorders should lead to a

thorough evaluation, and hence proper early intervention (3).

However, data from the United States revealed that only

approximately one out of three children with developmental

abnormalities are recognized prior to school age, while others

do not benefit from early intervention services (4–6). One of

the main factors contributing to low detection rates is reliance

on clinical judgment alone (7), which can miss up to 45%

of eligible children for early intervention services (8). The

American Academy of Pediatrics recommends regular screening

for developmental disorders using a standardized tool at 9,

18, and 30 (or 24) months of age and at every well-child

visit whenever concerns regarding the development are raised

during surveillance (2). Developmental screening tools can

accurately detect developmental delays (9). However, screening

for developmental delays in normal clinical practice is fraught

with difficulties such as time limitations, shortage of required

subspecialties for referral, limited training and confidence

of physicians in managing children with developmental

abnormalities, and difficulties in finding the perfect screening

tool (10–14). Most of the available developmental screening

tools have been developed in Western countries. Many of their

items may not be suitable for other cultures (15, 16), while

others are expensive. The tools currently used in theMiddle East

and North Africa (MENA) region are mainly translated from

the globally used tools such as Ages and Stages Questionnaire

(ASQ), Denver Developmental Screening Test and Parents’

Evaluation of Developmental Status (PEDS) (17). PEDS is one

of the most extensively evaluated parent completed tools. F.

P. Glascoe created this tool in Tennessee, USA in 1997 (18).

It is a 10-item questionnaire that captures parents’ concerns

about their child’s developmental skills, including fine and gross

motor, expressive and receptive language, behavior, social, self-

care, and learning (19). It is applicable for children aged 0–8

years and takes 2–5min to complete. PEDS has been validated

in many studies. According to recent validation studies from

the United States, PEDS has a sensitivity of 91–97% and a

specificity of 73–86% (20). It is available in Arabic and English,

among many other languages. Ages and Stages questionnaire

(ASQ) is another widely used screening tool created in high

income country. It was designed and developed by Squires,

Abbreviations: DTDS, Dubai Tool for Developmental Screening; PEDS,

Parent’s Evaluation of Developmental Status; PEDS:DM, Parent’s

Evaluation of Developmental Status: Developmental Milestones; DHA,

Dubai Health Authority; UAE, United Arab Emirates.

Bricker and Twombly (21) at the University of Oregon, USA.

The Ages and Stages questionnaire third edition (ASQ3)

is a parent completed tool, consisting of 21 questionnaires

(30-items each) targeting the age of 2–60 months can be

completed by parents in 12–18min. The overall sensitivity

and specificity of ASQ are 75% and of 86% respectively.

The ASQ has been translated into several languages including

Arabic language (22). In a systemic review by Fischer VJ et al.

(23), fourteen developmental screening tools created in low-

and middle-income countries (LMIC) were included. Most of

these tools were locally developed, but not validated across

different cultures. Only 4 of them expressed sensitivity and

specificity >80%. These tools are: Disability Screening Schedule

(DSS) (24), Ten Questions Screen (TQS) (25) for Childhood

Disability, Guide for Monitoring Child Development (GMCD)

(15), and Malawian Developmental Assessment Tool (MDAT)

(26). The Egyptian developmental screening chart (EDSC); to

our knowledge; is the first tool to be developed in Arab countries.

It was developed by El Shafie AM et al. in 2020. The EDSC

can be applied to children 0–30 months old. Initially a Z-

score chart for motor and mental development was created,

then the EDSC validity was tested against ASQ3 with an

overall sensitivity of 84.38% and specificity of 98.36% (27).

When looking to the methods followed to create different

available screening tools, 2 models were identified. The first is

to study the normal infants and children to create the norms

of development in the community. Bayley Scales of Infant

and Toddler Development (28), Baroda development screening

test (29), Denver Developmental Screening Test II (30), and

Trivandrum Development Screening Chart (31) are examples

of this model. In the second model tools are prepared through

review of literature including other tools, then pilot test for

cultural appropriateness and modify accordingly. Examples of

this model are: The Disability Screening Schedule (DSS) (24),

Developmental Assessment Tool for Anganwadis (32), The Ten

Questions Screen (25), The Kilifi Developmental Inventory (33),

and The Malawian Developmental Assessment Tool (26).

Currently, none of the developmental screening tools have

been validated in the United Arab Emirates (UAE), and few are

available in the Arabic language.

