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Effects on perceptual development of visual
deprivation during infancy
TERRI L LEWIS, DAPHNE MAURER, AND HENRY P BRENT
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SUMMARY We measured three aspects of vision in children treated for unilateral congenital
cataract: visual resolution, the symmetry of optokinetic nystagmus (OKN), and peripheral vision.
Good visual resolution was achieved by children who had had the earliest treatment and who had
had the normal eye patched close to 50% of the waking time throughout early childhood. All
children treated for unilateral congenital cataract showed a marked asymmetry ofOKN regardless
of the age of treatment. One child with early treatment who could be tested with the Goldmann
perimeter also showed especially poor sensitivity in the nasal visual field of her aphakic eye. We
found no such deficits in the vision of children who had had normal visual experience during early
infancy and then later developed cataracts in one or both eyes. The limitations observed in children
treated for congenital cataract are similar to those reported in normal human infants, in normal
kittens, and in cats which were visually deprived early in life.

Much of what we. know about the effects of visual
deprivation comes from studies of cats which had one
eye sutured shut during a critical period shortly after
birth. Such cats later show limitations in many
aspects of vision, including visual resolution,' per-
ipheral vision (reviewed by Maurer and Lewis2), and
the symmetry of optokinetic nystagmus.34 These
three aspects of vision are also poorly developed in
normal kittens"4 and in normal human infants."'
We were interested in determining whether mon-

ocular deprivation during early infancy affects the
development of these abilities in humans as it does in
cats. To do so we turned to a population of children
who had been born with a dense, central cataract in
one eye. (This condition is similar to lid suture in cats
because only diffuse light passes through the cat-
aract.) The cataract had been treated surgically by
removing the natural lens of the eye, rendering the
eye aphakic. The aphakic eye was fitted with a
contact lens which restored nearly normal visual
input. Parents were then instructed to patch the
normal eye 50% of the waking time. We measured
three aspects of vision in these children: visual
resolution, the symmetry of optokinetic nystagmus
(OKN), and peripheral vision.
Correspondence to T L Lewis, PhD, Department of Psychology,
McMaster University, 1280 Main Street West, Hamilton, Ontario,
L85 4KI, Canada.

Experiment I. Visual Resolution

Visual resolution has been tested both in normal
kittens and in normal human infants by showing
subjects black-and-white stripes of varying width
paired with a grey stimulus of the same mean lumi-
nance. The width of the smallest stripes chosen over
grey provides a measure of visual resolution. Numer-
ous studies have shown that visual resolution is
poorly developed at birth both in cats5 and in
humans."1
Adult cats which had been monocularly deprived

for a period after birth also show poor visual resol-
ution in the previously deprived eye. The best visual
resolution achieved depends on the duration of
deprivation such that, the longer the deprivation, the
poorer the visual resolution.' However, the visual
resolution of the formerly deprived eye can be
improved if the normal eye is sewn shut when the
deprived eye is opened,' a procedure called reverse-
suturing. The visual resolution of visually deprived
cats also depends on the timing of deprivation. Giffin
and Mitchell' demonstrated this in cats which were
monocularly deprived for 23 days beginning at 42, 64,
or 87 days of age. Only the cats which had been
monocularly deprived from 42 days of age failed to
recover normal visual resolution in the deprived eye.
Thus in cats the effect of deprivation on the develop-
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Visual deprivation during infancy

ment of visual resolution depends on when the
deprivation begins, how long it lasts, and whether or
not reverse-suturing occurs. The purpose of the first
experiment was to determine whether similar prin-
ciples apply to humans who had been monocularly
deprived.

MATERIALS AND METHODS

We measured the Snellen acuity of 13 children who
had been deprived from birth for varying periods of
time because of a dense and central congenital
cataract in one eye (congenital group). For com-
parison we measured the Snellen acuity of30 children
who had had normal visual experience until an injury
caused a dense central cataract to develop in one eye
sometime after the age of 3 years (traumatic group).
During the Snellen test the aphakic eyes were cor-
rected optically to focus at infinity.

RESULTS AND DISCUSSION
Fig. 1 shows the Snellen acuity of the deprived eye for
the congenital group plotted as a function of duration
of deprivation, that is, the time from birth until the
cataract was removed surgically and the aphakic eye
fitted with an appropriate contact lens. The two
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children who had had the shortest periods of depri-
vation and who had had the normal eye patched close
to 50% of the waking time throughout early child-
hood had the best Snellen acuities (6/12 and 6/15).
The remaining 11 children who had poorer Snellen
acuities had had longer periods of deprivation and/or
little or no patching of the normal eye.

