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Notes and Comment

Binocular rivalry of equiluminant targets

DAVID H. WESTENDORF and M. PAZ GALUPO
University of Arkansas, Fayetteville, Arkansas

Wedescribe a stimulus pattern designed for use in test
probe investigations ofbinocular rivalry. The pattern con
sists ofa contour-free disk that is identical in luminance
in both eyes surrounded by a dimmer annulus in one eye
and a brighter annulus in the other. Temporal character
istics ofriual alternations can be controlled by manipulat
ing luminance ofthe annuli. Sensitivity to probes inserted
in the rival region can be measured uncontaminated by
differences in the adaptation state of the eyes or pattern
masking.

As part of his classic investigation of the effects of con
trast on the perception of surface color, or perceived light
ness, Wallach (Wallach & Adams, 1954) found that
monocular disks of nearly identical luminance could be
made to engage in binocular rivalry if they were made to
look different by virtue of simultaneous contrast. The
present paper describes a variant of Wallach's dichoptic
stimulus arrangement that seems especially suitable for
studies of binocular rivalry that employ test probes. Test
probe studies of rivalry usually involve measuring the sen
sitivity of an eye during both its dominant and suppressed
phases. In such experiments the state of the eye, dominant
or suppressed, serves as an independent variable, and some
measure of visual performance in responding to the probe
stimulus is the dependant variable.

Many studies of binocular rivalry employ stimuli that
are rivalrous by virtue of interocular differences in the ret
inallocation or orientation of contours, a common version
of which consists of orthogonally oriented cosine or square
wave grating patterns (see Figure lA). Although such pat
terns are suitable for many purposes, their use in test probe
experiments can introduce confounding effects. The prob
lem is that not only is probe detection determined by the
rivalry state of the detecting eye (dominant or suppressed),
but it can also be influenced by pattern masking from the
stimuli used to induce rivalry (Westendorf, 1989).

Stimuli with no contours in the rival region can be made
rivalrous by virtue of being portrayed in reverse contrast.
Figure 1B illustrates an example similar to one employed
by Wales and Fox (1970) in a study of the effects of rivalry
on increment flash detection. Although this stimulus con-
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figuration obviates pattern masking problems, it carries
other liabilities. For one thing, left and right eye perfor
mance cannot becompared unconfounded by the adaptation
state of each retina. For another, only probes involving
an increment in luminance can be insertedin the black disk.

Figure lC illustrates the rival stimuli that we patterned
after Wallach's. This reverse-eontrast figure ground (RCFG)
stimulus arrangement has none of the drawbacks as
sociated with the stimuli shown in Figures lA and lB.
Each eye's stimulus consists of a disk surrounded by an
annulus. The luminance of the disks is identical in each
eye, whereas the luminance of the annuli is disparate. In
one eye the annulus is dimmer than its disk, whereas in
the other it is brighter. Viewed separately, the disks ap
pear different in lightness because of simultaneous con
trast. Superimposed binocularly, the disks engage in
vigorous rivalry during which perception vacillates be
tween that of the apparently lighter and apparently darker
monocular disks. Except in the immediate vicinity of its
inner border, the appearance of the fused annuli is quite
stable and of a lightness intermediate between that of its
monocular components.

Although the RCFG stimulus shown in Figure 1C can
be created in a variety of ways (e.g., photographically,
on computer screens, etc.), in our laboratory they are elec
tronically produced by generating rasters on the screens
of four CRT monitors, two of which are mounted on each
arm of a large mirror stereoscope and optically superim
posed with beam splitters. High-contrast photographic
film is affixed to the face of each monitor so that a cen
trally located circular region of the raster of one monitor
on each arm is seen surrounded by an annulus produced
by the raster of the optically superimposed second moni
tor on that arm. The luminance of the various monocular
components making up this display is controlled by vary
ing a de voltage applied to the z-axis of the appropriate
monitor. To help observers maintain proper eye align
ment, each eye's disk-annulus display is flanked on either
side by a series of vertically oriented light bars. These
fusion bars are features of the photographic masks on the
disk monitors and thus of the same luminance as the disks.

The monocular components of the RCFG stimulus ap
pear different both by virtue of the apparent lightness of
the disks and the reverse contrast of contours marking the
disk-annulus borders. Apparently it is the border appear
ance that provides an unambiguous clue to observers as
to which eye is suppressed at any moment during an on
going episode of rivalry. This conclusion is based on our
experience when we showed naive observers two versions
of a dichoptic disk-annulus display and asked them to in
dicate, via a three-position switch, the exclusive visibil-
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Figure 2. Luminance profiles for disk-annulus displays with
(A) reversed contrast polarity and (B) identical contrast polarity in
each eye.

a real difference in physical intensity and the contribu
tion of simultaneous contrast.

