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The Constancy of Stereoscopic Depth Perception

Perhaps the most widely known source of denth information is stereop-
sis, which refers to the nerception of relative denth induced solely by
the disparity that results from horizontally senarated eyes. Stereopsis
nrovides unique denth information unavailable to a single eye and it is
an extremely sensitive phenomenon--angular differences between objects
in snace of only a few seconds of arc can be discriminated. Yet these
discriminations yield only information about the relative differences be-
tween the objects. To provide absolute or metric information about the
veridical distances between them requires supplementation of stereopsis
by information about the absolute distance between the observer and the
objects. This requirement is analogous to the case of size perception
wherein the size of the proximal stimulus must be supnlemented by infor-
mation about its distance from the observer to obtain a veridical per-
ception of size. The process through which veridical size perception
occurs is referred to in the literature as the ohenomenon of size con-

stancy. Similarly, the veridical nerception of stereosconic denth inter-

vals requires the ohenomenon of depth constancy.

The question of whether depth constancy is operative for stereoscopic
depth has received surprisingly little attention in view of the consider-
able research activity stereovsis has generated. Only a small number of ]
experiments have investigated the constancy question directly and these o
have recently been summarized and reviewed by Ono and Comerford (1977).

The general conclusion derived from these studies is that constancy is

present at relatively short viewing distances on the order of 200 cm, but

is absent at longer distances. This is a puzzling finding in view of the
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much greater distances over which stereopsis, at least in theory, could
i operate. It should be noted, however, that these experiments used impov-
erished stimulus situations in which the cues for absolute distance were
effective only over short distances.
¢ | In the research described in this report, depth constancy in stereop-
sis was investigated by methods that permitted absolute depth information
to be effective over much greater distances. Under these conditions the
results clearly indicate that constancy is essentially perfect for distances

fﬁ of up to at least 27 meters, the largest value tested.

: Before turning directly to a description of that research, however, it
lé , will be helpful to review briefly the geometrical relationships underlying
retinal disparity and the way they define the requirements that a depth
constancy mechanism must fulfill.

Figure 1 illustrates the simplest case for the determination of reti- i
nal Jdisparity. The two eyes are shown as R.E. (right eye) and L.E. (left 1
eye). Interpupillary distance (IPD) typically ranges from 6.0 to 7.0 cm.
We may take 6.5 cm as a convenient average. The square and hexagon are two
b objects or targets in space. If the two eyes are fixating the square, as in
A Fig. 1A, then the images of the square in the two eyes will fall on corres-
ponding points (center of fovea) while the images of the hexagon will fall
on non-corresponding points. Fixation distance is represented by 'D" while
the depth interval is "A'". Since the images of the square and hexagon
fall in the same location in the left eye, the angular separation of these
images in the right eye (4") represents the retinal disparity. Gamma is

easily determined by subtracting angle '"a" from angle '"b". The tangent 1

of angle "a' is the ratio of D (side opposite) to IPD (side adjacent).

Therefore, angle "a' is equal to the arc tangent of this ratio. By the
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1 Simplest case for calculating retinal disparity.
*' . D = fixation distance; A = depth interval;

IPD = interpupillary distance; & = retinal dis-
parity. Figure 1A represents uncrossed disparity.
Figure 1B represents crossed disparity.




same argument, angle '"b" is equal to the arc tangent of the ratio of
D + A (side opposite) to IPD (side adjacent). This leads to the follow-
ing formula for retinal disparity:

1) ¥ = ATN( (D + A )/IPD) - ATN(D/IPD)

The case described is, by convention, termed '"'uncrossed disparity".
This simply refers to the case where the object fixated is nearer the ob-
ject whose images fall on disparate retinal locations, Were the eyes to
fixate the hexagon the disparity would be crossed. This is shown in
Fig. 1B. Fixation distance (D) is now the distance to the hexagon. The
depth interval (A) is the same but in the opposite direction, i.e., the
disparate target is nearer. If the depth interval is expressed as a nega-
tive value, we may still use formula 1 and retinal disparity (&) will
assume a negative value, thereby indicating crossed disparity.

