








and 0.23 for observers T3 and T5, respectively. Neither value differs significantly from zero (t(3)
=1.21and 2.79, p > 0.05). Thus, the projected disparities of relevant and irrelevant plaids had
practically identical effects on observers’ depth judgments. Horizontal-axis components of the
irrelevant plaid disparities (Fig. 10d) produced slopes of -0.26 and -0.06 for T3 and T5,
respectively, neither of which differs significantly from zero. The differences in slope polarity
between relevant and irrelevant horizontal disparities seem attributable to the difference in sign
between their correlations (+0.24 and -0.16, respectively) with the pooled projected disparities,

which are discussed next.

The abscissa values of the data of the lower left panel of Figure 10 come from averaging the
grating-axis projections of relevant and irrelevant plaid disparities. PSEs are well described as a
linear function of these values (r? = 0.96 for each observer), the slopes of which (0.66 and 0.72)
are considerably nearer 1.0 than those derived from relevant or irrelevant plaid disparities
separately. Slopes for the combined function are steeper by a factor of about 2.8 than the slope
for relevant plaids alone, a difference that is significant for both observers (t(3) = 3.90 and 5.22
for T3 and T5, respectively, p < 0.005). By contrast, the horizontal disparity of the relevant and
irrelevant plaids combined (Fig. 10f) yielded slopes of -0.08 and 0.20, neither of which differs

significantly from zero.

To summarize, relevant plaid disparities had only a weak correspondence with observed PSEs,
no more strongly predictive of observers’ depth judgments than irrelevant plaid disparities. This
matches the results of the previous experiment. Pooling relevant and irrelevant plaid disparities

was considerably more predictive of PSEs. This pooling gave equal weighting to relevant and
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irrelevant plaid disparities, consistent with their equivalent individual effects on observers’
judgments. The combined projected disparities from relevant and irrelevant plaids
underestimated the absolute value and overestimated the gain of the grating disparity required for
a depth match. Nevertheless, these matches show that the underlying computation is sensitive to
two-dimensional disparity vectors rather than only to their horizontal components and that this
sensitivity is global, responding to a pooled disparity measure from all 2-D stimuli in the display,
regardless of their task relevance. Thus, the depth perceived between a constituent pair of
stimuli, one 1-D and the other 2-D, cannot be predicted from their disparities, for it depends also

on the disparities of the other stimuli present in the display.

6. General Discussion

We expect transitivity to apply to stereoscopic depth, as we expect it to apply generally. If each
of the several stimuli appearing in a stereoscopic display has a known disparity, then we expect
that we could rank these disparities to correspond with their depth order as given by perception
and that this ranking will be pairwise transitive. Such a correspondence requires parameters
linked by a common metric. Horizontal disparity supplies the common metric for perceived
depth in most laboratory studies and theories of stereopsis. However, two 1-D stimuli, if they
have different orientations and identical horizontal disparities, will have different effective
disparities: The two stimuli can appear at different depths relative to the same reference stimulus
(Ito, 2005; Farell, 2006; Farell et al., 2009; Chai & Farell, 2009). By dissociating perceived
depth from horizontal disparity, 1-D stimuli allow us to create a set of stimulus pairs whose
depth relations, taken together, violate transitivity, despite the normal appearance of each pair

when viewed individually. We asked here what depth is seen when the non-transitive pairs are
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displayed at the same time. Is the depth inconsistency resolved perceptually? If so, how is it

resolved, and what depths are seen?

Experiment 1 used displays containing a grating and two plaids, each with an oblique disparity
direction, to investigate these questions. In Transitive displays the two plaids had identical
disparities and in Non-Transitive displays their disparities were identical in magnitude but
directed perpendicularly, each deviating equally from horizontal. If horizontal disparities alone
mediated the depth appearance, all the displays of Experiment 1 (and Experiment 2) would have
appeared identical in depth, for all the plaids had the same horizontal disparity. If the various
display types appeared to differ in depth, then the depth-from-disparity calculation must have
been sensitive to disparity direction in two dimensions. But then the violation of transitivity

would have to be resolved in novel ways or else be expressed as perceptual ambiguities.

