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Effect of disparity and viewing distance
on perceived depth
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It is shown that veridical depth perception presupposes the processing of both the magnitude
of retinal disparity and observation distance according to a square-law function specified by
the underlying geometrical stimulus relations. In the present study, after testing its existence,
this constancy of depth perception was investigated by measuring perceived depth as a func
tion of retinal disparity and observation distance. In addition, the relative effectiveness of con
vergence and accommodation as possible indicators of distance was examined through a
conflicting-cues paradigm. It was shown that in the perception of depth the visual system
computes distance by taking into account the convergence parameter only, rather than that of
accommodation or of both.

This paper is concerned with three questions:
(a) To what extent does the perceived depth of an
object remain the same when the viewing distance
varies? (b) Is perceived stereoscopic depth (with dis
parity kept constant) dependent on viewing distance
according to a square-law relation, as expected under
the assumption of complete depth constancy?
(c) What is the relative effectiveness of the variables
of convergence and accommodation for the deter
mination of distance in this perceptual performance?

As an observer looks at different objects, or parts
of them, located in different directions and distances,
he successively fixates them and thereby radically
changes their retinal representations. Nevertheless,
the perceived position of the objects as well as the
spatial relations among them remain approximately
unchanged. This is known as the apparent constancy
of space or spatial stability of visual perception. The
main processes underlying this perceptual per
formance are as follows: (1) When an observer
successively fixates object points lying in different
directions, their positions are translated perceptually
into an egocentric coordinate system, and thereby
eliminated from observer produced stimulus move
ments; this results in position constancy (Bischof
& Kramer, 1968; MacKay, 1973; Matin, 1972).
(2) The perceived size of objects regarded by an ob
server remains fairly independent of the actual
observation distance (e.g., Holway & Boring, 1941);
therefore, a correction process may be assumed
which "restates" the veridical object size in percep
tion, using the information of retinal size and
distance and in turn leading to size constancy
(Bischof, 1966). (3) As a third type of process, depth
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constancy may be expected also to underlie the
spatial stability experienced (Ono & Cumerford,
1977). It generally means that perceived depth (i.e.,
a relative depth estimate of the spatial interval be
tween two points in space) remains independent of
observational distance (i.e., a spatial interval be
tween the observer and some one point in space
fixated).

Depth constancy, therefore, is expected to be
involved in the following two situations: (a) when an
observer looks from different viewing distances at a
three-dimensional object, and (b) when an observer
changes his fixation points between different objects
in space and when, at the same time, the relative
depth intervals between these objects are to be ob
served. For depth constancy, either the depth of an
object itself, as in the first case, or the relative depth
intervals between different objects, as in the second
case, are to be represented veridically in visual per
ception. To reach that goal, the visual system must
process information concerning depth and distance.
In both cases, it is necessary to investigate to what
extent depth constancy is reached and how perceived
depth results from the interaction between depth
and distance information. The experiments to be
reported deal with only the first of the two above
mentioned aspects.

EXPERIMENT 1

In normal vision, multiple sources of informa
tion about depth may be used by the visual system
(e.g., motion parallax, object rotation), as well as
about distance (e.g., perspective cues, interposition
of objects). However, in the following, only situa
tions are considered where one static real or stereo
scopic stimulus is presented to the subject at variable
distances. But even for these restricted stimulus con-
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Figure 1. Standard deviations of depth estimates (em) at two
stimulus depths and four viewing distances, determined for two
subjects.

Figure 2. Perceived depth as a function of stimulus depth and
viewing distance; means and standard deviations for nine sub
jects. The dashed line represents. the values expected for complete
constancy of depth.