A more realistic case is shown in Fig. 2. Here the targets are not
lined up with one eye but instead are in the median plane bisecting the
two eyes. Convergence is symmetrical; i.e., the two eyes turn inward
equally., If both eyes fixate the square, as in Fig. 2A, then the dis-
parity of the images of the hexagon will be shared equally by the two
eyes. Angle "C" will thus represent one-half of the retinal disparity.
Note that angle '"C" may be determined exactly as gamma was determined in
Fig. 1, except that the side adjacent is one-half the interpupillary dis-
tance. Retinal disparity for Fig. 2A may be calculated by formula 2.

The crossed disparity case (Fig. 2B) is also covered by formula 2.

As in the simpler case, the depth interval is expressed as a negative

value, and disparity similarly becomes negative.
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Figure 2. Geometry of retinal disparity used in this paper.
D = fixation distance; A = depth interval;
IPD = interpupillary distance. Angle C equals
one-half the retinal disparity. Figure 2A repre-
sents uncrossed disparity. Figure 2B represents
crossed disparity.
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When neither target is in the median plane, and when convergence is
not symmetrical, the calculation of retinal disparity can become more com-
plicated. Two points should be noted. First, regardless of the locations
of the target, the function relating target distances and depth intervals
to retinal disparity is the same trigonmetric one. I shall describe this
function in more detail below. Second, so long as the depth interval (A)
is sm 11 relative to fixation distance (D) and so long as convergence is
roughly symmetrical (within a few degrees) the formula 2 provides a good
approximation to gamma (). I shall therefore use formula 2 for the re-
mainder of this discussion.

Look now at the trigonometric function relating "¥ ' to "D" and "A".
Figure 3 shows what happens to the retinal disparity (§) produced by a
fixed depth interval (A) as fixation distance is varied. The depth in-
terval is 5 cm., disparity is uncrossed. Notice that disparity decreases
dramatically as the fixation distance goes from 15 cm. to 60 cm., but
drops less rapidly thereafter. Replotting these data into logarithmic
form will allow a greater range of values and make clearer the nature of
the relationship.

Figure 4 shows the same function plotted in Log (base 10) Form. The
abscissa gives log distance and the ordinate gives log retinal disparity
in degrees. The depth interval is still 5 cm. The solid line is the
same curve shown in Fig. 4. The dashed line is a straight line whose
slope is minus two, i.e., an inverse square law. The two lines deviate
only for small viewing distances (« 100 cm.), showing that, in general,

retinal disparity decreases as the square of fixation distance.

The function shown in Figs. 3 and 4 is important for an understanding
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Figure 3. Retinal disparity in degrees as a function of

fixation distance in cm for a depth interval
of 5 cm.
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Figure 4, Retinal disparity as a function of fixation
distance plotted in Log-Log coordinates. The
solid line is the function from Figure 3. The
dotted line has a slope of -2, representing an
inverse square relationship.
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of depth constancy for it shows that disparity must be corrected for view-
ing distance to yield veridical depth judgements. Just as a given image
size represents larger objects at greater viewing distances, so a given
retinal disparity must represent greater depth intervals at greater view-
ing distances. But unlike the case of image size in which the object rep-
resented grows linearly with distance, depth intervals represented by a
given retinal disparity must increase in accordance with the function
shown in Figs. 3 and 4, i.e., nearly as the square of the distance. This
is illustrated in Fig. 5, in which the function is recast to show the re-
lationship between depth interval and viewing distance for a given retinal
disparity in Log units. The dotted line in Fig. 5 has a slope of two and
thus illustrates what would happen if depth increased as the square of
viewing distance. The two curves show the actual relationship between
viewing distance and the depth interval represented by 15 min of retinal
disparity. The two curves are necessary because the relationship is dif-
ferent for crossed and uncrossed disparity.

