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Technical Comment

Form, Motion, and Binocular Rivalry

If one looks at two grossly dissimilar
images—such as orthogonal gratings—
through a stereo viewer, only one eye’s field
of vision is seen at a time. This phenomenon
is called binocular rivalry (7). N. K. Logo-
thetis and J. D. Schall (2) performed an
ingenious experiment to explore the neural
basis of binocular rivalry. A monkey looked
at a downward-moving “conveyor belt” of
horizontal stripes through one eye and at
upward-moving horizontal stripes through
the other eye. While the monkey “reported”
rivalry by pressing the appropriate key, the
electrical activity of direction-selective neu-
rons in the middle temporal (MT) area in
the superior temporal sulcus was monitored.
One might suppose that neural responses
corresponding to the suppressed image
would be silenced while neurons corre-
sponding to the other image would be ac-
tive. Although 10% of the cells showed the
expected suppression, in most neurons no
simple suppression was observed—certainly
nothing similar to the complete occlusion
that occurs perceptually. Indeed, sometimes
there was an enhancement of neural re-
sponses to the suppressed image.

One possible explanation for this neu-
ronal response would be that rivalry is a
“network” property that cannot be studied
in single cells, but this statement is not
useful, even if it were true. A second expla-
nation would be that rivalry is not a com-
plete occlusion of one eye’s input at an early
stage, rather, it occurs at multiple sites and
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can selectively involve some neural channels
while sparing others (3, 4). For example,
stereopsis can be experienced in the presence
of “form rivalry” (4, 5) even though only
one image is perceived at a time. In the case
of downward-moving stripes for the left eye
and upward for the right eye, it is true that
only one image is seen at a time, but is this
really “motion rivalry” caused by inhibition
between motion channels within the MT
area itself? Even though the stripes are
horizontal for both eyes, at any given instant
the stripes are likely to be vertically mis-
aligned. This would tend to generate form
rivalry by stimulating noncorresponding ret-
inal points (5). Perhaps it is this form rivalry
that gates neural motion signals (6)—there
may be no motion rivalry per se occurring
within the MT.

I did an experiment recently (6) to study
these effects. After I viewed the “conveyor
bele” display for several minutes, two mo-
tion after-effects were generated. On look-
ing at the world with the right eye I per-
ceived downward movement, and on
looking with the left eye I perceived upward
motion. What happened when I opened
both eyes depended on what I looked at. A
stationary grating (or any pattern) usually
looked stationary—the brain simpy aver-
aged the motion after-effects from both eyes.
But on presenting diagonal, orthogonal, sta-
tionary gratings to both eyes—so that I
experienced form rivalry—I experienced
motion rivalry as well! The left eye perceived

upward motion and the right eye perceived
downward motion.

I conclude that the motion signals from
the two eyes were averaged only when I
looked at the same form with both eyes. If
there was form rivalry, on the other hand,
the motion signals inhibit each other. Ap-
parently, what happened in the form chan-
nels influenced what happened in the mo-
tion channels. Since the MT area is
concerned with motion rather than form,
these results may explain why Logothetis et
al. did not observe a simple suppression of
one eye’s motion signals. Indeed, our results
suggest that the best place to look for rivalry
would be in the “form area” DL, V4, or IT
rather than in MT. The presence of rivalry in
these areas might modulate the activity of
cells in the MT area in complex ways or
interact with cells in higher motion areas
such as the medial superior temporal area
rather than in the MT itself.

A third explanation would be in terms of
the theory of F. H. C. Crick and C. Koch
(7), according to which the basis of conscious
visual awareness is the synchronization of
40HTZ oscillations (8). If one is aware of an
object, the firing of all neurons that are simul-
taneously activated by that object alone be-
comes synchronized. This synchronization
does not include other neurons that are acti-
vated by objects that one is not attending to.
A reanalysis of the data of Logothetis and
Schall to look for synchronized oscillations
(rather than suppression) may therefore be
worthwhile. Such data could provide a test
for the hypothesis that synchronized oscilla-
tions are actually involved in consciousness
and not merely in binding features together
for object segmentation.
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