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Validity of parents’ evaluation of developmental status 
(PEDS) in detecting developmental disorders in 

3-12 month old infants
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Abstract
Background Early detection of development disorder is an effort to 
recognize disorders in every developmental stage. Parents’ concern 
can be helpful in identifying children in need of assessment and 
can be used as a prescreening test to reduce the number of children 
who require formal screening.
Objective To examine diagnostic value of parents’ evaluation of 
developmental status (PEDS) instrument in order to determine 
developmental disorders in infant. 
Methods One hundred and seventy infants, 3-12 months old who 
visited Pediatric Outpatient Clinic were recruited. The parents 
filled in the PEDS questionnaire and the results  were compared 
with those of Bayley Scales of Infant Development Second Edition 
(BSID-II) as a gold standard. The diagnostic properties of PEDS 
were then calculated. 
Results PEDS showed a sensitivity of 83.9% (95% CI 67.8 to 93.8), 
a specificity of 81.3% (95% CI 74.2 to 87.1), a positive predictive 
value of 50.0% (95% CI 40.6 to 59.4), a negative predictive value 
of 95.8% (95% CI 91.2 to 98.0), a likelihood ratio positive of 4.5 
(95% CI 3.1 to 6.6), a likelihood ratio negative of 0.2 (95% CI 0.1 
to 0.4), a pre-test probability of 18.2% and a post-test probability 
of 49.9% (95% CI 40.6 to 59.3).
Conclusion PEDS can be used as an initial screening test to 
detect developmental disorders in 3-12 month infants. [Paediatr 
Indones. 2010;50:6-10].
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The development of a child occurs in a 
relatively regular and consecutive pattern 
and the previous step will influence the next 
one. Every disorder in any developmental 

stage will result in alteration of the quality of human 
resources in the future.1 In the United States, 15 to 
18% of children have developmental or behavioral 
disabilities.2 Study in Bandung on under five children 
found 20 to 30% of children have developmental 
disorders.3 All infants and children should be screened 
for developmental delays, because developmental 
screening is a process that selects children who will 
receive more intensive evaluation or treatment. 
Pediatricians should consider using standardized 
developmental screening tools that are practical and 
easy to use in the office setting.4 

Studies show that parents’ concern are extremely 
helpful in identifying children in need of assessment. 
Parents’ concern can be used as a prescreening 
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test to reduce the number of children who require 
formal screening.5-7 Systematically eliciting parental 
concern about development is an important new 
method of identifying infants and young children 
with developmental problems. Parents’ Evaluation of 
Developmental Status (PEDS) is one of screening tools 
that pediatrician can use in their office for early detection 
of developmental disabilities. The PEDS is useful in 
primary care because it is brief and makes use parents’ 
concern or judgment about their child’s development 
and behavioral status. PEDS has high sensitivity of 74 
to 79% and specificity of 70 to 80%, that can be used 
in 0-8 years old.2,7,8 In the United States, PEDS has 
high sensitivity and specificity but it is not available in 
Indonesia. The aim of this study was to determine the 
validity of PEDS in detecting developmental disorders in 
3 - 12 month old infants at Pediatrics Outpatient Clinic 
Sanglah Hospital, Denpasar.

Methods

We performed a diagnostic test to determine 
diagnostic value of PEDS instrument in evaluation 

of developmental deviation, with Bayley Scales of 
Infant Development Second Edition (BSID-II) as a 
gold standard. PEDS and BSID-II were performed by 
independent examiners. This study was carried out 
at Pediatrics Outpatient Clinic in Sanglah Hospital, 
Denpasar from December 1st 2007 until November 
30th 2008.  

We included infants 3-12 months old of age born 
at term, attended Pediatrics Outpatient Clinic with 
her/his parents, first time visit, and the parents agreed 
to join this study. We excluded infants with severe 
infectious diseases, severe malnutrition, and those 
who had severe handicap. Subjects were recruted 
consecutively. 

The sample size was estimated by formula 
for single proportion;9 the minimal sample size to 
estimate the sensitivity was 74. By considering the 
proportion of developmental disorders in Growth and 
Developmental Clinic of Sanglah Hospital (45%), the 
minimum were 170.   