In the case of uncrossed disparity, it should be evident that if the
viewing distance is so great that the convergence angle of the eyes is
equal to the disparity, then the depth interval becomes infiuite. In
Fig. 5 this is shown by the upper curve which becomes vertical at %= 3.0.
Log cm. With crossed disparity the situation is quite different. Clearly
the depth interval cannot increase as the square of the viewing distance
without bound, for in that case the disparate object would eventually fall
behind the head of the viewer (when the depth interval exceeded the view-

ing distance). In fact, geometry dictates that at short viewing distances

the depth interval grows at nearly the square of viewing distance and then
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Figure 5, Depth interval required to produce 15 min,
retinal disparity as a function of fixation
distance. Dotted line has a slope of 2.
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more slowly approaching a linear function. The effect of this is that at
sufficiently great viewing distances the object in crossed disparity ap-
pears at a nearly constant egocentric distance (distance from the observer)
even though fixation distance continues to increase. This is shown in

Fig. 6 for two values of retinal disparity.

What I have discussed thus far might be termed the geometry of reti-
nal disparity. It describes what occurs in the two retinae as fixation
distances, depth intervals and retinal disparities vary. This geometry
has been known since the work of Wheatstone (1838) and Helmholtz (1866).
Except for minor details (e.g., how to measure IPD) there is no contro-
versy regarding the geometry. There is controversy as to whether this
geometry correctly describes perceived depth, esvecially as mentioned
previously, at large viewing distances. This controversy will be treated
in some detail in the Discussion section.

In this study I have attempted to test directly whether the perceived
depth interval produced by a given retinal disparity grows with fixation
distance as it must if stereoscopic depth constancy operates. The nature
of this growth is compared to the growth predicted by the geometry of
stereopsis. In order to hold retinal disparity constant a stereoscopic
afterimage was employed. Such an afterimage containing depth information
can be induced at one distance and then viewed at another., Disparity can-
not change; it is, as it were, painted on the retina. This technique al-
lowed the use of extremely long viewing distances in the presence of mul-
tiple depth cues. The approach bears a close similarity to the classical
Emmert’s law experiment in which the apparent size of an afterimage
varies with its apparent distance. In the present case, the question is

whether the apparent depth in an afterimage varies with apparent distance
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Figure 6. Egocentric distance of a target in crossed
disparity as a function of fixation distance
for 4.5 min. and 16.3 min. of disparity.
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in accordance with the functions described in Fig. 5.
Method

The inspection stimulus (I-fig) used to produce an afterimage is
shown in Fig. 7. The circles were punched into black vinyl tape and
mounted on a glass plate as shown in Fig. 84 The fixation point and
the ends of the horizontal bar (Fig. 8B) were also made of black vinyl
tape and were mounted on another glass plate. The plates were then placed
one behind the other with spacers between them to produce the desired sepa-
ration in depth. This glass sandwich was mounted at eye level on an opti-
cal bench (see Fig. 9). Immediately behind the target was a white plastic
diffusing screen and behind that a Honeywell Strobonar 800 flashgun, and a
small dim light which transilluminated the target. In front of the target
at the end of the optic bench were mounted a chin rest and head stabilizer.
A subject-controlled pushhutton triggered the flashgun and initiated a § hz
flickering light.

Two test stimuli were employed. For test distances « 450 cm, the
arrangement shown in Fig. 10 was employed. A 6 mm white fixation point
was mounted on a thin (1 cm) vertical rod. This rod was located on a long
(255 cm) table so arranged that by turning 900 from the inspection target
the observer could look down the table to the test fixation point. A
second vertical rod lacking a fixation point served as a depth probe and
was located to the right of the fixation target. This rod could be moved
toward or away from the observer until it appeared in the plane of the
afterimage of the circles. A chin rest was mounted at the observer's end
of the table, and a black shield occluded the observer's view of the table

surface. A flashing (5 hz) 75-watt incandescent bulb maintained afterimage

13
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Figure 7. Inspection target. Background is opaque. :
Translucent circles are in a different f

depth plane than the center fixation square )
and translucent horizontal bar.
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Glass plates which together form the stimulus
shown in Figure 7. Ruled regions are opaque.