In Figure 2, the magnitude of perceived depth is
plotted against stimulus depth and viewing distance.
For all four stimulus depths, mean perceived depth is
shown to be independent of viewing distance.
Accordingly, in an analysis of variance no significant
F values were found for Viewing Distance, F(3,24)
= 0.01, p > .05, or for the interaction term Viewing
Distance by Stimulus Depth, F(9,72) = 0.99, J

.05, but there was a highly significant F value for
Stimulus Depth, F(3,24) = 69.47, P < .01. The
dashed line in the figure corresponds to the values of
perceived depth which would be obtained if the sub
ject's depth perception was veridical. For the two
greater stimulus depths, some minor departure from
this expectation was observed, but its magnitude was
not dependent on viewing distance. It cannot be

• 90em
• 120 em
• 150 em
o 180em
N=9

f2X!s

1 234

Viewing Distance
1: 90 em

2 :120 em

3 :150 em

4 :180em

n =10

SZi SM6

1234

12,5
Stimulus Depth (em)

SZi SMa

~
3,5

_ 1.0
E

..s
c 0,8
.2
"0
.~ 0.6
o

1: 0.4
.g
c
~0.2

12
/

~10

.c
~8.,
D

~6
>.iii

~4
""

Method
Subjects. The subjects were students tested first by the Roda

Test (manufactured by G. Rodenstock, Munchen; see also
Guilino, 1970). All nine subjects selected had a near and far visual
acuity equivalent better than l ' of arc and a stereoscopic acuity
equivalent better than 22.5" of arc.

Apparatus and Stimulation. Wire figures painted mat black
and shaped like four-sided pyramids were used as stimuli. Each
was supported by a shaft attached to the midpoint of one edge
of the base. The pyramids were presented against a homogenous
white background (20 cd/m') with the base always in frontal
orientation and the apex pointing away from the subject. The
subjects looked at the stimuli through a rectangular opening
(10 x 15 em) in a mask located at a distance of 50 em from their
eyes.

Four pyramid-shaped stimuli were used. All had a square base
with an edge of 8 ern, but were different in the depth interval
between base and apex (i.e., stimulus depth); the values presented
were 3.5, 6.5, 9.5, and 12.5 em. As a second independent variable,
viewing distance was varied. The stimuli were presented at four
different distances: 90, 120, 150and 180 em.

Procedure. The subjects were asked to give estimates of the
seen depth between base and apex of the pyramid-shaped fig
ures by producing an equal depth interval on a rod which was
mounted in a constant position 20 cm in front of the subjects
and oriented parallel to their lines of sight; the subject set the
interval on the rod by adjusting a variable pointer, the position
of which could be read off by the experimenter.

The subjects were randomly assigned to different random orders
of the 4 by 4 conditions. Each subject was tested in all 16 condi
tions. In each condition, each subject made three settings; their
mean was used as a measure of perceived depth. In order to get
preliminary information about the intraindividual variances
of the depth estimations used, the first two subjects made rlO
settings each for the pyramid figures with the depth values of 3.5
and 12.5 cm.

ditions there are only a few reports dealing with the
investigation of depth constancy (Foley & Richards,
1972; Ogle, 1952; Wallach & Zuckerman, 1963).
With the exception of Wallach and Zuckerman's
work (1963), the experiments reported were related
to the problem of depth constancy but were not con
ducted to test its existence; Wallach and Zuckerman
(1963), on the other hand, investigated the percep
tion of only one physical depth interval at two differ
ent viewing distances. Therefore, using a similar
experimental arrangement, the following experi
ment was planned to test the existence of depth con
stancy for different depth intervals and different
viewing distances in a range of 2 m.

Results
Figure 1 shows the standard deviations (SO) for

two subjects computed from the 10 settings made for
two depth stimuli and four different viewing
distances. A positive relation is indicated between the
magnitude of stimulus depth to be estimated by the
subject and the magnitude of the SO, but no such
relation can be seen between viewing distance and
SO. The numerical values of SO were considered to
be sufficiently small to permit the reduced number
of settings for the additionally tested subjects.
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EXPERIMENT 2

i -d
YJ - YI (rad)

of the magnitude of the retinal disparity. A compari
son of Figures 3a and 3b demonstrates that the mag
nitude of the retinal disparity corresponding to some
constant stimulus depth, d, is much smaller for the
larger of the viewing distances; Figure 3a and 3c
show that in order to keep disparity constant one has
to choose a much greater stimulus depth for the
larger viewing distance.

