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Abstract: The Denver Developmental Screening Test (DDST)
was administered to 2,569 children five to seven months prior to
starting kindergarten in September 1980 in a geographically well-
defined community. The test was administered by trained public
health nurses. At the end of the 1980-1981 school year, all 163
kindergarten teachers in the area completed a rating form for each
child in their class. The rating form determined global ratings of: 1)
learning abilities; 2) classroom behavior; 3) amount of special
attention required; and 4) referrals to special education services
outside the classroom. The specificity of the DDST in predicting
kindergarten teacher ratings was 99 per cent for all areas. Test

Introduction
This paper reports the relation between the Denver

Developmental Screening Test (DDST) results of 4- to 5-year
old preschool children in a general community population
and teacher reports of the performance of these children
during kindergarten. This investigation was undertaken as
one of a series of studies we are conducting to determine the
effectiveness of community preschool screening programs to
detect developmental disabilities.

The DDST, developed by Frankenburg and his col-
leagues," 2 has become the best known and most widely used
developmental screening test.-5 The test items are arranged
in categories of gross motor, language, fine motor-adaptive
and personal-social development. Although conceptual and
methodological criticisms of the DDST have been raised
occasionally in the literature,67 its ease of administration
and feasibility to use in screening situations have led to
widespread acceptance and use of this test in community
screening programs.

One type of screening program in which the DDST has
been employed frequently is the testing of children prior to
school entry to detect those thought to be at risk of subse-
quent school problems.8'9 In a 1980 survey, we found that 18
of the 43 local public health departments in Ontario-
Canada's most populous province-screened 75 per cent or
more of all children in their communities prior to school
entry, and 20 of the remaining units used the screening test,
but with less complete community coverage. Despite the
popularity of the DDST, we are unaware of any previous
investigation of the sensitivity, specificity, or predictive
value of the test for community preschool screening.
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sensitivity varied from 5 per cent to 10 per cent in detecting
problems in the four areas. The predictive values of an positive test
varied from 31 per cent for behavior problems to 62 per cent for
extra attention required in the classroom. Negative test predictive
values varied from 79 per cent to 93 per cent. These results based on
kindergarten teacher ratings suggest that, because of the low sensi-
tivity and modest predictive value, the DDST may be relatively
inefficient to use in a school entry screening program in a general
community population of children. (Am J Public Health 1984;
74:1093-1097.)

The essential properties of tests used for school entry
developmental screening are: 1) high sensitivity (yielding a
positive result in a high proportion of individuals who
actually have subsequent school problems); 2) a high speci-
ficity (yielding a negative result in a high proportion of those
who do not have subsequent school problems); and, most
importantly, 3) a high predictive value resulting in a high
proportion of children with and without subsequent school
problems among those with positive and negative test re-
sults, respectively.

Methods

The study was conducted in a 750 square mile area in
Southern Ontario bordering New York State. The area is
served by four school districts administered by separate
school boards and by one regional local public health depart-
ment. The area has a population of 375,000 living in several
urban and rural centers,'0 and is well served by health,
social, and preschool developmental services.

During February to April 1980, 4,292 children were
brought by their parents or guardian to a mandatory school
registration interview held in the school which the child was
due to attend in September 1980. Children known to have
developmental retardation severe enough to preclude enroll-
ment in either regular or special education streams were not
brought to regular kindergarten registration in the area
schools. Nineteen parents (<1 per cent) declined to have
their children enrolled in the study. A total of 1,704 children
(40 per cent) were randomly selected using sealed envelopes
with computer generated random numbers, to be enrolled in
other studies. These children did not receive the DDST and/
or follow-up described below and are not reported upon in
this paper. All remaining 2,569 children registering for
kindergarten in the region in 1980 received the DDST and,
when a positive test result was obtained, were followed by a
public health nurse. Informed consent to participate in this
study was obtained by a public health nurse at the school
registration interview.

The DDST was administered and scored according to
the Instruction Manual" by one of the 60 public health
nurses. The nurses had an average of five years experience
using the test and all had undergone annual training sessions.
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The test was administered to each child individually in a
quiet area of the school at the time of the Spring 1980 school
registration interview. All 146 children who received an
abnormal, questionable, or untestable result had a second
DDST administered (as is recommended in the Test Manual)
in their home by one of two nurses who conducted all home
retests. Children who received an abnormal, questionable,
or untestable result on both test occasions were classified as
having a positive screening test result.

