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EXPERIMENTAL INVESTIGATIONS OF THE
GENESIS OF VISUAL SPACE PERCEPTION1

WILLIAM EPSTEIN
University of Kansas

The methodology and findings of 3 categories of experimental studies
are reviewed and evaluated: (a) studies of organisms that have been
deprived of visual stimulation until the time of testing, (b) studies of
newborn organisms that are tested soon after birth, and (c) studies in
which E controls the visual stimulation to which 0 is exposed from
birth to the time of testing. The evidence provided by these experiments
suggests that conclusions about the genetic basis of space perception will
differ depending on the stimulus correlates under consideration.

This article is concerned with the
genesis of space perception. It is neces-
sary at the outset to distinguish the
question under consideration from two
other issues with which it is often con-
fused. The first concerns the role of past
experience in determining the current
perceptual event. The second is related
to the influence of specific practice on
perceptual discrimination. Arguments
intended to bear on the question of gene-
sis are often derived from experiments
dealing with the latter two issues. For
example, it is asserted frequently that if
perceptual judgments can be modified
by certain types of previous experience,
then experience must have been required
for their original emergence. This argu-
ment has persisted since Helmholtz who
wrote in 1866 that "whatever, therefore,
can be overcome by factors of experi-
ence, we must consider as being itself
the product of experience and training
[Helmholtz, 1925, p. 13]." Despite the
long history of this assumption it must
be clear that evidence of the malleability
of perception cannot entail any con-
clusion about the origin of the experi-
ence. Thus, one would hardly wish to
conclude from the observation of the
phenomenon of "memory color" (Dunc-
ker, 1939) that color perception is

article was written with the support
of Research Grant MH 041S3-C3 from the
National Institute of Mental Health of the
United States Public Health Service.

learned. Pastore (1960) has called at-
tention to a parallel example in the field
of genetics where "evidence of environ-
mental modification of a trait does not
preclude its genetic determination
[p. 94]." This argument is mentioned at
this point only to make clear that the
issue under consideration is not whether
space perception can be modified by ex-
perience.

For this reason many investigations
which might otherwise be included, for
example, studies of adaptation to spatial
displacement, were omitted (I. Kohler,
1951, 1962). This rule of omission is
followed regarding the adaptation
studies despite the fact that Kohler and
others seem to feel that these experi-
ments provide data relevant to a deter-
mination of the origins of space percep-
tion. Kohler has maintained that the
conditions of displaced vision produced
by the prisms reinstate in the adult an
earlier state of perceptual development
comparable to that of the infant. And
that the processes that lead to adapta-
tion to the experimentally induced
displacement are reiterations of the proc-
esses of original perceptual develop-
ment. A thorough review of the adapta-
tion studies conducted by Stratton,
Snyder and Pronko, Kohler, and others
may be found in Smith and Smith (1962,
Ch. 4-6).

The investigations reviewed in this
paper were concerned mainly with the
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sufficient conditions for the initial occur-
rence of a response indicating that an
organism is capable of spatial discrimi-
nation. Can these conditions be specified
entirely in terms of the organism's native
or congenital constitution or must a
complete statement of these conditions
include reference to processes of early
learning?

THREE METHODS OF INVESTIGATION

Until recently many American psy-
chologists have been content to relegate
the genetic question to the realm of
philosophical inquiry. However, insofar
as the question is concerned with the
genesis of space perception and not with
its epistemological status, it can only be
decided empirically and is not properly
a matter for philosophy. Fortunately,
not all psychologists have abdicated
their prerogatives of investigation and
the last decade has witnessed a modest
resurgence of interest in the problem.
The experimental investigations can be
classified usefully into three categories.

One category consists of studies of
organisms that have been deprived of
visual stimulation until the time of test-
ing. On the first, or on a very early,
occasion of stimulation their perception
of space has been examined. When ani-
mals have been studied they have been
reared in total darkness from birth to
the time of testing. When human sub-
jects have been studied, these have been
(ideally) persons with congenital cata-
racts whose vision has been restored
surgically.

The second category includes the in-
vestigations of naive, newborn organisms
tested soon after birth. Animals are
better suited to this approach than
humans since human infants are capable
of very few reliable overt behavioral
responses soon after birth. Conse-
quently, human infants have usually
been studied at a later age (Fantz, 1961;
Gibson & Walk, 1960). However, there

has been one study by Wertheimer
(1961) of the auditory and visual space
of a human neonate during the first 10
minutes of life.

The third category of experiments
utilizes an entirely different approach.
In these studies the experimenter con-
trols the characteristics of the visual
stimulation to which the animal is ex-
posed from birth to the time of testing.
The aim is to determine whether ani-
mals that have been subjected to dif-
ferent conditions of stimulation will
respond differently when confronted with
a relevant test discrimination. The
rationale of this approach will be elabo-
rated when Hess' (1950, 19S6b) studies
are considered.

STUDIES OF VISUALLY DEPRIVED
OBSERVERS

Studies of Animals

The earliest systematic study was
performed by Lashley and Russell
(1934). The object of the study was to
determine whether rats reared in dark-
ness from birth to 100 days of age would
perceive variations of distance. The rats
were induced to jump from one platform
to a second platform whose distance
was varied from 20 centimeters to 40
centimeters. An apparatus invented by
Russell (1932) in order to study depth
discrimination with normally reared rats
was used. This apparatus allowed the
experimenter to measure the force
exerted by a rat in attempting to jump
the given distance. Variations in force
were interpreted as signifying corre-
sponding variations in perceived dis-
tance. The experiment was conducted
during a period of 3 days with the rats
returned to the dark cage at the con-
clusion of each day's testing. On the first
day the animal was removed from the
dark cage and given five trials in step-
ping across a gap of 5 centimeters from
the starting platform to the landing
platform. Immediately following this
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practice, the landing platform was
moved to 20 centimeters for five trials.
On the second day the animal began
with five trials at 20 centimeters. This
was followed immediately by a sequence
of nine jumps in this order: three jumps
at 40 centimeters, three jumps at 20
centimeters, three jumps at 40 centi-
meters. On the third day the rat's dif-
ference-threshold for distance was deter-
mined. For this purpose, each rat was
given one trial at each of nine distances
ranging from 24 to 40 centimeters in 2-
centimeter intervals. The distances were
presented in random order.

