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INTRODUCTION

With the increasing prevalence of developmental disabili-
ties (DDs) among young children worldwide [1-3], early iden-
tification of DDs has become even more critical for allowing 
the developmental trajectory of children with DDs with ap-
propriate interventions [4-6]. Due to the high cost and insuf-
ficient number of specialists [2,7], however, access to develop-
mental confirmatory tests is limited, which creates a delay in 
the diagnosis of DDs and causes missed opportunities [8]. As 
a result, developmental screening tests have emerged as part 
of an accurate and cost-effective health management system 
for young children at the national level, with an expectation of 
better prognosis for children at risk of DDs [9]. Many screen-
ing tests, such as the Denver Developmental Screening Test, 
the Ages and Stages Questionnaires (ASQ), and the Parent’s 

Evaluation of Developmental Status (PEDS), have been de-
veloped and implemented [10-12], and parent-administered 
screening tests are more popularly used according to the rec-
ommendation of the American Academy of Pediatrics [13]. 
One of the most widely used developmental screening tests 
is the ASQ, which is designed for periodic application with 
infants and children under six years old [12]. Since its devel-
opment in the 1970s in the US [14], it has been translated into 
dozens of languages and used globally both in clinical and ex-
perimental settings [15,16]. Despite the broad use of develop-
mental screening tests like the ASQ, however, some research-
ers question the effectiveness of these screening tests, as they 
have shown only moderate accuracy in previous studies. Shel-
drick et al. [17] compared the accuracy of three parent-per-
formed developmental screening tests—ASQ, PEDS, and the 
Survey of Well-being of Young Children (SWYC)—among a 
total of 642 children, ages 0 to 66 months. Unlike the estimates 
of specificity higher than 70% for all three screening tests, 
they presented low to moderate accuracy in sensitivity, from 
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23.5% for the ASQ in the younger group to 61.8% for the 
PEDS in the older [17]. Results of another study that analyzed 
nationwide population-based data revealed moderate levels 
of sensitivity of the Korean version of ASQ and the Korean 
Developmental Screening Test for Infants and Children (K-
DST)—64.1% and 44.4%, respectively, for the lowest [18].

One suspected cause is the reliability of parents as test ad-
ministrators. In a study by Sheldrick et al. [17], parents of 298 
(20.5%) children found them to be positive on the ASQ, while 
422 (29.0%) and 127 (8.8%) children were classified as positive 
on the PEDS and the SWYC, respectively; the concordance 
rate of two screening tests among the three ranged from 35% 
to 60%. In another study that examined agreement of the test 
results between the ASQ and the PEDS, 33% (20/60) of the 
test results disagreed; for those who received positive results 
from one or both of the tests, 69% (20/29) showed disagree-
ment in the test results [19].

According to survey results in a policy research report that 
investigated difficulties in administering the K-DST, 40.2% 
(125/311) of the parents had difficulty answering the question-
naires due to failure in observing their child’s performance 
(86, 27.7%) and the confusing or difficult questions (36, 11.6%) 
[20]. In addition, 35 of 85 (43.2%) professionals reported that 
parents could not understand the meaning of the questions 
and needed additional explanations [20]. Despite these report-
ed difficulties, most of these screening tests do not give par-
ents sufficient administration guidance [21-23]. The K-DST 
user’s guide devotes only half a page to parental administra-
tion, and that only includes instructions to answer the ques-
tion after they let their child perform the task, if they are not 
sure of the child’s capability, and to mark as “can do it” if the 
child shows sufficient abilities even without witnessing the 
actual performance [21]. Other screening tests are not very 
different—the ASQ provides a 4-page flyer for parents that 
includes general instructions about the screening process 
along with the purpose and the expected benefits [23]; the 
PEDS provides guidelines not for parents but only for profes-
sionals to help score the results [24]. None of these guidelines 
provides scoring criteria on the scale, which may compro-
mise diagnostic accuracy and cause a delay in identification 
of children with DDs, especially for those with mild devel-
opmental delay [17].