A simple random sample of 36 children was drawn from
all who had an in-home test. These children were given a
second in-home retest, on average, eight days later. Excel-
lent in-home intratester agreement by public health nurses
using the DDST was found (kappa = 0.72).12

When a child obtained a positive DDST result, the
health department protocol recommended that: a public
health nurse discuss the test results with the parent and
recommend to the parent that the child be seen by the family
physician; the DDST results and comments of the nurse be
sent to the child's physician along with a request that the
physician send his/her findings and recommendations to the
Health Unit; the DDST results, nurse's comments, and
physician's recommendations (if available) be sent to the
school health nurse (a different individual than the nurse who
administered the DDST); and the school nurse discuss this
information with the child's teacher and/or school principal
at the beginning of the 1980-1981 school year.

At the end of the 1980-1981 school year (an average of
14 months after DDST testing), all 163 kindergarten teachers
in the region completed a rating form for each child in their
class. The rating form determined teachers' global ratings of
each child's academic and learning abilities, classroom be-
havior, and amount of special attention required in the
classroom. Any referrals to special education services be-
yond those available from the classroom teacher were also
documented.

Results

The age and sex distribution of the study children at the
time of DDST administration is shown in Figure 1. The
comparison of DDST results and teacher reported school
performance is shown in Tables 1 and 2. A 100 per cent
teacher response rate was obtained. There were 126 children
(5 per cent) lost to follow-up because they had moved from
the community. Of these children, 125 had negative screen-
ing test results, while only one had a positive DDST. Five
teacher ratings forms were incomplete, hence the small
differences in total number of children reported in Table 1.
The prevalence of teacher-reported learning/academic prob-
lems was 17 per cent, and of behavior problems 11 per cent.
Twenty-one per cent of children required extra teacher
attention in the classroom, and 8 per cent of the children
were referred to special education services within the school
system.

The specificity of DDST results in identifying children
felt by their teachers to have no kindergarten problems was
uniformly high (99 per cent). Estimates of the predictive
value of a normal DDST result range from 79 per cent to 93
per cent. The preschool DDST is extremely insensitive when
compared to kindergarten teacher reports of problems in the
target areas. Test sensitivity for academic and learning
problems was found to be 6 per cent, for behavior problems
5 per cent, for special attention in the classroom 5 per cent.
Sensitivity for referrals to special education services for

more severe problems was 10 per cent. Estimates of the
predictive value of a positive screening test range from 31
per cent to 62 per cent.

Discussion

Several events must take place after the administration
of a preschool developmental screening test if a program is
to be effective and efficient. Diagnostic evaluation must be
undertaken, efficacious therapeutic and preventive interven-
tions must be made available, and compliance by parents
and professionals with these interventions must be promot-
ed. Moreover, this chain of events must begin with a
developmental screening test that has good measurement
properties in the general population.

The determinants of predictive value are the sensitivity
and the specificity of the developmental screening test and
the prevalence of school problems in the community. A
general expression of this relationship can be derived using
Bayes' Theorem'3:

Positive Predictive Value =
(Sensitivity)(Prevalence)

(Sensitivity)(Prevalence) - (I-Specificity)(1-Prevalence)

Similarly, Negative Predictive Value =
Specificity (1-Prevalence)

(1-Sensitivity)(Prevalence) + Specificity (1-Prevalence)

The predictive value of a positive test result will decline
dramatically if the true prevalence of school problems in the
community is lower than that found, for example, in a clinic-
derived sample of children with a high prevalence of school
problems. 14

In community screening situations, small declines in
test specificity produce huge declines in the predictive value
of a positive test. Moreover, the sensitivity and specificity of
a developmental screening test may also change as one
moves from high prevalence situations (for example, in a
clinic population) of possibly more severe developmental
problems to the general population situation of lower preva-
lence and milder problems. It may therefore be inappropriate
to extrapolate how well a screening test will perform in the
latter situation.15,16

Camp, et al, have reported on the value of the preschool
DDST in predicting subsequent school problems in a clinic-
derived sample of 65 children and found the predictive
values of positive and negative screening test results to be 73
per cent and 68 per cent, respectively.'7 In that study,
however, 57 per cent of the children had school problems.
As we have indicated, there are serious methodologic pitfalls
in extrapolating this type of data about a developmental
screening test to the general population of children in a
community.

The study reported here is the first of which we are
aware that investigates the sensitivity, specificity, and pre-
dictive value of the widely used DDST in a general popula-
tion of preschool children. The study population is a repre-
sentative and unbiased sample of all children registering for
school and outcomes of almost all children are reported.