Therefore, the aim of this study was to create and validate

a parent-completed developmental screening tool for infants

and children aged 9–48 months in both the English and Arabic

languages. We aimed for it to be simple, quick to administer and

score, and culturally relevant to the UAE population.

Methods

This study was conducted from December 2018 to January

2020 at child health clinics located in twelve primary health

care centers of the Dubai Health Authority (DHA) distributed

throughout the Emirate of Dubai. The Dubai Scientific Research
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Ethics Committee (DSREC), DHA, authorized the study

protocol. The study was divided into two stages: the first was to

design the tool, and the second was to validate it.

First stage: Design of the Dubai Tool for
Developmental Screening

The first stage of the study consisted of five steps.

Step 1: Data collection and defining milestones

A working group was created, consisting of child health

section pediatricians in the DHA. The working group reviewed

the available literature to generate a list of developmental

milestones for infants and children aged 9–48 months, including

five developmental domains: speech and language, social and

emotional, problem solving and self-help, gross motor, and

fine motor. The age period was divided into seven age stages:

9–11 months, 12–14 months, 15–17 months, 18–23 months,

24–29 months, 30–35 months, and 36–48 months. For each

age group, five developmental milestones in each domain were

selected, taking into consideration community appropriateness

and applicability.

Step 2: Creating questionnaires

The chosen milestones were rewritten in the simplest

English language possible, with a reading level of no more than

fifth grade. Each milestone was transformed into a “Yes” or

“No” question beginning with “Does your child.” The questions

were translated and formulated in Arabic language using the

forward-backward translation method. First the questions were

translated by one of the Arabic speaking authors of the tool

and reviewed by 2 others. The revised Arabic version of

questionnaires was independently translated backward into

English by a professional translator who was blinded to the

original questionnaires. The tool authors matched the backward

translation with the original English questionnaires and revised

the Arabic translation accordingly. The Arabic version of

questionnaires was finalized ensuring conceptual equivalence to

the original English version.

Step 3: Pilot study

The first draft of questionnaires was then piloted on parents

of 420 infants and children. The parents of 60 children in each

age group were recruited from the primary health care center

child health clinics of the DHA; of them, 30 were given the

English version and 30 were given the Arabic version. The

inclusion criteria were that the available parent parents must

be living with the child, have at least a primary education, and

speak English fluently (for the English version) or speak Arabic

fluently (for the Arabic version). Children with a history of

prematurity, and children diagnosed with developmental delay

or disability were excluded. After obtaining written consent,

each parent was asked to rate each question on a scale of 1–3

for its understandability and applicability (for understandability:

1 was coded as hard to understand, 2 was coded as somewhat

hard to understand, and 3 was coded as easy to understand; for

applicability: 1 was coded as not applicable to my child; 2 was

coded as somewhat applicable to my child, and 3 was coded as

highly applicable to my child). The results were collected and

analyzed. Out of five questions in each domain, three questions

with the best score were selected to form the second draft.

Step 4: Re-piloting

Using the second draft, the pilot study was repeated on

parents of 420 infants and children. The same inclusion/

exclusion criteria and distribution of participants used for Step 3

were applied. The results were collected and analyzed. Questions

that were hard to understand or non-applicable were changed

or replaced. Few questions needed to be modified to create the

third draft.

Step 5: Design of the DTDS

At this stage, there were seven questionnaires for seven age

groups of children between 9 and 48 months old.

• Group A: age range from 9 months to 11 months and

30 days

• Group B: age range from 12 months to 14 months and

30 days

• Group C: age range from 15 months to 17 months and

30 days

• Group D: age range from 18 months to 23 months and

30 days

• Group E: age range from 24 months to 29 months and

30 days

• Group F: age range from 30 months to 35 months and

30 days

• Group G: age range from 36 months to 48 months

Each questionnaire consists of 15 domain-specific questions

(three in each domain). In all questions, the response is either

“Yes” or “No.” with “Yes” as the typical response to all questions.

A response of yes was scored as 1 while a response of no was

scored as 0. Domain scoring is adopted, with a passing score of 3

or 2 in each domain and a fail score of 0 or 1. Achieving a passing

score in all domains means negative screening, while getting a

fail score in one or more domains means positive screening.