Figure 9. Apparatus for producing a stereoscopic after-
image: a = optic bench; b = chin rest;
¢ = target; d = diffusing and reduction screen;
e = small dim light source; f = flashgun.
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Figure 10. Test apparatus for measuring depth in after-
images: a = fixation rod; b = scale; ¢ = depth
probe; d = occluding screen; e = chin rest.




visibility.

For longer test distances (2450 cm) a different arrangement was
necessary. Near one end of a 30 m hallway (1.7 m wide x 2.3 m hight) was
suspended a white sheet illuminated by a Data Display Systems strobe
(model 1091) flashing at»»5 hz. One meter in front of this sheet was a
chair on which was mounted a 6 cm wide black cardboard vertical strip with
a white square (4 cmz) fixation point 1.5 m feor “ne> floor. A meter stick
with a 25 cm x 5 cm black and white striped iurev: held by the experimenter
served as the depth probe. Both the room am ivzliway were rich in depth
cues: cement block walls, ceiling tiles, light iixtures, doors, and the
like.

Observers

Three males and two females served as observers. Four were experi-
enced psychophysical observers (faculty and graduate students) who were
knowledgable about stereopsis and afterimages. One observer was naive
concerning the concepts underlying the experiment and inexperienced as a
psychophysical observer. All scored in the normal range for stereopsis
on the Orthorater and the Julesz random element stereogram series (Julesz,
1971). All had visual acuity at or corrected to 20/20. Observers who
wore glasses normally used them during the experiment. Not all observers
participated in all trials.

Procadure

Observers were tested individually. Before each trial the observer

dark-adapted for at least two minutes, and then placed his or her chin in

a head rest with head stabilizer. The small dim light above the flashgun

allowed the observer to see the target clearly. When good fixation on
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the 1 mm square fixation point was achieved, the observer depressed a

oush button which triggered the flashgun. This same push button also
initiated the 5 hz flashing light which helped maintain afterimage visi-
bility. The appearance of the afterimage with the circles floating in
space in front of the fixation rod is simulated in Fig. 11. Then the
observer fixated the test fixation point and directed the experimenter
to move the depth probe nearer or farther away until it appeared to be
in the depth plane of the circles.

For short inspection distances (€450 cm) the observer had only to
turn 90° from the inspection figure and place his or her chin on the chin
rest at the end of the test table (see Fig. 10). For larger inspection
distances the observer instead stepped out into the hallway and walked to
a spot, marked by the experimenter, at a predetermined distance from the
fixation rod at the end of the hall, In this case the experimenter walked
backward or forward along the side of the hallway under the direction of
the observer, until the observer judged that the depth probe held by the
experimenter was in the plane of the afterimage.

Great care was taken to insure that a good afterimage was obtained.

If the flashgun happened to be triggered when the eyes were moving or

when they were not pointed directly at the fixation point, erroneous

judgements could result. Observers were cautioned to obtain good fix-

ation before triggering the flashgun. In addition, a second check on

the quality of the afterimage was made by asking observers if the after-
image of the fixation point and horizontal bar appeared in the plane of
the test fixation point. Often it was not, indicating the presence of

fixation disparity or some other anomaly during the flash. Whenever the

19
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Figure 11, Appearance of afterimage with circles in
crossed disparity.




observer was unable to see the afterimage fixation point in the plane of

the test fixation point, the trial was aborted.

All observers were given at least one hour of practice before data

o e Nyl — L]
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were collected. Usually with practice, observers could make judgements

rapidly enough to make two judgements before the afterimage faded signifi-

cantly. They were urged not to try to make judgements if the afterimage

was not clear. Inter-trial intervals varied but were always sufficient

to allow the afterimage to fade beyond detectability. Experimental ses- ]

sions were always less than 1 hour and no person participated in more

than two sessions per day. For the main experiment two I-figs. were em-
ployed. For one the circles were .88 cm in front of the fixation point, ;
which was 35 cm from the observer. This yielded &216.3' crossed retinal

disparity. The other presented A54.5' of disparity by placing the circles

.5 cm in front of the fixation point, which was 50 cm from the observer.
The disparities are approximate because interpupillary distances vary from
observer to observer.

