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Abstract. A study is reported of the depth relief in a simple three-dimensional scene consisting of
a white, rough sphere on a planar support, illuminated in a natural manner. Viewing conditions
included monocular and binocular as well as `synoptical' viewing. In the synoptical condition
the eyes are optically superimposed. The local surface attitude was probed via a gauge figure
that had to appear as a circle painted upon the surface of the object. The measurements allow a
reconstruction of the depth relief, which can be compared with the (known) range map.
Idiosyncratic differences between three subjects were found that are the exact reverse of what
was found for these same subjects for the case of pictorial relief reported in an earlier paper.
Apparently the subjects put different weights on sources of sometimes conflicting, sometimes
corroborative evidence. The relief is deepest for binocular vision, flatter for monocular vision,
and flatter still for synoptical vision. Deviations from veridicality that cannot be explained by
mere depth scaling exist and may be due to the nature of the monocular cues.

1 Introduction
It is well known (Gombrich 1960; Pirenne 1970) that the pictorial depth in a painting
depends critically upon the viewing conditions. For instance, the pictorial depth is
flattest with normal binocular vision, increases substantially when one eye is closed,
and increases even more in certain artificial conditions to be discussed below. The
viewing direction is also critical (Dubery and Willats 1972): in this paper we assume
always the central, frontal condition. The depth relief in true three-dimensional (3-D)
scenes is likewise subject to change with viewing conditions. This is less often
remarked upon, possibly because such a dependency reveals the fact that depth relief
is rarely veridical. For if depth relief depends upon viewing condition it must be
different from the range structure which is obviously invariant against such changes.
(We reserve the term 'range' for the geometrical distance of a fiducial point from the
vantage point, and the term 'depth' for the subjective correlate of the range. These
words are treated as formal technical concepts.) That depth relief indeed depends on
viewing conditions is well known to the draughtsman, who closes one eye to bring the
depth relief down in order to render it more easily on the paper (Gombrich 1960;
Pirenne 1970; of course this also avoids diplopia). Notice that this effect is the exact
opposite of that for pictorial relief: closing an eye deepens pictorial relief, but flattens
'real' relief.

In a previous paper (Koenderink et al 1994) we presented a quantitative study of the
effects of viewing condition upon pictorial depth. We found that a change of viewing
condition typically induced a uniform scale change of the depth domain. Scale factors
of up to 3-4 were found between different viewing conditions. In the present paper
we study the effect of viewing conditions on the depth relief in real 3-D scenes. We
have made every effort to make the psychophysical methods for the determination of
pictorial and real depth as similar as possible, thus enabling a reasonable comparison.
In both cases we have opted for realistic stimuli, rather than the much impoverished
or physically unrealistic ones that are perhaps more typical in this line of research.
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For example, most computer graphics pipelines deliver results that are not realistic
from the physical (photometric) standpoint. In the case of pictorial depth we used
scanned photographs of physical objects in realistic scenes; in the present case we
have used textures, non-Lambertian objects (thus the luminance scattered towards the
eye depends both upon the relative positions of source and object and on the relative
positions of object and vantage point, though, in actual fact, the former effect is most
salient), with photometric effects like vignetting and multiple scattering all playing an
important (that is, visible) role. Thus the observers are always presented with a rich
bouquet of monocular cues, and not an (artificially) isolated one.

In the past, several optical devices have been marketed that are specifically aimed
at the magnification of pictorial depth. One such device (patented by Carl Zeiss in
1907) effectively puts both eyes in coincidence at the centre of the interocular
segment. The device is referred to as a 'synopter' by its inventor (von Rohr 1907)
and we will therefore refer to the viewing condition that employs the device as
'synoptical viewing'. The viewing conditions used in this study, as in the one on
pictorial depth, are monocular, binocular, and synoptical vision. In the case of
binocular and synoptical vision both eyes are open, and in the case of monocular and
synoptical vision the perspective is monocentric. Of course, the perspective is
bicentric in binocular vision, and one eye is closed in the monocular condition.