Adjusted age is used for premature children up to the age of 24

months to select the appropriate questionnaire.
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Second stage: Validation of the DTDS

The DTDS validity was tested against gold standard

instruments, which are the Parents’ Evaluation of

Developmental Status (PEDS) tools, including the Parents’

Evaluation of Developmental Status (PEDS) and the Parents’

Evaluation of Developmental Status: Developmental Milestones

(PEDS:DM). A cross-sectional study was conducted to examine

the developmental screening results—negative screening (pass)

or positive screening (fail)—of the DTDS compared with the

PEDS tools for the same sample of participants.

Measures

PEDS tools

PEDS questionnaire consists of ten open-ended questions

that captures parents’ concerns about their child’s developmental

skills. The scoring relies on classifying parents’ concerns as per

their child’s age into predictive and non-predictive concerns.

Based on that, PEDS provides an interpretation guide of five

paths: path A, when parents have two or more predictive

concerns; path B, when parents have one predictive concern;

path C, when parents have non-predictive concerns; path D,

when there are parental difficulties communicating; and path E,

when parents have no concerns.

PEDS can also be applied in combination with PEDS:DM,

which is a set of parent-completed questionnaires designed

to determine whether specific developmental milestones have

been met. Each questionnaire consists of six to eight questions

for each age stage. The questions include six developmental

domains: fine motor, gross motor, receptive language, expressive

language, behavior and social skills, and self-care and learning

(34). It is available for children from birth to 8 years of age.

PEDS:DM forms from D to P, which cover the age periods

from 9 to 48 months, were used in this study, and adjusted

chronological age was used for premature children <24 months

of age.

Pass/fail criteria of the PEDS tools: PEDS and PEDS:DM

scoring and interpretation were done according to the

instructions in their respective manuals. PEDS results were

scored as positive screening (fail) when the result was path A

and as negative screening (pass) when the result was path E.

PEDS:DM was applied as a second-stage developmental screen

when the result was path B, C, or D. If an infant/a child meets

all the milestones in the corresponding PEDS:DM form, the test

result is considered negative screening (pass), whereas if one or

more milestones were unmet, the result is positive screening

(fail). Pass/fail criteria of the PEDS tools are summarized in

Table 1.

DTDS

The scoring and pass/fail criteria have been described above.

Participants

We aimed to enroll 200 participants in each age group. The

parents/caregivers of infants and children were recruited from

those attending child health clinics for routine assessment and

immunization. The inclusion criteria were that the available

parent or caregiver should be living with the child and have at

least a fifth-grade reading ability (Arabic or English). Children

with diagnosed developmental delay or disability were excluded.

The infants and children who shared in the first stage were not

excluded in the second stage of the study.

Procedure

Thirty-six child health nurses from 12 primary health care

centers were trained to administer and score DTDS, PEDS,

and PEDS:DM. They were also trained to identify eligible

children, to explain the study, and to obtain written consent.

The trained child health nurses met parents/caregivers of

children during their routine visits to child health clinics.

They checked for eligibility, explained the study to them, and

obtained their written consent. Both the DTDS and PEDS were

handed to parents/caregivers, and they were requested to answer

all the questions. The answered questionnaires were scored

immediately. Parents/caregivers of children with PEDS path B,

C, andDwere requested to complete PEDS:DM. The final results

of the PEDS tools together with the DTDS were recorded as

negative screening (pass) or positive screening (fail).

TABLE 1 Pass and fail criteria of Parents’ Evaluation of Developmental Status (PEDS) tools.

PEDS result Path Pass Fail

≥2 predictive concerns A Non All

1 predictive concern B 0 unmet milestones on PEDS:DM ≥1 unmet milestone on PEDS:DM

Non-predictive concern/s C 0 unmet milestones on PEDS:DM ≥1 unmet milestone on PEDS:DM

Parental difficulties communicating D 0 unmet milestones on PEDS:DM ≥1 unmet milestone on PEDS:DM

No concerns E All Non

PEDS:DM, Parents’ Evaluation of Developmental Status: Developmental Milestones.
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Statistical analysis

PASS 16 (PASS 16 Power Analysis and Sample Size

Software (2018). NCSS, LLC. Kaysville, Utah, USA,

ncss.com/software/pass) was used for sample size calculation

in the validation study (35). We calculated the sample size

to obtain high sensitivity to reduce the false negative rate.

