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Contrast sensitivity function of preschool children
JANETTE ATKINSON, JENNIFER FRENCH, AND OLIVER BRADDICK
From the Kenneth Craik Laboratory, University of Cambridge

SUMMARY A procedure specifically adapted for children of preschool age has been used to measure
contrast sensitivity in emmetropic children aged 3 to 5 years. Mothers of the children acted as adult
observers using the same procedure. The results show that the contrast sensitivity function of
adults and children is very similar, sensitivity for the children being slightly lower than that for
adults at all spatial frequencies. The sensory and cognitive factors involved in these differences are
discussed.

Conventional measurements of visual acuity, such
as the Snellen letter chart, yield estimates of the
finest resolvable detail at maximum contrast (usually
black letters on a white background). The contrast
sensitivity function gives a much broader measure
of visual function, because it gives a measure of
visual sensitivity for low-contrast patterns of any
degree of 'fuzziness' as well as for fine detail. Acuity
corresponds to one point, the high spatial frequency
limit, of the contrast sensitivity function.

In recent years it has been found that measure-
ments of contrast sensitivity can yield relevant
diagnostic information for a number of clinical
disorders. 1-4 Although we know the form of the
contrast sensitivity function for normal adults5 and
for young infants,"-10 we have little idea about it in
normal preschool children. From earlier studies of
acuity in children it has been found that the nature
of the test material and the exact procedure have a
marked effect on acuity estimates in this age
group."1-'7 Similarly the one published study of
contrast sensitivity"' clearly shows that standard
adult means of measurement give very limited results
from preschool children. In fact in this study only
6 out of 24 3-year-old children completed the tests,
suggesting that it was not a suitable method for the
majority of children of this age. Here we report
results of contrast sensitivity measurements on
preschool children where the test has been specifically
adapted for this age group.
From previous studies it has been found that there

is a very rapid development of contrast sensitivity,
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including acuity, in the first 6 months of life.
Presumably the subsequent development to adult
levels is more gradual. From measurements that
have been reported on children of school age it
seems that there is still a difference in contrast
sensitivity between these children and adults.'8
Here we investigate how close the vision of the
preschool child is to that of the adult using the
same test for both. A preliminary account of our
overall results has already been presented.'9 We
now describe the procedure and give a fuller analysis
of the findings.

Materials and methods

STIMULI
The stimuli were black-and-white grating patterns
mounted on the inner surfaces of transparent
acrylic cubes (7-6 cm high by 8'9 cm wide) of the
type commercially available for displaying photo-
graphs. For measurements of contrast sensitivity
the gratings were black-and-white photographic
prints of sinusoidal grating patterns taken from an
oscilloscope screen, with care being taken in ex-
posure and processing to obtain prints whose density
was a linear function of the original light intensity.
A set of prints was used whose contrast ranged
from 0 75% to 47%. Spatial frequencies of 0-3, 15,
and 3 cycles/deg were obtained by presenting the
same cubes at 30 cm, 15 m, and 3 m. The acuity
point on the contrast sensitivity function was
determined, by using high-contrast square-wave
gratings made from Letraset sheet no. LT 213, and
varying the viewing distance between 1 m (giving a
spatial frequency of20 cycles/deg) and 3 m (60 cycles/
deg) in 50 cm steps. Each cube had identical patterns
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mounted on 4 sides, with the side facing the child
changed on each trial to minimise any chance of a
child responding to any irrelevant mark on the
surface. For each pattern 2 cubes were prepared,
one with the grating stripes vertical and one hori-
zontal. Each cube was packed with polyurethane
foam, with a small piece cut out of the base of the
foam so that a reward could be concealed under the
cube. Sweets, crisps, beads, adhesive gold stars, or
marbles were used as rewards.
Two cubes were presented on each trial, as shown

in Fig. 1. A barrier down the centre of the room
directly beneath the room light made it possible to
fix the closest point at which the child had to
decide between the cubes. The extent of the barrier
could be altered to manipulate the distance for
viewing between 1 and 3 m. For testing at 30 cm
each child sat at a high table so that the cubes were
at eye level. The distance from the cubes was set by
a fixed face mask through which the children
viewed a pair of cubes. Instead of running to one or
other side of the barrier, to the chosen cube, they
were asked to indicate their choice by pointing
with either their left or right hand to the cube on that
side. The tester then lifted the cube to which they
had pointed so that the child saw whether the choice
was correct.

