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The perception of illusory contours
in the hypercyclopean domain
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Vanderbilt University, Nashville, Tennessee

There is renewed interest in the study of illusory con
tours, so much so that an international conference devoted
exclusively to this phenomenon was recently held (see
Petry & Meyer, 1986). Much of the mystery surround
ing illusory contours concerns how they can be perceived
in the absence of physical discontinuities in luminance.
Indeed, a major theme of research on illusory contours
is the specification of the relevant stimulus parameters in
the luminance domain required for their formation. A
good example of this approach is the recent work of
Prazdny (1985, 1986), who has argued that (1) luminance
differences must be present in order for illusory contours
to be perceived, and (2) differences in temporal correla
tion between the background and the inducing elements
elicit the perception of illusory contours in random-dot
cinematograms.

In this paper, we report several observations relevant
to this issue that cast doubt on the assertions that
luminance-domain information or spatiotemporal differ
ences are essential variables for the induction of illusory
contours. In short, we have found that observers can
readily perceive illusory contours inducedsolely by global
stereoscopic forms under stimulus conditions in which
neither monocular luminance differences nor motion dis
continuities are present.

To produce these forms, we used a hard-wired elec
tronic system that generates, on modified color television
receivers, dynamic matrices of randomly ordered red and
green dots. All elements in the matrices are replaced ran
domly at a field rate of 60 Hz, resulting in apparent mo
tion of the elements that resembles Brownianmotion. Such
motion, however, does not impair the perception of global
stereoscopic forms, which can bepresented for controlled
durations and moved about quickly to virtually any posi
tion in stereoscopic space. A unique feature of the sys
tem is an image digitizer that converts any two
dimensional achromatic shape into a global stereoscopic
form of equivalent configuration. (For a more complete
description of this system, see Lehmkuhle & Fox, 1980,
and Shetty, Brodersen, & Fox, 1979.)

For our purposes, we presented to the digitizer induc
ing elements (Pac Man) arranged to produce simple
Kanizsa-type illusory squares, rectangles, and triangles

Support for this investigationwas provided by Grant EYOO590-22 from
the National Institutes of Health. We would like to thank Susan Petry
for her comments on a previous version of this manuscript. Requests
for reprints should be addressed to Robert Fox, Department of Psychol
ogy, Vanderbilt University, Nashville, TN 37240.

of varying sizes (i.e., 5.5 0,6.8°,8.2°). The stereoscopic
displays were completely devoid of any monocular or
brightness cues, and no motion or texture discontinuities
were present at any time between the illusory figures and
the inducing elements; the inducing elements were speci
fied entirely by horizontal binocular disparity.

We had 15 observers, 8 of whom were inexperienced
with random element stereograms, view the resulting
stereoscopic displays for an unlimited duration from a dis
tance of 250 em. Each was tested individually. To com
ply with the requirements of the anaglyphic method of
stereoscopic presentation, each observer wore spectacle
frames to which appropriately matched red and green
filters were affixed. When the inducingelements contained
uncrossed disparity and appeared behind the plane of the
display, 12 of the 15 observers reported seeing distinct
illusory contours and surfaces, with the illusory surfaces
bounded by the contours appearing clearly segmented
above or in front of the apparent depth plane of the in
ducing elements (p = .0278, binomial test, two-tailed).
This effect was present for all configurations and sizes
of the Kanizsa figures.

The magnitude of retinal disparity, which ranged from
6.9' to 32' of are, did not appear to be a critical variable,
although observers did express a preference for a dispar
ity of about IS' of arc. The direction of disparity,
however, was a critical variable. When the inducing ele
ments were presented with crossed disparity and thus ap
peared to lie in depth in front of the display, they clearly
stood out as independent entities, but they no longer ap
peared united by an illusory contour and surface. In this
condition, only 2 of the 15 observers reported seeing faint
illusory edges, but none reported seeing any segmenta
tion of the illusory surface from the random element back
ground. The importance of uncrossed disparity for the per
ception of illusory figures is probably related to the fact
that it complies with the conditions intrinsic to the lu
minance domain whereby the illusory contour and sur
face appear as figure against the ground provided by the
inducing elements.

In view of our success in inducing illusory contours
solely through the use of stereoscopic stimuli, Frazdny's
(1985) recent failure to obtain such induction under some
what similar conditions is of particular interest. Although
it is difficult to specify the exact reasons for the differ
ence in results between our study and his, one possibility
might be related to the size of the inducing elements. In
Prazdny's study, the gap in the inducing elements sub
tended 27' of arc at its widest extent. This corresponds
to a spatial frequency of about 1.1 cycles per degree (cpd).
In the stereoscopic analogue of the contrast sensitivity
function, sensitivity to disparity begins falling off at fre
quencies greater than about 1 cpd (Rogers & Graham,
1982) and reaches a cutoff at about 3-4 cpd (e.g., Tyler,
1973, 1974). This suggests that the frequencies
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represented by the gaps in the inducing elements in
Prazdny's displays were so high that they could not be
properly resolved spatially. On that point, we found it im
possible to induce illusory contours with elements of the
size used by Prazdny. On the other hand, we obtained
successful induction with larger inducing elements where
the gap at its widest extent was 55' of arc, which cor
responds to a spatial frequency of about 0.55 cpd. It has
been noted that observers are highly sensitive to this fre
quency in dynamic random-dot stereogratings (e.g.,
Rogers & Graham, 1982; Schumer & Ganz, 1979). One
reason for placing this emphasis on spatial frequency is
that we think we have found a robust phenomenon that
can readily be replicated by others so long as two critical
requirements are fulfilled: First, the inducing elements
should have uncrossed disparity, and second, they should
contain sufficiently large gaps.

Although results ostensibly similar to ours have been
reported previously under dichoptic viewing conditions
with a variety of stimulus patterns (e.g., Blomfield, 1973;
Gregory & Harris, 1974; Harris & Gregory, 1973;
Lawson, Cowan, Gibbs, & Whitmore, 1974; Ramachan
dran, 1986; Ramachandran & Cavanagh, 1985; Whit
more, Lawson, & Kozora, 1976), all of these studies used
stimulus displays that contained monocular cues and a lu
minance mismatch or difference between the inducing ele
ments and the illusory figure. In contrast, our results in
dicate that neither differences in luminance nor differences
in temporal correlation (i.e., motion discontinuities) are
necessary for the production of illusory contours. Rather,
the critical variables appear to be the size and the dispar
ity direction of the inducing elements. The irrelevance of
luminance differences implies that the formation of illu
sory contours in the luminance domain may constitute a
special rather than the general case.

Finally, our successful induction of illusory contours
through the use of global stereoscopic stimuli means that
they can be added to the growing list of phenomena that
can be encompassed by the concept of hypercyclopean
perception. That term refers to the perceptual phenomena
from the luminance domain that can be replicated or
reproduced in the stereoscopic domain by means of ran
dom element stereograms or cyclopean stimulation (see
Julesz & Schumer, 1981, and Tyler, 1983, for reviews
of hypercyclopean research). It is generally conceded that
the existence of hypercyclopean phenomena renders in-
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complete attendant explanations or models based exclu
sively on data from the luminance domain, and this con
clusion, therefore, must apply with equal force to illusory
contours.
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