Two potential sources of bias in this study require
comment. First, if children who had a positive DDST result
received efficacious interventions in the few months be-
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tween the time of screening and starting school, the reported
prevalence of problems, test sensitivity, and specificity as
well as positive predictive values of the test would all be
decreased. We think that this is an unlikely possibility. We
are unaware of any such rapid interventions of proven
efficacy for developmental problems of the sort detected at
preschool screening. Second, kindergarten teachers who
were informed of children having positive screening test at
the beginning of the school year may have had an expecta-
tion bias. Children with positive test results could have been
incorrectly labeled as "problem" children. This phenome-
non would have falsely elevated test sensitivity, specificity,
the prevalence of school problems, and the positive predic-
tive value of the DDST. However, even if this bias were
introduced, it would not account for the important test
deficiencies (low sensitivity and positive predictive value)
which we have found.

Kindergarten teacher's ratings of children's learning,
behavior, and special needs are a very important measure of
early school performance. We used this measure for several
reasons. Firstly, such ratings have high credibility among
educators in the Province of Ontario. Under provincial
legislation, schools must undertake "early identification" of
children at risk for school problems. In most instances, this
task is completed by kindergarten teachers judgments.18 As
well, teachers' perceptions of their pupils may influence
childrens' school adjustment, self-esteem, peer acceptance,
and even academic achievement.'920 Barnes has recently
reported that primary grade teacher ratings are as least as
predictive of subsequent learning problems as a measure
comprised of standardized cognitive tests.21 Finally, the 100

per cent response rate to the rating form attests to its
acceptance by teachers and feasibility of use in large com-
munity studies.

Other criteria of early school performance have been
used. For example, Camp, et al, have reported the agree-
ment between the preschool DDST results (abnormal, ques-
tionable, or normal) and the results of "IQ tests" (IQ < 80 or
- 80) during the child's early school years.'7 A moderate
level of concordance was found (kappa = 0.57). However, as
these authors point out, the DDST measures a broader range
of function than intelligence tests. Thus, we judged teacher
reports, which are also broader in scope than intelligence
tests, to be a more appropriate assessment of kindergarten
performance than IQ tests. However, because kindergarten
is a time of considerable adjustment and maturation, this
measure should not be viewed as a definitive assessment of
primary grade school performance.

In this study, the DDST was administered by well-
trained public health nurses. Most community screening
programs, if they are to be feasible, must deploy this type of
health professional rather than, for example, using pediatri-
cians or psychologists to administer the test. Our results
confirm reports3 that trained public health nurses can reli-
ably administer and score the DDST.

Effectiveness and cost-effectiveness of a preschool de-
velopmental screening program are ultimately the most
important issues for communities already using, or consider-
ing implementing, such a program: First, does the program
benefit those children to whom it is offered and are any
harmful effects minimal? The screening test result can be
wrong. As we have demonstrated, the risk of having a false
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TABLE 1-Comparison of DDST Results and Teacher-Reported School Performance

Teacher-Reported Learning Difficulties Teacher-Reported Special Attention for Learning/Behavior Problem

Yes No Total Yes No Total

DDST Positive 23 19 42 DDST Positive 26 16 42
Result Negative 381 2020 2401 Result Negative 507 1889 2396
TOTAL 404 2039 2443 TOTAL 522 1905 2438

Teacher-Reported Behavior Problems Teacher-Reported Referrals to Special Education

Yes No Total Yes No Total

DDST Positive 13 29 42 DDST Positive 19 23 42
Result Negative 260 2141 2401 Result Negative 178 2220 2398
TOTAL 273 2170 2443 TOTAL 197 2243 2440

TABLE 2-Percentage of Sensitivity, Specificity, and Predictive Value of Preschool DDST Results

Positive Negative
Predictive Predictive

Type of Problem Prevalence* Sensitivity* Specificity* Value* Value*

Learning
Difficulties 17 (16-17) 6 (4-8) 99 (99-99) 55 (39-70) 84 (83-86)
Behavior Problems 11 (11-12) 5 (3-8) 99 (98-99) 31(18-47) 89 (89-90)
Special Attention in
Classroom 21 (21-22) 5 (3-7) 99 (99-99) 62 (46-76) 79 (77-80)
Referral to Special
Education Services 8 (8-9) 10 (6-14) 99 (99-99) 45 (30-61) 93 (92-94)

*95% Confidence Interval appears in parentheses.

positive test result becomes quite large when looking for
relatively low prevalence problems in children who had been
previously presumed to be developmentally normal. Incor-
rectly labeling children as suspected of having a problem
may produce substantial social and emotional harm.22

Secondly, the community and its policy makers must
judge if the magnitude of benefit achieved justifies the
expenditure of limited community resources for this screen-
ing program. The authors of this paper are conducting a
randomized controlled trial of a community preschool devel-
opmental screening program, and answers to these questions
will begin to emerge by 1985.

The extremely low sensitivity and modest predictive
values of the preschool DDST found in the current study
lead us to conclude that this screening test is unlikely to
initiate an effective or efficient school entry screening pro-
gram in a community with a relatively low prevalence of
school problems.
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