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Checkerboards and Color Aftereffects 

The cover of the 9 April 1976 issue of 
Science (1) purports to show that the 
human visual system analyzes patterns 
ihto Fourier components rather than 
into local features. As such, the demon
stration is quite misleading since it can 
be understood on rather more simple 
grouhds. There has, indeed, been rather 
substantial experimental evidence to 
suggest that the eye may behave in this 

way, although the matter is still con
troversial. At issue is not whether a 
Fourier representation of visual space 
can be useful in studying visual phe
nomena (the answer is a clear yes), but 
whether signals moving in the optic 
nerve from retina to cortex are coded in 
terms of a Fourier analysis of a scene 
rather than in some more straightforward 
representation. 
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To ask for the Fourier components of 
a scene is to ask to what degree the scene 
can be regarded as a linear superposition 
of periodic patterns of long bars (the 
component bars, strictly speaking, being 
sinusoidal rather than square-wave in 
form). It is a multidimensional problem 
since we must consider all possible ori
entations of the bars, We do not need 
mathematics, however, to see that a 
checkerboard has no periodic com
ponents of this kind parallel to its edges, 
but that it does have a clearly periodic 
character along the diagonals. 

Consider a checkerboard pattern with 
grid edges arranged vertically and hori
zontally. We might at first expect to find 
in the patterns vertical and horizontal pe
riodicity of the kind described above. 
That we do not can be qualitatively un
derstood by imagining the pattern t_o be 
scanned with a set of long, but very nar
row, uniformly but variably spaced slits 
parallel to one set of edges. It is clear 
that regardless of the slit spacing there 
can be no change in total light flux 
through the slits as the black and white 
squares contribute canceling elements 
along each slit. However, if the same 
"comb" is scanned across the check
erboard at 45° a strong periodicity can 
be found. It is immediately clear with
out recourse to mathematics that the 
function is a triangular with a period of 
v2 times the checkerboard square di
mension. This is consistent with the re
sults of Kelly (2) who has shown that 
there are, in addition, weak periodic ele
ments at orientations between 0° and 45°. 
(Our comb model will easily find the ori
entations an<.l periods of these com
ponents in order of decreasing strength, 
and, though with more difficulty, their 
numerical relative strengths.) 

The visual meaning of this can be 
made clear by holding the cover illustra
tion horizontally at comfortable arm's 
length a little below eye level. If the fig
ure is now rotate

0

d about a vertical axis, a 
shallowly oblique view reveals the ap
pearance of a strong bar pattern when 
looking along the diagonals of the 
squares, but virtually no periodicity 
when looking along the principal direc
tions. In the latter case, the eye may, 
however, see a trace of apparent perio
dicity because, unlike our imagined slits, 
it does not integrate completely along the 
le�gth of the bar. The periodicity along 
the diagonal can also be clearly seen by 
viewing the pattern in an out-of-focus 
fashion. 

On the Science cover, the check
erboard is positioned at 45° , so that these 
periodic components appear in the verti-
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cal (and horizontal) direction. The spac
ing of these vertical bands is almost idcm
tical to the spacing of the bars in the (up
per right) narrower pattern. It is there
fore hardly mysterious that they appear 
to match this pattern more closely than 
they appear to match the coarser grating 
at upper left. 

The Fourier approach, used intuitively 
or formally, is adequate and useful to de
scribe the scene. It simply tells us where 
the.dark and light is (ifwe do not take the 
trouble to look), and that, in gross ap
pearance, a checkerboard should appear 
visually as if it consisted of grids of dark 
and light bars along the diagonals of its 
eleinents. Indeed the results of May and 
Matteson (J) and of Green et al. (1) are 
quite consistent with such a simple 
picture. These experiments and the cover 
illustration neither confirm nor deny the 
possibility of Fourier "channels" in the 
visual system. 