The results showed that upon first
exposure the rats adjusted the force of
their jumps to the variations of distance.
Thus a rat that overestimated the 20-
centimeter distance on the first test trial
would consistently reduce the force of
his jump during the next nine trials.
However, the first time the 40-centi-
meter distance was presented (Trial 6
on the second day), the rat immediately
reversed the trend and doubled the force.
This occurred with every subsequent
change of distance. On the tests for dif-
ference-thresholds the dark-reared rats
were almost as accurate as light-reared
rats that had been tested earlier by
Russell (1932) in the same situation.
Lashley and Russell (1934) concluded

that the visual perception of distance and
gradation of force in jumping to compensate
for distance are not acquired by learning, but
are the product of some innately organized
neural mechanism [p. 143].

Several doubts may be raised concern-
ing the Lashley-Russell study. Greenhut
and Young (19S3) were unable to repeat
Russell's (1932) original findings with
100-day-old and albino rats that had
been reared normally. When they pre-
sented the initial test distances in
random order they failed to find any
correlation between the force of the jump
and distance. However, it should be ob-
served that Greenhut and Young used

electric shock in order to motivate the
animals to jump. Despite some evidence
to the contrary (Greenhut & Young,
19S3, pp. 174-175), it is possible that
this aversive stimulus disrupted the ani-
mal's spatiomotor coordination in many
instances. In fact, Greenhut and Young
(1953) reported that "the animals were
emotionally disturbed throughout the ex-
periment [p. 160]."

In addition to the results of Greenhut
and Young, the Lashley-Russell experi-
ment has been criticized on the grounds
that opportunities for learning were not
completely eliminated. In particular it
has been noted that on every second day
the dark box was opened in dim light
while food was supplied. Although each
interval of light stimulation did not ex-
ceed 10 seconds, it is possible that the
cumulative exposure was sufficient to
produce substantial learning. The five
practice trials which preceded the first
test jump may have provided an op-
portunity for rapid learning. This argu-
ment gains plausibility from the general
observation that organisms which have
reached an advanced maturational level
require less practice to achieve a
specified performance level than organ-
isms that begin their practice at an
earlier level of maturation (Munn,
1955).

Lashley and Russell (1934) recog-
nized the problems discussed above and
presented counterarguments that are
persuasive. However, the only effective
way to deal with these objections is to
perform new experiments which are more
successful in eliminating opportunities
for learning. The main flaw in the Lash-
ley-Russell study stemmed from the na-
ture of the response that they studied.
The jumping response is a complex
motor skill which requires practice. Rats
reared in the dark are deficient in this
skill. Therefore, it was necessary to in-
troduce the practice trials, thus provid-
ing an opportunity for both visual and
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motor learning. A response indicator
which is part of the organism's unlearned
response repertoire would eliminate this
necessity. Since the performance of the
response per se would require no prac-
tice, the subject could be tested on the
very first occasion of his exposure to the
stimulus without prior practice of the
response.

Kurke (19SS), using a technique
similar to that employed in the earlier
studies by Spalding (1875) and Thorn-
dike (1899), studied the depth percep-
tion of chicks reared under different con-
ditions of visual and motor experience.
Kurke's procedure was based on the
observation that lone chicks will run to
join their fellows. The chick was placed
on a platform whose height could be
adjusted. From the platform the subject
could see a group of six chicks. The as-
sumption was made that if the chicks
perceived the height of the platform,
then they would be reluctant to leave the
platform before it was lowered to a safe
level. The platform was set initially at
a height of 21 inches, and if the chick
did not jump within 30 seconds, the plat-
form was lowered 3 inches. This was
repeated until all subjects had jumped
or the platform was on ground level.
Dark-reared chicks were tested at 1, 2,
or 3 days of age. Their performance was
compared with a group of 3-day-old con-
trol chicks raised in normal lighting. The
very young chicks (1 and 2 days) re-
fused to leave the platform regardless
of its height. The 3-day-old dark-reared
chicks did not differ significantly from
the light-reared control chicks. Nor did
they differ significantly from 10-day-old
light-reared chicks whose opportunities
for jumping experience was limited.
However, 10-day-old light-reared chicks
which were subjected to enforced jump-
ing activity differed from the other goups
in that they jumped from the platform
at a greater height. Kurke (19SS) con-
cluded:

that the lack of visual experience does not
appreciably affect the chick's perception of
depth at an early age. However, the further
development of depth discrimination appar-
ently depends in some manner on the integra-
tion of experientially determined kinesthetic
cues [p. 195].

Kurke's experiment is not very con-
vincing. As was the case with the
Lashley-Russell study, the difficulty is
due mainly to the response measure. The
response of jumping is determined by
other variables besides perceived height.
Among these is the level of muscular
coordination and jumping skill which
has been achieved. This leads to ambi-
guities in interpreting the results. Dif-
ferences in performance may reflect dif-
ferences in depth discrimination, but it
could also be the case that subjects who
are equally able to discriminate depth
will vary in performance because of
different levels of motor achievement.