A general method to probe the depth relief is to put a gauge figure in the scene
and have the subject visually judge its fit. This is similar to many common methods
of geometrical mensuration; for example, in order to measure the distance between
two points A and B of an object in a scene one puts a yardstick in the scene such that
the marks A' and B' of the yardstick coincide spatially with A and B on the object.
Dividers, protractors, etc exploit essentially the same technique. The operation is
characterised by the nature of the gauge figure and by the nature of the judgment of
fit. In our case the judgment is always a purely visual one, the gauge figure being
placed in the scene (or a picture of the gauge figure in a pictorial scene) and viewed
in the same way as the scene. In this paper the gauge figure is a closed curve painted
on the visible surface of an object. This curve always projects to an ellipse on the
retina. Thus the actual shape of the space curve may be complicated. The subject
has to judge whether this curve is (or, rather, looks like) a circle on the surface of the
object in the scene. In order to obtain a feel for this task you may place a coin with a
circular circumference on a table, the floor, or any convenient surface, and try to
judge (from your particular vantage point, of course) whether the circumference is
actually circular, or whether the coin is in flat contact with the surface. The example
would be even more apt if you had a supply of elliptical coins and had someone place
them at random positions. In our experiment we have added the sophistication that
the subject can actually control the shape of the curve (with a tracker-ball device)
from the viewing position and is required to adjust the curve so as to satisfy the
condition of fit: a circle on the surface.

When we have the subject perform such settings at many places in the scene,
uniformly distributed over the visual field, we obtain samples of a field of surface
orientation (slant and tilt). Given sufficiently dense samples we can actually reconstruct
the corresponding depth relief. We interpret the resulting surface as the operational
definition of the depth relief for the subject. Of course, different operationalisations
will, in all likelihood, produce different reliefs. Using a single operationalisation, we
may compare depth reliefs for various viewing conditions, different subjects, various
scenes (eg various light fields), as well as for pictorial and true depth. Moreover, we can
compare range data (the 'ground truth') with the depth relief. The method itself can
only be studied when the operationalisation is also varied. This is not attempted in
the present study.
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2 Methods
The methods used in this project are very similar to those reported in an earlier
paper (Koenderink et al 1992), except for the essential difference that the subjects
were now looking at a real scene instead of a picture on a CRT screen, with the gauge
figure appearing in the scene, rather than in pictorial space. Otherwise the gauge figure
looked similar: it was a bright red elliptical curve that visually appeared 'painted on
the surface' of a visual object.

2.1 Stimulus presentation
The scene consisted of a white Tempex® sphere of 40 cm diameter, placed on a (flat)
white piece of paper at a distance of 4 m from the vantage point. The sphere had a
rough surface texture (was pitted and had a coarse grainy structure) that was far from
Lambertian (there was visible specular reflection apart from the diffuse component).
The scene was illuminated by a bare light bulb at 2.2 m from the sphere, located
about 1.5 m above the sphere. As reckoned from the perspective of the subject, the
source was located approximately 1.1 m towards the right and 1.1 m in front of the
sphere. The walls of the room reflected light, and there was much reflection from the
paper below the sphere. As a result there were vivid attached and cast shadows, as
well as multiply scattered light that lightened the attached shadow on the sphere.
Thus the texture was visible all over the surface, though obviously of higher contrast
near the terminator of the attached shadow. The background had a luminance that
was intermediate between the lightest and darkest portions of the visible surface of
the sphere.

This scene is photometrically so complicated as to present something of a night-
mare to the machine vision community [in the sense that conventional shape from
shading (Horn and Brooks 1989) cannot be expected to yield useful results]; never-
theless, the human observer effortlessly obtains the vivid impression of a white
spherical object placed upon a flat, horizontal piece of white paper.

The subjects perceived the room in which the scene was staged, but tended to look
at the scene and in particular at the gauge figure itself while making gauge-figure
adjustments. Most subjects moved the tracker ball in order to investigate a variety of
'almost' fits in order to find the right attitude of the gauge figure. Only in a narrow
range of attitudes did the gauge figure appear as a curve that was really 'painted on
the surface' of the object.

We have been severely criticised by our colleagues for the fact that we used an
object that can be described (almost) to its full extent by a single word (sphere).
Indeed, we are planning more-extensive research on complex shapes at this moment,
though such research takes up considerable resources. However, the advantages of
the present choice are that we know exactly what the shape is (without having access
to a 3-D laser range-scanning device or a computer-controlled 3-D tooling engine)
and can thus check veridicality. In retrospect, the fact that the object was known to
the subjects turns out to be immaterial anyway, at least to the extent that the responses
were none of them veridical in the euclidean sense. There exist important differences
for various viewing conditions in a single subject, and subjects also differ significantly
between each other.

