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Do background luminances interact
during binocular fusion?

ALEXANDERLCOGAN
Smith-Kettlewell Eye Research Institute, San Francisco, California

The question investigated in the experiments reported here was whether monocular background
luminances sum during binocular fusion. Fusion was made explicit by using a random-dot stereo
gram (RDS) as a background stimulus. In the presence of the RDS, differential luminance
thresholds were somewhat higher than in the uniform field: a full-field, binocular dot array acted
as a mask for a a full-field luminance change, but global depth had no effect at threshold. The
amount of the binocular advantage at threshold was compared to the basic "threshold response,"
that is, the change in threshold resulting from raising the background luminance by a factor
of 2. It was found that the amount of the binocular advantage was equivalent, on the average,
to some 75% of the threshold response-significantly less than the 100% predicted by "simple
summation." The amount of the binocular advantage varied substantially among observers and
eyes, whereas the threshold response obeyed Weber's law in all cases: the variability was eye-,
rather than threshold-dependent. Monocular thresholds did not decrease when taken with the
nontest eye occluded rather than viewing a fused background. The proposition that the adapta
tion state of the visual system is increased during binocular fusion (Cogan, 1982) was not sup
ported. Yet occluding the nontest eye, rather than presenting the test stimulus monocularly against
a fused background, did change monocular thresholds in some eyes and observers. These find
ings are interpreted as evidence for a complex binocular background interaction involving both
summation and inhibition.

Monocular increment or decrement thresholds depend,
of course, on the ipsilateral adapting luminance: the TvI
function' is usually a straight line in log-log coordinates.
Does the contralateral background playa role? This basic
question has obvious methodological significance for
studies in binocular summation: while monocular
thresholds are taken, should the nontest eye be deprived
of all stimuli (e.g., occluded), or of only the test stimu
lus, with background stim,uli fused? At threshold, the
amount of binocular summation (also termed the binocu
lar advantage, or superiority), as defined by the ratio
.:lI(monocular)/.:lI(binocular), is often near a factor of 1.4
(e.g., see Crozier & Holway, 1939), but it is not a general
constant.2 The amount of the binocular advantage may
vary between the two eyes of an observer and among ob
servers and tasks. This variability is usually attributed to
differences in responses to the test pulse, but it could also
arise in part from interactions related to the binocular
background stimuli.

Adapting luminance is nominally the same with
monocular or binocular backgrounds; implicitly, the adap
tation state in the tested eye is assumed to be unaltered
by the contralateral background. However, the validity
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of this assumption has never been established. Cogan
(1982) proposed that the adaptation state of the visual sys
tem as a whole is enhanced by background fusion. This
was an ad hoc proposition, introduced as an alternative
to the less plausible hypothesis of unperceived rivalry dur
ing fusion (see Levelt, 1965; Makous & Sanders, 1978),
to account for the observation that monocular sensitivity
at the differential luminance threshold was lower under
fusion than during the phase of rivalry dominance (Co
gan, 1982; Makous & Sanders, 1978), a finding disputed
by Blake and Camisa (1978) .

Much of the existing evidence suggests that monocular
sensitivity at threshold is not affected by a nonrivalrous
contralateral background. Crawford (1940) measured the
absolute threshold while the observer's nontest eye viewed
either a dark or a variously illumined uniform field; he
found that contralateral luminance had no consistent ef
fect on threshold. Cogan, Silverman, and Chan (1984)
found monocular increment thresholds to be about the
same when the nontest eye was occluded as when it was
viewing an equiluminant background fused with that of
the tested eye. Campbell and Green (1965) measured con
trast thresholds as a function of spatial frequency;
thresholds remained the same whether the nontest eye
viewed a dark or a bright uniform field. 3 In these studies,
monocular stimuli at threshold appeared indifferent to the
contralateral background luminance.

Nevertheless, a nonrivalrous contralateral background
can affect the visual system as a whole. Lehmkuhle and
Fox (1976) found that the amount of the interocular trans-
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fer of adaptation was greater if the background viewed
by the nonadapted eye was illumined rather than dark.
And monocular contrast thresholds are certainly affected
when congruent contours are physically present (although
not necessarily visible) in the contralateral background.
Relative to the baseline obtained against a uniform con
tralateral background, contrast thresholds drop when the
contralateral contrast is weak (subthreshold) and rise with
dichoptic contrast, yielding the well-known "dipper
masking function" (Legge, 1979). It is not clear why
binocular background interactions have been found with
some, but not all, of the tasks cited above.