The resolution of this methodological
problem has been accomplished in
several studies of color vision (Hess,
1956a), form discrimination (Fantz,
19S7), and recently in a study of depth
discrimination by dark-hatched chicks
(Fantz, 19S8a). The chick's discrimina-
tion of depth or solidity was examined
by observing the distribution of unrein-
forced pecks in response to the simul-
taneous presentation of a spherical and
plane circular surface. The rationale
underlying the test is that if the chick
shows a significant preference for one of
the stimuli, that is, pecks more fre-
quently at one, then the chick must be
making perceptual discriminations be-
tween them. If the stimuli differ only on
the relevant dimension, for example,
solidity, then the subject must be able
to discriminate along this dimension. It
should be noted that, in addition to pro-
viding a resolution of the methodological
difficulties described above, the stimulus-
preference method also reduces the
likelihood of confusing two different
achievements: (a) learning a discrimina-
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tion between stimuli to some arbitrarily
assigned experimental criterion, and (b)
discriminating between stimuli. While
the former achievement presupposes the
latter, it cannot be utilized as an index
of the latter achievement except with
certain qualifications. Suppose the ex-
perimenter confronts the subject with
the task of learning a discriminatory
positive response to a convexity as op-
posed to a concavity. As a measure of
learning the experimenter uses the cri-
terial level of nine correct responses in
a block of 10 successive trials. This
accomplishment presupposes that the
subject can perceive the depth difference
between the two stimuli, although he
must learn that this difference is the
criterial attribute. Therefore, it would
be erroneous to conclude that a subject
that fails to achieve the criterial level,
for example, correctly selects the con-
vexity in only 8 of 10 trials, cannot dis-
criminate depth. It is equally plausible
to infer that depth is discriminated, but
has not been selected unequivocally by
the subject as the basis for responding.
This argument has been made earlier by
Zuckerman and Rock (19S7) in their
analysis of the genesis of form percep-
tion.

Fantz (19S8a) hatched 94 chicks in
complete darkness and tested them at
the moment of their initial visual stim-
ulation. The chicks had no experience
with food or water prior to or during the
experiment. In the first experiment
chicks were tested singly, and in the
second experiment they were tested in
pairs. The test consisted of a S-minute
exposure to a pair of stimuli. The
stimuli were two hemispheres, one pre-
sented so that the curved surface faced
the chicks and the other presented so
that only a flat circle was visible. The
stimuli were presented either under di-
rect lighting which produced strong
shading or under diffuse lighting which
reduced the brightness gradients greatly.

Under both conditions the curved sur-
faces received significantly more pecks
than the plane surfaces. Apparently
these chicks, with no visual experience,
discriminated between the solid and
plane stimuli. Comparable findings were
reported by Fantz (1957, Experiment
5) in his studies of form preference in
newly hatched chicks. While these new-
born chicks seemed to make no use of
light and shade distribution in discrimi-
nating depth, Fantz reported that
slightly older chicks that had visual ex-
perience showed an enhanced preference
for spherical surfaces when shading was
present. This observation is consistent
with Hess' (1950) findings which will
be described later.

Walk and Gibson (1961) realized the
same methodological objectives by using
the visual cliff apparatus. This is a simu-
lated cliff consisting of a board laid
across a sheet of heavy glass which is
supported at a desired height above the
floor. On one side of the board a sheet
of patterned material, for example,
checkerboard pattern, is placed flush
against the undersurface of the glass. On
the other side the same patterned mate-
rial is laid on the floor below the glass.
This is the cliff side. If an organism
which discriminates depth is placed on
the center board it will avoid the cliff
side and step on to the shallow side. If
the organism cannot distinguish between
the shallow side and the cliff side, then
no preference should be observed. In
these experiments, as was the case in
Fantz' study, the discriminatory re-
sponse required no pretraining in light,
and the discrimination did not entail
cognitive, problem solving elements.
Rats were dark-reared and tested at the
age of 90 days. These rats showed the
same preference for the shallow side as a
group of 90-day-old light-reared rats.

Walk and Gibson's results for the
dark-reared rats were confirmed in a
modified experiment by Nealey and Ed-
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wards (1960). Nealy and Edwards
noted that the dark-reared rats in the
Walk-Gibson experiment were subjected
to a light-adaptation period of 20 min-
utes prior to testing. This adaptation
period may have provided the oppor-
tunity for learning to occur. For this
reason Nealey and Edwards repeated the
Walk-Gibson study with the following
modification. During the 20-minute pe-
riod subjects were kept in a detention
box which was so contrived as to permit
light adaptation without pattern vision.
These rats showed the same preference
for the shallow side as rats that received
the Walk and Gibson treatment. Nealey
and Edwards also tested 24 enucleated
rats in order to determine whether a
preference could be obtained on other
than visual bases. These rats did not
show a reliable preference.

In further experiments Walk and Gib-
son (1961) tested dark-reared rats when
the available stimuli for depth discrimi-
nation were reduced. When motion par-
allax was eliminated, leaving only the
difference in density of optical texture
as a stimulus for depth discrimination,
no preference for the shallow side was
exhibited. However, when parallax was
retained, in the absence of the textural
difference, the rats showed a strong
avoidance of the cliff side. This is in-
terpreted by Walk and Gibson to indi-
cate that only motion parallax is an
innate cue for depth discrimination on
the visual cliff. Since visually experi-
enced animals show a preference for the
shallow side when cued only by textural
density while dark-reared rats show no
preference, the cue of textural density
must be learned. This conclusion is rea-
sonable, but it is not the only interpre-
tation which can be given to these find-
ings. An alternative stems from the
observation that the procedures did not
in fact isolate motion parallax from tex-
tural density. Instead, the two gradients
were opposed to each other. One gradi-

ent was fixed to produce equidistance
while the other was fixed to produce
differential distance. In this conflict
situation motion parallax was decisive.
However, it cannot be concluded that
the effectiveness of textural density re-
quires learning. This conclusion can be
derived only from the observation of per-
formance in response to textural density
in isolation.