2.2 Gauge-figure presentation
We have constructed a custom laser projector in order to paint the gauge figure in the
scene with the subject's active control. The projector consists of a pair of electro-
mechanically actuated X, Y-deflection mirrors (available commercially for the purpose
of laser shows in discos) that can be driven via digital -analog converters on a card on
the NU-bus of a Macintosh QUADRA computer. The laser beam (a red HeNe laser)
pivots about a point that is brought very close to the vantage point (a few centimetres).
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Thus the observer will obtain an elliptical curve on the retina when the mirrors are
driven sinusoidally at the same frequency (approximately 50 Hz), irrespective of the
actual shape of the curve on the surface, which is typically far from being an ellipse.
The subject controls the amplitudes and phase difference of the sinusoidal driving
signals with a tracker ball. The program is set up in such a way that the subject has
the feeling that the eccentricity of the ellipse and its orientation (in the visual field)
are the parameters under immediate manual control. These parameters appear visually
as the slant and tilt of a circle near the surface on which the laser beam impinges. If
these slant and tilt are close to the visual attitude of the local surface element, the
curve appears vividly as a bright red circle painted on the visual surface in the scene.
Subjects find it an easy task (and fun) to adjust the ellipse to such a visual fit.

The major axis of the gauge figure subtends about 20 min of visual angle.
For a given ellipse in the visual field the slant (angle subtended by the normal to

the circular disc and the viewing direction) is well defined, whereas the tilt (the orien-
tation of the major axis with respect to the vertical in the visual field for example) has
an 180° ambiguity. The subject distinguishes the setting via an indication on a
monitor placed next to the subject.

2.3 Viewing conditions
For the monocular condition a patch was placed over one eye; subjects were free to
use their preferred eye. For both the monocular and the binocular condition, the
subjects used their regular spectacles when necessary; the head was fixed by means of
a chin rest.

We constructed a synopter according to the original Carl Zeiss patent (Carl Zeiss
1907). The device was cemented together from commercially available prisms. We
have presented a full description elsewhere (Koenderink et al 1994). This device
presents identical perspectives to the two eyes when both are open.

For the synoptical viewing condition a synopter was placed in front of the subject's
eyes. A chin rest ensured that the eyes were closely behind the exit windows of the
device. For subjects needing correction, lenses were provided in front of the eyes.
The synopter limited the field of view to about 30 deg of visual angle.

Notice that we did not have the possibility of presenting the gauge figure in one eye
only when both eyes were able to see the object. This is important in the case of
binocular viewing. In principle it would have been possible to use a narrow-band
reject interference filter for the HeNe wavelength to block the gauge figure for one eye.
However, in practice we did not find a suitable implementation. Such a distinction
(monocular -binocular gauge figure and monocular-binocular stimulus presentations)
is of course easy to make when a display unit is used instead of a real scene. We are
indeed working on these matters and will report on them soon.

2.4 Psychophysical method
The subjects were allowed ample time to take in the scene and to gain familiarity
with the controls before the experiment started. This took a few minutes initially.
Then the gauge figure appeared at random positions on the sphere and the subject
had to adjust the gauge figure to a visual fit ('circular disc on the surface). A setting
typically took about 10 s.

The positions at which the gauge figure appeared were randomly selected from the
vertices of a regular triangulation (figure 1) of the visual field inside the visual
perimeter of the sphere. In total seventy-three vertices were used. During the course
of a single session each vertex was visited once. All subjects performed three sessions
for each viewing condition, in random order.
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Figure 1. The triangulation of the visual field used for stimulus representation and surface
reconstruction. The circle marks the contour of the sphere. Although the subject was never
explicitly confronted with this triangulation, in the actual experiment the gauge figure only
appeared on the vertices (in random order).

2.5 Subjects
Three subjects (the authors) participated in the experiments. We also have made
many spot checks for a variety of observers (students, visitors). The subjects had
normal acuity (AD slightly myopic, AK normal, JK presbyopic) and no known abnor-
malities. All had wide-ranging experience in psychophysical experiments and had also
participated in the previous experiments on pictorial depth. All three had normal
binocular stereopsis by the usual standards, though apparently differences, as yet
uncharted, existed. In the case of synoptic vision the subjects behaved somewhat
differently with respect to pictorial depth (Koenderink et al 1994.) Because one
expects the effects of viewing conditions to reverse for the case of real depth as
compared with that of pictorial depth, these differences are considered an asset rather
than a drawback: one may check whether the differences reverse too.

All subjects knew perfectly well that they were looking at a true sphere. Before
the actual experiment they were free to explore the room and the setup at their con-
venience.