With the RCFG stimulus, all observers experienced
rivalry and none reported any difficulty in tracking phe
nomenal oscillations in dominance. During l-min inspec
tion periods, the typical observer reported seeing one or
the other of the disks exclusively over 80% of the time,
with the rest of the viewing period consisting of mixed
states. Individual dominance durations were, on average,
about 2.5 sec. When shown the other display, where disk
to-annulus contrast was in the same direction in both eyes,
most observers reported rivalry (i.e., perception was un
stable), but all complained that for substantial periods of
time the binocular disk appeared stable and intermediate
in lightness relative to its monocular components. In fact,
none of these observers felt that they could signal with
certainty the exclusive perception of either of the monocu
lar disks.

We conclude that the reversed contrast of the contours
defining each eye's central disk is crucial for achieving
compelling and unambiguous rivalry. When the polarity
of contrast is identical in each eye, the monocular disk
borders apparently provide strong input for a binocular
fusion mechanism that can dominate perception despite
binocular differences in both disk luminance and appar
ent lightness. In the RCFG target, the reversal of polar-
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Figure I. Three types of rival stimuli. (A) Orthogonal gratings.
(B) Black-and-white reverse-contrast figure ground. (C) Reverse
contrast figure ground with equiluminance.

ity of each monocular component of the display. (The
center switch position was used to indicate periods of un
certain or mixed dominance.) The displays were located
at a viewing distance so that each disk was lOin diameter
and cotangent with the inner border of its annulus, the
outer border of which was 3 0 in diameter. One display
type, the luminance profile of which is illustrated in Fig
ure 2A, was RCFG with the disk luminance set at 4 cd/rrr'
for each eye, whereas the annuli were 4.5 cd/rn! for one
eye and 3.5 cd/m' for the other. Since the disk-to-annulus
contrasts were low (about 6% and 7%, respectively), the
apparent lightness of the disks in this display was not dra
matically different, but the disk-annulus border contrast
was reversed. The other display, whose luminance pro
file is shown in Figure 2B, consisted of a disk of 4 cd/rrr'
surrounded by an annulus of 36 cd/rrr' for one eye paired
with a disk of 6 cd/rrr' surrounded by an annulus of
9 cd/rrr' in the other. In this display, the disk -annulus
border contrast was not reversed eye-to-eye, but the ap
parent lightness of the disks was substantially different;
one disk appeared darker than the other because of both



ity in disk-to-annulus contrast provides strong grounds for
rivalry, which dominates perception despite identical disk
luminance and modest differences in apparent disk light
ness. In either display type, the outer border of the annu
lus appears fused and stable since the contrast of that
border is 100% and of agreeable polarity in both eyes.

In test probe experiments, subjects are usually required
to indicate (generally by manipulating a switch) when one
stimulus is exclusively visible while the other is completely
suppressed. During these occasions, a probe stimulus is
superimposed either upon the dominating or suppressed
rival target. The success of such experiments requires that
the duration of these exclusive dominance episodes be suffi
ciently long that a probe presentation can be accomplished
before the episode ends. Furthermore, in the event that the
sensitivity of both eyes is being gauged within the same
session, it is desirable that dominance durations for each
eye be at least roughly equal. A major advantage of the
RCFG rival display is that the experimenter can exert con
siderable control over the temporal characteristics of rivalry
dominance without manipulating the rival region itself,
which is necessary with more conventional targets.

It is well documented that the temporal course of rivalry
alternations is influenced by the strength of the competing
monocular stimuli (Levelt, 1968). With the RCFG display,
stimulus strength is a function of both the disk-to-annulus
contrast and the luminance of the disk. The predominance
of an RCFG stimulus (i.e., the proportion of the time that
the stimulus is seen to the exclusion of its rival) increases
with increases in contrast, and this effect is maximal when
luminance is low. Predominance also increases with in
creases in disk luminance, especially when disk-to-annulus
contrast is low. The contrast effect is especially interest
ing since, with disks that are brighter than their annuli,
contrast can be increased by decreasing annulus luminance.
Thus an eye's predominance can be increased by remov
ing energy from its stimulus. Of course, the effect of de
creasing annulus luminance is an apparent increase in the
lightnessof the disk. But it is not simply apparent disk light
ness that causes the disk to predominate, since we observe
the same contrast effect when the luminance of an annulus
surrounding a dimmer disk is increased.