With the plaids’ disparities held constant, we measured how perceived depth changed with the
grating’s disparity magnitude. In Experiment 1 we found that perceived depth changed at the
same rate in Non-Transitive displays as in Transitive displays, but psychometric functions were
displaced laterally, giving each of the three display types a different PSE. PSEs for Parallel
Transitive displays were significantly larger than those for Orthogonal Transitive displays, PSEs
for Non-Transitive displays being intermediate. However, data for Non-Transitive displays
showed no difference between parallel and orthogonal disparity directions. Thus, these displays
showed no evidence of the inconsistent depth relations among their constituent pairs. These same
effects were observed in Experiment 2, where only stimulus pairs of one type, parallel or

orthogonal, were relevant to the judgment. In fact, the disparity of irrelevant plaids contributed to
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the judgment of the relevant grating-plaid pair as much as the disparity of the relevant plaids did.
Thus, selective attention to stimulus subsets failed to affect judgments of depth. Experiment 3

showed that this result held regardless of the disparity direction difference of the plaids.

While observers resolved the pairwise inconsistencies within Non-Transitive display, their
judgments across Transitive and Non-Transitive displays remained inconsistent. In Transitive
displays the judged depth between gratings and plaids depended on their relative disparity
directions; in Non-Transitive displays, disparity direction had no effect. Thus, the perceived
depth of relevant stimuli varied with the context provided by irrelevant stimuli. For instance, one
can take a grating that appears in the same depth plane as several plaids and move it, without
changing its disparity or orientation, to another display containing plaids with different disparity
directions but the same disparity magnitudes and the same horizontal disparity components as in
the first display, and the grating will now appear in a different depth plane from the plaids. But if
one moves it to a third display in which half the plaids were taken from the first display and half
from the second, one can adjust the grating’s disparity magnitude so that all the stimuli appear in

the same depth plane.

6.1 The effective disparity axis

We favor an account in which the between-display inconsistency in depth judgments arises
because the disparity axis used under the conditions of the experiments is not horizontal, but
instead is determined by the disparities of the stimuli themselves. This effective disparity axis is
used for calculating depth; it is not necessarily the same as or defined by the axis along which

binocular correspondences are made. (An analogous case arises when horizontal disparity
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determines the perceived depth of a stimulus with an oblique disparity direction.) This stimulus-

dependent disparity axis varies across the display types used here.

Observers’ depth judgments of a grating and a plaid can be approximated by the relative
magnitude of disparity components along the disparity axis of either stimulus. One case
calculates the orthogonal projection of the plaid’s disparity onto the grating’s disparity axis, a
common axis for comparing the two disparities (Fig. 1). The other case calculates the disparity
components in the direction of the plaid’s disparity, again allowing the two disparities to be
compared along a common axis and yielding the same disparity ratio. Here, the grating’s
disparity is expressed by the intersection of its constraint line and the plaid’s disparity axis. The
two calculations are equally consistent with the data of the present experiments and those of

previous studies of grating-plaid pairs (Farell et al., 2009; Chai & Farell, 2009).

By bringing a second plaid into the display, Experiment 1 raised the question of the role of
pairwise comparisons in multi-stimulus depth judgments. Non-Transitive displays have a crucial
role in exploring this issue. Surprising evidence came in Experiments 2 and 3 from the failure of
attention to select between relevant and irrelevant plaid disparities, even those with orthogonal
directions. This shows that the task of comparing the depths of a grating and a plaid may engage
more disparities than those of two stimuli. The disparities of all the plaids present in the display
appear to be pooled. These plaids were iso-eccentric and identical except for position, phase, and
disparity direction in our experiments, leaving unanswered questions about the generality of the

pooling and the possibility of attentional selection among less similar stimuli.
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Judging relative depth along a stimulus disparity axis is related by a simple rotation to the
standard depth calculation from horizontal disparities. If observers in our experiments compared
disparities projected onto the grating’s disparities axis, then a global rotation of the display that
brings the grating to vertical makes its disparity axis horizontal and allows the disparity
comparisons to be expressed in terms of horizontal disparity components. Thus, the grating
disparity axis in the unrotated display takes on the role usually assigned to the horizontal. The
same applies to a single-plaid disparity axis or to the average of the plaid disparity axes, if either
of these were used instead of the grating’s axis as the reference disparity direction. We can use
the term relative disparity axis (RDA) to refer to the axis on which disparity components are

compared to yield relative depth judgments.

