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Observers detected drifting gratings presented on a steady uniform field or on a background
of uniform flicker with the same time-averaged luminance. Masking effects were obtained
whether the flicker mask was presented to the eye on the same side as the test grating or to the
one on the opposite side. Unlike masking-by-light studies, in which the mask changes the mean
luminance of the display, dichoptic effects were only slightly smaller than those obtained mo
noptically. Moreover, when observers detected flicker masked by gratings, the dichoptic effect
was as large as or larger than the monoptic masking. These results are consistent with the view
that masking by light involves separate steady-state luminance and transient components. It
is likely that only the transient effect occurs under conditions of dichoptic stimulation.

•Kahneman (1968) has suggested that visual mask
ing situations can be broken into two categories.
"Masking by light" occurs when a target is presented
in close spatial and temporal proximity to a back
ground consisting of a uniform flash of light. "Mask
ing by pattern" occurs when the background con
tains internal contours.

Kahneman and, subsequently, others (e.g., Turvey,
1973) have suggested that one of the properties that
distinguish these varieties of masking is the relative
magnitude of monoptic and dichoptic effects. It is
suggested that masking by pattern can be strong when
the mask is presented to one eye while the target is
presented to the other. Conversely, masking by light
is presumed to be very small or entirely absent when
mask and target are vieweddichoptically.

The purpose of this article is to present an explana
tion for the apparent lack of dichoptic effect ob
tained with masking by light. We base our ideas on
a model proposed by several authors (e.g., Baker,
1963; Sperling, 1965), who have concluded that mask
ing by uniform flash can actually be broken down
into two separate processes. One is a transient effect
at the onset and offset of the mask. The other is a
steady-state response to the increased luminance pro
duced by the flash. In a previous paper (Green, 1981b),
evidence was found to support a two-process model.
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Observers detected a low or a high spatial frequency
grating masked by a 700-msec conditioning flash.
Transient masking occurred at conditioning flash on
and offset only with the low spatial frequency test
grating. On the other hand, a steady-state change of
threshold occurred from both gratings for the dura
tion of the flash. This result indicates that low and
high spatial frequencies are differentially susceptible
to the transient component of masking but respond
similarly to the steady-state component. One possible
reason for the difference between the size of the ef
fect in monoptic and dichoptic masking by light is
that the transient component occurs at a central level
of the visual system but the steady-state adaptive
masking is more peripheral. It is wellestablished that
light-adaptive effects are primarily monocular (Levelt,
1965/1968). For example, Blake, Breitmeyer, and
Green (1980) found that the luminance of a uniform
field seen with one eye had no effect on contrast sen
sitivity for gratings viewedwith the other.

This suggests that if there were no change in time
average luminance during masking, monoptic and
dichoptic masking should be of more similar size.
This can be tested by using masked and unmasked
conditions of the same time-average luminance. In
our unmasked condition, the targets are presented
on a uniform background of fixed mean luminance.
The mask consisted of light-dark sinusoidal flicker,
which averaged out to the same mean luminance as
the uniform background. This created a transient
mask of uniform flashes but without a change in time
averaged luminance level. In the study reported be
low, monoptic and dichoptic flicker masking were
compared.
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Figure 1. Log threshold elevation for detection of a drifting
grating masked by uniform f1kker. FUled symbols denote monop
tic stimnlation, and open symbols show data obtained by dlchop.
tic presentation. In most cases, the masking effect reaches the
OS confidenCe when threshold elevation ls .0610g unit.
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Results from a reverse experiment, detection of
uniform flicker masked by gratings, are shown in
Figure 2. For both observers, threshold elevation
began at 2 times threshold and increased as a power
function of the contrast of the masking grating. In
the reverse experiment, however, dichoptic masking
was as great as or greater than monoptic masking.