Fig. 2 shows the Snellen acuity of the deprived eye
for the traumatic group plotted as a function of
duration of deprivation, that is, the time from when
the cataract was first diagnosed as dense and central
until the cataract was removed surgically and the
aphakic eye fitted with an appropriate contact lens.
All but five children had Snellen acuities of at least
6/18, regardless of the duration of deprivation and
regardless of whether or not they had patched the
normal eye. The five children with Snellen acuities
worse than 6/18 had all had long periods of depri-
vation (more than one year) beginning before 6 years
of age.

Table 1 summarises the results and shows that the
median acuity is influenced both by the duration and
by the timing of deprivation. A comparison of the
columns in Table 1 shows that Snellen acuity tended
to be better in children who had had relatively short
periods of deprivation (less than six months) than in
children who had had longer periods of deprivation.
A comparison of the rows in Table 1 shows that
Snellen acuity tended to be better in children de-
prived after 3 years of age than in those deprived

20/40

20/80

20/160

20/320

20/640

j 20/1280

I CF

5 10 15 20 25 30 35 40 45 50 55 60 >60

DURATION OF DEPRIVATION (MONTHS)

Fig. 1 Snellen acuity as afunction ofduration of
deprivation in the aphakic eye ofchildren treatedfor
unilateral congenital cataract. Snellen acuities areshown in
metres on the left axis and infeet on the rightaxis. Filled
circles represent the resultsfrom children who hadhad the
normal eyepatched close to50% ofthe waking time
throughout early childhood. Open circles represent the
resultsfrom children who did not.
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Fig. 2 Snellen acuity asafunction ofduration of
deprivation in the aphakic eye ofchildren treatedfor
traumatic cataract. Other details as in Fig. 1.
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Table 1 Median acuity as afunction ofduration and timing
ofdeprivation

Duration ofdeprivation

<6 months :6 months

Deprivation beginning from birth 6/15 6/190
(congenital cataract)

Deprivation later
(traumatic cataract)

Beginning age 3 to 6 6/10-5 6/24
Beginning after age 6 6/7-5 6/8

from birth. Moreover, there appears to be an inter-
action between duration and timing of deprivation
such that the worst acuities were shown by children
who had had long periods of deprivation beginning at
birth. What is not illustrated in Table 1 is that the
potentially poor outcome of early deprivation can be
tempered by regular patching of the normal eye.

In summary, our results from tests of Snellen
acuity show that visual deprivation during infancy
does not prevent the development of good visual
resolution, provided the deprivation is short and
provided that, following the deprivation, the normal
eye is patched regularly. Deprivation at a later age
does not lead to the same deficiencies. These results
are similar to those from monocularly deprived
cats.'I

Experiment II. Symmetry of optokinetic nystagmus

A second aspect of vision measured in monocularly
deprived children was the symmetry of optokinetic
nystagmus. OKN is a series of jerky eye movements
elicited by a repetitive pattern moving across the
visual field. Thus the eyes follow a part of the pattern
(slow phase) and then saccade back to pick up.

another part (fast phase). In normal adult humans
and cats OKN can be elicited easily both when stripes
move from the temporal visual field toward the nasal
field (for example, from right to left for the right eye)
and when they move from the nasal visual field
towards the temporal visual field (for example, from
left to right for the right eye)."213 Thus their OKN is
'symmetrical'. In contrast, young human infants and
kittens show consistent OKN when stripes move
temporally to nasally but little or no OKN when
stripes move in the opposite direction.6'9'4'6 We
refer to this difference in the ease of eliciting OKN in
the two directions as 'asymmetrical OKN'.

Like human newborn babies and kittens, cats
which were monocularly deprived shortly after birth
also show asymmetrical OKN.34I' Moreover, this
asymmetry is present both in the previously deprived
eye and in the non-deprived eye34 " (but see Malach

et al.6). To determine whether deprivation affects
similarly the symmetry of OKN in humans mon-
ocularly deprived from birth, we tested children
treated for a dense unilateral congenital cataract
(congenital group). For comparison, we also tested
normal subjects and children who had had normal
visual experience until they incurred a traumatic
cataract sometime after 3 years of age (traumatic
group).