The RDA can be horizontal and usually is. A shift from the horizontal direction to a different,
stimulus-defined direction in the presence of 1-D stimuli has an analog in spatial-domain
reference stimuli. Contextual stimuli, even if irrelevant, can shift the direction of maximum
stereo sensitivity away the fixation plane and towards a local stimulus-defined reference plane
(Mitchison & Westheimer, 1984; Glennerster & McKee, 1999; Glennerster et al., 2002; Petrov
& Glennerster, 2006; Westheimer, 1979). But while it is easy to imagine benefits in calculating
stereo depth with respect to a local reference plane, the advantages of calculating depth from
non-horizontal disparities appear elusive. Binocular matching must have some tolerance for
vertical disparities to accommodate their occurrence in the viewing environment, but this does
not imply a role for them in the depth-from-disparity computation. So, why does the visual
system not use horizontal disparities when judging the depth of 1-D stimuli? The lack of

parsimony and especially the lack of veridicality of the resulting depth estimates argue against
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specialized mechanisms dedicated to the analysis of disparities along 1-D-stimulus-defined
directions rather than horizontal disparities. One alternative is that our data might be an artifact
of presenting conventional mechanisms with artificial stimulus parameters that have no, or
highly improbable, real-world correlates. Another possibility is that the stimulus-defined RDA
might be the general case. The veridicality of stereo depth estimates would then be an index of
how closely the RDA approximates the horizontal. The approximation would depend on how
close the typical or average disparity in the viewed scene is to the horizontal, with 1-D and 2-D

stimuli and possibly other factors contributing different weightings to the average.

6.2 Salience, vertical disparities, and attention

Mitchison and Westheimer (1984) defined salience as the relative disparity between a stimulus
and its neighbors with respect to a common reference (the fixation plane, in their calculations).
Stimulus separation contributes via a weighting factor. The salience metric makes perceived
depth context dependent, with neighboring stimuli contributing a disparity-contrast signal. This
contrast signal depends on disparity and position alone, so salience discounts modulation by
other factors—Dby attention, for example—and gives all nearby stimuli a role in any particular
depth judgment. The equivalence of relevant and irrelevant stimuli in our studies fits this
description well. For our displays, however, it is clear that disparity calculations do not use such
a context-independent reference as the fixation plane. In addition to contributing relative
disparity signals, contextual stimuli have effects equivalent to changing the direction along

which disparities are compared.
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The disparity axes used for calculating the depth between 1-D and 2-D stimuli are stimulus
disparity axes. Horizontal axis values make no independent contribution. By contrast, disparity
components along both cardinal directions contribute to depth calculations of 2-D stimuli, with
vertical disparities taking a modulatory role. For instance, vertical disparities can calibrate
horizontal disparities by providing an estimate of ocular viewing parameters (Mayhew &
Longuet-Higgins, 1982; Gillam et al., 1988). Measurable effects of calibration require stimuli
much larger than those presented here, and even then only partially compensate for effects of
ocular posture (Rogers & Bradshaw, 1993). However, calibration implies that vertical disparities
should be pooled to arrive at a global value (Stenton et al., 1984; Garding et al., 1995; Rogers &
Bradshaw, 1993; Bradshaw et al., 1996; Kaneko & Howard, 1997; however, see Rogers &
Koenderink, 1986) and this has potential importance for interpreting the inability of observers to
selectively process relevant stimuli. Perhaps the presence of vertical disparities triggered a
pooling of disparity signals that overrides attentional partitioning. But a pooling of vertical
disparities would still leave horizontal disparities, whether calibrated or not, as the principle
factor contributing to, if not determining, perceived depth. Yet horizontal disparities did not
make a significant contribution, so there is little reason to attribute the failure to selectively

process relevant stimuli to the presence of vertical disparities in the display.