The purpose of the present study was limited to inves
tigating the role of stereoscopic background fusion in
binocular luminance summation. In binocular summation
experiments, there is usually no independent evidence of
sensory fusion, since the binocular background stimuli are
identical. In such conditions, fusion is only implied, by
the absence of either diplopia or manifest rivalry (see \
Kaufman, 1974; Levelt, 1965). Are the backgrounds truly
fused, or merely superimposed? Whatever the magnitude
of binocular summation, one cannot very well use it as
a test for sensory fusion if summation is the only indica
tor of the activity associated with fusion. To obtain posi
tive evidence of sensory fusion, Cogan (1987) introduced
a random-dot stereogram (RDS) as a background stimu
lus. (The RDS was photographed from Julesz, 1971,
p. 122. A phototransparency with a random-dot array is
placed in each monocular field and transilluminated. Field
luminance is determined, using the 10 spot of the Pritch
ard Spectra Spot photometer 1980A, as a space-average
over the dot array, which has about 50 % dot density.)
Upon fusing the two dot arrays, the observer perceived
the whole (circular) field as a three-dimensional spiral sur
face, receding funnel-like toward the center of the field.
The contours of the spiral being Cyclopean, they exist
only as long as fusion is not disrupted (see Julesz, 1971).
Luminance increments or decrements, even when strongly
suprathreshold, do not break global fusion (Cogan,
1989).4

The experiments reported below were conducted some
years ago to determine whether explicit background fu
sion, a novel feature in the paradigm of binocular sum
mation, has an effect on the amount (and the variability)
of the binocular advantage at the differential threshold.
These experiments elucidated the question posed in the
title, but they have not answered it. The absence of a
definitive answer after nearly a century of research is
perhaps not surprising considering that it requires the very
knowledge about the binocular function that is being
sought by experiments on binocular summation.

EXPERIMENT 1

The amount of the binocular advantage at threshold was
compared to the "threshold response," that is, the mag
nitude of threshold elevation resulting from a twofold in-
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crease in background luminance (see Cogan, 1983). The
comparison was obtained by taking the ratio S =
m(/)/b(2/), where m and b are monocular and binocular
threshold pulse amplitudes, respectively, and / is binocular
background luminance. The S ratio was found for each
eye separately. Thus, for the right-eye threshold (Condi
tion R) and the binocular threshold (Condition B), the S
ratio is given by:

SIt = !!.1R.(/)/ Ma(2/).

The S-ratio approach is somewhat similar to the long
known "double-energy monocular" paradigm (see Blake
& Fox, 1973); both approaches test a version of the
"simple-summation" hypothesis. The double-energy ver
sion assumes that energies of monocular test pulses add
at threshold when stimulation is binocular (for pulse in
tensity, MIt + ML = 2Ma); the question of binocular
background interaction never arises. The S-ratio version
of simple summation \specifically requires a binocular
background and tests the assumption that all thresholds
depend on its luminance, as if both the background and
the test stimuli were processed in a single binocular chan
nel. Averaged for the two eyes, the prediction of simple
summation is S = 1. In earlier studies in this laboratory
(Cogan, 1983; Cogan et al., 1984), the average S ratio
was near unity in 6 out of 7 observers. However, with
a twofold increase in adapting luminance, fortuitous
similarity between the threshold response and the amount
of the binocular advantage is easily possible. The binocu
lar advantage has a range from 1 to 2, with .J2 a com
mon finding. For the threshold response, one would also
expect a factor of.J2 with small-area stimuli, but the ef
fect should be larger-near a factor of 2-with large-area
stimuli (see Barlow, 1972). In earlier studies in this
laboratory, the test field was small (0.1 0 diam.) and the
threshold response was about a factor of 1.4. The present
experiments were conducted on a large test field, in which
the threshold response could be expected to approximate
a factor of 2.

Method
Apparatus and Targets. Each eye viewed a bright circular field,

12" diameter, which usually contained a random-dot array. Fused
binocularly, the two arrays formed an RDS that portrayed a three
dimensional spiral surface that receded toward the center of the field.
Except for the disparity of the RDS, the field was identical in the
two eyes. The surround was dim (about 5% of DC luminance). Lu
minance was produced by fluorescent lamps (Silvania F8T5ICWX)
whose white light was diffused by ground-glass plates before pass
ing through the dot arrays. (To make the field uniform, the pho
totransparencies that carried the RDS were simply removed.) The
lamps were driven by direct current through a modified !conix sys
tem controlled in real time by an Apple II+ computer equipped
with 12-bit analog-to-digital converters and a digital clock. A
photocell-based feedback loop maintained DC luminance at the
designated level. Test stimuli were very brief (l-msec) rectangular
pulses (rise time 0.3 msec) that decremented luminance uniformly
over the whole field in one or in both eyes. [It has been established
previously that differential thresholds for brief pulses in this field
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Results
In all observers, the Tvl functions had a slope of unity

and the binocular threshold was lower than the monocu
lar thresholds. The Tvl functions are shown in Figure 1
for 1 experienced and 1 inexperienced observer (A.C. and
L.D., respectively). Figure 2 summarizes the results for

are identical for increments and decrements (e.g., Cogan, 1987).
Decrements were used in the present experiment to ensure a suffi
cient range with the highest background luminance employed in
the experiment.]