Therefore, this study aimed to 1) develop easily understand-
able guidelines that can help parents accurately administer a 
parent-performed developmental screening test and 2) eval-
uate the subjective usefulness of the developed guidelines.

METHODS

We developed the guidelines based on the K-DST. The K-

DST is a parent-performed broadband screener that has been 
used since 2014 among all children under seven years old in 
Korea as a part of the National Health Screening Program 
(NHSP) for young children [18,20]. The items on the K-DST 
were categorized in five developmental domains—gross and 
fine motor movement, cognition, language, socialization, and 
self-help—and were designed for periodic administration [18]. 
Although the K-DST uses a zero-to-three-point scale rather 
than the zero-to-two-point scale more common for other 
screening tests, the vast number of its 335 items is sufficient 
to reflect the structural formats and characteristics of other 
broadband developmental screening tests.

Step I: Delphi survey
The initial questionnaire was developed through three steps 

(Fig. 1). In the first step, the authors reviewed the report by 
Eun [20], executed by the Korea Centers for Disease Control 
and Prevention, which analyzed difficulties in the adminis-
tration of the K-DST. The report contains two survey results 
investigating item adequacy of the K-DST: one among 415 
parents of young children, and the other for 83 experts [20]. 
The survey with parents collected opinions about overall prob-
lems, while the survey of experts asked for each item. In the 
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Fig. 1. Flowchart for the development of the questionnaire and 
the Delphi survey procedure. K-DST, Korean Developmental 
Screening Test for Infants and Children.
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second step, the authors categorized items identified as diffi-
cult to understand or confusing into six categories: 1) items 
that can be administered impromptu assessment; 2) items that 
cannot be administered impromptu assessment; 3) items that 
present numbers in the performance criteria, such as “five 
words” or “ten steps”; 4) items that cannot be administered 
due to absence of the task tools, absence of opportunities, safe-
ty concerns, or other reasons; 5) items that are difficult to un-
derstand or confusing; and 6) others. Items in the first and 
second categories were further classified by whether or not 
prior observation of the child’s behaviors had been made. 
The sixth category contained items such as the person who 
administered the test, the location where the test was held, 
and the length of time spent on test administration. The final 
step generated a list of items for the questionnaire, containing 
all possible measuring methods for each category, based on 
the following sources: 1) user’s guidelines for other develop-
mental confirmatory tests [25,26], 2) clinical experience of 
developmental assessment professionals, and 3) actual expe-
rience of parents. The first-round questionnaire comprised 
33 items, including two open-ended questions. All items in-
cluded a comment box (Table 1).

We built an expert panel of 20 experts [27] who had more 
than 10 years of clinical experience and expertise in pediat-
ric psychiatry, pediatrics, child health nursing, developmen-
tal assessment, and special education. Of the 24 experts we 
initially contacted through email, 20 agreed to participate in 
the Delphi survey.

We distributed the first-round survey to the expert panel 
by email. The items in the survey were rated from “very in-
accurate” to “very accurate” on a 5-point Likert scale. We cal-
culated the first and third quartiles, the median agreement 
value (interquartile range=Q3-Q1), the convergence value 
(X=Q3-Q1

2 ), and the stability value (COV=σ
μ) for each item. The 

median agreement value 1 or less, the convergence value 0.5 
or less, and the stability value 0.5 or less were considered to 
have reached consensus. If more than two items had the same 
median value in the same category, then we selected an item 
with a higher mean value. The additional comments were 
qualitatively analyzed and reflected in the modification of the 
items. Results from the previous survey (the ranges of the 
first and third quartiles and the median value) and the modi-
fied items were highlighted in the next round’s questionnaire. 
After all items reached consensus, we selected the items with 
the highest accuracy score in each category and created the 
final version of the parent guidelines.

