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Benjamin D. Philpot and Mark F. Bear are therefore important for understanding the neural
mechanisms responsible for contour completion, in par-Howard Hughes Medical Institute

Department of Neuroscience ticular, and perceptual organization, in general.
Single unit neurophysiology, in recent years, has pro-Brown University, Box 1953

Providence, Rhode Island 02912 vided direct evidence that the early visual areas (V1 and
V2) are involved in representing illusory contour. Since
only the early visual areas contain neurons with small
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icantly later than the emergence of illusory contour re-Montgomery, J.M., Pavlidis, P., and Madison, D.V. (2001). Neuron
sponse in V2. Other single unit and optical imaging stud-29, 691–701.
ies involving the illusory contour defined by abuttingMontgomery, J.M., and Madison, D.V. (2002). Neuron 33, this issue,
gratings, as shown in the Figure, panel B, also implicated765–777.
V1 and V2 in the representation of illusory contour (Gro-Passafaro, M., Piech, V., and Sheng, M. (2001). Nat. Neurosci. 4,

917–926. sof et al., 1993; Sheth et al., 1996; Ramsden et al., 2001).
However, a recent functional imaging experiment byShi, S., Hayashi, Y., Esteban, J.A., and Malinow, R. (2001). Cell 105,

331–343. Mendola et al. (1999) found Kanizsa figures elicited sig-
Snyder, E.M., Philpot, B.D., Huber, K.M., Dong, X., Fallon, J.R., and nificant responses in the lateral occipital (LOC) region,
Bear, M.F. (2001). Nat. Neurosci. 4, 1079–1085. but only weak, if any, response in the human early visual
Xiao, M.Y., Wigstrom, H., and Gustafsson, B. (1994). Eur. J. Neurosci. areas. This finding, along with the observation by Huxlin
6, 1055–1057. et al. (2000) on the impairment of a monkey’s ability

to see illusory contours as a result of a lesion in the
inferotemporal cortex (IT), ignited a debate on whether
the illusory contour computation is an early or a late

The Nature of Illusory process. While single unit studies have confirmed that
the early visual cortex participates in the representationContour Computation
of illusory contour, they did not pinpoint the locus or
the mechanism of the illusory contour computation.
Computational models on illusory contour completion

Neural correlates of illusory contour perception have offered several possible solutions. Some suggested an
been found in both the early and the higher visual intracortical mechanism within the early visual cortex
areas. But the locus and the mechanism for its compu- through algorithms based on horizontal interaction (Gei-
tation remain elusive. Psychophysical evidence pro- ger et al., 1996). Others argued for a computation that
vided in this issue of Neuron shows that perceptual is based on successive feedforward conjunctions of ele-
contour completion is likely done in the early visual mentary features (Heitger and von der Heydt, 1993).
cortex in a cascade manner using horizontal connec- Grossberg and Mingola’s (1985) model involved both
tions. intracortical and intercortical interaction.

Pillow and Rubin (2002), in this issue of Neuron, re-
An organizing principle underlying many visual compu- ported a series of careful psychophysical experiments
tations is postulated to be the need for producing a to dissect these issues. They asked observers to dis-
parsimonious and simple description of the visual criminate the shapes of slightly deformed Kanizsa-type
scene. The process for fulfilling this need is called per- illusory figures. They found that, if the stimuli is exposed
ceptual organization. The perception of illusory contour only for 97 ms, followed by a blank screen and then a
in Kanizsa figures (Figure, panel A) underscores the mask, the subjects are more sensitive to the curvature
workings of this principle. Rather than describing the of the illusory contour when the inducers (pacmen) are
picture as an accidental arrangement of four pacmen in within a visual hemifield than when the inducers are on
some peculiar orientations, it is much simpler to interpret opposite sides of the vertical meridian. This asymmetry
it as a diamond in front of four circular discs. This inter- in sensitivity increases dramatically with an increase in
pretation implies a surface or depth discontinuity be- gap size between the inducers. Crossing the hemi-
tween the diamond and the background. The vivid per- spheric divide through the corpus callosum apparently
ception of illusory contour suggests this surface or has incurred an extra cost that is gap size dependent.
depth discontinuity may be represented in the visual If the computation is purely feedforward and completed
system explicitly, even at locations where there is no in IT, one would expect the extra cost for interhemi-
direct physical evidence for it. Psychophysical and neu- spheric transfer to be more or less fixed, independent

of the gap size. The finding that the cost of interhemi-rophysiological studies of illusory contour perception
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Illusory Figures and Illusory Contours

spheric transfer increases with gap size is therefore con- Carnegie Mellon University
4400 Fifth Avenuesistent with the idea that illusory contour completion is

accomplished by cascade propagation of contour sig- Pittsburgh, Pennsylvania 15213
nals. Neurons in the higher visual areas, such as LOC
and IT, have very large receptive fields and often are
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tions. The most probable scenario is one that informa-
tion rapidly propagates to IT through direct feedforward
computation, which generates rough hypotheses about

Toward an Understandingthe shapes and figures in the scene. These hypotheses
or contextual information then propagate down the vi- of the Brain Substrates
sual hierarchy to guide the early visual areas to work of Reward in Humans
out the details, constructing a precise representation of
illusory contour using the intrinsic circuitry in V1 and V2.
As the illusory contour becomes clear and precise in
the early visual cortex, the global shape percept of the
illusory figure starts to emerge in the higher visual areas. “If you ever get close to a human and human emotion,
From this perspective, the computation of illusory con- you better get ready to get confused.”
tour involves both the early and the late processes. —Bjork

A network of brain regions has been implicated inTai Sing Lee
food-reward processing. O’Doherty et al. (2002) nowComputer Science Department
provide evidence that this network is differentiallyCenter for the Neural Basis of Cognition

Rm 115, Mellon Institute modulated by anticipation versus receipt of a food