Contrast and luminance also affect the mean duration
of individual monocular dominance episodes. The major
effect of increasing either luminance or contrast of a rival
target in one eye is to shorten suppression durations in
that eye, thus decreasing dominance durations of its com
peting target (in the other eye). This effect is expected
from prior reports (e.g., Blake, 1977; Levelt, 1968). Be
sides abbreviating dominance durations in the competing
rival target, the target whose contrast is increased also
tends to dominate for longer durations, an effect consis
tent with recent findings reported by Mueller and Blake
(1989). We have not observed this effect in response to
the luminance manipulation.

To summarize, both rivalry predominance and domi
nance durations can be controlled in an RCFG display
without modifying the rivaling disks. Dominance dura
tions can be equalized in the two eyes by manipulating
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the contrast in one eye relative to that in the other. Dom
inance durations in an eye may be lengthened by decreas
ing contrast in the partner eye. Using RCFG stimuli of
low contrast in both eyes favors long dominance dura
tions and slow alternation rates.

Although in many instances slow rivalry alternations
may be desirable, low contrast also tends to increase the
time spent in a state of mixed dominance, where all or
part of both eyes' rival targets are seen simultaneously
(Hollins, 1980; Liu, Tyler, & Schor, 1992; Liu, Tyler,
Schor, & Lunn, 1990). We find the same effect with the
RCFG display. With I 0 disks and I-min inspection peri
ods, incomplete suppression is experienced for about 13%
of the period at 60% contrast and increases to about 20%
at 14% contrast. We have not found, however, the pro
portion of the time spent in such mixed states to be ap
preciably influenced by variation in disk luminance (over
the range from 2 to 8 cd/rn'). For comparison, we mea
sured rivalry alternations with orthogonally oriented 6-cpd
gratings of 60% contrast subtending lOin a dark field.
Tracking data indicated that periods of mixed states with
rivaling gratings were experienced about 67 % of the time.
Interestingly, when an annulus was placed around one of
the rival gratings, the luminance of which was more in
tense than the mean luminance of the grating (50% con
trast), the proportion of the time spent in mixed states de
creased to 36%. Thus, the occurrence of mixed states with
rivalrous gratings can be lessened by introducing reverse
contrast at their outer border.

The size of rival targets also affects the occurrence of
mixed states. Small target size favors unitary suppression,
whereas large targets tend to produce piecemeal rivalry
(Blake, O'Shea, & Mueller, 1992). To determine the ef
fect of target size on rivalry, we shortened the viewing
distance of the previously described display so that the disks
subtended 1.5 0

• When we tracked the rivalry of a pair of
50%-contrast orthogonally oriented gratings (3.3 cpd),
about 70% of the viewing period was spent in mixed
states. When the grating contrast was reduced to 10%,
mixed states increased to about 80%. On the other hand,
when RCFG targets with 1.5 0 disks were viewed over
the same range of contrasts, periods of mixed states never
exceeded 20% of the viewing period.

When used in test probe experiments, a particularly nice
feature of the RCFG stimulus is that it lends itself to a ses
sion protocol in which both eyes can be tested in a single
series of test trials. When test trials that assess the sensi
tivity of each eye in each rival state (dominant and sup
pressed) are randomly intermixed, subjects are unable to
anticipate the condition being tested in a trial and, there
fore, a potential source of bias is reduced. For example,
in our laboratory we recently used the RCFG rival target
in combination with an adaptive psychometric procedure,
QUEST (Watson & Pelli, 1983), in a study of the effect
of rivalry suppression on contrast sensitivity. A session in
this experiment consisted of a 32-trial QUEST series for
each of four conditions (each eye in each rival state). Trials
in the four QUEST series were randomly interleaved. Al
though they involved a total of 128 trials, each session was
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typically accomplished in less than '12 hour and yielded
satisfyingly stable estimates of thresholds in each of the
four conditions. We tested 3 experienced and 6 naive ob
servers, and all showed robust threshold elevation (on the
order of liz log unit) during rivalry suppression.

To summarize, the RCFG stimulus offers a number of
advantages when used in studies of binocular rivalry.
Predominance can be readily controlled. Individual domi
nance durations are relatively long, and periods of mixed
states are relatively rare. Since the two eyes are equiva
lently stimulated in the rivalrous region and that region con
tains no contours, test trials for each eye in each rival state
may be interleaved within a single session. Finally, we
found robust suppression effects with test probes super
imposed on rivaling RCFG targets.
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