Regardless of the above qualification,
the general trend of the evidence ob-
tained in the visual cliff experiments is
clear. The evidence led Gibson and
Walk (1960) in an earlier article "to
venture the rather broad conclusion that
a seeing animal will be able to discrimi-
nate depth when its locomotion is ade-
quate, even when its locomotion begins
at birth [p. 71]."

Studies of Humans

The case of the congenitally blind
person whose vision is restored surgically
would appear to provide an opportunity
for gaining decisive evidence concerning
the origin of visual perception. Since
Molyneux's famous inquiry addressed to
Locke, philosophers and psychologists
have looked to these cases for evidence.
Several reviews have appeared which
evaluate the results of the investigations
of restored vision (Dennis, 1934; Sen-
den, 1932; Wertheimer, 1951). Prior to
evaluating the evidence it will be useful
to consider several relevant methodologi-
cal and definitional questions.

1. The perception of space includes
several related, but distinguishable and
perhaps functionally independent, ex-
periences. There is the fundamental and
relatively undifferentiated experience of
the extensity of the visual scene. The
scene appears to extend in the third
dimension and not merely to be a plane
surface like a painting in the frontal-
parallel plane. Within the scene, objects
have a specific location relative to us
(absolute distance) and also a location
relative to other objects in the scene
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(relative distance). In addition, each
object will appear to be some linear size,
either absolutely or relative to other ob-
jects. Finally, some objects will appear
to be solid and others two-dimensional.
Every student of perception knows that
these aspects of the visual world are
closely related. Nevertheless, it does not
follow that an observer whose vision is
tested immediately after surgical restora-
tion and who is found deficient in one
of these experiences is totally lacking in
space perception. Therefore, broad con-
clusions concerning space perception
based on performances related to only
one aspect of space perception should
be considered cautiously.

2. These remarks lead directly to a
consideration of the method of testing.
It is easier to specify prohibitions than
to advance positive proposals. Tasks
which demand prior visual learning for
successful execution are unacceptable.
One illustration of this is the designation
of an object by the appropriate verbal
label. Thus the subject might be con-
fronted with a number of objects and the
question "Which of the objects is a
cube?" This question cannot be an-
swered without a prior association of the
auditory stimulus, "cube," with the
visual stimulus produced by a cube. Ob-
viously an observer with no prior visual
experience will lack this association. A
better procedure would be to confront
the subject with equivalent plane and
solid objects and then simply ask the
subject to report whether he perceives
several different objects or several in-
stances of the same object.

Similar reservations exist regarding
another testing method which has often
been used. Investigators have sought to
determine whether apparent size is in-
variant with changes in distance for the
subject whose sight is newly restored.
The presence or absence of constancy is
used to derive conclusions concerning
distance perception. These conclusions

are open to question. Size judgment is a
complex performance which is regulated
by many variables in addition to distance
perception. One powerful determinant
is the conceptualization of the relation-
ship between size and distance which the
subject brings to bear on the experimen-
tal task (cf. Carlson, 1960, 1962). Sub-
jects with normal vision will produce
results ranging from marked underesti-
mation to marked overestimation of size
depending on their attitude of observa-
tion. In the absence of knowledge about
the subject's attitude of judgment, it is
impossible to interpret the results of his
performance. Therefore, prior informa-
tion concerning the preoperative con-
ceptualization of the visual world is a
prerequisite for interpreting the perform-
ance of the newly-seeing subject.

The question with which this discus-
sion was started remains. How should
the subjects be tested? No ordered
schedule of tests will be introduced here.
However, it seems best that an open-
ended question should initiate the in-
quiry. It should not direct the subject
to any specific aspect of the visual world.
A simple question such as "What do you
see?" would meet this requirement. The
response to this question might introduce
the experimenter to the subject's pre-
ferred language of perceptual experience.
Later questions or instructions could
then be phrased in the subject's lan-
guage so that there would be assurance
of their meaningfulness to him.

3. Senden (1932), Dennis (1934),
and Wertheimer (1951) have described
the postoperative visual disabilities
which interfere with good vision. For
instance many patients suffer from exag-
gerated and involuntary nystagmus
which may continue for several weeks.
This interferes with the normal func-
tioning of accommodation and converg-
ence. Two additional postoperative ef-
fects which occur frequently are acute
dazzle and a narrowing of the visual
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field. Obviously, tests which produce
negative results are equivocal if the re-
sults are obtained prior to the adjust-
ment of the visual mechanisms. On the
other hand, if the experimenter elects
to postpone the test for several weeks to
allow the inhibitory effects to diminish,
then there is a possibility that some
learning occurred during the delay.

A review of the literature is disap-
pointing. None of the subjects have been
tested adequately (for present pur-
poses), and most of the cases have been
described only cursorily. The chief
source of information is Part III of
Senden's (1932) book. Senden reviews
the evidence regarding the perception
of spatial extension per se, relative dis-
tance, and solidity.

The reports concerning spatial ex-
tensity are unanimous, leading Senden to
the conclusion that the newly-seeing
have an immediate impression of depth.
The objects in the field appear to be
spatially separated from the subject. The
patient localizes objects at certain in-
definite distances although he cannot
estimate their absolute distance. Thus
the patient will reach out to grasp an
object which is several yards away, or he
will overreach an object which is only
1 foot from him. However, he does reach
out into space and does not localize the
object at the plane of the eye. This
reaching response is qualitatively differ-
ent from the normal groping that the
blind usually execute in order to identify
objects tactually.

The evidence concerning relative dis-
tance is ambiguous. The most frequently
used procedure entailed a crude test of
size constancy. Most examiners report
that constancy is absent. This observa-
tion suggests that differences in distance
were not perceived. However, as was
noted earlier, this conclusion can be
challenged.