F. Dow SMITH 

39 Gray Cliff Road, 
Newton Centre, Massachusetts 02159 
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23 April 1976 

Green et al. (1) and May and Matteson 
(2) have implicated Fourier analysis in the
McCollough (J) effects obtained from
checkerboard patterns. In a clever experi
mental design they found that the color
contingent aftereffect seen in a simple
grating was oriented not with the edges
in the checkerboard pattern but with the
fundamental Fourier component, which

Fig. I. Depiction of a typical receptive field 
onto which the checkerboard stimulus is pro
jected. Note that'�he mean luminance in the 
central region is much higher than the two 
flanking regions, providing good stimulation of 
this oblique receptive field by the checker
board. 

is oriented at 45° from the actual edges. 
Both groups of investigators imply that 
their experiments make the distinction 
between an edge detector and a Fourier 
model of the pattern perception under
lying color contingent aftereffects, but 
they have not considered the functions 
of known types of receptive fields in re
sponse to the checkerboard stimulus. 

I first want to establish that a typical 
elongated cortical receptive field can ex
hibit the behavior described in the 
checkerboard McCollough effect. If an 
elongated field happens to be three or four 
times larger than the squares in the 
checkerboard, then an alignment parallel 
with the edges of the squares will cover 
several squares, with a resultant stimula
tion approximately equal to the mean lu
minance of the checkerboard stimulus. 
But if it is aligned along a diagonal, the 
elongated center of the receptive field can 
be stimulated to a much greater or much 
less extent than the mean luminance, de
pending on whether it falls on a dark or a 
light diagonal, and the surround regions 
of the receptive field can fall on the op
posing contrast diagonal, further enhanc
ing this effect. Thus, a classic type of re
ceptive field can readily produce the 
paradoxical oblique McCollough effect 
(assuming it is appropriately color
coded). Furthermore, the geometry of 
the situation is such as to produce a size 
(spatial frequency) shift, as described by 
one group, since the average width 
across light or dark diagonals is v2 less 
than the width of the squares (see Fig. 1). 

One reason to expect the diagonals to 
predominate in effects involving chro
matic channels is the poor spatial resolu
tion of chromatic channels (4) measured 
by the detection of chromatic gratings. 
The simplest physiological explanation 
for this poor resolution is that pre
dominantly large receptive fields exist 
for the detection of spatial chromatic or
ganization (that is, colored edges). Thus, 
elements of the checkerboard pattern that 
best stimulate large receptive fields 
will have the greatest effect in the 
McCollough-type induction. The largest 
elements are those described by the low
est spatial frequencies, that is, the diago
nal lines of checks. Hence previous evi
dence concerning the organization of the 
chromatic system would lead to the pre
diction of predominance' of the diagonals 
in the checkerboard McCollough effect, 
without invoking the concept of·a neural 
Fourier analysis. Of course, large re
ceptive fields could also occur in the 
achromatic channels, producing oblique 
effects for achromatic adaptation. 

Green "et al. comment that it is the 
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diagonals which are actually most visible 

in the display, in contrast to my report 

(5) that perception of the diagonals tends

to be perceptually suppressed. This is

probably not a contradiction, as the sup

pression is only observed under the fol

lowing controlled conditions: (I) the pat

tern projects to a homogeneous retinal

area, (ii) the contrast magnitudes of the

Fourier components are set to control

for the contrast sensitivity limitations of

the human visual system, and (iii) the

oblique effect is controlled. Observation

of their checkerboard stimulus shows that

the diagonals are suppressed around the

point of fixation, but not in peripheral re

gard where poor optical and retinal reso

lution will tend to degrade the sharpness

of the edges. However, if this low spatial

frequency suppression is present in the 

McCollough checkerboard effect, it might 

tend to reduce the predominance of 

oblique orientations. One reason that 

this suppression may not occur in color 

perception is the lower spatial resolution 

of the chromatic system than for chromat

ic contrast perception, as mentioned in 

the preceding paragraph. 

C. W. TYLER 

Smith-Kettlewell Institute of 

Visual Sciences, 

San Francisco, California 94115 
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28 May 1977

Our goal (1) was to compare the ex

planatory value of two alternative ways 

of specifying a visual stimulus, rather 

than to establish the details of possible 

neural coding mechanisms. As we 

stated, "The purpose of our experiment 

is to demonstrate that Fourier analysis 

can better account for the processing of 

patterns than an analysis which treats 

spatial stimuli as collections of visual 

features." 

Smith seems to take it for granted that 

the visual system must respond to the 

periodic components of a pattern and 
that the only trick is to determine their 

orientations. To this end, he describes a 

useful informal method of doing so. 