The PEDS instrument had been translated into 
Indonesian and tried out in some population, under 
Professor Glascoe permission. The reliability of the 
test was determined by accounting the test-retest 

Figure1. Flowchart of study enrollment

3-12 month old infants who attended Pediatrics Outpatient Clinic Sanglah 
Hospital with their parents

Inclusion criteria Exclusion criteria

Study Sample 
n = 170

PEDS
n = 170

BSID-II
n = 170

Positive result 
 n = 52

Negative result 
n =118

Positive result  n = 
31

Negative result
 n =139
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reliability coefficient. By this method, the variables 
were evaluated two times. A PEDS instrument was 
filled in by 30 parents who were included in the 
study. The PEDS questionnaires were given to the 

parents to be filled in independently;  if necessary 
the parents could ask to one of the investigators. 
Having completed the questionnaires, the parents 
were asked to comeback 2 weeks later to fill in another 
questionnaires. 

Infants of the corresponding parents were 
then brought to a special room to get BSID-II 
examination by one of the investigators who was 
not aware of the result of PEDS test.  All data 
were collected and analyzed in several steps. Test-
retest reliability coefficient was done to determine 
instrument reliability, then the diagnostic accuracy 
was calculated. 

The study was approved by the Ethics Committee 
of the Research Center of Medical School Udayana 
University/Sanglah Hospital and informed consent was 
obtained from the parents. 

Results 

Most subjects were in 6-11 month old of age group 
(65.9%), with male predominance. The results of the 
study were shown in Figure 1. 

The reliability of PEDS instrument was 
achieved by accounting the test-retest reliability 
coefficient. The PEDS instrument was filled by 30 
parents who met the inclusion and exclusion criteria, 
and agreed to come to the clinic twice within 2 weeks 
until 1 month interval. Since outcome variable was 
dichotomy variable, hence we used kappa value as 
the reliability coefficient. The kappa value of this 
study was 0.67. 

The characteristics of subject are shown in Table 
1. This study found developmental disorder in 18.2% 
of the infants. The results of PEDS instrument 
examination compared to BSID II examination 
were are in Table 3. 

Table 3 shows that 31 of 170 subjects showed 
different result with BSID-II (26 false positive and 5 

Table 3. The validity of PEDS instrument in evaluating infant 
developmental disorders

Developmental Disorders
Total

Positive Negative

PEDS
Positive
Negative

26
5

26
113

52
118

Total 31 139 170

Table 1. Characteristics of subjects

Characteristics n (%)

Age of infant  (month)   
3
4-5
6-11 
12 

Gender
Male
Female

Number of children 
1
2
3
≥4

Nutritional status
Moderate malnutrition
Mild Malnutrition
Normal
Overweight

Mother educational status
No education
Elementary School
Junior High School
Senior High School
College

Mother occupation
Civil officer
Private 
Other
No occupation

Mother race
Balinese
Non Balinese

Father educational status
No education
Elementary School
Junior High School
Senior High School
College

Father occupation
Civil officer
Private 
Other
No occupation

Father race
Balinese
Non Balinese

PEDS
Abnormal
Normal 

BSID II
Abnormal
Normal 

8 (4.7)
30 (17.6)

112 (65.9)
20 (11.8)

107 (62.9)
63 (37.1)

41 (24.1)
70 (41.2)
43 (25.3)
16 (9.4)

8 (4.7)
28 (16.5)

107 (62.9)
27 (15.9)

0 (0)
15 (8.8)

25 (14.7)
99 (58.2)
31 (18.2)

12 (7.1)
49 (28.8)
18 (10.6)
91 (53.5)

138 (81.2)
32 (18.8)

1 (0.6)
7 (4.1)

26 (15.3)
95 (55.9)
41 (24.1)

18 (10.6)
120 (70.6)
32 (18.8)

0 (0)

135 (79.4)
35 (20.6)

52 (30.6)
118 (69.4)

31 (18.2)
139 (81.8)
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false negative). PEDS instrument revealed sensitivity 
83.9% (95% CI 67.8 to 93.8), specificity 81.3% (95%  
CI 74.2 to 87.1), positive predictive value 50.0% (95% 
CI 40.6 to 59.4), negative predictive value 95.8% 
(95% CI 91.2 to 98.0), positive likelihood ratio 4.5 
(95% CI 3.1 to 6.6), negative likelihood ratio 0.2 
(95% CI 0.1 to 0.4), pre-test probability or prevalence 
18.2% with post-test probability 49.9% (95% CI 40.6 
to 59.3).