SUBJECTS
The children were
coming from the

part of our volunteer sample
Cambridge area. The results

reported are for 20 children between the ages of 3
and 5 years who completed testing. Three other
children did not complete all the testing because of
waning co-operation. Some of the children were
tested in pairs, with one child completing a trial
followed by the other and so on. To obtain 4 points
on the contrast sensitivity function required ex-
tensive testing of each child, usually spread over
3 or 4 different testing periods. There were at least
40 trials for each threshold measurement, giving at
least 160 trials in all for each child. Six of the
mothers of the children acted as adult observers.
All the children and adults were able to accom-
modate at the target distance, without astigmatism,
as measured by photorefraction.20

PROCEDURE
On each trial a vertical grating was presented on
one side and a horizontal grating on the other. The
task was explained to the child as follows: 'I'm
going to put a present underneath the striped box
which has the "standing up" (or "lying down")
stripes on it' (the meaning of these phrases was
demonstrated by showing the appropriate cube) 'and
I want you to run to the right cube to get the
present. If it's difficult for you to see the stripes just
make a guess and we'll see whether you got it right
or not.'
Each child was first of all tested to see if they

understood the task, by using the cubes with the
47 % contrast sinusoidal grating at 3 metres. Three

Fig. 1 Diagram of the set-up
for testing preschool children.
The cubes were randomly placed
to either the left or the right
side of the barrier. The length of
the barrier could be adjusted for
different viewing distances.
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trials were given with an appropriate reward under
either the vertical or horizontal stripes and the side
of the positive stimulus varied in a random sequence
from trial to trial. If all 3 of these pilot trials were
correct and the child seemed to be performing with
ease and confidence, a cube with a much lower
contrast, just above adult threshold, was used. Half
of the children were rewarded for the horizontal
stripes and half for the vertical on all testing sessions,
with each child randomly allocated to one or other
group. The order of testing at different distances
(and thereby different spatial frequencies) was
randomised across subjects. For many of the children
there was an initial hesitation to make a choice
when the contrast was near threshold, so throughout
testing we inserted 'dummy' trials to maintain
attention and performance, using the high contrast
stimuli on which the child had performed correctly
at the beginning of testing. To keep motivation
high we also allowed the child from time to time
to retrace his steps after he had made an incorrect
choice, and go to obtain a reward at the other cube.
The first (incorrect) choice was recorded by the
tester on these trials. Between trials the child's
face was turned away from the cubes and his eyes
were covered by a tester's hands while the cubes
were set up.
When the mothers were tested they were simply

asked to tell the tester which cube had vertical or
horizontal stripes on it, again the side of positive
stimulus being kept constant.
The stimulus used on each trial was determined

by a staircase procedure. Five trials were given at
each contrast level (or distance in the case of acuity
measurements) before moving to a new contrast or
distance. The staircase was continued until at least
20 trials were obtained on each of 2 or more contrast
values (or spatial frequencies if testing acuity), with
performance above 70% correct on one stimulus
and below on another. The 70% correct point was
interpolated from these' results and taken as the
estimate of threshold.

Results

The children's results were divided for the purpose
of analysis into 3 age groups: 3-3j years (n=6,
mean age 3 years 2 months), 3j-4 years (n=8,
mean age 3 years 10 months), and 4-41 years
(n=6, mean age 4 years 7 months). The means and
standard deviations of the threshold estimates are
shown in Fig. 2 for the 3 age groups of children
and the adult controls. There is clearly much overlap
between the groups, but the means show a steady
improvement in visual performance with age, the
adults having higher mean values than the children
at all spatial frequencies. Trend analysis2' was
carried out on the results of the 3 groups of children
but showed no significant age trend at the p <0-05
level.