Step II: subjective usefulness survey for the parent 
guidelines

We surveyed the parents’ subjective usefulness to investi-

gate the clinical feasibility of the developed guidelines. Par-
ents aged 18 years or older who had performed the K-DST 
within the past six months were recruited through the online 
communities for parents, and duplicate participation was pre-
vented by requiring ID authentication. We targeted a total of 
167 parents, calculated as 15 times the 10 influential factors—
age, sex, living area, education level, number of children, age 
of the child, primary caregiver, location where the test was 
administered, observation of the child prior to administering 
the test, and scoring methods—with 10% of attrition rate [28]. 
In addition to the subjective usefulness of each bullet point 
in the guidelines, we asked about parents’ socio-demographic 
factors and their usual measuring methods of administering 
the K-DST within the six categories. We calculated the num-
ber of subjects and percentages to descriptively analyze char-
acteristics of the participants and the results of the survey. 
Comments were categorized by the characteristics of the con-
tents and then qualitatively analyzed.

Microsoft Excel® software (2019; Microsoft Corp., Red-
mond, WA, USA) was used for statistical analysis.

Ethics statement
This study was conducted after approval of the Institu-

tional Review Board of Seoul National University (IRB No. 
2007/002-002).

We obtained written informed consent from the expert pan-
els for Delphi survey and online informed consent from the 
parent participants for online survey prior to their participation.

RESULTS

Delphi consensus on parent guidelines
The expert panel consisted of 20 panelists, four from each 

specialized field, and they all participated in both rounds. 
Of the 33 items, including the two open-ended questions, 14 
items reached consensus during the first round. Based on the 
results and the comments from round one, we merged two 
items and modified four items. Therefore, 32 items were in-
cluded in the second-round questionnaire, and they all reached 
consensus after round two. We selected the items with the 
highest accuracy score in the six categories and modified them 
for better readability and understandability for parents (Fig. 2). 
The finalized parent guidelines were approved by the panelists.

Subjective usefulness of the parent guidelines
A total of 167 parents of young children participated in the 

online survey that investigated the subjective usefulness of 
the developed guidelines. Among the participants, 132 (80.5%) 
were in their thirties, 157 (94.0%) were mothers, and 127 (76.0%) 
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had a bachelor’s degree (Table 2). When considering the agree-
ments between the parents’ usual measurement methods and 
the guidelines, the majority of participants answered that 1) the 
primary caregiver of the child administered the test (95.8%), 
2) they conducted the assessment at home prior to the appoint-
ment at the clinic (77.8%), and 3) they scored the child’s per-
formance according to their proficiency for items in the social-
ization and self-help assessment domains when the observation 
was made (73.1%) (Table 3). However, only a small number of 
parents answered that 1) they observed the child for seven days 
prior to administering the assessment (25, 15.0%), 2) they left 
items blank and assessed in consultation with physician when 
the items were difficult to understand (26, 15.6 %), and 3) they 
scored the child’s performance according to the number of 
executions for items in the motor movement, cognition, and 
language domains when observations were made (29, 17.4%). 
Only half of the parents (51.5%) scored 0 points when the child 
performed below the numeric criteria. For the subjective use-
fulness of the overall guidelines, 67.7% (113) of the parents 
thought it was useful. When analyzing more specifically, in-
structions that recommended a different scoring strategy in 
answering the questionnaire from their previous measure-
ment tended to be regarded as more useful by the parents. The 
instructions for items difficult to score due to a lack of assess-
ment tools or inadequate understanding that had around 20% 
of the agreement between the guidelines and the parents’ pre-

vious measurement showed the biggest proportion of the par-
ents (64.1%) answering “useful.” The results also revealed a 
huge gap between the number of parents who answered “use-
ful” and those who answered “unuseful” for each bullet point, 
ranging from four to nine times. Additional comments were 
categorized by satisfaction about the guidelines (101, 60.5%), 
K-DST/NHSP-related comments (50, 30.0%), and others (16, 
9.6%) (Supplementary Table 1 in the online-only Data Sup-
plement). Of the 102 satisfaction-related comments, specific 
standards for test administration (32, 31.4%) was the most 
frequently mentioned reason in both the satisfactory and un-
satisfactory responses. Other parents were satisfied with the 
simplicity of the guidelines, information about the length of 
the observation period, and an option for answering the ques-
tion in consultation with a doctor. A strict scoring method, 
such as scoring 0 points for a child’s performance below the 
standard, and insufficient simplicity of the guidelines were 
reasons for dissatisfaction. Among the comments about the 
K-DST or the NHSP, 78% were related to the difficulties in 
administering the test.