A sample size of 185 produces a two-sided 95% confidence

interval with a margin of error 10% when the sample sensitivity

is 90% and the prevalence is 20%.We used SPSS Statistics

version 24 for Windows (IBM Corp., Armonk, NY, USA) for

statistical analysis. Categorical data are presented as count and

percent. We measured the validity of the DTDS by calculating

the sensitivity and specificity (with 95% confidence intervals)

compared with the PEDS tools to identify positive and negative

cases (36). The positive predictive value and negative predictive

value were calculated as well. We calculated the kappa coefficient

(with a 95% confidence interval) to measure the agreement

between the DTDS and PEDS results. A kappa value of 0.61–0.8

is considered substantial agreement, and a kappa value of

0.41–0.6 is considered moderate agreement (37). We evaluated

construct validity with factor analysis using the SPSS macro

to calculate the tetrachoric correlation matrix for binary data

(38). We used principle component (PC) factor analysis with

VARIMAX rotation. Bartlett’s test was significant (p < 0.05)

for all age groups. We calculated the average pairwise percent

agreement between the items within each domain of the DTDS

to measure the reliability of each domain in each age group.

Results

The total number of participants who completed the

DTDS, PEDS, and PEDS:DM (when required) was 1,440; the

participants were parents of infants and children aged between

9 and 48 months divided into seven age groups (A–G). The

demographic characteristics of the participants are summarized

in Table 2.

The results of DTDS and PEDS were cross-tabulated for

each age group to calculate test characteristics (Table 3). The

prevalence of positive screening was higher for the DTDS in age

groups A, B, C, D, and E, same for both tools in age group F, and

the prevalence of positive cases was slightly higher for PEDS in

age group G.

Table 4 summarizes the sensitivity and specificity of the

DTDS along with the 95% confidence intervals. The DTDS

had high sensitivity and specificity in age group A (100

and 96.4%, respectively), age group B (100 and 96.5%,

respectively), age group D (100 and 98.2%, respectively),

and age group E (100 and 95.7%, respectively). There

was moderate sensitivity and high specificity in age group

C (75 and 96.4%, respectively), age group F (77.8 and

98.9%, respectively), and age group G (78.6 and 98.9%,

respectively).

The positive predictive vale was highest in age

group G (84.6%) and lowest in age group B (12.5%).

The negative predictive value ranged from 98.4 to

100% in all age groups. Positive predictive value and

negative predictive value results are summarized in

Table 4.

We calculated the kappa coefficient to assess the agreement

between the DTDS and the PEDS tools to detect positive and

negative cases. There was a substantial agreement between the

DTDS and the PEDS tools in the age groups A (kappa = 0.703),

D (kappa = 0.741), E (kappa = 0.69), F (kappa = 0.767), and

G (kappa=0.802). There was moderate agreement for age group

C (kappa = 0.55), and there was fair agreement for age group B

(kappa = 0.215). Kappa agreement results are summarized in

Table 4.

The average pairwise percent agreement within each domain

revealed very high agreement between the items within

each domain for all the age groups, ranging from 88.39%

for the speech and language domain in age group A to

98.95% for the social and emotional domain in age group F

(Table 5).

TABLE 2 Demographic information of infants and children who participated in the study.

Age group Gender Nationality Total

Male (%) Female (%) UAE national (%) Non-UAE national (%)

A (9–11 months and 30 days) 112 (55.7%) 89 (44.3%) 61 (30%) 140 (70%) 201

B (12–14 months and 30 days) 107 (53.5%) 93 (46.5%) 51 (25.5%) 149 (74.5%) 200

C (15–17 months and 30 days) 112 (55.7%) 89 (44.3%) 60 (29.9%) 141 (70.1%) 201

D (18–23 months and 30 days) 115 (50.9%) 111 (49.1%) 61 (27%) 165 (73%) 226

E (24–29 months and 30 days) 121 (55.3%) 98 (44.7%) 77 (35.2%) 142 (64.8%) 219

F (30–35 months and 30 days) 93 (48.7%) 98 (51.3%) 64 (33.5%) 127 (66.5%) 191

G (36–48 months) 102 (50.5%) 100 (49.5%) 87 (43%) 115 (57%) 202

UAE, United Arab Emirates.
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TABLE 3 Cross-tabulation of the Dubai Tool for Developmental Screening (DTDS) and Parent’s Evaluation of Developmental Status (PEDS) results.