However, a Fourier analysis is not the 

only way to describe a scene, since it 

may also be described as a set of fea

tures. The Fourier components of a pat

tern represent its global attributes, 

whereas a feature description represents 

its local attributes. In our study, we had 
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no a priori reason to assume that color 

aftereffects would be contingent on the 

inducing checkerboard's global (diago

nal) properties rather than on its local 

(horizontal and vertical) properties. 

Tyler shows that it is possible to ac

count for our results if one postulates a 

neural receptive field structure which 

''happens to be three or four times 

larger" than the squares in the check

erboard. This again is an after-the-fact 

account. Neurophysiological data in

dicate that visual receptive fields vary 

widely in size. Prior to experimental testing 

there is no reason to assume that visual 

responses produced by checkerboards 

would be more consistent with the oper

ation of neurons with large, diagonal

sensitive receptive fields than by ones 

with smaller, edge-sensitive receptive 

fields. 

Tyler suggests that our results can be 

attributed to the poor spatial resolution 

of the eye's red-green system. This ex

planation is unlikely because recent ex

periments (2) with purely achromatic 

stimuli have demonstrated that detection 

thresholds for gratings are significantly 

raised after exposure to checkerboards 

whose Fourier components are aligned 

with the gratings, whereas thresholds are 

only slightly affected by checkerboards 

whose edges are aligned with the grat

ings. By Tyler's account, these results 

would have to be mediated by "large re

ceptive fields in the achromatic chan

nels," but he offers no independent evi

dence to specify why large rather than 

small receptive fields should be in

volved. 

Not all stimulus descriptions are 

equally useful. One value of the Fourier 

analysis approach to spatial vision lies in 

its ability to make precise quantitative 

predictions, which are difficult to make 

from a feature analysis point of view. Al

though Fourier analysis may be a com

plex way to describe a pattern mathe

matically, it can yield simpler psycho

physical relationships than a more 

straightforward description. The situa

tion is analogous to choosing a coordi

nate system with which to describe the 

motion of a particle. From a straight

forward rectilinear point of view, polar 
coordinates are mathematically com

plex. But if the particle happens to be ro

tating, polar coordinates provide a sim

pler description of its known path and its 

possible future location than rectangular 

coordinates do. As visual scientists, we 

prefer simpler psychophysical relation

ships to simpler stimulus descriptions. 

Moreover, to the extent that predictions 

specified by a Fourier analysis of a pat-

tern are verified, we feel justified in con

cluding that the visual system as a whole 

responds as if to the Fourier components 

of the pattern. 

MARC A. GREEN 

Department of Psychology, 

Brown University, 

Providence, Rhode Island 02912 

THOMAS R. CORWIN 

Center for Visual Science, 

University of Rochester, 

Rochester, New York 14627 

VANCE ZEMON 

Department of Psychology, 

Northeastern University, 

Boston, Massachusells 02115 
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Both Smith and Tyler address the 

question of whether or not the visual sys

tem actually performs Fourier analysis 

of spatially complex stimuli. We did not 

feel that our results constituted direct 

support for such a notion and con

sequently were quite tentative in our 

statements about whether patterned in

formation is processed by Fourier analy

sis as opposed to feature detection mech

anisms. We felt that it would be just as 

premature to attribute perceptual re

sponses to single cortical units as it 

would be to state that the brain performs 

Fourier analysis. Our experiments exam

ined perceptual responses as they relate 

to one of many heuristic methods of de

scribing visual inputs. 

With respect to Smith's nonmath

ematical explanation of the perceptual 

response to a checkerboard, it is not at 

all clear how the output of the moving 

slit is translated into the perceptual phe

nomena that we described. Tyler's anal

ysis constitutes a description of possible 

initial stages of perceptual processing. If 

the brain does perform something analo

gous to Fourier analysis of visual in

puts-a notion which is more directly 

supported by other studies (1 )-the in

teraction of outputs from a large number 

of single units must be involved. It is per

fectly plausible to state that a hypotheti

cal cortical unit could show maximal ac

tivity when stimulated with the diagonals 

of a checkerboard, but observations in

dicating that an orientation-specific 

single unit does respond maximally to 

the fundamental Fourier components of 

both gratings and checkerboards would 
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