When the mask was at the 0.5 level, it was sub
threshold and not visible to the observers. There is
some indication that the subthreshold background
may actually facilitate detection (C.S. detecting mo
tion, and L.J. detecting flicker). Due to the small
size of the effect and to the variability of the data,
however, it is not clear if the facilitation effect is real.
Therefore, we conducted an additional experiment
with Observer L.J. The test stimulus was set at a
fixed levelof detectability, and the background (mask)
was given one of four levels, 1.0 (its own detection
level) 0.75, 0.50, or O. One hundred forced-choice
trials were run at each background level. The results,
shown in Figure 3, top, demonstrate that a sub-

Apparatus and Procedure
Stimuli were presented on the faces of two Tektronix 5103N

oscilloscopes by means of the standard television technique. The
observers viewed the screens dichoptically, each eye seeing a dif
ferent CRT with the aid of a mirror haplescope. Fusion was aided
by the presence of a small circle (15 min diam, 1.2 min width) lo
cated in the center of each screen, as well as by the dark surround.
When fused, the visual display was seen as a single 8-deg-diam
circular field that had a mean luminance of 4 cd/m'. The stimuli
consisted of 0.67 cycles/deg sine-wave gratings that drifted right
ward at 8 Hz and/or 8-Hz sinusoidal flicker and the uniform field.
The space and time-averaged luminance of the display was con
stant during the experiment to maintain a constant state of light
adaptation, and artificial pupils were not employed.

At the beginning of each session, the observer placed his/her
head on a chinrest, fused the two screens, and adapted for 5 min
to the unmodulated raster. The observer detected the target in a
two-alternative forced-choice procedure. Each trial consisted of
a pair of 2-sec observation intervals (marked by tones) separated
by 1 sec. The target was presented during one of the intervals,
and the observer's task was to indicate which of the two observa
tion intervals contained the target. The thresholds were determined
by a staircase procedure in which three correct responses in a row
resulted in a O.l-log decrement in target contrast (when detecting
gratings) or depth of modulation (when detecting flicker). An
error at any time produced a similar size increment. By averaging
the peaks and valleys of the staircase, it was possible to obtain
a detection threshold corresponding to the 79.6"70 point on a psy
chometric function (Wetherill & Levitt, 1965). In the masking
condition, the procedure was repeated, except that a background
appeared in both observation intervals. Estimated standard errors
generally fell between 0.45 and .55 dB.

Four conditions (two monoptic and two dichoptic) were em
ployed in the study. In both the monoptic and dichoptic condi
tions, observers detected (1) gratings masked by flicker and
(2) flicker masked by gratings. In all cases, amplitude of the mask
was varied from its own detection threshold 0.3 log unit steps.

Obse"er
Two observers served during the experiment. Both had normal

vision when wearing corrective spectacles, and both were exper
ienced in psychophysical judgments.

RESULTS

METHOD

Figure I shows the effects of uniform flicker on
detection of drifting test gratings. The masking effect
is expressed as log threshold elevation, which is the
log of the ratio of unmasked sensitivity divided by
masked sensitivity. Mask amplitude is expressed in
threshold units, the value I indicates the modulation
depth needed to detect flicker, while higher numbers
represent multiples of this value. In both monoptic
and dichoptic stimulation, flicker produced little or
no masking at low amplitudes. Once a critical level
(4 to 8 times threshold) was reached, masking in
creased as a power function of flicker amplitude.
For Observer C.S., monoptic stimulation produced
a masking effect of about 0.2 log units (a factor of
.58) greater than that obtained in the dichoptic con
dition. The threshold elevations obtained from Ob
server L. J. were similar for monoptic and dichoptic
stimulation.
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and 1.6 log units. Our results are consistent with the
view that the masking by light effect can be decom
posed into transient and luminance components and
that only the transient effect exhibits much strength
under dichoptic conditions.