Stimulus position is a prime cue for attentional selection (e.g., Posner, 1980), yet selection failed
in our experiments despite the static segregation of relevant and irrelevant positions throughout
trial blocks. Attentional selection in our displays was not limited by the particular parameters of
the plaids, for a single crucial change in a different parameter enables selective processing:

When a plaid is substituted for the grating, the disparity of the irrelevant plaids has no effect on
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PSEs (Farell & Ng, 2014; see Supplement Section S3). Thus, the failure to select among the
plaids in the present experiments is not due to an inherent property of plaid processing (e.g.,
coherence of plaid disparities) or of attention (e.g., a resolution too coarse to resolve individual
plaid disparities). Instead, the failure of selection seems specific to the computation of depth

between 1-D and 2-D stimuli.

6.3 Offset and gain

Horizontal-axis disparity projections do not accurately predict depth judgments in our
experiments. Projected disparities do better, giving us a metric that is responsive to the sign of
vertical disparity and linearly related to PSEs (Fig. 10e). However, PSEs differed systematically
from the values expected from stimulus-axis components. They showed an overall displacement
toward higher-than-predicted grating disparity values and a less-than-unity slope, with a value of
only about 0.7 (Fig. 10e). A bias to see gratings as near relative to plaids, other things being

equal, might have arisen because of a difference in retinal eccentricity or in effective contrast.

We had attempted to remove extraneous reference stimuli in order to require observers to judge
the stimuli by comparing them directly with each other rather than indirectly via extraneous
reference stimulus (see Exp. 1 Methods, Section 3.1.1). Yet there are remaining factors that
could make projected disparities inexact proxies for the disparity metric that actually supports
task performance. For example, the disparity-gradient limit (Burt & Julesz, 1980) might show
directional selectivity. That is, the separation of stimuli within a display, in terms either of visual
angle or carrier wavelengths, might have been sub-optimal for accurate coding of disparities with

strongly divergent directions. However, the perceived depth separation between plaids, whether
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these are laterally adjacent (Farell et al., 2010) or separated by another stimuli (Supplement Fig.
S2), is consistent with a horizontal disparity metric despite a considerable difference in two-

dimensional disparity direction. This does not suggest a disparity gradient limit.

Another approach to understanding the discrepancy between data and prediction is to consider a
more nuanced specification of the grating disparity axis, one less rigidly tied to the nominal
orientation of the stimulus. The nominal orientation is just the center of the grating’s orientation
band. Thus, there is an orthogonal disparity-axis band with a comparable width. Merging this
line of thought with a loosening of assumptions, we can entertain hypotheses about which of the
disparity directions within this band are used when an observer compares the depths of a pair of
stimuli. One hypothesis is that stimulus disparity components are compared preferentially along
an axis that minimizes the difference in disparity directions of the two stimuli. This inverts the
logic of off-frequency listening in auditory detection and off-frequency looking in visual
detection, and applies it in the disparity domain for the purpose of facilitating comparisons rather
than escaping masking. Thus, for this purpose of comparing disparities, nominal and effective
disparity directions might differ, with the effective directions being more similar across stimuli
than the nominal directions. The size of the difference would vary with bandwidth and the
difference in nominal values, following a sine function. It would be largest when the nominal
difference was greatest (90°) and would contribute, possibly, to the less-than-expected gain in
grating depth observed here. Both the disparity gradient and the direction band hypotheses are

readily testable by direct measurement.
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Footnotes

! Direction is defined here by a vector from a location of a 2-D feature in the retinal image of the
left eye to the nearest identical feature in the retinal image of the right eye after the two retinas
have been overlaid in anatomical correspondence (where ‘identical’ discounts differences in

contrast due to the Gaussian envelope).
2 We nonetheless used 3-stimulus versions of the displays to replicate Experiment 2 with three of

the four observers, obtaining data that were the same in all important respects to those reported

here.

38



References

Adelson, E. H. & Movshon, J. A. (1984). Binocular disparity and the computation of two-
dimensional motion. Journal of the Optical Society of America, 1A, 1266.

Blake, R., Camisa, J. & Antoinetti, D. N. (1976). Binocular depth discrimination depends on
orientation. Perception and Psychophysics, 20, 113-118.

Bradshaw, M. F., Glennerster, A. & Rogers, B. J. (1996). The effect of display size on disparity
scaling from differential perspective and vergence cues. Vision Research, 36, 1255-1264.