We decided on these specific subjects because of the fact that already so much was
known about them in a variety of viewing conditions; introducing a new subject
would take months. As it turns out (see section 4) we have been rather fortunate in
the fact that these subjects are quite different (they span the range of results we have
obtained on maybe a dozen subjects so far) and that we found that the differences in
the previous experiment alluded to (pictorial relief) exactly reversed for the present
ones (true 3-D relief) thus fully fulfilling our expectations (again, see section 4).

3 Experiments
In all viewing conditions the experiments were conducted in the same way. The data
processing was identical; we studied the spread in the settings (both their magnitude and
their anisotropy), their internal consistency, that is, whether the settings conformed to
a surface at all, and their veridicality, that is, whether the settings conformed to the
ground truth.

In all viewing conditions the observed depth gradients (figure 2) differed systemati-
cally from the ground truth. The differences between repeated observations of the
depth gradient are vectorial quantities and we may study the components in the
direction of the actual range gradient and orthogonal to that vector separately. We
denote the former direction as the 'slant' direction and the latter as the 'tilt' direction.

AVAI 1
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We found that the spread in repeated settings in the slant direction is about 20%- 30%
of the average magnitude of the gradient. [Such a 'Weber law' for slant estimates also
occurs in the case of pictorial relief (Koenderink et al 1992).] In contradistinction, the
spread in the tilt direction was independent of the magnitude of the gradient. We may
express the spread in the tilt component of the gradient in terms of an 'equivalent
slant value', namely, that value of the slant that would produce a similar magnitude of
the gradient as the magnitude of this tilt component. We found that the spread in the
tilt direction amounted to the equivalent value of a gradient for approximately 5°- 10°
surface slope. This means that whenever the slant is significantly different from zero,
the tilt is typically rather precise in angular measure. For instance, for a slant of 45°
(unit gradient magnitude) the spread in the orientation will be only 5°- 10°. If the
surface is almost frontoparallel the tilt is very ill defined, of course.

In no case did we detect a significant violation of surface consistency, that is to say,
the curl of the observed gradients vanished within the scatter defined by repeated
trials. This is an important issue: the method yields samples of a field of local surface
orientations. Such a field of 'contact elements' (local patches of surface) by no means
specifies a global surface in the general case (Burke 1985). The local patches only
'mesh' if certain conditions are satisfied. (Two examples where local surface patches
do not mesh are a deck of cards and the patches of a helicoidal surface, eg Escher's
well-known 'infinite staircase'. The latter example is the one of interest here. The
former problem does not arise because the actual depth of the surface elements is
totally ambiguous.) This surface-integrity condition can be formulated in terms of the
identical vanishing of the curl of the gradient of the depth. Since this condition is
satisfied within the tolerances judged from repeated settings, it is as if the subjects
produce settings that are randomly perturbed samples of a true surface. This being
the case, the depth relief can be computed from the data (figure 3). A simple
algorithm will do this: from the gradients at the vertices of the triangulation we
estimated the slants of the edges and thus the relative depth differences over the edges.
Since these relative depth differences provide linear equations for the logarithm of the
depth, we can find the depths by solving these equations in the least-squares sense.
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Figure 2. The raw result of a single session (in this illustration, subject JK, binocular viewing
condition). The line segments indicate the direction and magnitude of the depth gradient as
obtained from the orientation and eccentricity of the elliptical gauge figure set by the subject.
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We used the Moore -Penrose pseudoinverse from the Mathematica (Wolfram 1988)
package to do this conveniently. The result was a depth map up to an overall scaling.
[In the algorithm wearbitrarilyset the (geometric) average of the distance to unity.]
In order to compare the depths with the ranges we either normalised the ranges or
scaled the depths with the (physical) average distance.

In a first approximation the reconstructed depth reliefs were roughly paraboloids
(figure 4) with the visual direction towards the centre of the sphere as axis of
rotational symmetry. However, significant deviations from this first approximation are
immediately evident. This is best seen in contour plots of the depth relief (figure 5).
The curves of equal depth are clearly systematically different from a family of
concentric circles, although they conform quite closely to such a family.
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Figure 3. Profile views of the object (ground truth) and the binocular, monocular, and synopti-
cal relief for subject JK. In these figures the horizontal direction coincides with the horizontal
direction in the visual field, whereas the vertical dimension indicates either range (distance in
the scene) or depth.
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Figure 4. The surface habitus for the object (ground truth) and the binocular and synoptical
depth relief for subject JK.
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Figure 5. Contour plots for the range map and the depth relief in the various viewing condi-
tions for subject JK. The curves are loci of equal range or depth. In all figures the range or
depth spacing is identical, thus the density of curves indicates the depth of relief. For the range
map the equal-range loci are concentric circles. Note the deviations from circular symmetry in
the depth maps. The direction of illumination is from the upper right (45° direction).