Although we obtained moderate-size dichoptic
masking, other studies(e.g., Schiller, 1965) have failed
to find any evidence for dichoptic masking by light.
We believe that it might be possible to resolve the dis
crepancy on the basis of a sustained-transient model
of masking by light. Several authors (e.g., Breitmeyer
and Ganz, 1977; Tolhurst, 1973)have proposed that
the human visual system contains separate "tran
sient" mechanisms for perception of temporal change
and "sustained" mechanisms for mediation of pat
tern vision. It has been proposed (Green, 1981b,
1983a) that the luminance component of masking
affects both sustained and transient mechanisms but
that the on-off mask transients desensitize only the
transient system. This is suggested by the fact that/
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Percent correct for detection IS a fUctiOD of the ampUtude of
a subthreshold background. Top panel shows results obtalDed
for detection of flicker on a gntiJII background. Bottom pueIs
show percent correct for detection of agndDg on • fUcker back
ground. Open ud closed symbols iDdicate two diffennt contrast
levels of the test gradag.

Figun 1. Loa dlreshold elevation for detectioD of uDiform
flicker muked by a drifdDg gndDg. Details an the HIlle IS in
Figure 1. .

threshold moving grating can facilitate detection of
uniform flicker. The bottom panel shows the results
obtained for two different contrasts of test grating.
There is no clear indication that subthreshold flicker
enhanced the detectability of test gratings. Similar
results have been reported by Gorea (1979), who used
orthogonal gratings as test and background.

DISCUSSION

The main finding of the present experiment was
that when the steady-state luminance component is
removed, monoptic masking and dichoptic masking
by light differ very little in magnitude. At the highest
masking levels, one observer exhibited similar-size
monoptic and dichoptic effects, but the other showed
a 0.2 log unit monoptic superiority. These results
contrast markedly with data obtained when the lu
minancecomponent is present. For example, Wagman
and Battersby (1959) found that the difference be
tween monoptic and dichoptic masking was 2.5 log
units, whereas Boynton (1961) reported the results
of two experiments in which the difference was 0.83
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uniform flicker masks low-spatial-frequency moving
gratings but affects neither high-spatial-frequency
moving targets nor stationary gratings of any spatial
frequency (Green, 1981a, 1983c, 1983a, 1983b). When
target detection is mediated by the transient system,
monocular masking should be large (both luminance
and transient effects) and dichoptic masking should
be moderate (the transient effect alone, since the lu
minance one does not transfer). If the sustained sys
tem mediates detection, then the monoptic effect
should be large (luminance effect) but dichoptic
masking should be absent (neither luminance nor
transient effects). Therefore, dichoptic masking
should occur only when detection is mediated by the
transient system. Since the transient system is most
sensitive at low spatial frequencies, this would be
the case when targets were coarse gratings or spots
of light. When the observer's task required pattern
discrimination, however, no interocular transfer
would occur. Schiller (1965) may have failed to find
any dichoptic masking because he used a letter iden
tification task, which presumably requires pattern
vision mediated by the sustained system.

One of the surprising results of our study is that
dichoptic masking could be larger than monoptic
masking. Both observers exhibited this tendency when
detection of flicker was masked by gratings. Legge
(1979) has similarly reported a superiority of dichoptic
masking in a study in which observers detected sta
tionary gratings masked by other gratings. These re
sults contrast with those of studies by subthreshold
summation (e.g., Campbell & Green, 1965; Green &
Blake, 1981; Matin, 1962) and orientation masking
(Gilinsky & Doherty, 1969), which generally find that
dichoptic interactions are weaker than monoptic ones.
Legge (1979) posited, and then rejected, the possibil
ity that the larger dichoptic effect might be due to
binocular suppression. His conclusion was based on
the view that suppression and masking were mediated
by different mechanisms. For example, when both
eyes are used, masking is greatest when the stimuli
are most similar in orientation but suppression is
greatest when the orientations differ most. However,
it has been previously found (Green, 1981a) that pro
longed viewing of flicker or moving gratings raises
threshold much more for test targets that are viewed
with the same rather than the contralateral eye. Like
wise, adaptation and testing with stationary gratings
produces a much larger monoptic effect (e.g.,
Blakemore & Campbell, 1969). It seems that the larger
dichoptic effect depends on having both eyes stim
ulated simultaneously. This suggests that the larger
dichoptic effect may, in fact, be due to some sup
pression mechanism.
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