Burt, P. & Julesz, B. (1980). A disparity gradient limit for binocular fusion. Science, 208, 615-
617.

Calabro, F. J. & Vaina, L. M. (2006). "Stereo motion transparency processing implements an
ecological smoothness constraint. Perception, 35, 1219-1232.

Chai, Y.-C. & Farell, B. (2009). From disparity to depth: How to make a grating and a plaid
appear in the same depth plane. Journal of Vision, 9, 1-19.

Cumming, B. C. (2002). An unexpected specialization for horizontal disparity in primate visual
cortex. Nature, 418, 633-636.

Delicato, L. S. & Qian, N. (2005). Is depth perception of stereo plaids predicted by intersection
of constraints, vector average or second-order feature? Vision Research, 45, 75-89.

Durand, J., Celebrini, S. & Trotter, Y. (2007). Neural bases of stereopsis across visual field of
the alert macaque monkey. Cerebral Cortex, 17, 1260 —1273.

Ebenholtz, S. & Walchli, R. (1965). Stereoscopic thresholds as a function of head- and object-
orientation. Vision Research, 5, 455-461.

Farell, B. (1998). Two-dimensional matches from one-dimensional stimulus components in
human stereopsis. Nature, 395, 689-693.

Farell, B. (2006). Orientation-specific computation in stereoscopic vision. Journal of
Neuroscience, 26, 9098-9106.

Farell, B. & Ahuja, S. (1996). Binocular disparity of 1- and 2-D contours. Investigative
Ophthalmology and Visual Science, 37, S284.

Farell, B., Chai, Y.-C. & Fernandez, J. M. (2009). Projected disparity, not horizontal disparity,
predicts stereo depth of 1-D patterns. Vision Research, 49, 2209-2216.

39



Farell, B., Chai, Y.-C. & Fernandez, J. M. (2010). The horizontal disparity direction vs. the
stimulus disparity direction in the perception of the depth of two-dimensional patterns.
Journal of Vision, 10, 25, 1-15.

Farell, B. & Li, S. (2004). Seeing depth coherence and transparency. Journal of Vision, 4, 209-
223.

Farell, B. & Ng, C. J. (2014). Attention to pattern depth depends on pattern dimensionality.
Visual Sciences Society Conference, St. Petersburg FL, May, 2014.

Fennema, C. L. & Thompson, W. B. (1979). Velocity determination in scenes containing several
moving objects. Computer Graphics and Image Processing, 9, 301-315.

Friedman, R. B., Kaye, M. G. & Richards, W. (1978). Effect of vertical disparity upon
stereoscopic depth. Vision Research, 18, 351-352.

Garding, J., Porrill, J., Mayhew, J. E. W. & Frisby, J. P. (1995). Stereopsis, vertical disparity and
relief transformations. Vision Research, 35, 703-722.

Gillam, B., Chambers, D. & Lawergren, B. (1988). The role of vertical disparity in the scaling of
stereoscopic depth perception: An empirical and theoretical study. Perception and
Psychophysics, 44, 473-483.

Glennerster, A. & McKee, S. P. (1999). Bias and sensitivity of stereo judgements in the
presence of a slanted reference plane. Vision Research, 39, 3057-3069.

Glennerster, A., McKee, S. P. & Birch, M. D. (2002). Evidence for surface-based processing of
binocular disparity. Current Biology, 12, 1-20.

Howard, I. P. & Rogers, B. J. (2002). Seeing in depth. Vol. Il. Toronto, I. Porteous.

Ito, H. (2005). lllusory depth perception of oblique lines produced by overlaid vertical disparity.
Vision Research, 45, 931-942.

Kaneko, H. & Howard, 1. P. (1997). Spatial properties of shear disparity processing. Vision
Research, 37, 2871-2878.

Maske, R., Yamane, S. & Bishop, P. O. (1986). End-stopped cells and binocular depth
discrimination in the striate cortex of cats. Proceedings of the Royal Society, London, B, 229,
227-256.

Matthews, N., Meng, X., Xu, P. & Qian, N. (2003). A physiological theory of depth perception
from vertical disparity. Vision Research 43, 85-99.