MATERIALS AND METHODS
The congenital group consisted of 17 children who
had had a dense central cataract diagnosed in one eye
at a median age of 2 months (range birth to 6
months). The cataract had been removed surgically
at a median age of 5 5 months (range 2 to 28 months)
and the aphakic eye fitted with an appropriate
contact lens at a median age of 9 months (range 3 to
29 months). At the time of the asymmetry test the
children ranged in age from 1 to 13 years (median = 5
years). Refractive errors ranged from +2-0 D to
+24-75 D (median= + 16-5) in the aphakic eyes and
from plano to +3-O D (median=plano) in the normal
eyes. For the eight children old enough to read an eye
chart Snellen acuities ranged from 6/12 to merely
light perception (median= 6/60) in the aphakic eyes
and from 6/6 to 6/7-5 (median=6/6) in the normal
eyes. We tested the normal eye of all 17 children but
were able to test only six aphakic eyes primarily
because of latent nystagmus in many cases.
The traumatic group consisted of 13 children who

had incurred a dense cataract at a median age of 8 5
years (range 3 to 13 years). The cataracts had been
removed surgically at a median age of 9 years (range
3 to 13 years), and the aphakic eyes had been fitted
with an appropriate contact lens at a median age
of 9 years (range 3 to 14 years). The median duration
of deprivation was five months (range 1 to 34
months). At the time of the asymmetry test the
median age of this group was 12 years (range 3 to 17
years). Their refractive errors ranged from + 10-5 D
to +17-5 D (median=+14-0 D) in the aphakic eye
and from plano to -1-0 D (median=plano) in the
normal eye. The 12 children old enough to read an
eye chart had Snellen acuities ranging from 6/6 to
6/30 (median = 6/12) in the aphakic eye and from 6/6
to 6/9 (median= 6/6) in the normal eye. We tested the
aphakic eye of all 13 children and the normal eye of
eight.
The normal subjects (n= 26) ranged in age from 1

year to adulthood (median age=4 years). We tested
the right eye of half the subjects and the left eye of the
other half.
For the OKN test each subject had one eye

occluded and sat 50 cm from a 900x 900 rear pro-
jection screen surrounded by black plywood. Black-
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and-white vertical stripes (0.6 cycles/deg) were swept
across the screen at a velocity of 13 degls by a 35 mm
slide projector projecting through a rotating mirror.
Shielded peepholes on either side of the screen
permitted a clear view of the subject's unoccluded
eye, but not of the stimuli. The test included 39
randomly ordered 7 s trials: 15 trials with stripes
moving temporally to nasally, 15 trials with stripes
moving nasally to temporally, and 9 control trials
with a moving blank field. An observer decided
during each trial whether OKN definitely occurred,
possibly occurred, or definitely did not occur.

RESULTS AND DISCUSSION
The observer never reported definite OKN when the
field was blank except during one trial for one
subject.

For each eye, we used a two-tailed x2 test to
compare the frequency of trials on which OKN
definitely occurred when stripes moved temporally to
nasally versus the frequency when stripes moved
nasally to temporally. Fig. 3 shows the difference
between these two frequencies for each eye tested. A
positive difference score means that definite OKN
was observed on a greater proportion of trials when
stripes moved temporally to nasally than when they
moved nasally to temporally. Conversely, a negative
difference score means that OKN was observed on a
greater proportion of trials when stripes moved
nasally to temporally than when they moved tem-
porally to nasally. An asterisk indicates that a differ-
ence was significant by the X2 test (that is, asymmetri-
cal OKN) and a dot indicates that a difference was
not significant (that is, symmetrical OKN).

In normal subjects and in both eyes of children
treated for traumatic cataract definite OKN was
observed on virtually every experimental trial. Thus
their difference scores tended to cluster around zero,
and in no case was there a significant asymmetry by
the X2 test (see Fig. 3). In contrast for the congenital

group definite OKN was observed on most trials
when stripes moved temporally to nasally but on few
trials when stripes moved nasally to temporally. Thus
in this group all the difference scores were positive
and the asymmetry was significant by the X2 test in
every aphakic and normal eye tested. The magnitude
of the asymmetry was not related to the duration of
deprivation nor to the patching regimen. Children
who had had early treatment and aggressive patching
of the normal eye had asymmetries just as large as
those who had had later treatment with little or no
patching of the normal eye.

Factors other than early pattern deprivation per se
might have contributed to the observed asymmetries.
For example, asymmetrical OKN has been reported
in subjects with amblyopia,'314 with esotropia,'3 141 6 or
with reduced stereopsis for whatever reason.'3 How-
ever, none of these factors was more common in
children in the congenital group, all ofwhom showed
asymmetrical OKN, than in children in the traumatic
group, none of whom showed asymmetrical OKN.