Procedure. Thresholds were taken with background luminance
ranging from 30 to 300 OO/m'. This range was subdivided into nine
octaves. During one run (with any octave), monocular and binocu
lar differential thresholds were determined in a random sequence
of six conditions (right eye, left eye, and binocular; each at back
ground luminance levels of / and 2/). With each new condition,
the observer adjusted the test-flash intensity to a "just visible" level,
working at his or her own pace. The threshold was then determined
with a two-alternative forced-ehoice staircase technique (after Levitt,
1970) using the just visible level as the first step of the staircase.
The time necessary to complete a run was about 1 h. (5 ratios were
then calculated among the six threshold values taken close together,
which minimized the effect of threshold variability over time.) Nine
runs formed a series covering the range of background luminance,
with the sequence (30/60, 45/90, ... , 150/300 OO/m') randomized.
Six observers with normal (or corrected-to-normal) vision, 4 of them
inexperienced paid volunteers, took part.
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all observers. See also Table 1. The threshold response
was a factor of 2.06 ± 0.10, pooled for binocular and
monocular stimuli: Weber's law very nearly held. There
was significant interocular and interindividual variabil
ity in the amount of the binocular advantage-about the
usual average: a factor of 1.51 ± 0.24. The S ratio mir
rored the variability of the binocular advantage ratio and
was thus dependent on the eye, rather than on the threshold
response. The grand mean was S = 0.745 ± 0.11. In
10 eyes out of 12, S was significantly different from unity
[F(5,11) = 10.544, P < .003], and the average valuefor
the S ratio was always below unity, ranging from 0.64
to 0.87 among observers: see Table 1, rightmost column.

As a control, the RDS transparencies were removed,
so that the background field was uniform, and the 2 ex
perienced observers (A.C. and H.C.) repeated the experi
ment. The results obtained in the absence of random-dot
arrays differed from those above only in that all thresholds
were lower: a factor of 1.77 ± 0.12 and 1.39 ± 0.14
for the binocular thresholds of observers A.C. and H.C.,
respectively. Their S ratios were the same in the uniform
field as in the RDS field.

Discussion
The present results, obtained with demonstrably active

background fusion, did not differ from the typical find
ings reported in the many previous studies of binocular
summation at the differential luminance threshold when
background fusion was not explicitly present (reviewed
by Blake & Fox; 1973, and Blake et al., 1981). These
results do not conform to either version of the hypothesis
of simple binocular summation. This is not surprising,
since no single-channel binocular model has been gener
ally successful in predicting binocular threshold from
monocular threshold performances (see Cogan, 1987;
Cohn & Lasley, 1976). I consider the simple-summation
hypothesis a useful point of departure because it is the
simplest neural hypothesis. S On finding that summation
is only partial (1 < til,"/tilb < 2, or 0.5 < S < 1),
one is faced with numerous possible models, even at ab
solute threshold (see Thorn & Boynton, 1974), where the
role of binocular background interaction is not a consider
ation and the S-ratio approach does not apply. Further dis
cussion is postponed until after some additional controls
have been described, next.

EXPERIMENT 2

Background Luminance (cd 1m 2 )

This experiment is complementary to Experiment 1.
The issue of interaction between a monocular pulse and
a binocular background was approached here from two
different angles: (1) by asking whether monocular thresh
olds differed when measured on a fused, as opposed to
a monocular, background, and (2) by inquiring into the
cause of the observation made in Experiment 1, that
thresholds were higher in the presence of RDS than in
the uniform field. Ifglobal depth was responsible for this
threshold elevation, then some form of interaction between
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Figure 1. Monocular (R, L) and binocular (B) thresholds for Ob
servers A.C. and L.D. as a function of background luminance with
a fused, three-dimensional background field. Each point is the aver
age of eight measurements. Error bars show ±1 SD.
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Figure 2. Mean results of monocular (A) and binocular (8) tbresbold responses (where the ordinate value
of 2 indicates Weber's law), the mean amount of the binocular advantage at threshold (e), and the S ratio
(D). Error bars show 1 SD. RE and LE stand for right and left eye, respectively. All observers are identi
fied by initials.

a fused background and a luminance change at threshold
would be indicated. Alternatively, the dot arrays per se
could have elevated the thresholds relative to those of the
uniform field.