Most of the cases reviewed by Senden
(1932, pp. 264-271) indicate that the

discrimination of solidity is absent. For
example one subject was unable to dis-
tinguish a ping-pong ball from a compa-
rable plane figure, for example, a white
disc of equal diameter. For another sub-
ject a table in the center of the room
appeared flat against the farther wall.

Recently London (1960) provided a
summary of a Russian report on the
postoperative newly-seeing which was
published originally in 1953. This re-
port is of special interest in that, unlike
the Senden report, the writer, Pokrov-
skii, performed the surgery and the post-
operative visual tests. Of the six cases
described only two are directly per-
tinent. These are cases of two children,
born with mild cataracts which allowed
the patients the experience of light al-
though pattern vision was not possible.
London presents only the author's state-
ment of results omitting details of the
testing procedure. In the only statement
dealing with space perception Pokrovskii
reported that

the children were unable by vision alone to
determine distance or, more exactly, the dis-
tance of the nearest objects. When walking,
they collided with these objects [London, 1960,
p. 479].

This review of the investigation of the
newly-seeing has revealed the unsatis-
factory status of this evidence. The
techniques of investigation are crude and
the data are incomplete. In fact, there
is not a single systematic parametric
study of the visual perception of the
newly-seeing. In the absence of more
acceptable studies, the most prudent
course is to refrain from introducing the
findings described above as evidence. It
is only fair to add that this judgment
is not shared by all who have considered
these investigations. In his early theo-
retical statements Hebb (1949) assigned
great significance to Senden's findings
and he has more recently reaffirmed his
evaluation (Hebb, 1963).
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STUDIES OF VISUALLY NAIVE OBSERVERS

The study of the newborn organism
requires that a reliable unlearned indica-
tor response be available immediately
after birth. This requirement can be sat-
isfied for many organisms although not
in all testing situations. For example, the
human neonate cannot be tested with
the visual cliff apparatus. In order to
employ the visual cliff, the experimenter
must await the development of locomo-
tion at which time the organism is no
longer perceptually naive. Nevertheless,
the human infant is not entirely excluded
from investigation. Fantz (1961) and
Wertheimer (1961) have studied the
human neonate by observing the syste-
matic changes in orientation of the eyes
in response to various stimuli.

Studies 0} Animals

Walk and Gibson's (1961) work with
the visual cliff apparatus did not include
testing newborn observers. However,
several species (e.g., the chick and the
goat) are able to locomote during the
first day of life. Gibson and Walk re-
ported that none of their 1-day-old
chicks, goats, or lambs ever stepped onto
the glass on the cliff side. Gibson and
Walk consider it very likely that similar
results would be obtained with newborn
animals as well. This expectation re-
ceived support from Tallarico's (1961)
study of the choice behavior of 3-hour-
old chicks on the visual cliff. Of the 320
chicks observed, 90.6% chose the shal-
low side. Those chicks that stepped onto
the glass on the cliff side seemed to do
so inadvertently.

In another study Fishman and Tal-
larico (1961) also studied visual depth
perception in 3-hour-old chicks. As an
indicator response Fishman and Tal-
larico selected the avoidance response
made on the first occasion of an ap-
proaching object. Six groups of chicks
were tested. Three groups consisted
of chicks reared in the light. The re-

maining three groups consisted of
chicks reared in the dark. All chicks
were tested individually at the age
of 3 hours. There were three condi-
tions of testing. In Condition FP
(feigned poke) one experimenter held
the chick in his fist while the second
experimenter feigned a poke at the left
eye of the chick. This consisted of mov-
ing a black pocketcomb from a distance
of 1 foot to within ^ inch from the sub-
ject's eye at the rate of 1 foot per second.
The experimenter recorded the occur-
rence of a spontaneous head movement
away from the direction of the poke. In
Condition EF (extended fan) no poke
was feigned. Instead a black fan held
about 1 foot from the subject was opened
in about a second at a right angle to the
subject's line of sight. In Condition C
(control) the experimenter held the
chick as before and for the same length
of time but without introducing any
stimulus.

The dark-reared chicks did not differ
from the light-reared chicks under any
of the three conditions. The control
chicks made very few "avoidance" head
movements. Of the 73 control chicks
only five spontaneous head movements
were observed which were similar to the
aversive movements of the experimental
subjects. For both light-reared and dark-
reared chicks the number of avoidance
responses under Condition FP were sig-
nificantly greater than under Condition
EF. In fact only 1 of 18 chicks gave an
avoidance response to EF, while 44 of
96 chicks responded to FP. These re-
sults are evidence that visually naive
chicks can discriminate depth.2 The

2 However, Riesen (1947, 1950) reported
that dark-reared chimpanzees "did not blink
at a threatening motion toward the face [and]
when an object was advanced slowly toward
the face there was no reaction [19SO, p. 17]."
Riesen's work has not been described in detail
because it did not include any systematic tests
of the subject's depth discrimination. In addi-
tion his chimps suffered from considerable
oculomotor disturbance at the time of testing.
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avoidance reaction seems to be a re-
sponse to the unique stimuli provided by
an approaching object. It is not a startle
response made to a novel stimulus since
it did not occur under Condition EF.
Nor does it occur with great frequency
in the absence of stimulation (Condition
C).

It would be interesting to determine
whether the newborn chick can indeed
distinguish between the optical stimuli
produced by a change in position and
the comparable stimuli produced by an
equivalent change in the size of a sta-
tionary object. Apparently infant rhesus
monkeys respond to the isolated presen-
tation of a closed contour undergoing
symmetrical expansion as if it were an
approaching object (Schiff, Caviness, &
Gibson, 1962). On the other hand the
chicks in Fishman and Tallarico's study
did distinguish between the optical
stimuli produced by FP and EF. How-
ever, since these two conditions were not
exactly comparable no firm conclusion
can be drawn concerning our question.
The apparatus and stimulus events em-
ployed by Schiff et al. would be very
appropriate for this purpose.