Corresponding PEDS result

Negative (%) Positive (%) Total (%)

DTDS group A (9–11 months and 30 days) results Negative (%) 185 (96.4%) 0 (0.0%) 185 (92%)

Positive (%) 7 (3.6%) 9 (100.0%) 16 (8%)

Total 192 (95.5%) 9 (4.5%) 201 (100%)

DTDS group B (12–14 months and 30 days) results Negative (%) 192 (96.5%) 0 (0.0%) 192 (96.0%)

Positive (%) 7 (3.5%) 1 (100.0%) 8 (4%)

Total 199 (99.5%) 1 (0.5%) 200 (100%)

DTDS group C (15–17 months and 30 days) results Negative (%) 186 (96.4%) 2 (25.0%) 188 (93.5%)

Positive (%) 7 (3.6%) 6 (75.0%) 13 (6.5%)

Total 193 (96%) 8 (4%) 201 (100%)

DTDS group D (18–23 months and 30 days) results Negative (%) 216 (98.2%) 0 (0.0%) 216 (95.6%)

Positive (%) 4 (1.8%) 6 (100.0%) 10 (4.4%)

Total 220 (97.3%) 6 (2.7%) 226 (100%)

DTDS group E (24–29 months and 30 days) results Negative (%) 199 (95.7%) 0 (0.0%) 199 (90.9%)

Positive (%) 9 (4.3%) 11 (100.0%) 20 (9.1%)

Total 208 (95%) 11 (5%) 219 (100%)

DTDS group F (30–35 months and 30 days) results Negative (%) 180 (98.9%) 2 (22.2%) 182 (95.3%)

Positive (%) 2 (1.1%) 7 (77.8%) 9 (4.7%)

Total 182 (95.3%) 9 (4.7%) 191 (100%)

DTDS group G (36–48 months) results Negative (%) 186 (98.9%) 3 (21.4%) 189 (93.6%)

Positive (%) 2 (1.1%) 11 (78.6%) 13 (6.4%)

Total 188 (93.1%) 14 (6.9%) 202 (100%)

The positive and negative percentages are calculated based on the PEDS results (sensitivity and specificity), and the total percentages (prevalence) are calculated based on the total sample

number in each group.

TABLE 4 Sensitivity, specificity, positive predictive value, negative predictive value, and kappa measure of agreement of the Dubai Tool for

Developmental screening (DTDS) compared with the Parent’s Evaluation of Developmental Status (PEDS) tools.

Age group Sensitivity Specificity Negative Positive Kappa Standard

(95% CI) (95% CI) predictive predictive Error of

value value Cohen Kappa

A (9–11 months and 30 days) 100% (66.4–100%) 96.4% (92.6–98.5%) 56.3% 100% 0.703 0.105

B (12–14 months and 30 days) 100% (2.5–100%) 96.5% (92.9–98.6%) 12.5% 100% 0.215 0.181

C (15–17 months and 30 days) 75% (34.5–96.8%) 96.4% (92.7–98.5%) 46.2% 98.9% 0.55 0.133

D (18–23 months and 30 days) 100% (54.1–100%) 98.2% (95.4–99.5%) 60% 100% 0.741 0.124

E (24–29 months and 30 days) 100% (71.5–100%) 95.7% (92–98%) 55% 100% 0.69 0.096

F (30–35 months and 30 days) 77.8% (40–97.2%) 98.9% (96.1–99.9%) 77.8% 99% 0.767 0.113

G (36–48 months) 78.6% (49.2–95.3%) 98.9% (96.2–99.9%) 84.6% 98.4% 0.802 0.086

CI, confidence interval.

Discussion

A community-based developmental screening tool should

be simple, easy to use by health care providers and parents,

cost-effective and time-efficient, valid, and suit the community

culture (24). The American Academy of Pediatrics (AAP)

recommends comprehensive screening tools that include

communication and language, fine and gross motor, personal–

social, and problem-solving and behavior developmental

domains. The screening tool should be culturally appropriate

and available in the patient’s local language (8).

TheDTDS consists of 15 items with “Yes” or “No” responses,

which makes it simple and less time-consuming (takes 4–8min

to finish). Parents/caregivers could answer the questionnaire
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TABLE 5 Average pairwise percent agreement between the items within each domain for age groups in the Dubai Tool for Developmental screening

(DTDS).