3.1 Monocular viewing condition
In order to judge veridicality we calculated the Spearman rank correlation (Velleman
1988) between the reconstructed depth values and the ranges. This allows one to
judge whether these quantities are monotonically related. We found 0.952, 0.954, and
0.946 for the subjects AD, AK, and JK, respectively. The Pearson product-moment
(or linear) correlation coefficients attained similar values. We also considered the
rank correlation between the depth values for the subjects. We found 0.971 for
AD- AK, 0.978 for AD -JK, and 0.954 for AK -JK. For AD, AK, and JK the
respective regression coefficients for the comparison of the depths with the ranges
were 1.14 ± 0.05, 1.02 ± 0.06, and 0.93 ± 0.04. Thus the depth for subject AD was a
slight overestimate of the range, the depth for subject JK was a slight underestimate of
the range, whereas the depth for subject AK was an approximately veridical estimate
of the range.

3.2 Binocular viewing condition
The Spearman rank correlation between the reconstructed depth values and the
ranges was 0.960, 0.958, and 0.955 for the subjects AD, AK, and JK, respectively
(figure 6). Again, the linear correlation coefficients were about the same. The rank
correlations between the depth values for the subjects were 0.990 for AD-AK, 0.989
for AD -JK, and 0.984 for AK -JK. The respective regression coefficients for
subjects AD, AK, and JK were 1.30 ± 0.05, 1.03 ± 0.07, and 1.40 ± 0.07. Thus the
depths for subjects AD and JK were overestimates of the range by 30%-40%,
whereas the depth for subject AK was again an approximately veridical estimate of
the range.
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3.3 Synoptical viewing condition
The Spearman rank correlation between the reconstructed depth values and the
ranges was 0.937, 0.944, and 0.946 for the subjects AD, AK, and JK, respectively.
Again, the linear correlation coefficients were about the same. The rank correlations
between the depth values for the subjects were 0.979 for AD - AK, 0.995 for
AD -JK, and 0.971 for AK -JK. The respective regression coefficients for subjects
AD, AK, and JK were 0.96 ± 0.05, 0.88 ± 0.04, and 0.58 ± 0.03. Thus the depths for
subjects AK and JK were underestimates of the range (the depth for subject JK by as
much as 40%), whereas the depth for subject AD was an approximately veridical
estimate of the range.

3.4 Comparison of viewing conditions
We computed rank correlations for the depth in different viewing conditions. If we
compare the monocular with the binocular case we obtain 0.996 (AD), 0.986 (AK),
and 0.996 (JK). Comparison of the monocular with the synoptical case yields 0.996 (AD),
0.987 (AK), and 0.997 (JK). Last, the comparison of the binocular and synoptical
conditions yields 0.993 (AD), 0.985 (AK), and 0.992 (JK).

The depth scaling for the synoptical and binocular viewing conditions, respectively,
normalised on that for the monocular condition, is 0.84:1:1.14 for subject AD,
0.86 :1:1.01 for subject AK, and 0.62:1:1.51 for subject JK. For the case of subject JK
(figure 7) the depth scales thus differ as much as by a factor of 2.5 between the binoc-
ular and the synoptical viewing conditions. Scatter plots of the depths for this subject
are shown in figure 7.
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4 Discussion
In this discussion we will make a technical distinction between the 'range', that is, the
geometrical distance of a fiducial point to the vantage point, and the 'depth' which we
take to refer to the subjective correlate of the range.

Although all subjects were fully aware of the fact that they were looking at a true
sphere, in none of the viewing conditions was the depth relief veridical. Thus we are,
in retrospect, vindicated in our initial assumption that the fact that the subjects were
aware of the true shape would not abolish the influences of viewing conditions etc
on the results. We find that the major effect is a depth scaling, though significant
deviations of a more complicated nature are apparent. The global depth of relief
tends to be overestimated in the binocular condition, underestimated in the synoptical
condition, and roughly correct for monocular vision. The sometimes large scale
differences between the depth and range domains have been discussed in detail by the
sculptor Hildebrand (1893) in a book that has been extremely influential in the theory
of the visual arts (Wittkower 1977).