Studies of Humans

There have been even fewer studies of
naive humans. Although the infants
studied by Fantz (1961) had a median
age of IS weeks this investigation will
be included. The only experiment which
investigated newborn humans was re-
ported by Wertheimer (1961).

Fantz (1961) employed the stimulus-
preference method using the direction
of orientation of the eyes as an indicator
of preference. A solid object and a com-
parable flat object were exhibited for
a series of 20-second trials and the sub-
ject's direction of gaze was recorded.
The criterion of fixation was the super-
position of the reflection of the object
over the pupil. The subjects were 52
infants with a median age of IS weeks.

The test objects were a sphere and a
disc of equal diameter. Each infant was
tested under eight conditions: binocu-
lar and monocular vision, presence and
absence of surface texture, direct and
diffuse lighting. A differential response
was obtained only in the tests using tex-
tured objects under direct lighting. The
other six conditions did not yield a dif-
ferential response. A curious finding
emerged from these results. Infants un-
der 3 months did not give a differential
response in the binocular test but the
same subjects showed a clear preference
in the monocular test. This result, to-
gether with others, suggested to Fantz
(1961)

that the use of both eyes interferes with vision
in the early months before the development of
good binocular coordination, while binocular
vision improves visual performance later on
[pp. 29-30].

The results led Fantz to conclude that
young infants discriminate solidity when
gradients of texture and brightness are
available. Binocular cues did not ap-
pear to be essential in the presence of
these gradients nor were binocular cues
sufficient in the absence of differential
gradients. It is interesting to note that
whenever a differential response oc-
curred it was a preference for the solid
object. It may be that the basis for this
preference is the more general visual in-
terest which young infants display in
response to complex visual patterns
(Berlyne, 1958; Fantz, 1958b). It is
immediately evident that the presence of
a general tendency of this sort intro-
duces difficulties in interpreting Fantz'
(1961) results. It is not possible to
know whether the differential responsive-
ness to the sphere reflects a depth dis-
crimination or a pattern preference.

Wertheimer (1961) studied the psy-
chomotor coordination of auditory and
visual space of one human infant before
she was 10 minutes old. The subject
was born without anesthesia, by natural



GENESIS OF VISUAL SPACE PERCEPTION 125

childbirth. Testing commenced 3 min-
utes after birth. On each trial a click
was sounded next to the right or left ear
of the subject who was lying on her back.
Two experimenters recorded the infant's
eye movements in response to the click.
Fifty-two successive trials were under-
taken. On 45 of the 52 trials both ex-
perimenters were in agreement concern-
ing the eye movement. In 23 of these
cases there was no movement. On the re-
maining 22 trials 18 of the eye-move-
ment responses were in the direction of
the click and four in the opposite direc-
tion. Thus within 10 minutes after birth
auditory localization and a coordinate
primitive spatial localization is present
in the human infant.

EXPERIMENTAL VARIATION OF THE
RELEVANT STIMULATION

The only investigations in this cate-
gory are those performed by Hess (1950,
1956b, 1961). The earlier study was
concerned with the development of depth
responses to shading cues. Hess (1950,
1961) reared two groups of 50 chicks
under different conditions of illumina-
tion. The control chicks were reared in
cages illuminated from above. The ex-
perimental chicks were reared in cages
which were illuminated from below.
Thus the two groups experienced differ-
ent distributions of light and shade.
They remained in these cages for a pe-
riod of 7 weeks after hatching.

The test enclosure was a circular cage
illuminated by lights at opposite sides
of the enclosure. The test objects were
two photographs placed side by side.
The photographs showed grains of wheat
in their natural coloring but about twice
the normal size. One picture was right-
side up and the other upside down. In
the first experiment chicks were tested
at the age of 7 weeks. They were put
into the test cage in groups of two to
four chicks. First they were permitted to

eat a few grains which were fastened
vertically on a cardboard. Then the
photographic plate was substituted and
the chicks' responses to the photographs
were recorded for a 10-minute interval.
The chicks were then returned to their
rearing environments and retested a
week later. At that time the illumina-
tion in the test cage originated from the
direction opposite to that of the light in
the rearing cages. Because of the wide
range in the number of responses made
by individual chicks Hess analyzed the
first pecks only. The results were the
same for the test and retest. The chicks
showed a statistically significant tend-
ency to peck at the photograph repre-
senting the distribution of shading con-
sistent with their rearing. For instance,
on the retest, 93% of the first pecks
made by the control group were made
on the photograph showing grain illumi-
nated from above, while only 6.1% of
the first pecks of the experimental groups
were on that photograph.

The second experiment studied the
development of depth responses in the
experimental animals. At 1-week inter-
vals beginning at 1 week and continuing
to 7 weeks of age, groups of chicks were
taken from the rearing cage and tested.
The main finding of the experiment was
that the establishment of a significant
preference for the photograph represent-
ing overhead illumination occurred
earlier in the control than the establish-
ment of a significant preference for the
opposite photograph in the experimental
group.

The results of the first experiment
show that the chick's responses to light
and shade cues can be governed by the
direction of lighting in its environment.
This does not require the conclusion that
no preference would be exhibited in the
absence of experience. It may be that
an unlearned response to illumination
from above exists, but that this innate
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preference can be extinguished if the
environment does not support it. In
fact, such may be the implication of the
results of the second experiment. If no
initial unlearned preference existed then
the control and experimental groups
should develop a preference with equal
rapidity. On the other hand, if the ex-
perimental group has an initial prefer-
ence for illumination from above, then
they must unlearn this preference prior
to acquiring the new response. This
could explain the finding that the ex-
perimental group established a signifi-
cant preference later than the control
group.

