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Contrast sensitivity and binocular brightness:
Dioptic and dichoptic luminance conditions
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Several studies have shown that the spatial contrast
sensitivity function (CSF) changes with background
adaptation level (Kelly, 1977); an example of this
effect is shown in Figure 1, where open circles and
open squares plot monocular contrast thresholds
measured at two adaptation levels differing by 1.0
log unit. These data, which were obtained using an
adjustment method, are quite representative of the
characteristic depression of the CSF which obtains
as the space average luminance is lowered.

This adaptation level effect is generally attributed
to changes in the gain mechanism of neurons at
very early stagesin visual processing (Enroth-Cugell
& Robson, 1966; Kelly, 1977). Yet there are several
types of psychophysical evidence which suggest that
adaptation level -effects can involve more central
mechanisms. For one thing, monocular detection
thresholds for small light flashes can be influenced by
background fields presented to the contralateral eye
(Boynton, 1961; Prestrude, 1976), and a similar
interocular effect has been reported for flicker dis
crimination (Lipkin, 1962). Also, the work of Levelt
(1965) very clearly demonstrates that the apparent
brightness of dichoptically viewed displays of unequal
luminance assurnes some value intermediate between
the brightness of the two half-images. Finally, it has
been shown, in human amblyopes, that the visual
acuity in the amblyopic eye can be enhanced by
reductions in luminance of a contour-free field viewed
by the nonamblyopic eye (von Noorden & Leffler,
1966). All of these results indicate that the luminance
of a homogeneous field viewed by one eye can influ
ence visual performance of the contralateral eye.
Intrigued by these findings, we feit it worthwhile to
test the possibility that adaptation level effects on the
CSF in normal ob servers can be influenced by a
manipulation which taps central (i.e., binocular)
mechanisms.

Methods
Monocular contrast thresholds were measured for sinusoidal,
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Figure I. Contrast sensitivity (inverse of threshold) as a function
of spatial frequency for dioptic (equal luminance to the two
eyes) and dichoptic (unequal luminance to the two eyes) stlmn
lation. Each point represents the arithmetic mean of six threshold
settings made by the observer's controlling a 10-turn potentio
meter to adjust the contrast of a grating to threshold visibility;
the standard error about these values typically was .015 log units
or less, These particular results are for observer R.ß., and they
are representative of the results obtained from other observers.
The smooth curves were fitted by eye.

vertical grating patterns which were electronically generated on a
cathode-ray tube (CRT) masked down to a circular region 5 deg
in diameter. The average luminance of this test field did not
change with spatial frequency or contrast. The nontested eye
viewed a second CRT of the same dimensions, but this field
always appeared uncontoured. The two CRTs were viewed via a
mirror stereoscope, and the observer saw the displays through
3-mm artificial pupils whiIe the head was steadily positioned
on a dental impression board. Space average luminance of either
field could be varied by placing neutral density filters immediately
behind the artificial pupils. Details of the apparatus and electronics
appear elsewhere (Blake & Cormack, 1979). The observers were
the authors, all of whom have excellentuncorrected acuity and good
stereopsis. For each observer, great care was taken in aligning
the two displays in binocular coincidence, to insure comfortable
fusion and centered viewing through the artificial pupils.

Results and Discussion
In one experiment, a method of adjustment proce

dure was used to measure monocular contrast thresh
olds. One set of measurements was made under two
dichoptic conditions, one in which the tested eye
received 7 cd/m' and the nontested eye received
.7 cd/rrr' (the "high/low" condition) and the other
in which the tested eye received .7 cd/rn" and the
nontested eye received 7 cd/rrr' ("low/high"). A sec
ond set of measurements was made under dioptic
conditions in which both tested and nontested eyes
received either 7 cd/rrr' ("high/high") or .7 cd/rn
("low/low"). All observers reported that the display
appeared brighter in the high/high condition than in
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the low/low condition. When the two fields were of
unequalluminance (low/high and high/Iow), obser
vers reported a stable percept of intermediate bright
ness. This observation is consistent with earlier work
(Levelt, 1965) showing that the binocular impression
of brightness depends on the contribution from each
eye. Contrast thresholds, on the other hand, were
found to depend exelusively on the luminance of the
display viewed by the tested eye and not on the
observer's brightness impression.

Results for the four test conditions are shown in
Figure 1. Although apparent brightness in these two
differed, the high/high and high/low thresholds were
similar. Likewise, thresholds were similar for the two
conditions in which the tested eye received low lumi
nance (low/low and low/high). Note that thresholds
for the high/low and low/high conditions differed by
about .5 log unit even though binocular brightness
impression was equivalent for the two conditions.
We have replicated this pattern of results for the low/
low and low/high conditions using a two-alternative
forced-choice procedure, wherein the ob server had to
indicate in which one of two successive I-sec intervals
the monocular test grating appeared. Percent-correct
performance for the two conditions never differed
by more than 3070, which is not elose to statistical
significance.

Our results show, then, that contrast sensitivity
does not depend on binocular brightness, suggesting
that adaptation level is determined by monocular
mechanisms. It is possible, however, that the unequal
luminance pairs, although appearing different in bright
ness from the equal luminance conditions, failed to
create an adaptation level sufficiently different to
alter contrast sensitivity. To test this possibility, we
adjusted the brightness of an equal luminance pair
to match that of the two unequal luminance pairs;
this maneu ver yielded a dioptic luminance of
3.7 cd/rn-, which is elose to the arithmetic mean of
the dichoptic values (Levelt, 1965). We remeasured
thresholds at this adaptation level and found inter
mediate sensitivity, as shown by the open triangles
in Figure I. Looking at all three curves, it is inter
esting to note that sensitivity changes in a manner
predicted by the DeVries-Rose law (Kelly, 1977).
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This pattern of results indicates that it is the adap
tation level of the eye receiving the test grating alone .
that determines contrast sensitivity for that eye. We
find no evidence for an interocular adaptation level
effect of the kind reported for briefly flashed lights
(Lipkin, 1962; Prestrude, 1976). Our results are con
sistent with the idea that peripheral gain mechanisms,
probably retinal in locus, mediate the progressive
enhancement in contrast sensitivity with increasing
background intensity. This is not to say, however,
that central mechanisms are not involved in grating
detection, for there is solid psychophysical evidence
for binocular interactions in contrast sensitivity
(Blake & Levinson, 1977; Legge, 1979). The present
arguments pertain only to the locus of neural mecha
nisms underlying the effects of steady background
illumination.
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