In the case where D is very large relative to d, and
B is not too far from the perpendicular of i on which
A is located, the relation among the variables, re
spectively, of stimulus depth d, viewing distance
D, interocular distance i, and retinal disparity, YJ
YI, can be formulated as

(for a detailed discussion, see Graham, 1951). This
equation states that the magnitude of disparity is
proportional to the product of stimulus depth and
the interocular distance and is inversely proportional
to the square of the observation distance. When d is
held constant for a given observer, then the retinal
disparity decreases with an increase of viewing
distance according to an inverse square law. (For
adults, interocular distances are considered to be
constant and therefore can be disregarded in the
following analysis.)

If complete depth constancy is to be achieved in
perception, the decrease of retinal disparity as a func
tion of viewing distance has to be internally cancelled
by means of some kind of compensation process
(Bischof, 1966). If perceived depth is to correspond
to stimulus depth, then the magnitude of retinal
disparity attributable to d must be "multiplied" by
a value corresponding to the square of viewing
distance and must be related to the interocular
distance of the observer. The degree of depth con
stancy actually attained will thus be dependent on the
processing of information about object depth and
observation distance.

Therefore, the following experiment was designed
to test the relation between disparity, viewing
distance, and perceived depth as formulated above .
The objective was to investigate whether perceived
depth is a quadratic function of observation distance
under conditions where retinal disparity is held con
stant. This was to be expected from initial experi
mental evidence on depth constancy (Wallach &
Zuckerman, 1963) and from the results of Experi
ment 1. On the other hand, Foley (1967) showed that
a linear depth-distance relation rather than the
quadratic one suggested above was in better agree
ment with his results. He was, however, working with
relatively large disparities, which possibly lie outside
the range of the so-called "patent stereopsis" (Foley
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i.......... In!erocular Distance

rl-r2 ..... Disparity
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decided, however, if this deviation is caused by the
method of measurement applied or because the sub
jects were unable to give veridical depth estimates
for stimulus depths exceeding some degree of magni
tude. The main result from this experiment is that
under free viewing conditions perceived depth of
stimulus objects is practically independent of varia
tions in viewing distance, as postulated for full depth
constancy.

While in Experiment I, several different cues for
the depth estimate (e.g., disparity, motion parallax)
might have been processed for perception, the ob
jective of Experiment 2 was to test to what extent
depth constancy would be attained in a static stimu
lus situation, where retinal disparity was the only cue
available for depth and where accommodation and
convergence were the only cues for distance.

Figure 3a schematically shows the relation between
distal and proximal stimulus variables for this case:
An observer fixates, e.g., a rod'with length AB at
A, and looks at it from two different distances of
observation. D represents the distance between the
fixation point and the eyes of the observer, d the
physical depth of the seen rod, and i the interocular
distance. It will be observed that the physical depth,
d, is imaged onto the the retinas as an angular differ
ence, YJ Yz, and that this difference is a measure

Figure 3. Illustration of the relation between stimulus depth,
d, viewing distance, D, interocular distance, i, and retinal dispar
ity, y, - y,. A comparison of (a) and (b) shows the effect of two
different magnitudes of D; a comparison of (a) and (c) shows to
what extent d must be iarger for retinal disparity to remain
constant.
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Figure 4. Schematic diagram of the apparatus.

& Richards, 1972). In the following experiment, the
magnitude of disparity employed was clearly small
enough to lie within the range where depth has been
shown to increase monotonically with disparity
(Lawson & Gulick, 1967; Ogle, 1952; Richards,
1971 ).

Method
Subjects. All eight subjects were students having normal acuity

and stereoscopic vision as tested by the Roda-Test (see Experi
ment 1).