One incidental finding of this study
which warrants notice is that the photo-
graphs of grain were responded to as if
they were real grains. Apparently, for
chicks, pictorial representations yield
depth responses in the absence of a his-
tory of experience with representations.
Although it has been amply demon-
strated that human observers may have
compelling experiences of depth when
presented with photographs (e.g., Smith
& Smith, 1961), it is not known whether
experience with photographic represen-
tations is a necessary condition. A re-
cent study by Hochberg and Brooks
(1962) found that a child "is capable of
recognizing pictorial representations of
solid objects without specific training or
instruction [p. 628]." They infer, there-
fore, "that there must be an unlearned
propensity to respond to certain formal
features of lines-on-paper [p. 628]."
This does not answer our question; how-
ever, it does lead to the expectation that
similar results will be obtained for depth
perception.

In a later study Hess (19S6b) ex-
amined a more general question: "When
an organism first perceives the environ-
ment can it accurately see where things
are [p. 74]?" Specifically, the experi-
ment attempted to determine whether

the chick's ability to localize and peck
accurately at objects is innate or learned.
Chicks were hatched in darkness and
divided into two experimental groups
and one control group. The experimen-
tal chicks were fitted with hoods con-
taining prisms which displaced the visual
field either 7 degrees to the right or
7 degrees to the left. The control chicks
were fitted with hoods which did not
contain image-displacing lenses. When
they were 1 day old the chicks were
tested for pecking accuracy. They were
allowed to peck at a small brass nail
embedded in modeling clay. The clay
provided a visual record of the location
of the chick's pecks.

The following is the rationale of this
procedure. If spatial localization is
learned then the early responses of the
chick should be randomly distributed in
the visual field. Only through practice
should the pecks converge upon and
finally strike the target. If this is a
valid analysis of the development of
localization, then the displacing prisms
should not affect the development of
localization. In terms of this analysis
the experimental and control groups
both must learn to localize objects
through a gradual process of trial and
error pecking. On the other hand, if
spatial localization is innate then the
first pecks of the experimental chicks
should cluster about a point 7 degrees
to the right or left of the target while
the pecks of the control chicks should
center about the targeti The results
agreed with the latter expectations.

Following the test on the first day
Hess divided each of the three groups in
half. Half of each group was placed in
a living enclosure in which grain was
scattered loosely on the floor. The other
half of each group was placed in a box
which contained bowls of mash. When
the chicks were 3-4 days old, they were
tested again. There was no difference
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between the two halves of the control
group. Both halves showed an increase
in accuracy and both were in good
physical condition. The two halves of
the experimental group also improved
their accuracy of pecking. However,
their improvement was represented by a
tighter cluster 7 degrees to the right or
left of the target. The two halves of
the experimental groups differed mark-
edly in physical health. The group
whose living cage contained bowls of
mash was as healthy as the control
group. The half whose living cage con-
tained scattered grain only were in poor
physical condition. Two of these chicks
died on the next day. Hess concluded
that spatial localization is innate for
the chick and that the chick is unable
to unlearn the innate localization of ob-
jects even when survival is at stake. A
similar absence of adaptation is observed
in the persistent spatial disorientation
which results from the more dramatic
modifications of sensory input produced
by surgical procedures (Sperry, 1951,
19S8). For example, surgical rotation
of the eyes, producing an inverted visual
field, leads to mislocalization without
any subsequent adaptation.

CONCLUSION

No simple decision about the genesis
of space perception is possible. Nor
does it seem likely that a conclusion of
general applicability is forthcoming. In-
stead the trend of the evidence strongly
suggests that separate statements will
have to be made about each of the vari-
ous stimulus correlates of depth per-
ception. For example, there is evidence
that motion parallax is an unlearned
correlate of relative distance while dif-
ferences in textural density are learned
correlates (Walk & Gibson, 1961). This
conclusion was clearly anticipated by
Carr (1935) in his treatise on space
perception:

There is no single phenomenon or problem
of space. It is impossible to make any state-
ment as to the native or empirical nature of
space in general [p. 5; italics added].

This conclusion poses two questions
whose resolution would provide further
clarification of the issue. The first con-
cerns the modifiability of innately de-
termined perceptual preferences by later
experience. It seems likely that the vari-
ous stimulus correlates of depth percep-
tion will vary in their susceptibility to
the modifying influence of special ex-
perience. The second question concerns
the nature of the learning processes
which underlie the formation of associa-
tions between specific cues and the con-
comitant visual experience of depth.
This latter question is an extremely diffi-
cult one as Pastore (1956) has pointed
out in his critique of the empiristic view-
point. Nevertheless, as evidence is ob-
tained (e.g., Hess, 1950) that certain
cues are learned, the need for an analysis
of this question becomes compelling.

REFERENCES

BERLYNB, D. E. The influence of albedo and
complexity of stimuli on visual fixation in
the human infant. Brit. J. Psychol, 1958,
49, 315-318.

CARLSON, V. R. Overestimation in size-con-
stancy judgments. Amer. J. Psychol., 1960,
73, 199-213.

CARLSON, V. R. Size-constancy judgments and
perceptual compromise. /. exp. Psychol.,
1962, 63, 68-73.

CARR, H. An introduction to space perception.
New York: Longmans, Green, 1935.

DENNIS, W. Congenital cataract. /. genet.
Psychol., 1934, 44, 340-350.

DUNCKER, K. The influence of past experience
upon perceptual properties. Amer. J. Psy-
chol., 1939, 52, 255-265.

FANTZ, R. L. Form preferences in the newly-
hatched chick. J. comp. physiol. Psychol.,
1957, 50, 422-430.

