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Abstract
Aims—To test the eVectiveness of a PC
computer program for detecting vision
disorders which could be used by non-
trained personnel, and to determine the
prevalence of visual impairment in a sam-
ple population of preschool children in the
city of Beer-Sheba, Israel.
Methods—292 preschool children, aged
4–6 years, were examined in the kinder-
garten setting, using the computer system
and “gold standard” tests. Visual acuity
and stereopsis were tested and compared
using Snellen type symbol charts and ran-
dom dot stereograms respectively. The
sensitivity, specificity, positive predictive
value, negative predictive value, and
kappa test were evaluated. A computer
pseudo Worth four dot test was also
performed but could not be compared
with the standard Worth four dot test
owing to the inability of many children to
count.
Results—Agreement between computer
and gold standard tests was 83% and
97.3% for visual acuity and stereopsis
respectively. The sensitivity of the compu-
ter stereogram was only 50%, but it had a
specificity of 98.9%, whereas the sensitiv-
ity and specificity of the visual acuity test
were 81.5% and 83% respectively. The
positive predictive value of both tests was
about 63%. 27.7% of children tested had a
visual acuity of 6/12 or less and stereopsis
was absent in 28% using standard tests.
Impairment of fusion was found in 5% of
children using the computer pseudo
Worth four dot test.
Conclusions—The computer programwas
found to be stimulating, rapid, and easy to
perform. The wide availability of comput-
ers in schools and at home allow it to be
used as an additional screening tool by
non-trained personnel, such as teachers
and parents, but it is not a replacement for
standard testing.
(Br J Ophthalmol 1998;82:415–418)

The prevalence of visual impairment in pre-
school children is significant and yet many
patients are not treated owing to failure in
detection. Visual disorders include refractive
error, amblyopia, strabismus, infantile or juve-
nile cataract, leucocoria, and congenital or
infantile glaucoma. One survey in the USA
revealed that at least 5% of youths between 12
and 17 years of age had strabismus, but that
only 1.4% had ever received treatment. In
addition, it was intimated that at most only

21% of preschool children were screened for
major treatable visual disorders.1 2

There are a number of reasons for the poor
level of screening in the community: firstly, the
diYculty of obtaining access to children in
order to examine them for visual dysfunction;
secondly, the lack of parent awareness regard-
ing the necessity for treatment early on.
Thirdly, funding of a mass screening and
parent awareness programme requires profes-
sionally trained personnel to direct it to the
entire community. DiVerent ethnic back-
grounds and language problems can be a
significant barrier and must be considered
when planning mass screening. Beer-Sheba, in
this respect, provided an ideal sample popula-
tion for a pilot study in that many immigrant
children of various ethnic backgrounds were
included. Fourthly, most forms of testing are
not stimulating and the child loses interest rap-
idly reducing the eVectiveness of the test.
There is a broad consensus that the most prac-
tical solution to this problem is the perform-
ance of mass screening using simple rapid
techniques.1 3–5

Although there is disagreement among
professionals as to the methodology of screen-
ing, it is widely accepted today that testing of
stereopsis together with visual acuity is prob-
ably the most eVective method. We, therefore,
developed a computer program which incorpo-
rated tests of visual acuity, together with a col-
our random dot stereogram. In addition, we
included a pseudo Worth four dot test which
consisted of pictures instead of circles.
Visual acuity testing is the most widely used

screening test for children but when used
alone, it has several disadvantages. It does not
distinguish between amblyopia and simple
refractive errors and does not detect strabis-
mus or suppression. It also requires the use of
occluders which may distract the child and
decrease cooperation. In addition the large
number of visual acuity tests available creates
diYculties of standardisation for judging
results.6

The random dot stereogram (RDS) has
been shown to be an eVective screening test of
visual dysfunction as it examines the fully
functioning binocular system.7–9 However, it
may not detect children with significant refrac-
tive errors and is thus recommended to be per-
formed only as a complementary test for visual
acuity.10–12

The Worth four dot test is one of the simpler
tests of fusion, suppression, and anomalous
retinal correspondence. It has the advantages
that it may be performed at any distance from
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the patient and is simple enough to be
performed on children who can count to five.
We designed a computer program which is

simple to use and allows rapid screening
examinations by non-trained personnel. Com-
puters are widely available in most schools and
often also in the home, thus enabling accessi-
bility of the program to most children. In addi-
tion, screening can be performed by teachers,
parents, or volunteers. The aim of our pilot
study was to determine the eVectiveness of the
computer program as an additional tool for
mass screening of visual impairment compared
with standard tests. We also aimed to estimate
the prevalence of visual dysfunction at pre-
school age in the city of Beer-Sheba.