Apparatus and Stimulation. The subjects looked at a translucent
screen through a system of Polaroid filters, a beam splitting
mirror, and a rectangular opening in a mask, as shown in Fig
ure 4. Pyramid-shaped wire figures also were used as stimuli,
their square bases adjacent to the rear of the screen. The out
line shadow of one of these figures was cast onto the screen by
means of two projector lamps in front of which a second pair
of Polaroids was mounted. The projection of the stimuli was
stereoscopic; only one of the two shadows was visible to one eye.
The luminance of the screen (as measured through the Polaroids)
was 50 cd/m'. By means of a beam splitter, a probe consisting
of a small circular luminous disk was superimposed on the stimu
lus field; along with the pyramid, the subject saw the luminous
disk 2 em above. The probe could be moved by the experimenter
on a path perpendicular to the direction of the subject's line of
sight. By thus manipulating the probe, the distance could be varied
at which the subject would perceive it. The position of the probe
finally reached could be read off in millimeters.

The independent variable of interest was viewing distance; four
values of stimulus distance were examined: 90, 120, 150, and
180 em. In all conditions, the retinal size and disparity of the out
line stereograms were held constant, using 2°32' of arc as the
fixed length of the pyramids' bases and 4' 20" of arc as the magni
tude of disparity (corresponding to the stimulus depth between
base and apex). This was accomplished by using different wire
configurations and appropriate projection distances. The values
of size and disparity used here corresponded approximately to
those of a real wire pyramid with a base of 8 x 8 em and a height
(or depth, here) of 6.5 em and presented to subject at a distance
of 180 em.

Procedure. Pyramid and probe were simultaneously presented.
The subject's task was to let the experimenter manipulate the
probe until it corresponded exactly either with the perceived depth
of the base or with the apex of the pyramid, depending on

pr oj ectron
screen

EXPERIMENT 3

instructions. The difference between these two positions of the
probe was used as a measure of perceived depth.

In applying this method of measurement, it was assumed that
it is a valid indicator of perceived distance. In order to check this
assumption, the following experiment was performed. The rela
tion between stimulus and perceived distance was examined by
varying stimulus distance over a range of values of 90, 120, 150,
and 180 em. Two students served as subjects. Stimulus presenta
tion in this case was not stereoscopic, and the same outline
shadow of a pyramid was presented to both eyes. The experi
menter adjusted the probe until stimulus and probe appeared
to lie in an identical plane. Under each condition, eight settings
were used.

In the main experiment, each subject went through a reduced
number of four settings for the base and four for the apex of
the pyramid for each condition. The mean difference between
the two settings was used as a measure of perceived depth. The
order of presentation employed for the conditions was varied
across subjects.

In the conditions realized in Experiment 2, two
possible indicators remained which might be used
by the visual system to determine target distances,

Results
Figure 5 shows the results obtained in testing the

method of depth measurement described above.
Means and standard deviations for two subjects are
given. A linear relationship between physical and
perceived distance was obtained, as would be re
quired for this method to be applicable to depth
measurement. The standard deviations were
sufficiently small to permit a reduced number of
settings in the experiments following.

As the main result, Figure 6 shows the relationship
between stimulus distance and perceived depth for a
constant value of retinal disparity. The dashed line
corresponds to the values that would be expected if
complete constancy of depth were, in fact, achieved
by the visual system. (For the calculation of this
function, the eye's center of rotation was taken as
reference point and an interocular distance of 64 mm
was assumed.) The observed values of perceived
depth were in good agreement with the values ex
pected; individual comparisons of means showed
none of the t values to be statistically significant.
(In order, the t values for the four viewing distances
from 90 to 180 em were: t(7) = 0.18, t(7) = 0.01,
t(7) = 0.53, t(7) = 1.18; for all, p > .05). The
quadratic increase of perceived depth with a linear
increase of observation distance, with disparity held
constant, indicates that complete depth constancy
was achieved also in those situations of limited depth
and distance information that were used in this
study. Apparently, the relation observed here be
tween depth and distance can only result if visual
depth is computed from both retinal disparity and
observational distance.
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Figure 5. Perceived distance as a function of stimulus distance;
means and standard deviations for two subjects.