FANTZ, R. L. Depth discrimination in dark-
hatched chicks. Percept, mot. Skills, 1958,
8, 47-50. (a)

FANTZ, R. L. Pattern vision in young infants.
Psychol. Rec., 1958, 8, 43-47. (b)

FANTZ, R. L. A method for studying depth



128 WILLIAM EPSTEIN

perception in infants under six months of
age. Psychol, Rec., 1961, 11, 27-32.

FISHMAN, R., & TALLARICO, R. B. Studies of
visual depth perception: II. Avoidance re-
action as an indicator response in chicks.
Percept, mot. Skills, 1961, 12, 251-257.

GIBSON, ELEANOR J., & WALK, R. D. The
"visual cliff." Sclent. American, 1960, 202,
64-71.

GREENHUT, ANN M., & YOUNG, F. A. Visual
depth perception in the rat. J. genet. Psy-
chol., 1953, 82, 155-182.

HEBB, D. O. Organization of behavior: A
neurological theory. New York: Wiley, 1949.

HEBB, D, O. The semiautonomous process:
Its nature and nurture. Amer. Psychologist,
1963, 18, 16-27.

HELMHOLTZ, H. v. Physiological optics, (Ed.
by J. P. S. Southall) Vol. 3. New York:
Optical Society of America, 1925.

HESS, E. H. Development of the chick's re-
sponses to light and shade cues of depth.
/. comp. physiol. Psychol, 1950, 43, 112-
122.

HESS, E. H. Natural preferences of chicks
and ducklings for objects of different colors.
Psychol. Rep., 1956, 2, 477-483. (a)

HESS, E. H. Space perception in the chick.
Sclent. American, 1956, 195, 71-80. (b)

HESS, E. H. Shadows and depth perception,
Scient. American, 1961, 204, 138-148.

HOCHBERO, J., & BROOKS, VIRGINIA. Pictorial
recognition as an unlearned ability: A study
of one child's performance. Amer. J. Psy~
chol, 1962, 75, 624-628.

KOHLER, I. tJber aufbau und Wandlungen der
Wahrnehmungswelt. Oesterr. Akad. Wiss
Philos. Histor. Kl. Switz.-Ber., 1951, 227,
1-118.

KOHLER, I. Experiments with goggles. Scient.
American, 1962, 206, 62-84.

KURKE, M. I. The role of motor experience
in the visual discrimination of depth in the
chick. J. genet. Psychol., 1955, 86, 191-196.

LASHLEY, K. S., & RUSSELL, J. T. The mech-
anism of vision: A preliminary test of innate
organization. /. genet. Psychol, 1934, 45,
136-144.

LONDON, I. A Russian report on the post-
operative newly seeing. Amer. J. Psychol,
1960, 73, 478-482.

MUNN, N. L. The evolution and growth of
human behavior. New York: Houghton
Mifflin, 1955.

NEALEY, S. M., & EDWARDS, BARBARA J. "Depth
perception" in rats without pattern vision
experience. /. comp, physiol. Psychol, 1960,
53, 468-469.

PASTORE, N. An examination of one aspect of

the thesis that perception is learned. Psy-
chol. Rev., 1956, 63, 309-316.

PASTORE, N. Perceiving as innately deter-
mined. /. genet. Psychol, 1960, 96, 93-99.

RIESEN, A. The development of visual per-
ception in man and chimpanzee. Science,
1947, 106, 107-108.

RIESEN, A. Arrested vision. Scient. American,
1950, 183, 16-19.

RUSSELL, J. T. Depth discrimination in the
rat. J. genet. Psychol, 1932, 4, 136-159.

SCHIFF, W., CAVDSTESS, J. A., & GIBSON, J. J.
Persistent fear responses in rhesus monkeys
to the optical stimulus of looming. Science,
1962, 136, 982-983.

SENDEN, M. v. Raum und Gestaltauffassung
bei operieten Blindgeboren vor und nach der
Operation. Leipzig, Germany: Barth, 1932.

SMITH, K. V., & SMITH, W. M. Perception
and motion. Philadelphia, Pa.: Saunders,
1962.

SMITH, PATRICIA C., & SMITH, 0. W. Ball
throwing responses to photographically por-
trayed targets. J. exp. Psychol, 1961, 62,
223-233.

SPALDIKTG, D. A. Instinct and acquisition.
Nature, London, 1875, 12, 507-508.

SPERRY, R. W. Mechanisms of neural matura-
tion. In S. S. Stevens (Ed.), Handbook of
experimental psychology. New York: Wiley,
1951.

SPERSY, R, W. Physiological plasticity and
the brain circuit theory. In H. F. Harlow
& C. N. Woolsey (Eds.), Biological and
biochemical bases of behavior. Madison:
Univer. Wisconsin Press, 1958.

TALLARICO, R. B. Studies of visual depth
perception: III. Choice behavior of newly
hatched chicks on a visual cliff. Percept,
mot. Skills, 1961, 12, 259-262.

THORNDIKE, E. L. The instinctive reactions
of young chicks. Psychol Rev., 1899, 6,
282-291.

WALK, R. D., & GIBSON, ELEANOR, J. A com-
parative and analytical study of visual depth
perception. Psychol. Monogr., 1961, 75(15,
Whole No. 519).

WERTHEIMER, M. Hebb and Senden on the
role of learning in perception. Amer. J.
Psychol, 1951, 64, 133-137.

WERTHEIMER, M. Psychomotor coordination of
auditory and visual space at birth. Science,
1961, 134, 1692.

ZUCKERMAN, C. B., & ROCK, I. A reappraisal
of the roles of past experience and innate
organizing processes in visual perception.
Psychol. Bull, 1957, 54, 269-296.

(Received August 14, 1962)