Detection of a grating with a spatial frequency of
30 c/deg is generally taken as equivalent to 6/6 vision
for a Snellen letter chart. It can be seen from the
present results that all the adults detected gratings

Fig. 2 The mean contrast
sensitivity function for different
age groups ofpreschool children
andfor adults. The bars above
and below each point represent
the standard deviation of
individual subjects. Standard
deviations of the acuity values
have been omitted for reasons of
space. The ranges for ±1 SD
are 23-30 cldeg (3-31 yr old);
27-34 c/deg (3j-4 yr old);
32-39 c/deg (4-41 yr old);
41-50 c/deg (adults).

spat ial frequency ( c deg )
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finer than 30 c/deg, as did 17 out of the 20 children,
and so these individuals would be expected to have
at least 6/6 vision if tested conventionally.

Discussion

There have been several studies measuring acuity in
preschool children, with the results varying with the
test material, procedure, criterion for successful
performance, and sample. Slataper'2 and Allen'5
reported average 3-year-old acuity to be 6/12.
Woodruff'3 found an acuity of 6/6 in 70% of his
preschool group as did Sm0rvik and Bosnes'4 for
their sample of 2-6-year-olds. Our present results
show that all but 3 of the children in our group
showed acuities equivalent to 6/6 vision (i.e., over
30 c/deg), but the average acuity of the adults was
higher than that of the children.

There is only one previously reported study of
contrast sensitivity in a small group of preschool
children'8 for comparison with the present results.
Much better visual performance was shown in the
present study, with both higher contrast thresholds
and acuity values.
The most meaningful comparison is between the

adults' and children's results in the present study,
which used the same test materials and analogous
procedures. Contrast sensitivity, like acuity, appears
somewhat lower for the preschool children. The
reason for this difference is uncertain. It may reflect
a genuine development of sensory capacity. If so,
we do not know the basis of this difference; those
anatomical and physiological indices which have
been studied22-24 show adult levels being attained
around 2 years or earlier.

Performance on vision tests may also depend on
the development of the child's understanding of
what the test requires. Radical cognitive changes
occur in children during the preschool and early
school years.25 26 More subtly, children's self-
awareness oftheir intellectual and physical limitations
(sometimes called 'metacognition' 27) develops over
the same period. This may be important for high
performance on visual discriminations near thres-
hold. In such tasks observers have to be prepared
to 'guess' in cases of uncertainty: adult observers
are often surprised to find that their choices are
often reliably correct even when they are felt to be
almost pure guesses. Our observations of young
children's behaviour in this experiment suggest that
the requirement to recognise their own state of
sensory uncertainty and to make the best guess is
too sophisticated for them. Children who perform
confidently on easy discriminations often appear to
abandon any attempt to make a visual discrimination
when the task becomes difficult and instead adopt

some 'strategy' or rule of behaviour unrelated to
the patterns, such as always running to the same side
or regularly alternating between sides.
The difference between the adults' and children's

performance was most marked at the lowest spatial
frequency. We do not know the reason for this
result. It may be due to the different procedure we
adopted at the low spatial frequency. The children
had to look through a face mask, which was a
somewhat unwelcome constraint for them, and did
not give them the opportunity to confirm their
judgments by running to the cube and inspecting it
(the low frequency grating is actually harder to
detect on closer inspection). We suspect that the
children may have given up the attempt to dis-
criminate, and lapsed into nonvisual strategies, at
an earlier stage in this task than in the more motivat-
ing running task.

CONCLUSION
We find that the 'alley running' task is a practical
means of testing vision in 3-5-year-olds and gives
results on contrast sensitivity that are much closer
to adult values than those from methods that are
less specifically adopted to young children. Most
3-4-year-olds attain 30 c/deg acuity, conventionally
equivalent to 6/6. The differences found between
children and adults may be due to cognitive develop-
ment as well as sensory development. For most
practical purposes the 3-5-year-old can be con-
sidered to have normal adult acuity and contrast
sensitivity.

We thank Mr Peter Starling from the Physiological Labora-
tory, University of Cambridge, for providing us with the
photographic prints. This research was supported by the
Medical Research Council of Great Britain.
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