Figure 6. Perceived depth as a function of viewing distance
with disparity kept constant; means and standard deviations of
eight suhjects. The dashed line represents the values expected for
complete constancy of depth.

that also in depth constancy both variables, con
vergence and accommodation, might contribute
to the distance determination. By applying a
conflicting-cues paradigm, the following experiment
was designed to examine whether one of the variables
alone, or both together, here utilized by the visual
system in the perception of depth.

Based on the results of Experiment 2 for depth
constancy, a systematic correction process may be
assumed. By means of this mechanism and for a
constant stimulus depth, the increase or decrease of
retinal disparity normally produced by changing
the target distance is perceptually compensated by
using a squared magnitude corresponding to viewing
distance. This, in turn, presupposes that the actual
distance can be validly measured by the visual system
and that the resulting magnitude can serve as a basis
for an adjusting signal. In cases where two or more
variables are capable of giving information about the
same physical attribute, e.g., as in the perception of
distance, questions arise as to how these different
values are combined to form a single unique adjust
ment value. It is possible to distinguish, primarily,
two classes of possible interactions among such vari
ables: (a) The perceptual system takes account of
only one of the values available while disregarding
the others ("alternative solution"; Bischof, 1974,
p. 178), or (b) it computes some average, weighting
the several values with the same or with different
coefficients ("compromise solution"; Bischof, 1974,
p. 178).

For the situation considered here, the'question
was whether distance determination in depth percep
tion is based on one of the values, convergence or
accommodation (alternative solution), or on some aver
age of both (compromise solution). Therefore, per
ception of depth was investigated (1) in a "no
conflict" condition, where accommodation and con
vergence corresponded to identical distance values,
as well as (2) in a "conflict" condition, where the
values of the two variables would correspond to
contradictory values of observation distance (Fry,
1937). In Condition 1, perceived depth was deter
mined for two values of distance. In Condition 2,
a special experimental arrangement was introduced:
subjects were forced to fixate the stereoscopic stimuli
with an angle of convergence corresponding to one
of the distance values in the no-conflict situation,
while at the same time the requirement for accom
modation corresponded to the other distance value
used in the no-conflict condition. If cue dominance is
relevant, as in the case of alternative solutions, then it
would be expected that the magnitude of perceived
depth in the conflict condition would agree with one
of the two values in the no-conflict condition-which
one, of course, depending on whether accommodation
or convergence was dominant. On the other hand, if
the compromise solution is relevant, then it would be
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viz., convergence and accommodation. For both
variables, distance judgments can, in fact, be based
on them (cf. Heun, 1968; Kunnapas, 1968; Owens &
Leibowitz, 1976; von Hofsten, Note 1); more
over, they are being used for the determination of
distance in size constancy (cf. Heineman, Tulving,
& Nachmias, 1959; von Holst, 1955). Such evidence
is more substantial and convincing, however, for the
variable of convergence.

There is some similarity between size and depth
constancy, insofar as, in both cases, perceptual
estimates are to be given by an observer while view
ing distance varies; therefore, it could be expected

E
u
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expected that the perceived depth would assume a
value between the two values observed in the no
conflict condition.

• crossed
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16

Figure 7. Perceived depth as a function of disparity shown
for two distance values, and crossed and uncrossed disparities;
means and standard deviations of seven subjects.
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Figure 8. Perceived depth as a function of disparity for the
no-conflict condition (90/90 em), the conflict condition (90/
150 em), and crossed and uncrossed dispatities; means and stand
ard deviations of seven subjects.

the 90-cm-distance condition of the no-conflict situa
tion (90/90 em). (The analysis of variance indicated
only an effect of Magnitude of Disparity, F(l,6) =
274.7, p < .005; for all other main effects and inter
action terms, p > .05.) In the conflict situation,
perceived depth, therefore, was evidently determined
solely by the magnitude of disparity and by that value
of distance at which convergence was fixed. Accom
modation, which was simultaneously set at a differ
ent distance, showed no observable effect on per
ceived depth. This result is consistent with the
hypothesis of an alternative solution specifically
based upon the convergence parameter.

