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MATLAB with the Psychophysics Toolbox extensions
(Brainard, 1997; Pelli, 1997).
Each stimulus was a 15 � 15 grid of Gabor patch

elements. (A Gabor patch is a sinusoidal grating windowed
by a two-dimensional Gaussian function.) Each Gabor patch
was truncated at 1 � 1- (64 � 64 pixels) at the viewing
distance of 90 cm. (Distances are approximate as observers’

heads were not constrained.) The center-to-center Gabor
patch distance was 64 pixels. The sinusoidal grating in our
Gabor patches had a period of 0.5- (32 pixels), which is a
spatial frequency of 2 c/deg. In each Gabor patch, a positive
zero-crossing of the sinusoidal grating was centered under
the Gaussian function. The Gaussian function had a full-
width-at-half-height of 0.5- (32 pixels). The contrast of a

Figure 1. One adapt stimulus and three possible test stimuli are illustrated here as 5 � 5 grids of Gabor patches. (The stimuli used in the
experiment were 15 � 15 grids.). The time-course of the experiment is drawn at the left side. Contrast differences in the gray-level
illustrations shown here were exaggerated to increase their salience. The contrast of the adapt stimulus (Adapt Contrast) is the contrast of
the Gabor patches in that stimulus (50% in this example). The contrast values in the test stimulus (Test Contrast 1, Test Contrast 2) are
the contrasts of the two kinds of Gabor patches making up the test stimulus and are enclosed in parentheses on the figure. The Average
Test Contrast is the average of these two values.
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left panel) or response-gain controls (Figure 4, middle
panel) since neither can produce the selectively poor
performance in the STRADDLE conditions. (One can
consider the functions in Figure 4 as characterizing
individual neurons, or as characterizing a suitable group of
neurons, or as a more abstract description of a process in a
psychophysical model.)
An adaptable comparison process operating on the

dimension of contrast (Figure 4, right panel) can explain
our results, at least qualitatively. In this process, the
function relating response to contrast at each image spatial
position is a non-monotonic rectifying function. The
contrast value at the minimum of the function will be
called the comparison level. Adaptation moves the
function horizontally by updating the comparison level
at a spatial position to equal the recent time-averaged
contrast in some neighborhood around that position. Thus,
the output of this process is the un-signed difference
between the current contrast at a position and the
comparison level there. Increments in contrast produce
approximately the same outputs as decrements of similar
magnitude. In this sense, increments and decrements are
confusable by the comparison process.
If the function in Figure 4 (right panel) were indeed a

perfect full-wave rectifying function, then performance by
this mechanism on STRADDLE test stimuli would be at
chance, no matter how high the contrast difference, a
result we have not found with any observer we tested.
Overcoming this and other difficulties with the idea in
Figure 4 (right panel) can be accomplished in a number of
different ways while incorporating an adaptable compar-
ison process into standard models of pattern vision that
include simple (linear) and complex (second-order)
channels sensitive to different ranges of spatial frequency
and orientation. For example, one can assume that the
function shown in Figure 4 (right panel) is not a perfect
full-wave rectification but something between a half-wave
and a full-wave linear rectification (where the asymmetry
can be in different directions in different channels). Or one
can assume a function that is not even piecewise linear
(due, perhaps, to an early logarithmic transformation).
Alternately, one might assume that there are not only
channels incorporating this new process but also channels
that do not. All these various possibilities have testable
consequences. We are currently investigating the quanti-
tative success of such extended models and trying to
distinguish among them.

Why has this comparison-level process not
been suggested before?

We think that this kind of adaptation effect was not
noticed earlier because experimenters, in general, have not
tested pattern discriminations like those here after adapt-
ing to different contrasts. For example, all of our own past
experiments using this kind of pattern discrimination only

adapted to 0% contrast (blank gray field), so we would not
have seen this adaptation.
To our knowledge, the only other situations in which

visual adaptation introduces “confusion” or “lack of
discriminability” between values on either side of the
adapting value are situations in which the adaptation
occurs not on the contrast dimension but on high-level
dimensions like those describing face perception (Rhodes
et al., 2005; Rhodes, Maloney, Turner, & Ewing, 2006).

Why has this form of adaptation evolved?

Most of the functions suggested for perceptual adapta-
tion (e.g., in Clifford & Rhodes, 2005) belong in one of
two classes, and to some extent, both classes may apply to
the adaptation phenomena here:

1. To re-center the operating range of the system to be
at or near the current adaptation level (the average
level in the recent past of whatever kind of input is at
issue) so that performance is optimized near that
level. The function of light adaptation is widely
believed to be of this sort.

2. To suppress the response to unchanged visual stimuli
and thereby highlight the responses to changes because
changes signal important events in the environment
and/or to make neural coding more efficient.

Consider the first class of explanation: An operating
range seems to be moving in Figure 2 as the adapt contrast
changes, but the movement seems to make performance
worse near the adapting level, not better. However, not
illustrated in Figure 2 is one important fact well
established from our prior work: Without any previous
adaptation to pattern contrast (more exactly, after adapta-
tion to a blank gray field, i.e., to 0% contrast), perfor-
mance on most of the test stimuli in Figures 2 and 3 would
be very poor, but performance would be very good on test
stimuli of even lower average test contrast than that
plotted. Indeed, in the absence of adaptation to non-zero
contrast, performance for the test stimuli plotted at the right
end of Figures 2 and 3 would be close to or at chance (e.g.,
Graham, Beck, & Sutter, 1992; Graham & Sutter, 2000;
Wolfson & Graham, 2005). Thus, adaptation to a non-zero
pattern contrast of 35%, 50%, or 65% in Figure 2 can be
said to move the operating range to the right relative to that
without pattern adaptation, thus producing better perfor-
mance than before on the test patterns near the adapting level
(except for STRADDLE stimuli). Results after adaptation to
a blank gray field (0% contrast) have been successfully
explained by incorporating into the model a contrast-gain
control of the normalization type which acts on the outputs
of both simple (first-order) and complex (second-order)
channels (e.g., Graham et al., 1992; Graham & Sutter,
2000). The adaptable comparison process proposed here
and that previously-identified contrast-gain control (of the
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