DISCUSSION

The purpose of this study was to develop guidelines that 

Fig. 2. Final version of the parent guidelines for the K-DST. K-DST, 
Korean Developmental Screening Test for Infants and Children.

Table 2. Characteristics of participants of the usefulness survey 
(n=167)

Characteristics Value
Age (yr)

20s 7 (4.3)

30s 132 (80.5)

40s 25 (15.2)

Sex
Male 10 (6.0)

Female 157 (94.0)

Living area
Metropolitan area 131 (78.4)

Other areas 36 (21.6)

Education level
High school graduate or less 18 (10.8)

Bachelor’s degree 127 (76.0)

Master’s degree or more 22 (13.2)

Number of children
1 92 (55.1)

2 62 (37.1)

≥3 13 (7.8)

Age of the child assessed
＜36 mo 79 (47.6)

≥36 mo 87 (52.4)

Values are presented as number (%)
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are easy to understand but also comprehensive enough to 
cover the difficulties parents face when administering the 
screening tests. The final version of the guidelines provided 
sufficient information about answering the questions of the 
screening tests, from “who” and “where” to administer the 
tests to “how” to score the child’s performance on the zero-
to-three-point scale. Allowing parents to answer the ques-
tions based on objective evidence as much as possible was the 
priority of these guidelines, and so specific instructions are 
stated according to the characteristics of the items and by the 
developmental domains the items measure for. Although 
these guidelines were developed based on the K-DST, the us-
ability can be expanded to other screeners because of the struc-
tural formats and the characteristics of the items in the K-DST.

These instructions exhibited high similarity to the guide-
lines for the Bayley Scales of Infant and Toddler Development 
(BSITD), which is widely used as a “gold standard” test to 
measure developmental status. According to the administra-
tion manual of the BSITD [29], each of the 326 items includes 

a detailed instruction for administration, in addition to the 
general instructions for length of administration time, num-
ber of trials, time measuring method, and so on. A pink three-
piece jigsaw puzzle, for example, includes the guidance to pro-
vide only one opportunity with a time limit of 180 seconds, 
which measures child’s performance by proficiency. In an-
other case, the BSITD offers guidance for items in which num-
bers are included in the performance criteria—to answer “yes” 
only when a child performs the exact number of the criteria. 
These measurements were also included in the developed 
guidelines. Although the scoring criteria for the BSITD are 
different from those of our guidelines—the BSITD includes 
only yes-or-no questions—most of the contents in our guide-
lines give instructions similar to those of the BSITD.

The rates of agreement between the guidelines and the par-
ents’ usual measurements showed clear deviations based on 
the characteristics of the measurements, and they reflected 
challenges to accurately administering the screening tests. 
According to the survey results, measurements using subjec-

Table 3. Number of parents using the same methods suggested in the developed guidelines, grouped by their subjective usefulness 
(n=167)

Contents of the guidelines

Parents 
using the 

same 
method

Subjective usefulness

Useful* Moderate Unuseful†

Items in the motor movement, cognition, and language domains 94 (56.3) 51 (30.5) 22 (13.2)

If observation was made, score the child’s performance according to the number 
  of executions.

29 (17.4) 17 (58.6) 9 (31.0) 3 (10.3)

If observation was not made, administer impromptu assessment and score the 
  child’s performance according to their proficiency.

68 (40.7) 42 (61.8) 16 (23.5) 10 (14.7)

Items in the socialization and self-help assessment domains 84 (50.3) 70 (41.9) 13 (7.8)

If observation was made, score the child’s performance according to their 
  proficiency, regardless of the number of executions.