Method
Subjects. All seven subjects were students having normal

visual acuity and stereoscopic vision as tested by the Roda-Test
(see Experiment I).

Apparatus and Stimulation. The experimental arrangement
was the same as in Experiment 2. Random-dot matrices (60 by 60)
were used as stereoscopic stimuli. Depending on the direction of
disparity, the subject would see a square center section either
in front of or behind a larger reference square. The center square
subtended 20 of are, the reference square 5.7 0

• Disparity was
set at the two values of 8' and 16' of are, respectively, and in
two directions, "crossed" (center in front of the reference square)
and "uncrossed" (center behind the reference square), respectively.

In the no-conflict condition, observation distances of 90 and
150 em were used. In the conflict condition, the screen was placed
at 150 em and the centers of the stereograms were laterally separ
ated by 4.2 em. In order to maintain clear single vision, the eyes had
to converge; in this case, the proper convergence angle cor
responded to a target distance of 90 em in normal vision. In other
words, accommodation remained fixed to a distance of 150 em,
while convergence corresponded to 90 em. The two target squares
were no longer seen in the plane of the projection screen, as in
the no-conflict condition, but appeared at approximately the
intersection of the subjects' lines of sight.

Procedure Perceived depth was measured using the method of
Experiment 2. Each subject was examined under both directions
and magnitudes of disparity presented at two distance values
in the no-conflict situation, as well as the 2 by 2 conditions in the
conflict situation. Four subjects were tested first in the no-conflict
situation, and the other three were tested first in the conflict situ
ation. In each of these situations, the disparity conditions were
presented in random order, each subject using a different order.
In each condition and for each subject, measurements were re
peated four times; the mean was used as the final value for
calculations.

Results
Figure 7 shows the means and standard deviations

obtained in the no-conflict situation. As anticipated
on the basis of the results of Experiment 2, perceived
depth was found to be nonlinearly related to target
distance. Perceived depth was again dependent on
both retinal disparity and observational distance.
There were no specific effects attributable to crossed
and uncrossed disparities. In an analysis of variance,
highly significant F values were found for the factors
of Viewing Distance, F(l,6) = 204.7, p < .005, and
Magnitude of Disparity, F(l,6) = 999.7, p < .005, and
for the interaction between them, F(I,6) = 107.6,
p < .005. Neither Direction of Disparity nor any of
the interactions involvingit was significant.

To answer the question of Experiment 3, the
results of the no-conflict situation have to be
compared with those of the conflict situation. Fig
ure 8 presents the appropriate means and standard
deviations. The values obtained for the observation
distance of 90 ern in the no-conflict condition are
also shown. No statistically significant differences
could be demonstrated for the depth-distance rela
tion between the conflict situation (90/150 em) and
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DISCUSSION

After testing its existence (Experiment 1), depth
constancy was investigated in a situation of reduced
depth and distance information (Experiment 2). It
was concluded that complete depth constancy was
obtained; this could be shown from the comparison
of the expected and observed relationships between
perceived depth and viewing observation distance
when retinal disparity was kept constant: Perceived
depth was related to observation distance according
to a quadratic function, leading to the interpretation
that the visual system "computes" perceived depth
by taking into account both retinal disparity and ob
servation distance. Experiment 3 demonstrated that
in the particular stimulus situation examined the
visual system utilized convergence as an indicator of
distance, disregarding accommodation cues.