In all cases there remain deviations from sphericity that cannot be simply explained
via a depth scaling because they are not even symmetric about the visual direction
aimed at the centre of the sphere. It appears likely a priori that such deviations are
due to the nonsymmetrical nature of the monocular cues, mainly the illuminance
distribution. In all cases the deviations reveal a shift of the nearest depth point
towards the direction of illumination in the visual field.

We cannot be certain what the dominating (if any) depth cue is in our scene. We
believe it likely to be the (circular) contour. However, we have already mentioned
significant effects of the shading. Moreover, the fact that the depth of relief depends
markedly on the viewing condition proves that the contour cannot be the only cue of
relevance, though no doubt important. It would be of some interest to study cases in
which part or all of the contour were occluded; no doubt the relief would change
dramatically. However, this in no way detracts from the value of the present results.
That the shape of things changes if you change the nature of their presence in the
scene is obvious enough; here we are concerned largely with the influence of viewing
conditions on a simple object that is in plain sight in a realistic but not too compli-
cated scene.

The fact that none of the depth reliefs was veridical argues against the possibility
that the subjects were merely responding to what they knew (it is a sphere') or were
merely relating their settings to the circular contour of the sphere, though the
possibility that such factors played a role certainly cannot be ignored.

For any given subject the rank correlation between the depths in different viewing
conditions exceeds that of the rank correlation of the range with the depths in any of
the viewing conditions. Even the rank correlation between the depths for various
subjects (in a given viewing condition) exceeds that of the rank correlation of the
range with any of the subject's depths.

The quantitative differences between the subjects are striking (even though the
results are qualitatively very similar over all subjects): the depth scaling between the
extreme viewing conditions (binocular and synoptical) is 1.36 for subject AD, 1.17 for
subject AK, and 2.44 for subject JK, the relief being deepest for the binocular condition.
In a previous study on pictorial depth we reported equally striking quantitative differ-
ences between these three subjects, but exactly reversed: the pictorial relief was deepest
for the synoptical condition. The differences between the monocular and binocular
conditions follow this same pattern (monocular relief is less deep than binocular, but
monocular pictorial relief is deeper than binocular pictorial relief) though the effects
are somewhat less pronounced. These results are in fact not unexpected (see below).
In retrospect we have been very fortunate in having three subjects readily available

-
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who among them span the range of what we find in a larger population in less
extensive experiments, and who were able to spend a fair amount of effort in a suite
of paradigms. The fact that the general population is quite diverse with respect to
binocularity is well known. The additional observation reported here is that these (not
quite understood) differences show up in unexpected but lawful ways in diverse tasks.

The likely explanation for these at first sight perplexing phenomena appears to be
that the relief (either in real scenes or in pictures) is primarily due to the monocular
cues and that the disparity information corroborates this evidence in real scenes,
but vetoes it in the pictorial case [the disparity indicates a planar (picture) surface in
this case].

In the synoptical viewing condition the brain knows that both eyes are open (this is
the crucial difference with the monocular condition) whereas the disparity field
vanishes. For this viewing condition the disparity indicates a scene at infinity, thus the
relief can only be due to monocular cues. In the case of pictorial relief and synoptical
vision the disparity does not provide the counterevidence that the viewer is actually
confronted with a planar (picture) surface, but in the case of real scenes the corrobo-
rating evidence of the disparity field is lacking for synoptical vision whereas it is
present in the binocular viewing condition.

It is perhaps not completely superfluous to mention the fact that the crucial differ-
ence between the monocular and the synoptic condition is that though the optical
data are physically identical, their interpretation by the visual system is possibly
different because a disparity field has to be expected when there is optical input from
both eyes instead of only one. The information available to the brain is thus in fact
different.

If the relief is due to some kind of Bayesian 'best guess' on the basis of all available
sources of information (Pearl 1988) (possibly conflicting as in the case of pictorial
depth), then the differences between the subjects appear to be due to a difference
in the weights put on the various sources of information. In this way we can understand
the pattern of differences in the case of real scenes and the case of pictorial scenes.
Of course we do not understand the reason for these idiosyncratic patterns of
combining the various sources of information as to the spatial relief. It seems likely,
though, that differences as yet undetected between our subjects may exist regarding
their ability to use the various types of binocular information, leading to different
prior probability assignments.
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