Four observers made 8 depth judgements at each of 12 test fixation
distances ranging from 1 to 27 meters for each I-fig. Test distances were
randomized across trials for each observer; ascending and descending trials
were counterbalanced. The 450 cm test distance was employed for both test
conditions (in the small room and in the hall) to check for consistency.
Trials in which the observer occluded one eye before triggering the flash-
gun provided monocular control.

Results
The curves in Fig. 12 give the predicted depth values as a function

of fixation distance (log units) for the two values of retinal disparity
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Apparent depth in a stereoscopic afterimage as a
function of fixation distance for crossed retinal
disparities of 4.5 and 16.3 min. Curves represent
predicted values. Data points are based on 8 trials
for each of four observers. Standard errors across
observers averaged 6.5% (range 3.7 to 11,0) of mean
apparent depth.




used in the experiment. The circles and squares give the obtained depth
i intervals for the fixation distances employed. Each data point represents
the mean of eight trials for each of four observers. The standard errors
across observers ranged from 3.7 to 11 per cent of the mean apparent depth
and averaged 6.5 per cent. Thus, variability increased consistently with
fixation distance and/or apparent depth. The results from the naive obser-
=?§ ver did not differ in any systematic way from those from the experienced
observers.

The main point illustrated in Fig. 12 is the close agreement between
the predicted and obtained values. Except for the two largest depth val-
- ues in the 4.5' disparity condition all the data points are very close to

the predicted curves. Clearly perceived depth in stereoscopic afterimages
grows as expected according to the geometry of stereopsis.

It will be noticed that there is a consistent tendency for the ob-
tained values to exceed the predicted values. In other words, the obser-
vers reliably reported greater depth than the theory would predict. One
possible explanation for this may be found in a difficulty observers ex-
perienced in performing the task. This difficulty is analogous to the
situation which occurs when one attempts to look at a conventional after-
image which is not centered in the visual field. Each eye movement, of
course, moves the afterimage and one finds oneself pursuing the afterimage
like a dog chasing its own tail.

In the present experiment, observers were concentrating on an image
closer than the fixation plane and found themselves trying to fixate on
this nearer plane rather than the fixation point provided. This attempt

merely moved the afterimage of the circles even nearer, thereby triggering




greater fixation attempts. The result was a zooming effect in which the
afterimage moved nearer and nearer. This can only be prevented by firmly
keeping fixation on the test fixation point. Observers reported that
they had to constantly remind themselves to do this.

Of special interest relative to these data is the dramatic magnifi-
cation of apparent depth which is not immediately apparent in Fig. 12,
For 16.3' of retinal disparity the depth in the I-fig. was only .88 cm
at a viewing distance of 35 cm. The depth was only 2.5% of the viewing
distance. At a fixation distance of 14 meters the afterimage appeared
halfway between the fixation point and the observer, i.e., the apparent
depth was 50% of the viewing distance. At 27 meters, the greatest used,
the circles appeared to be almost 22 meters in front of fixation, that
is, the apparent depth was 22 meters, over 80% of the fixation distance.
By contrast, if depth increased linearly with fixation distance, the ap-
parent depth at 27 meters would be a mere 68 cm.

All observers reported that the appearance of the afterimage agreed
with the depth probe matches. That is, they agreed that at 27 meters fix-
ation distance, the circles seemed to be floating in space about 5 to 8
meters away from themselves. They reported noticing the dramatic shrink-
ing of the depth as they walked down the hallway while looking at the
fixation object. These observations are important for they demonstrate
that the observers were not merely making disparity matches between the
depth probe and the circles but that the depth probe settings reflected
the apparent position of the disparate circles.

Additional Observations

In this section I will describe the results of a small experiment

using stereoscopic afterimages with uncrossed disparity, some observations

24
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made using a variety of different stereoscopic afterimages and some prob-
lems associated with the use of stereoscopic afterimages.