Discussion

Several studies had previously been done to evaluate 
PEDS validity. Glascoe10 studied 157 of 6-77 months 
old children and found sensitivity 83% and specificity 
72% of PEDS in detecting speech and language 
disorder. This study result was not different with 
that of our study. The only differences found were 
subject characteristics, the gold standard, and the 
developmental aspect to be tested. Glascoe studied 
PEDS for speech and language disorder. They used 
The Arizona Articulation Proficiency Test, the Test 
of Language Development, and the Sequenced 
Inventory of Communication Development as a gold 
standard.

Glascoe11 also studied 408 of 21-48 month old 
children and found PEDS sensitivity was 79% and 
specificity 72%. This result was different with that of 
our study. The difference was  in sample characteristics 
and gold standard. The gold standard that they used 
was Woodcock-Johnson Psychoeducational Battery, 
Slosson Intelligence Test, and Child Development 
Inventory (CDI).

Pritchard et al12 studied 362 children born with 
birth weight ≤ 1250 g, who survived at 2 and 4 years 
of age corrected for prematurity, revealed PEDS 
sensitivity was 69% (95% CI 62 to 81), specificity 
72% (95% CI 62 to 81), positive predictive value 31% 
(95% CI 14 to 48) and negative predictive value 31% 
(95% CI 11 to 59). They used PEDS as the criteria 
of developmental abnormality. But the result of this 
study was different, that might be due to differences 
in subject’s characteristics and the gold standard. 
Their study samples were children born with birth 
weight ≤ 1250 g who survived at 2 and 4 years of age 
corrected for prematurity, and the gold standard was 
Griffith Mental Development Scales, BSID-II and 

McCarthy Scales.    
Good developmental screening tests were 

considered acceptable for developmental screening 
performed in children if they had sensitivity of 
more than 70% and specificity beetwen 70% and 
80%.2,4,13 Committee on Children With Disabilities, 
2001 recommended that the best instruments have 
good psychometric properties,  including adequate 
sensitivity, specificity, validity, and reliability, and 
have been standardized on  diverse populations.4 This 
study revealed the sensitivity of PEDS instrument was 
83.9% (95% CI 67.8 to 93.8), specificity 81.3% (95% 
CI 74.2 to 87.1). This was not differrent with that 
of other studies. This screening test can be accepted 
as first line screening test to detect developmental 
disorder in child. 

Clinical applicability of a diagnostic test is 
determined by its accuracy in identifying the target. 
Good sensitivity and specificity do not always reflect 
the accuracy of diagnostic test. Likelihood ratio (LR) 
has higher correlation to express the result of the test. 
Likelihood ratio =1 means the diagnostic test is not 
informative; hence it can not be used. Likelihood ratio 
> 10 or < 0.1 shows conclusive changes of pre-test 
probability to post-test probability. Likelihood ratio 
5-10 shows moderate changes, while LR 2-5 shows 
mild changes.14 This study revealed LR was 4.5 (95% 
CI 3.1 to 6.6) which means it is only mild changes 
from pre-test probability to post-test probability. This 
fact might be because of the sample size we used 
too small, in which we determined it based on the 
prevalence of developmental disorder from clinical 
based not population based. But, although the LR 
was too small, we still can use this diagnostic test as 
prescreening test. 

Several studies revealed the sensitivity was 
approximately 69-83%.10-12 It means that 17-31% of 
developmental disorder was not detected. In our study, 
we revealed the sensitivity of PEDS was 83.9%, means 
that 16.1% of developmental disorder cases were not 
detected due to false negative result. The specificity 
was 81.3% indicating 18.7% of developmental 
disorder cases were misdiagnosed due to false positive 
result. Factors that were considered to influence this 
results are the limitations of parents’ concern due 
to over-worries result in over-diagnosis, the parents 
likely detect severe disorder more accurately, the 
educational state and knowledge of the parents varied 
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result in failure in detecting developmental disorders. 
Sometimes the parents denied and refused to inform 
the physician to hide their anxiety. The information 
can be inaccurate if the child was supervised by their 
grandparents or their nannies, while their parents did 
not know precisely their child development. Further 
examination is needed for definitive diagnosis.   

The main limitation of this study was that 
we used only 3-12 months old infants so that the 
developmental milestones observed by the parents 
were limited.
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