Like our findings for visual resolution the timing of
deprivation appears to affect the development of
symmetrical OKN. Children deprived from birth
showed a marked asymmetry of OKN, but those
deprived after 3 years of age showed no such marked
asymmetry. However, unlike visual resolution the
symmetry of OKN appears to be unaffected by the
duration of deprivation, at least when deprivation
lasts between three and 29 months after birth or
between one and 34 months after age 3. Even short
periods of deprivation early in life, which affect
minimally the development of visual resolution,
abolish the symmetry of OKN. Thus, as in animals,'
deprivation affects different visual functions during
different critical periods.

Experiment III. Peripheral vision

Throughout the first six weeks of life kittens are less
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likely to orient towards objects in the nasal visual
field (for example, the left visual field when looking
with the right eye) than towards objects in the
temporal visual field (for example, the right visual
field when looking with the right eye).7 Recently we
reported a similar pattern of results in young human
infants shown lines of varying width located either at
300 in the temporal visual field or at 20° in the nasal
visual field." We assumed that, if infants could see a
line, they would look towards it more often than they
looked in the same direction on control trials when
the field was blank. When lines were located at 300 in
the temporal visual field 1-month-old infants de-
tected the narrowest line we presented, a line only
1.50 wide. In contrast, when lines were located at 200
in the nasal visual field, they detected a 'line' 25-60
wide but showed no evidence of detecting a line even
12.80 wide. Thus 1-month-olds show at least an
eightfold difference in the size of line they can detect
at those locations. Normal adults on the other hand
are better at detecting objects located at 20° in the
nasal visual field than objects located at 300 in the
temporal visual field. 8

Cats which were monocularly deprived during a
critical period shortly after birth, like young human
infants and kittens, are especially poor at detecting
stimuli in the nasal visual field of the deprived eye7
reviewed by Maurer and Lewis.2 To determine
whether monocular deprivation has similar effects in
humans we used the Goldmann perimeter to measure
sensitivity along the horizontal meridian in one child
treated for a unilateral congenital cataract. For
comparison we also tested a child with no known eye
disorders and children who had normal visual experi-
ence until they developed cataracts in one or both
eyes.

MATERIALS AND METHODS
Two subjects, A and B, were tested extensively.
Patient A was a 12-year-old child who had had a
dense central cataract diagnosed in her left eye by
3 months of age. The cataract was removed at 41/2
months and the aphakic eye fitted with a contact lens
at 5 months. Subsequently her normal eye had been
patched at least 50% of the waking time throughout
early childhood, and at the time of the perimetry test
she had 6/12 acuity in her aphakic eye and 6/6 acuity
in her normal eye. Patient B was a 13-year-old child
with 6/6 vision in each eye and no known eye
problems. Five additional eyes from four children
were tested less extensively by perimetry. All of these
children had had normal visual experience and then
developed dense, central cataracts in one eye or both
eyes. Three of these patients had had developmental
cataracts and one a traumatic cataract. Other details
are listed in Table 3.

We used the Goldmann perimeter to test each eye
of patient A with a 6-25 min spot of light (object I)
and with a 13 min spot of light (object II) every 100
along the horizontal meridian from 30 to 600 in the
temporal visual field, and from 10 to 60° in the nasal
visual field. For comparison we tested one eye of
patient B with a 6-25 min spot of light at the same
locations. The remaining subjects were tested only at
300 in the temporal visual field and at 200 in the nasal
visual field. In each case the subject's task was to
identify the one of two 2 s intervals during which a
spot of light had appeared. At each location we used
a staircase to determine the intensity at which the
subject could identify the correct interval 75% of the
time (PEST with W= 1, initial step size = 1 log ml;
final step size = 0-05 log ml)."

RESULTS AND DISCUSSION
The results for patients A and B are shown in Figs 4
(6.25 min spot) and 5 (13 min spot). At every location
A required more intensity to detect light with her
aphakic eye than with her normal eye, which gave
results similar to those from the normal control

o Pat. A: Aphakic eye A Pat.B: Normal control
* Pat. A: Normal eye

>3181

160

(N80-
-E

40-

. 20-

10-

0--I

I

\

I
0\--o

\,ne

60 40 20
Temporal

Location

Object I

I/
1°

Io

200 400
Nasal

of test light

60°

Fig. 4 The threshold luminancefordetectinga 6-25 min
spot oflight (object!) at various locations along the
horizontal meridianfor the aphakic and normal eyes of
patientA, who was treatedfor a unilateral congenital
cataract, andforone eye ofpatient B, who had no known eye
disorders. We did not test20° in the temporal visualfield
because the blindspot interferes with the detection ofsmall
targets at that location.
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Fig. 5 The threshold luminancefor detecting a 13 min spot
oflight (object II) at various locations along the horizontal
meridianfor the aphakic and normal eyes ofpatient A. Other
details as in Fig. 4.