Age group Fine motor Gross motor Problem solving Social and emotional Speech and language

A (9–11 months and 30 days) 95.69% 88.72% 95.02% 97.68% 88.39%

B (12–14 months and 30 days) 98.67% 89.33% 91% 95.67% 97%

C (15–17 months and 30 days) 94.69% 94.36% 93.37% 96.68% 88.72%

D (18–23 months and 30 days) 91.45% 96.17% 95.87% 97.35% 89.38%

E (24–29 months and 30 days) 96.06% 98.48% 94.24% 90.61% 90.30%

F (30–35 months and 30 days) 98.60% 97.21% 97.21% 98.95% 97.56%

G (36–48 months) 91.75% 94.72% 93.40% 93.40% 96.04%

while waiting for their child’s well-child visit. The typical

response is “Yes” to all questions, and the cut-off passing score is

two “Yes” responses out of three in each domain, which makes it

easy to score and interpret by health care providers and requires

no special test equipment. The test can also be conducted and

scored electronically by using a computer program or mobile

application. The screening is comprehensive in that it examines

all general developmental domains. The DTDS is among the

earliest developmental screening tools developed in Arabic and

the first to undergo validation in the UAE. Although initially

adopted from international literature, the DTDS items were

selected, filtered, and modified based on parental feedback,

which reflects the characteristics of the community.

Validation studies of PEDS have used ≥ 1 predictive

concern as a cut-off point to calculate sensitivity and specificity;

however, in practice many physicians prefer not to proceed with

additional evaluation unless there are ≥ 2 predictive concerns

(39, 40). In this study, we considered≥ 2 predictive concerns as a

positive screening, but we did not ignore one predictive concern

and non-predictive concern results. For these, we examined the

PEDS:DM results to determine a negative/positive screening

result. This makes the results more accurate and comparable to

those of the DTDS. It also adheres to the “PEDS Brief Guide

to Scoring and Administration” instructions, which recommend

the use of a second developmental screen when one predictive

concern or non-predictive concerns are present.

A screening tool is considered accurate when it has a

sensitivity of 70–80% and a specificity around 80% (6, 41). In

this study, the DTDS was able to detect 100% of PEDS-positive

cases in age groups A, B, D, and E, while in age groups C, F, and

G, the sensitivity was between 75 and 78% relative to the PEDS

tools, which is still higher than the typical limit for an acceptable

sensitivity, namely 70% (6, 8). The DTDS had high specificity,

between 96 and 99%, in all age groups relative to the PEDS

tools. Therefore, it is likely that a child who passes the DTDS

is developing at a typical rate. The low positive predictive value

observed in age group B, C, E and A may indicate relatively high

false positive cases and hence over referral. Usually Over referral

is not considered a problem in view of a screening problem,

however low false negative rate is vital which means not missing

any of the true positive cases, that was well achieved by the

DTDS with a high predictive value over all age groups. As per

Cohen’s suggested kappa interpretation, we found a substantial

agreement between the DTDS and PEDS tools in age groups A,

D, E, F, and G, while there was a moderate agreement for age

group C and a fair agreement for age group D. The high percent

of agreement between the items within each domain indicates

high internal reliability of the tool for all the age groups as well.

There is higher agreement, in general, in older groups than

the younger groups, may be because it is easier to screen. The

lowest agreement is in the age group B. That is mainly because

of the difference in the number of positive cases between the two

screening tests (1 (0.5) in PEDS compare with 8 (4%) in DTDS).

However, this age group still maintain high sensitivity (100%)

and specificity (96.5%).

This study has number of limitations. The DTDS

questionnaires start from age of 9 month, though it matches

the American academy of pediatrics recommendation of

developmental screening stages, expansion of the tool to include

younger age groups should be considered. The work team in

the second stage (validation) should have been divided into

two groups, both of them blinded to each other in their results

so as not to lead to biased results. Although the sample size

was sufficient to compare screening results of the DTDS to

those of the PEDS tools, the absolute number of children

with positive screening was relatively low, particularly in

age groups B and D. Hence, conducting a study with more

participants would be preferable to verify the findings. In this

study, the DTDS was validated against a valid screening tool

(PEDS). Using a diagnostic tool would identify children with

developmental delay more accurately. Repeating the study

against a validated diagnostic developmental tool should be

considered in future research.

Conclusion

The study findings have demonstrated that the DTDS is a

valid screening tool for the early identification of developmental

delays and disabilities in infants and children aged 9–48 months.
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It is simple, quick to administer and score, and culturally

relevant to the UAE population.
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