The first result agrees with the assumption that
visual space perception not only incorporates con
stancy of position and size but also constancy of
depth. In this respect, the present study further
validates the work of Wallach and Zuckerman (1963);
in addition, it is consistent with other previous
studies (e.g., Gilinsky, 1951; Mayer-Hillebrand,
1932)-at least in the range of viewing distances
tested-where the relation between physical and
perceived distance was determined through the use of
scaling methods. On the other hand, the square-law
relationship between perceived depth and distance
obtained in Experiment 1 disagrees with the results
of Foley (1967) in which a linear relationship is
stated. This disagreement can only be resolved by
further experiments; it seems likely that it is caused
by differences in stimulus conditions and specific
aspects of experimental procedure. The quadratic
relation, however, is expected if space perception is
to be veridical; this objective can be realized only if
disparity values are transformed according to a
quadratic and not to a linear distance function. Thus,
it would seem indicated that any theory of stereopsis
should include not only the explanation of the
disparity-depth relation, but also the recalibration of
this relation in its dependence upon observation
distance. Present theories meet this requirement in
part only (Dodwell, 1970; Julesz, 1971; Sperling,
1970).

Furthermore, it should be noted that in the present
study the relation among disparity, distance, and per
ceived depth was examined for adult subjects whose
interocular distances could be considered constant.
During the course of development, interocular
distance becomes larger, and this increase must be
expected to impose consequences on the visual
processing of depth. If, for example, an adult ob
server with an interocular distance of 65 mm and a
9-year-old child with an interocular distance of

56 mm (Trendelenburg, 1961, p. 311) look at an
object with a depth of 10 em from a viewing distance
of 2 m, then the magnitude of disparity for the adult
equals 5'35" of are, and for the child 4'39" of arc.
Therefore, it is a rather complicated problem to
explain the ontogeny of depth constancy. The
organism not only has to develop a single appropriate
function which can compensate the proximal stimu
lus for the varying observation distance, but also is
forced continually to adjust this function in order
to cope with the changing interocular distance
throughout development. If binocular stimulation
specifies veridical properties of space, this can only
result from a continuous process of calibration.

It has already been shown that the functional
meaning of the variables involved can be changed.
Shlaer (1971), for example, has demonstrated that
in kittens which were exposed to an artificially altered
visual environment by wearing prisms in front of the
eyes, the distribution of disparities in a sample of
cortical cells was shifted in a direction which would
tend to compensate for the stimulus changes
introduced. This clearly indicates that the neural
processing of disparity is not based upon a fixed
relation between physical depth and disparity but
can adapt to specific environmental changes. Similar
procedures can change the structure of the visual
cortex in adult animals as well, as shown by Creutzfeldt
and Heggelund (1975). In experiments on human
adaptation, comparable to those performed by Held
and his co-workers on sensory-motor coordination,
it was observed that subjects, while wearing prismatic
squint glasses, underestimate perceived distance at
the beginning of the experiment and regain increas
ingly normal perception of distance during the
adaptation process (Ischebeck, 1966; Wallach, Frey, &
Bode, 1972). Based on such results, we would sug
gest that the relation among disparity, inter ocular
distance, observation distance, and perceived depth
is calibrated by active reaching movements and/or
active locomotion in the environment in order to
achieve full depth constancy. The stability of space
perception will thus be dependent on this adaptation
process.

The second result of the present study has stressed
the importance of the variable of convergence for
the determination of distance in stereopsis; accom
modation does not carry any weight as an indicator
of this type, as revealed by Experiment 3. This seems
somewhat different from the situation of size con
stancy where changes in accommodation alone can
bring about small, but significant, corrections of
size (Heineman et al., 1959). But, in the case of depth
perception, it seems plausible that accommodation is
not included in the determination of distance. Depth
perception as analyzed here presupposes binocular
vision; i.e., the visual system would always be cap-



able of utilizing the convergence variable to deter
mine target distance and therefore can dispense with
the accommodation variable, which, in fact, has not
been shown to be a valid cue for the perception of
distance (Hochberg, 1972).

REFERENCE NOTE

I. Holsten, C. von. The role of convergence in visual space per
ception. Report 168, Department of Psychology, University of
Uppsala , 1974.
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