Populations and methods
In all, 292 children between the ages of 4 and 6
years, from seven kindergartens, were
screened, using the computer system and “gold
standard” tests. The system consists of a 386
IBM compatible computer, working under
Windows with a 14 inch SVGA screen. The
software used was developed by Optitest,
Ofakim, Israel. The kindergartens were chosen
randomly from the municipality register of
kindergartens in the city of Beer-Sheba.
Each child was examined in a secluded area

of the kindergarten where there were no
distractions. The same computer hardware was
used throughout the study. A number of days
later each child was re-examined using the gold
standard tests. At re-examination the previous
results were not available in order to minimise
examiner bias. The fact that the standard test
was not performed on the same day as the
computer test allowed for maximal concentra-
tion of children without distraction.
The tests used are described and summa-

rised in Table 1.

VISUAL ACUITY

Visual acuity was measured using Snellen type
pictures (symbol test) on the computer screen,
with the child and the computer 3 metres in
front of a mirror. These figures could be shown
in a line in the usual way or separately with the
diVering figures getting progressively smaller.

The latter method was especially helpful in
children with a poor concentration span. The
standard test was performed in an identical
fashion using a chart.
The mirror is not ideal for testing visual acu-

ity as children may find it more diYcult. It was,
however, practical for the purpose of this pilot
study where the aim was to access mass
screening for children in an identical fashion,
often in kindergartens without ideal condi-
tions.

STEREOPSIS

Stereopsis was evaluated by the computed pro-
gram using a colour based random dot
stereogram which displayed pictures and
shapes that were familiar to 4 year old children.
The test was carried out at a 40 cm distance.
Every third picture displayed was a circle,
triangle, or star as these figures were best iden-
tified by the children. Children with absent
stereopsis were disappointed and bored when
they saw no “magic picture” and would lose
interest quickly. We therefore added a function
that drew the stereo image on the screen at the
press of a button, and thus allowed them to see
it. In this way, the child’s interest was kept up
without loss of motivation. The standard
random dot E stereogram (RDES) was used at
the 40 cm distance currently recommended.10

WORTH FOUR DOT TEST

The computer program’s Worth four dot com-
prised the following shapes—two stars (green),
one square (white), and one circle (red). This
enabled the child to identify and communicate
exactly what he saw—for example, a circle, a
star, a star, and a square.
However, we experienced great diYculty

with the gold standard test owing to the fact
that it depends on the ability of the child to
count. Many of the children in our study could
not count, making it almost impossible to
decide whether the test was normal or
abnormal. On this basis, we discontinued per-
forming the standard Worth four dot test.
However, before examining with the pseudo
Worth dot test, we performed a “quality
control” test on every child by covering each
eye to check that the filters worked.
At any point during all tests the children

could be encouraged or rewarded by pressing a
button which triggered fireworks and music to
appear, enabling us to keep their attention and
interest.
Statistical analysis was carried out using the

standard tests and the following measurements
were obtained: sensitivity, specificity, positive
predictive value, negative predictive value, and
kappa test, the definitions of which are
outlined below.
Sensitivity shows the percentage of abnormal

computer tests out of all abnormal gold stand-
ard tests.
Specificity measures the percentage of nor-

mal computed tests out of all normal gold
standard tests.
Positive predictive value shows the likelihood

that a child with an abnormal computer test
will be really abnormal.

Table 1 Tests used

Variable Computer system test Gold standard test

Visual acuity Snellen pictures Snellen pictures
Fusion and
stereopsis

Pseudo Worth four dot test
Pseudo random dot
stereogram

Worth four dot test (13 children only)
RDS “E”

Table 2 Prevalence of visual abnormalities in 292 children between 4 and 6 years of age
in the Negev region

Abnormality

No of children Prevalence

Standard
(n=290)

Computer
(n=292) Standard Computer

VA <6/12 81 102 27.7% 34.9%
VA <6/24 14 11 3.8% 4.8%
Stereopsis 8 10 2.8% 3.4%
Fusion (WFD)
Far — 15 — 5.1%
Near — 3 — 1.0%

VA = visual acuity; WFD = Worth four dot test.
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Negative predictive value shows the likelihood
that a child with normal computer test will be
normal.
The kappa test was used as a measure of

agreement between methods. Interpretation of
the kappa statistics is based on the following
guidelines outlined by Landis and Koch13:
0.20 slight agreement
0.21–0.40 fair agreement
0.41–0.60 moderate agreement
0.61–0.80 good agreement
0.81–1.00 almost perfect agreement.