Mayhew, J. E. W. & Longuet-Higgins, H. C. (1982). A computational model of binocular depth
perception. Nature, 297, 376-378.

40



Mitchison, G. J. & Westheimer, G. (1984). The perception of depth in simple figures. Vision
Research, 24, 1063-1073.

Morgan, M. J. & Castet, E. (1997). The aperture problem in stereopsis. Vision Research, 39,
2737-2744.

Ogle, K. N. (1955). Stereopsis and vertical disparity. Archives of Ophthalmology, 53, 495-504.
Patel, S. S., Ukwade, M. T., Stevenson, S. B., Bedell, H. E., Sampath, V. & Ogmen, H. (2003).
Stereoscopic depth perception from oblique phase disparities. Vision Research, 43, 2479-

2792,

Patel, S. S., Bedell, H. E. & Sampat, P. (2006). Pooling signals from vertical and non-vertically
orientation-tuned disparity mechanisms in human stereopsis. Vision Research, 46, 1-13.

Pelli, D. G., & Zhang, L. (1991). Accurate control of contrast on microcomputer displays. Vision
Research, 31, 1337-1350.

Petrov, Y. & Glennerster, A. (2006). Disparity with respect to a local reference plane as a
dominant cue for stereoscopic depth relief. Vision Research, 46, 4321-4332.

Posner, M. I. (1980). Orienting of attention. Quarterly Journal of Experimental Psychology, 32,
3-25.

Quaia, C., Sheliga, B. H., Optican, L. M. & Cumming, B. G. (2013). Temporal Evolution of
Pattern Disparity Processing in Humans. The Journal of Neuroscience, 33, 3465-3476.

Rogers, B. J. & Bradshaw, M. F. (1993). Vertical disparities, differential perspective and
binocular stereopsis. Nature, 361, 253-255.

Rogers, B. & Koenderink, J. (1986). Monocular aniseikonia: a motion parallax analogue of the
disparity-induced effect. Nature, 322, 62-63.

Stenton, S. P., Frisby, J. P. & Mayhew, J. E. W. (1984). Vertical disparity pooling and the
induced effect. Nature, 309, 622-623.

Westheimer, G. (1979). The spatial sense of the eye. Investigative Ophthalmology and Visual
Science, 18, 893-912.

Wichmann, F. A., & Hill, N. J. (2001). The psychometric function: I1. Bootstrap-based
confidence intervals and sampling. Perception and Psychophysics, 63, 1314-1329.

41



Figure Captions

Figure 1. Perceived depth predicted from projected disparities. (A) Arrows showing disparity
vectors of sample grating (top) and three plaids (with disparity magnitudes exaggerated relative
to the pattern wavelength). Disparity directions are 0° (horizontal) and +45°. (B) Plaid disparities
projected onto the grating’s disparity axis. This axis is indicated by the dashed line. For clarity,
the origins of the plaid disparity vectors are displaced from the origin of the grating disparity
vector. The solid oblique lines intersect the grating’s disparity axis perpendicularly, giving the
projections of the plaids’ disparities. The projected values assume a disparity magnitude is D for
all three plaids. The relative sizes of the components along the grating’s disparity predict that a
grating with the disparity depicted here will appear farther in depth than one plaid, nearer than
another, and at the same depth as the third, despite two of the plaids having equal horizontal
disparities and therefore appearing in the same depth plane.

Figure 2. Two examples of non-transitive depth, with stimuli A, B, and C. (A) The standard
example of non-transitivity: B > A, C > B, A > C. (B) Alternative arrangement: A=B,B=C, A #
C.

Figure 3. A binocular Non-Transitive display. Under the conditions of the experiment, the
stimulus contrasts would be lower than in this figure and the gray background would extend well
beyond the boundaries shown here. The display would be preceded by nonius lines and
followed by a response screen showing a display of three circles, each one coinciding with the
visible borders of one of the three test stimuli. The images are meant to be fused convergently.

Figure 4. Sketches of the disparity directions found in the displays of Experiment 1. The maroon
arrows show the direction of plaid disparity. All are oblique (+45° or -45°) and have the same
magnitude. The dashed black arrows designate variable-magnitude grating disparities (here for
gratings oriented at 45°), which were either parallel or orthogonal to the plaid disparities.