122 (73.1) 64 (52.5) 52 (42.6) 6 (4.9)

If observation was not made, score by the assessment of a third party who 
  frequently observes the child, with the same standard.‡

67 (40.1) 35 (52.2) 27 (40.3) 5 (7.5)

Items presenting numbers in the performance criteria 104 (62.3) 50 (29.9) 13 (7.8)

Score the child’s performance below the numeric standard as 0 points. 86 (51.5) 51 (59.3) 34 (39.5) 1 (1.2)

Items difficult to score 107 (64.1) 48 (28.7) 12 (7.2)

If items were not possible to administer due to lack of tools or other reasons, 
  leave the items blank and assess in consultation with a physician.

36 (21.6) 22 (61.1) 14 (38.9) 0 (0.0)

If items were difficult to understand, leave the items blank and assess in 
  consultation with physician.

26 (15.6) 12 (46.2) 14 (53.8) 0 (0.0)

Others 85 (50.9) 68 (40.7) 14 (8.4)

Administer the assessment by the primary caregiver. 160 (95.8) 79 (49.4) 67 (41.9) 14 (8.8)

Conduct the assessment at home before the appointment at the clinic. 130 (77.8) 70 (53.8) 55 (42.3) 5 (3.8)

Observe the child for seven days before administering the assessment. 25 (15.0) 15 (60.0)  7 (28.0) 3 (12.0)

The whole guideline 113 (67.7) 44 (26.3) 10 (6.0)

Values are presented as number (%). *number of subjects who marked “useful” or “very useful”; †number of subjects who marked 
“unuseful” or “very unuseful”; ‡“If observation was not made, administer impromptu assessment and score the child’s perfor-
mance according to their proficiency” was used instead when asking for the parents’ performance
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tive evidence, such as scoring the child’s performance based 
on proficiency, had higher agreement rates than those using 
objective evidence, such as scoring the performance based on 
the number of successful executions. In the case of items that 
include numbers, half of the parents gave points when the 
child did not satisfy the exact numbers in the items, and 5% 
of those who wrote additional comments about satisfaction 
of the guidelines thought that scoring 0 points for a child’s 
performance below the standard was too strict. This may lead 
to an overestimation of a child’s abilities and an increase in 
false-negatives. In fact, a previous study revealed that clini-
cians lacked trust in parents as administrators of developmen-
tal screening tests due to parents’ overestimation of their child’s 
abilities and their inadequate knowledge of development [30].

The strength of these guidelines is that they provide instruc-
tions based on the characteristics of the questions, so it can be 
generally applied to other developmental screening tests. It is 
simple to understand and easy to practice, and it can be used 
by parents when administering a developmental screening test 
with their children in a clinical setting. The usefulness survey 
results exhibited a pattern of the measurements with lower 
agreement rates showing higher percentages of parents who 
answered “useful.” The measurements for items difficult to 
score—due to not understanding the meaning or lacking the 
opportunity to administer, for various reasons, for example—
yielded the highest percentage of parents who considered these 
instructions useful, while about 80% of parents appeared to 
answer to these items without consultation with a physician. 
Additional comments from the survey showed high satisfac-
tion of the usefulness of the guidelines, with the highest per-
centage being the more specific instructions for test adminis-
tration, which indicates that these guidelines met their needs. 
Overall, the percentage of parents who answered “useful” for 
each of the instructions and for the whole guidelines out-
weighed the percentage of those who answered “unuseful.”

As a limitation of this study, the study participants have 
limited generalizability. Despite the typical size of the Delphi 
panel group [31], only four experts in each of the five exper-
tise areas were included in the group, which may limit the rep-
resentativeness of each field. For the usefulness survey, partici-
pants were recruited from online communities, so they may 
not represent the characteristics of the target population.

CONCLUSION

To the best of our knowledge, this is the first study to de-
velop parent guidelines for the administration, not the inter-
pretation, of screening tests, and the first study to use the Del-
phi technique to develop the guidelines. Findings from the 
usefulness survey reflected the parents’ needs for more spe-

cific scoring standards. Further studies are needed to evalu-
ate the effectiveness of the guidelines in terms of the accuracy 
of test administration of parents and the diagnostic accuracy 
of the tests.
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