Results
In all, 292 children between the ages of 4 and 6
years were examined. Of these, two children
refused to undergo examination with standard
tests so that 290 children were used for
comparing the tests. The prevalence of visual
abnormalities in the children examined is
shown in Table 2. The prevalence of visual dis-
turbance was higher according to the computer
tests than it was actually found to be using
standard tests.
The prevalence of impaired visual acuity was

found to be 27.7% using standard Snellen type
pictures and 34.9% using the computer
program. Absent stereopsis was found in 2.8%
of children using standard RDES and in 3.4%
using the computer stereogram. Five per cent
of children examined had absent fusion using
the computer pseudo Worth dot test.
A comparison of the eVectiveness of the

computer tests compared with standard tests is
shown in Table 3.
There was good agreement between the com-

puter tests and the gold standard tests although
the percentage agreement was much higher
between tests of stereopsis than it was between
tests of visual acuity. Similarly, there was greater
disagreement between visual acuity tests than
there was between tests of stereopsis. The sensi-
tivity of the computer stereogram, however, was
lower than the sensitivity of the computer visual
acuity test. The specificity of the computer tests
was very good with a higher percentage specifi-
city for the stereogram than for the visual acuity
test. The positive predictive values of both the
visual acuity test and the stereogram were simi-
lar although the negative predictive value of the

computer stereogram was greater than that of
the visual acuity test. The kappa value shows
that this was not by chance.
In 25 cases out of 290 there was disagree-

ment between the computer and the standard
visual tests of two lines or more. Analysis of
these cases is shown in Table 4. Of these 25
cases 20 had a two line diVerence and five had
a three line diVerence.
In 20 of the 25 cases there was overestima-

tion of visual impairment and in five cases
there was underestimation. However, of the
five latter cases where visual impairment was
underestimated three of them were screened
out by the computer stereogram and would
therefore have been referred for treatment.

Discussion
Results of this pilot study show that the preva-
lence of abnormal visual acuity (6/12) among
4–6 year old children in the Negev region is
27.7% and that stereopsis was absent in 2.8%
of children examined, using standard tests.
Abnormal fusion was found in 5% of children
examined with the pseudo Worth four dot test.
It has already been reported by Hammond

and Schmidt,14 that refractive errors of up to
+3.00 dioptres of hyperopia, 1.50 D of
astigmatism, and 2.0 D of myopia were present
in children who passed the RDES at a high
threshold of 2 metres distance (168 seconds of
arc). This would explain the large diVerence
obtained in our pilot study between abnormal
visual acuity and absent stereopsis where the
RDES was performed at a low threshold 40 cm
distance (638 seconds of arc). At the high
threshold 2 metres distance Ruttum and
Nelson10 reported that underreferral increased
by 46% and they therefore recommended that
the RDES be performed at a 40 cm distance
only and as a complementary test to visual
acuity.
In comparing the computer tests developed

with gold standard tests there was a high
percentage of agreement and specificity be-
tween them with positive predictive values in
the region of 63%. The kappa values obtained
show that this was not by chance. Visual acuity
testing showed disagreement in a total of 25
out of 290 cases (8.6%) where there was at
least a two line diVerence between tests. This is
comparable with the results of Ruttum and
Nelson10 and who found disagreement between
the results of screeners and examiners on the
same basis of a two line diVerence. However, of
the 25 cases of disagreement in visual acuity
testing, 80% overestimated visual dysfunction
as opposed to the equal distribution of over
and underestimations in the series of Ruttum
and Nelson.10 Three out of five of the underes-
timated cases of visual dysfunction were
screened out by the computer stereogram.This
in eVect reduced the number of underreferred
cases by the computer program.
The specificity of the visual acuity test was

similar to previous results of studies comparing
screener and examiner testing using standard
tests. The sensitivity of the computer stereo-
gram was only 50% although the specificity
was almost 99%. This may be due to two

Table 3 Summary of eVectiveness of computer examination compared with standard test
(“gold standard”)

Visual acuity tests (symbol) Stereopsis (RDS)

Percentage agreement 83 97.3
Percentage disagreement 17 2.7
Sensitivity 81.5 50
Specificity 83 98.9
Positive predictive value 64.7 62.5
Negative predictive value 92.1 98.2
Kappa 0.6 0.54

RDS = random dot stereogram.

Table 4 Percentage of disagreement between the two methods, in visual acuity testing,
according to number of lines of diVerence

No of lines diVerence
No of
cases

% From 290
children

% Underestimation
out of 290 children

% Overestimation
of 290 children

2 and 3 lines (total) 25 8.6 1.7 (5) 6.9 (20)
2 lines 20 6.9 1.4 (4) 5.5 (16)
3 lines 5 1.7 0.3 (1) 1.4 (4)
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factors. Firstly, the computer tests need to be
performed in a dimly lit room in order to mini-
mise interference with the light radiating from
the television screen whereas the standard test
depends on adequate and bright lighting in the
examining area. Our study was carried out
during the bright summer season making it
diYcult to darken kindergarten rooms suY-
ciently and thus working to the advantage of
the standard tests. The second factor is a
learning factor in that all standard tests were
performed on the second visit after the compu-
ter tests. Thus, children knew what to expect
the second time. In retrospect, it may have
been better to first perform the standard tests
in half of each kindergarten class tested.
Our pilot study found the prevalence of

visual impairment at preschool age to be at
least 27.7% in the Beer-Sheba municipality.
Absent stereopsis was found in at least 2.8% of
children examined. This computer program
clearly does not replace standard testing, but it
does present a useful, additional way of mass
screening for visual impairments at preschool
age by non-trained personnel.
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