Thresholds were compared among the following back
ground conditions: (1) receding spiral (RDS with un
crossed disparity); (2) protruding spiral (same RDS, but
with crossed disparity); (3) a flat binocular plane (RDS
with near-zero disparity (the plane looked slightly "pock
marked" due to imperfections of photoreproduction);
(3M) a monocular dot array in the tested eye with the non
test eye occluded; (4) a uniform binocular field; and
(4M) a uniform monocular field with the nontest eye oc
cluded.

Method
The procedure was the same as in Experiment I, except that in

Conditions 3M and 4M an occluder was placed in front of the non
test eye (about 12 rom from the cornea) whenever the computer
selected a monocular condition. The occluder (a disk of mylar,
0.2 rom thick) was translucent, and thus the occluded eye was
diffusely illuminated at about the same DC level as the tested eye.
The same 6 observers were tested with the same paradigm but us
ing only one octave of the background luminance change
(60/120 cd/m1

).

Results
In 5 observers, thresholds were lower in the uniform

field than in the presence of RDS: the threshold ratio taken
between their results in Conditions 4 and 3 (binocular uni-

Table I
Summary of Results in the Binocular Three-Dimensional Field

Mean Response to a
Twofold Change in Mean Binocular S Ratio

Adapting Luminance Advantage (M ± ISD)

Observer B RE LE B/RE BILE RE LE
Mean

(RE + LE)/2

A.C. 2.1 2.0 2.1 1.44 1.47 0.71±.04 0.68±.02
H.C. 1.9 2.3 2.1 1.51 1.80 0.77±.11 0.94±.11
L.D. 2.1 2.1 2.0 1.19 1.63 0.58±.04 0.79±.04
R.S. 2.1 2.0 2.0 1.28 1.28 0.64±.05 0.64±.04
u.s. 2.1 2.0 2.0 lAO 1.39 0.73±.17 O.72±.16
A.U. 2.3 2.1 2.1 1.98 1.75 0.94±.07 O.80±.05

Mean±1SD 2.06±.1O 1.51±.24 0.74±.11 0.745±.1O

0.70
0.86
0.68
0.64
0.72
0.87

Note-RE = right eye, LE = left eye, B = binocular. S ratio was calculated with the formula S = (mll)/(b/2/). Two-way
analysis of variance shows that the interindividual differences among S-ratio scores were highly significant (p < .001).
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form and binocular RDS with near-zero disparity, respec
tively) was equal, on the average, to 0.74 ± 0.09, cor
responding to a 26% lower threshold in the uniform field
(t = -3.83, p < .001). (In Observer V.S., this com
parison showed a shift in the opposite direction, with the
ratio equal to 1.125 ± 0.07, t = 2.8234, P < .05). The
masking effect was not related to global depth. Rather,
the binocular dot array per se acted as a mask for a
threshold change of field luminance. It can be seen from
Figure 3 that threshold differences among the RDS con
ditions (Conditions 1, 2, and 3) were either absent or
small, relative to those found between anyone of these
conditions and the binocular uniform-field condition (Con
dition 4). In a comparison between thresholds taken in
the "dotless" (Condition 4M) and "dotted" (Condi
tion 3M) monocular conditions, the masking effect was

found only in Observers A.C. and L.D. (mean threshold
ratio = 0.61 ± 0.09, p < .001); no effect was found
in the other 4 observers (mean threshold ratio calculated
among their results = 1.00 ± 0.15).