The main experiment was confined to afterimages with crossed dis-
parity, the disparate object was nearer the observer than the fixation
point. In two separate series of trials, perceived depth in a stereo-
scopic afterimage as a function of viewing distance was measured for 15.5'
uncrossed disparity. The experimental procedure was identical to that
described earlier. The I-fig was the same except that the fixation point
was .88 cm in front of the circles and was viewed at 3.5 cm. This pro-
duced about 16' of disparity. Measures were made at test distances of
75, 150 and 350 cm. All measures used the test apparatus shown in Fig. 11.
Four observers made 8 judgements, each for all three test distances. The
mean apparent depths were 3.6 cm at 75 cm; 12.3 cm at 150 cm; and 61.7 cm
at 350 cm. The predicted values for these fixation distances are 4.07,
17.18 and 110.3 respectively. The agreement with predictions is not as
close as was obtained for crossed disparity but follows the same pattern.
All observers agreed that the uncrossed condition was more difficult. In
fact, one observer could not perform the task in the uncrossed condition
because for her the afterimage of the circles always appeared to be on
the wall behind the fixation point.

Several observations were made using an inspection figure containing
both crossed and uncrossed disparity. The I-fig had the same configuration
as Fig. 7 but the two upper circles were .5 cm behind the fixation point
shile the lower circles were .5 cm in front of fixation. No measures were
taken using the depth probe. All observers (4) agreed that in the after-

image the upper circles appeared in front of fixation and the lower circles

25




appeared behind fixation. They also reported that the depth intervals
anpeared to be about the same as those seen with I-figs containing only
one disparity.

Another interesting observation involved the afterimage of a skeletal
cube. The wire outline of a cube was mounted in place at the I-fig in
front of the diffusing screen (see Fig. 9). When the flashgun was trig-
gered, observers reported a clear afterimage of a cube with very realistic
depth. We expected that if this were viewed at a larger fixation distance
the cube would appear distorted. The reasoning was that the size of the
cube orthogonal to the line of sight should grow linearly with distance
but its depth defined by disparity should grow approximately with the
square of the distance. This did not occur. All observers (6) reported
that the cube remained an undistorted cube at all fixation distances.

It did grow in overall size but retained its integrity as a cube. Per-
haps other depth cues overwhelmed disparity, or perhaps the observers'
knowledge of, or familiarity with the cube, resisted distortion.

Workers using stereoscopic afterimages should be made aware of a
couple of potential problems. My first attempts to obtain and measure
depth in stereoscopic afterimages failed. The test fixation point for
these early attempts was a small dot on the wall., Under this condition
there is a strong tendency for the whole afterimage to appear to be on
the wall. For fleeting intervals it may stand out, but most of the time
it appears in the plane of the wall. It is possible that some sort of
equidistance tendency is operating under this condition (Gogel, 1965).

In any case it appears important to provide a fixation point out in space,

away from a surface.




It is also important to keep critical parts of the afterimage close
to the center of the visual field. Observers found it much easier to
make depth judgements for circles close to fixation. In some early
I-figures the four circles were more widely spread out. Judgements were
much more variable and observers complained about the difficulty of the
task.

Discussion

In this section I shall discuss stereoscopic depth constancy and show
how the results of the present study relate to this concept and to theories
regarding it.

Depth constancy refers to the notion that depth intervals appear to
remain the same or constant with changes in viewing distance. For example,
suppose an observer judges one object to be 5 meters away and another to
be 6 meters away in the same direction. Obviously, the two objects are
separated in depth by 1 meter. The observer backs away 10 meters. If
perfect depth constancy is obtained the observer would still judge the
two objects to be separated in depth by 1 meter,

Stereoscopic depth constancy is a more limited version of the same
concept. It refers to the judgement of depth intervals mediated or sig-
naled by retinal disparity. Thus, if two objects are separated in depth
and the only cue to the depth interval is retinal disparity, will this
depth interval remain phenomenally constant with changes in viewing dis-
tance? If it does, then stereoscopic depth constancy has occurred.