Table 2 Threshold intensities for patient A (treated for
unilateral congenital cataract) andB (normal controlsubject)
at20 in the nasal visualfield and at30' in the temporal visual
field

Subject Condition Object Threshold (cd/m2)
size

200 Nasal 300 Temporal

A Aphakic eye f 63-5 56-6
II 22 5 8 5

A Normal eye I 7 1 14 2
II <4.0 4.8

B Normal I 7 1 9 0

subject, B. Table 2 summarises the threshold inten-
sities for patients A and B at 20° in the nasal visual
field and at 300 in the temporal visual field, the
locations we had tested in normal 1-month-olds."
Like patient B and like normal adults,'" A's normal
eye had lower thresholds at 200 in the nasal visual
field than at 30° in the temporal visual field. In
contrast, unlike normal adults but like normal
1-month-olds, A's aphakic eye had higher thresholds
at 20° in the nasal visual field than at 30° in the
temporal visual field.
Table 3 lists thresholds for lights at those locations

in the children who had had normal visual experience
until they later developed cataracts. In every case

threshold intensity at 200 in the nasal field was equal
to, or lower than, threshold intensity at 30° in the
temporal field. This pattern is like that of normal
adults and very different from the pattern we ob-
served in the aphakic eye of patient A, the child
treated for a unilateral congenital cataract. It is
evident that aphakia per se does not account for
greater threshold elevation (that is, lower sensitivity)
in the nasal as compared with the temporal field.

It is also unlikely that associated problems such as
amblyopia or strabismus accounted for the results.
Patient A had achieved 6/12 vision in her aphakic eye
and showed especially poor detection in the nasal
visual field, while one child in the control group
(patient E) who had only 6/120 vision in her aphakic
eye showed no such nasal field loss. Patient A also
had only a slight, variable tropia (4V esotropia to 6A
exotropia at near; 61 to 8A of exotropia at far),
and the literature suggests no consistent effect of
strabismus on peripheral vision."2" It seems likely
that our finding of especially poor detection in the
nasal visual field of A's deprived eye is related at least
in part to the visual deprivation caused by a con-
genital cataract. If that is the case, then early visual
deprivation affects the development of humans'
visual fields in much the same way it affects the

Table 3 Threshold intensities for subjects who developed cataracts after birth

Subject Condition Age of Duration of Age at Snellen Object Threshold (cd/m2)
diagnosis deprivation test acuity size
(months) (months) (years) 20° Nasal 30° Temporal

C Dev OD' 12 5 8-5 6/15 I 28-4 56-6
Dev OS 7-5 6-5 8-5 6/12 I 14-2 112-9

D Dev OD 17 6 7-5 6/9 III 4-5 89-7
Dev OS Not tested because of secondary membrane

E Normal OD Not tested
Dev OS 20 4 10 6/120 II 28-4 35-7

F Traum OD2 145 5 13 6/7-5 II 5-7 5-7
Normal OS - - 13 6/6 II <4-0 4-5

'Developmental cataract.
2Traumatic cataract.
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development of kittens' visual fields. In both cats and
humans deprivation depresses sensitivity in the nasal
visual field, so that, like the young human infant or
the young kitten, the deprived eye is less sensitive to
stimuli in the nasal field than at corresponding
locations in the temporal field.

Conclusions

We have discussed three aspects of vision which are
incompletely developed at birth in cats and in
humans: visual resolution, the symmetry of OKN,
and peripheral vision. In cats these abilities are
adversely affected by monocular deprivation early in
life. Thus after such deprivation visual resolution is
reduced, OKN is asymmetrical, and cats fail to orient
toward objects in the nasal visual field. After short
periods of deprivation, some of these effects are
reversible, especially if the normal eye is then sutured
shut. Deprivation at a later age does not lead to the
same deficiencies. Our results so far suggest that
these same principles apply in humans who have been
visually deprived in one eye during early infancy by
the presence of a dense central cataract.
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