The threshold effect of occluding the nontest eye was
neither large nor uniform among the eyes of different ob
servers (Figure 3). The relevant comparisons are between
monocular thresholds in Conditions 3 (binocular dots) and
Condition 3M (monocular dots), and also between Con
dition 4 (binocular uniform) and Condition 4M (monocu
lar uniform). With the nontest eye occluded, some ob
servers (A.C. and A.V.) showed either no change or a
slight reduction in threshold, whereas other observers
showed a change, if any, in the opposite direction; thus,
the right-eye threshold in Observer L.D. increased sig
nificantly when the left eye was occluded, and this effect
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Figure 3. Right~ye (RE) and left~ye (LE) monocular thresholds. Each bar is the
average ofeight measurements. Efficiency dift'ered among observers (note the dift'erence
in scale on the ordinate). Error bars show 1 SD. Numbers below the bistograms indi
cate the foDowing background conditions: (1) random-dot stereogram (RDS) with un
crossed disparity, (2) RDS with crossed disparity, (3) RDS with near-zero disparity,
(3M) monocular dot array with the nontest eye occluded, (4) binocular unifonn field,
and (4M) monocular unifonn field with the nonlest eye occluded. Thresholds were
not affected by the amount of disparity, nor by its sign (among Conditions 1, 2, 3),
but they dropped in the absence of random-dot arrays (Condition 4), except in Ob
server U.S. Occlusion of the DOntest eye usuaDy caused little or DO change in threshold,
but sometimes resulted in a reduction (e.g., Observer A.C.) or a significant increase
(e.g., Observer L.D., right eye) in thresholds: compare Observer 3M to Observer 3,
and Observer 4M to Observer 4.



was more pronounced in the presence of dots (compare
Conditions 3 and 3M) than in the uniform field (compare
Conditions 4 and 4M).

Discussion
The evidence concerning binocular interaction between

background luminances during fusion is ambiguous. Oc
clusion of the nontest eye did not, as a rule, result in a
reduction of monocular thresholds, and this finding goes
against the proposition (Cogan, 1982) that binocular fu
sion enhances the adaptation state for the visual system
by summing monocular background luminances. A more
complex interaction than mere summation is indicated by
the finding that monocular thresholds in some observers
changed when the nontest eye was occluded, as has also
been observed before in similar circumstances (e.g., Co
gan, 1983).

These observations, taken together with other appar
ently discordant findings described in the introduction, \
suggest that a working psychophysical model of binocu
lar background interaction must incorporate reciprocal in
terocular inhibition of some form. One approach might
be essentially similar to the "either-eye" process (Co
gan, 1987), in which the amount of binocular summation
is reduced by about one half by reciprocal, interocular
forward inhibition. (In its present form, Cogan's model
does not incorporate background interactions; it accounts
for the binocular advantage at threshold, as well as its
variability, solely in terms of the magnitude of a "fused"
process, a multiplicative excitatory response to a binocu
lar test stimulus.) Applied to background luminance sum
mation, the either-eye process would make binocular and
monocular adapting luminances effectively equal, and a
monocular threshold should then be the same on a fused
binocular, as on a monocular, background. Furthermore,
by assigning unequal weights to the eyes, it should also
be possible to account for the observed differences in
monocular thresholds measured on fused, as opposed to
monocular, backgrounds. This outline is, of course, not
yet a working model.

A possible alternative approach would be to use recur
rent, rather than forward, interocular inhibition, as sug
gested in Lehky's (1988) model. However, it is not clear
at this point whether any such model could be meaning
fully related to the complex issue of light adaptation and
the sensitivity of the visual system to luminance changes
(see review by Hood & Finkelstein, 1986). In any case,
detailed consideration of models of binocular summation
is outside of the scope of this paper.

The practical, positive outcome of these studies is that
the random-dot arrays proved highly satisfactory as a
background stimulus in these (and similar) experiments.
In addition to serving as a fusion lock and making fusion
explicit, the RDS caused considerably less discomfort
when observed for long periods of time than did the same
fields without the RDS, perhaps because the ~form fields
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left sharper and more persistent afterimages. Since there
was no interference between test pulses and the back
ground stereo stimuli, the advantages of using such stimuli
at the differential luminance threshold clearly outweigh
the slight loss of sensitivity that was due to the masking
effect of the dot arrays.
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NOTES

I. Threshold plotted versus background intensity (TvI).
2. This topic has been reviewed by Blake and Fox (1973) and Blake,

Sloane, and Fox (1981); but see also Legge (1984) and Cogan (1987).
3. Campbell and Green noted that this finding precluded an interpre

tation of the binocular advantage at threshold directly in tenns of an

improved signal-to-noise ratio, but their caveat has been often ignored
in the later literature on binocular summation. See Blake et al. (1981)
for a thorough analysis of the model.

4. Flashes used in that study were not only suprathreshold, but were
also relatively long (500 msec), which makes it unlikely that fusion was
interrupted imperceptibly, since stereoscopic persistence has a time con
stant of only about 300 rnsec (Engel, 1970).

5. Historically, simple additivity was the first hypothesis of binocu
lar interaction to be tested-by Sherrington (1904). He resorted to the
opposite proposition of "monocular independence" when little differ
ence was found between monocular and binocular perfonnances at flicker
fusion. See Cavonius (1979) for a definitive resolution.
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