Any complete theory of stereoscopic depth constancy must show how
retinal disparity is recalibrated so as to signal different depth inter-

vals at different apparent egocentric distances. In general, such theories
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would first seek to identify the source of information used to judge view-
ing distance and, second, state the rule and/or mechanism by which retinal
disparity is rescaled as a function of apparent viewing distance. Of the
theories discussed by Ono and Comerford, some address the first point,
some the second, while very few address both.

Let us look first at the question of the information used by the ob-
server to judge viewing distance or rescale disparity. Three different
hypotheses have been popular. One suggests that oculomotor cues provide
the needed information (Richards, 1967). The rescaling of disparity
could be a one- or two-stage process. In the one case, disparity could
be rescaled directly by convergence. In the other, convergence could be
used to judge absolute distance, which in turn would be used to rescale
disparity. In either case, convergence provides the necessary information.
Convergence and accommodation can provide direct information about absolute
egocentric distance, but only at short distances. Thus if depth constancy
holds only at short distances this theory gains support.

As mentioned above, Ono and Comerford (1977) have reviewed studies
of depth constancy and have concluded that stereoscopic depth constancy
holds only at short (=200 cm) viewing distances. This conclusion, if
valid, would support oculomotor theories of depth constancy.

Another view suggests that perceived size is the critical cue. As
with oculomotor cues, perceived size might be used directly (with retinal
angle) to rescale disparity or might instead serve as a cue to viewing
distance which would then be used to rescale distance. Gogel (1960) has
presented data which show the importance of perceived size in depth judge-

ments.
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A third view is that disparity is rescaled on the basis of perceived
distance and that any cues which provide egocentric distance information
affect disparity scaling (Foley, 1978). According to this view, oculo-
motor cues might play a part in depth constancy at small fixation distances
but not at greater ones. Familiar size, perspective, motion parailax and
all the other sources of distance information could contribute to apparent
distance which would then be used to calibrate retinal disparity.

It is worth considering the possibility that depth intervals may not
be the primary output of retinal disparity processing. An alternative is
that retinal disparity in conjunction with apparent distance yields direct-
ly an egocentric distance‘for disparate objects. The depth interval would
then be a derivative judcement made by comparing the egocentric distances
of the fixated point and the disparate point (or for that matter, two dif-
ferent disparate points).

Turning now to the rule by which disparity is calibrated, we find
several alternatives. The simplest rule says that disparity is not re-
scaled. That is, a given disparity always signals the same depth inter-
val. No more need be said about this, other than to point out that a
myriad of studies, in addition to the present one, have demonstrated that
perceived depth does change without changes in disparity (Ono § Comerford,
1977).

The most-oft stated rule for scaling disparity is the distance squared
rule. This rule, which dates back at least to Von Kries (1866), and cham-
pioned more recently by Wallach and Zuckerman (1963), is based on the in-
verse square law. The inverse square law states that the retinal disparity

produced by a given depth interval decreases as the square of fixation
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distance. This law is a simplification of the geometry of retinal dis-
parity and provides a good approximation to it under certain conditions.
However, a consideration of this rule as applied to afterimages shows
that it cannot possibly hold at extreme conditions. Consider Figure 12.
At 27 meters the inverse square law would give a depth interval value
for 16.3' crossed disparity of over 52 meters. This places the after-
image =25 meters behind the head of the observer: Obviously this can-
not happen. The data for the 16.3' condition deviate considerably from
a prediction based on the inverse square law. The data from the 4.5' con-
dition fit an inverse square law about as well as they fit the curve shown,
but with only 4.5' of disparity the difference between the inverse square
law and the curve given is not great for the range of values used.

In summary, I conclude that depth constancy is a real phenomenon and
holds for a wide range of apparent distances (at least up to 27 meters).
I conclude further that whatever cues are used to scale retinal disparity,
they involve more than oculomotor cues, and that the rule by which reti-
nal disparity is recalibrated is in accord with the geometry describing
retinal disparity and stereopsis. This rule is closely approximated by
the inverse distance square rule only for small disparities and short

viewing distances.
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