Figure 5. ‘Nearest’ and ‘Farthest’ response probabilities for Non-Transitive displays in
Experiment 1. (A) Plotting conventions. Probabilities of ‘Nearest’ and ‘Farthest’ judgments (red
and blue disks, respectively) are given by the reciprocal distance from the triangle’s vertices.
Each vertex represents the grating or a plaid type. Disk saturation indicates grating disparity,
rank ordered from -3 (largest negative disparity) to +3 (largest positive disparity). (B) ‘Nearest’
and ‘Farthest’ response probabilities for two observers, T1 and T2. Red and blue lines are best-
fitting linear functions for ‘Nearest’ and ‘Farthest’ responses, respectively, constrained to pass
through the upper vertex. The triangle’s left and right vertices correspond here to plaid position.
Plaids with disparities parallel and orthogonal to the grating’s disparity appeared equally often in
these two display positions. (C) The same probabilities plotted with triangle’s left and right
vertices representing plaid disparity direction, either parallel or orthogonal to the grating’s
disparity direction.

Figure 6. Psychometric functions for the three conditions of Experiment 1. The probabilities are
those that the grating was classified as ‘Nearest’ (red dots) or ‘Farthest’ (blue dots). The curves
fitted through the data points are least-square cumulative Gaussian functions. Data for the two
observers are shown separately.

Figure 7. Monocular view of a typical display in Experiment 2. The central grating was oriented

at +45° or -45° and had variable disparity. The two plaids along each diagonal had identical
disparities. The grating and two identical plaids were designated as task-relevant for the
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duration of a block of trials, to be attended and their depth order judged. The remaining plaids
were irrelevant and to be ignored.

Figure 8. PSEs for the Transitive and Non-Transitive conditions of Experiment 2. Grating phase
disparities that resulted in a perceived depth match between the grating and the relevant plaids
are shown for each of the 4 observers. The disparity direction of relevant plaids was either
parallel or orthogonal to the grating disparity. Plaids’ phase disparities were +20° for observers
T3, T4, and T5, and -15° for observer T1. Error bars show +1 s.e.m.

Figure 9. PSEs for 2-plaid parallel and orthogonal displays, shown with respect to PSEs for 4-
plaid Parallel and Orthogonal Transitive displays. The 4-plaid data are those from Fig. 8. Error
bars enclose the 95% confidence intervals.

Figure 10. PSEs as a function of the magnitude of plaids’ disparity in the grating’s disparity
direction (left column) and the horizontal disparity direction (right column) for the two observers
in Experiment 3. The plaid disparities plotted are those of the relevant plaids (A and B), the
irrelevant plaids (C and D), and the mean of all plaids (E and F). Predicted data points would fall
on the diagonal line with slope of 1.0. Error bars are £1 s.e.m.
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Figure

PSE for 2-Plaid Displays
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Figure Grating-Axis Disparity Components

A

Observed Grating Disparity at PSE O

m

25°

20

15

10

5°+

0°+

-5°

—— T5
—0O - T3

25°

T
-5° 0° 5°

10° 15° 20° 25°
Relevant Plaid Disparity Component

20

15

10°

5°4

-5° 0° 5°

10° 15° 20° 25°
Irrelevant Plaid Disparity Component

30°

25°4

20°

15°4

10°

5° +

00

oo

T
5 10° 15° 20° 25° 30°
Mean Plaid Disparity Component

Horizontal Disparity Components

30°
- 25°
[
-20°
- - (0]
— -
-
. . 15°
15° 20° 25° 30°
Relevant Plaid Disparity Component
30°
- 25°
-20°
~—_ o
;[ -15°
. . . 10°
10° 15° 20° 25° 30°
Irrelevant Plaid Disparity Component
25°
®
®
-20°
o-——_ _ | _()
o
. 15°
15° 20° 25°

Mean Plaid Disparity Component

3Sd 1e Aledsiq buneio paniasqO



Supplementary Material
Click here to download Supplementary Material: Farell & Ng_VR Supplement.pdf


http://ees.elsevier.com/vr/download.aspx?id=285471&guid=2dc249a2-ee6c-4b50-94d4-0d9e1906eb64&scheme=1

