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STUDYl

Method
Subjects. Subjects were recruited from introductory psychology

courses requiring experimental participation. They were screened

and Wiesel (1962). The majority of Hubel and
Wiesel's detectors receive binocular input, so it might
be expected that monocular adaptation would
affect the unadapted eye as well. Furthermore,
adaptation of strictly figural variables appears to
show such interocular transfer (see Skowbo et al.
1975). However, numerous reports in the literature
(see Skowbo et al. 1975), as well as unpublished work
in our own laboratory have failed to produce inter
ocular transfer of the McCollough effect. Presenting
a sequence of colored grids to one eye elicits no
colored aftereffects in the unexposed eye.

The failure to obtain interocular transfer does not
completely rule out the role of binocular mechanisms
inthe consolidation of the McCollough efect, When
White and Riggs (1974) presented half a colored
chevron figure to each eye, some subjects observed
an aftereffect when the complete figure was viewed
monocularly. They concluded that the aftereffects
for angles could be mediated by a cortical mechanism
receiving input from ~both eyes. If such a mechanism
is critical for induction, we should fail to observe
an aftereffect or observe a weakened aftereffect if
mutually incompatible information is introduced to
the two eyes. McCollough's (1965) original paper
included the finding that antagonistic effects (orange
vertical, blue horizontal vs. orange horizontal, blue
vertical) could be sequentially induced, one in each
eye. Since her report included no data, we decided
to replicate this finding, using simultaneous rather
than successive induction of the two eyes.This research was supported by a grant from the Organized

Research Fund of the University of Texas at Arlington to the
authors. We would like to thank Rebecca Beckham and Margaret
Bruton for their assistance in collecting data. We would also like
to thank Drs. Lorrin Riggs, John Uhlarik and Keith White for
their comments on earlier versions of this paper. Reprint requests
can be mailed to Bruce Ambler at Department of Psychology,
University of Texas at Arlington, Arlington, Texas 76019.

The effect of line orientation and line configuration on the induction of orientation-specific
negatively colored aftereffects was investigated in three separate studies. In the first study,'
subjects viewed magenta-and-black vertical gratings with one eye, alternating with green-and-"
black vertical gratings to the other. Monocular tests revealed complementary aftereffects in each ~

eye which disappeared when the test patterns were viewed with both eyes together. In Study 2,
imposing a single colored bar against a black background induced negatively colored aftereffects
in a white bar against a black background and in a black-and-white grating, while imposing a single
black bar against a colored background was ineffective. In Study 3, presenting a magenta square
outline elicited green aftereffects in vertical and horizontal bars and gratings as well as in outlines
of squares and diamonds, while pairing the magenta square with a green cross had no effect. It
was concluded that the induction mechanism responsible for the McCollougheffect is sensitive to
line orientation but not to shape, This specificity appears incompatible with a simple condition
ingmodel.

McCollough (1965) reported that exposing subjects
to orange-and-black vertical gratings and blue-and
black horizontal gratings led to reports of the com
plementary colors in achromatic test gratings. These
colored aftereffects (CAEs) were specific to the
induction orientation, appearing even in the vertical
and horizontal portions of radiating lines and spirals,
and lasted for an hour or more. Succeeding re
searchers (see Skowbo, Timney, Gentry, & Morant,
1975) continued to use gratings as inducing and test
stimuli, which led to the parametric investigation of
grating characteristics such as spatial frequency.
While this line of research has proved fruitful,
focusing on repetitive patterns such as gratings has
somewhat obscured the contribution of figural
variables such as orientation, contrast, and figure
group relationships which can be found in simple,
nonrepeated figures as well. The purpose of the
present research was to investigate the effects of these
figural variables.

The confounding of figural (e.g., orientation) and
repetitive (e.g., spatial frequency) variables becomes
especially important when one examines the theo
retical explanations that have been offered to ex
plain the McCollough effect. McCollough (1965)
suggested that the orientation specificity of the after
effect arose from selective adaptation of colored
edge detectors, similar to those described by Hubel
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for family history of color blindness and had either normal visual
acuity or correction with contact lenses. Eight women and three
men participated in Study 1.

Materials. Induction slides consisting of magenta and greeen
filters (Wratten 53 and 26, respectively) paired with achromatic
square-wave gratings were projected by a Kodak Carousel slide
projector onto a white cardboard in front of the subjects. Overall
luminances of the induction figures were 4.09 cdlm' (magenta)
and 5.07 cdlm' (green). The projected gratings measured 90 em
square. The subjects sat between 1.2 and 2.7 m from the wall,
and, depending on the subject's seating location, a single cycle
of the grating subtended a visual angle of 1.88° to 1.17°.

Test stimuli, as shown in Figure 1, consisted of 5.08 x 5.08 em
printed achromatic gratings in horizontal, vertical, and diagonal
orientations as well as an unpatterned gray field. The horizontal
and vertical gratings consisted of 11 black-white cycles, the
diagonals of 15 cycles. The test pages were collected into a loose
leaf booklet. The last page of this booklet extended beyond the
test figures, and arranged on the extension were a series of
Munsell chips ranging from highly saturated pink to highly
saturated green; a number next to each chip indicated the
saturation rating. The pink chips were given a positive sign, the
green chips a negative sign. No color or gray was indicated by
zero. The following Munsell colors and their ratings were used
as reference standards: 5RP 718 (+ 8), 5RP 714 (+ 4), N/7 (0),
5GY 714 (- 4), 5GY 718 (- 8).' The booklet also included a
set of colored chips individually mounted on separate pages;
these chips included the reference standards plus intermediate
values: 5RP 716 (+ 6), 5RP 7/2 (+ 2), 5GY 7/2 (- 2), 5GY
716 ( - 6). The saturation rating of each chip was printed on the
back of the page. Test booklets were assembled as follows: 18
pages of color chips (2 of each chip, in random order), followed
by the printed achromatic grids. The reference standards were

clearly visible for every page.
Procedure. The subjects were tested in groups of two to five.

They were seated at right-handed desks and asked to keep their
heads and bodies upright and their booklets straight (a line was
provided on each desk surface for that purpose). Ambient light
during the pre- and postinduction phases was provided by diffused
overhead cool white fluorescent fixures; luminance of the white
bars on the printed test grating was 1.87 cd/m-, These lights
were extinguished during induction, when the only light source
was the slide projector mounted behind and above the subjects.

The experiment was conducted in three phases-preinduction,
induction, and postinduction. In the preinduction phase the use
of the reference standards was explained and subjects rated the
set of colored chips using the reference standards, first with the
right eye and then with the left. The unused eye was covered
with a plain, tie-on Bausch and Lomb eye patch. Feedback was
provided by the correct answers appearing on the back of each
page. The subjects then rated achromatic gratings with each eye
individually, writing their answers in the spaces provided above
and below the gratings (see Figure 1).

Induction consisted of alternating presentations of magenta
vertical and green-vertical gratings. Each grating was presented for
15 sec at a time, with a 2-sec black interval between stimuli;
the subjects saw a total of 40 exposures, 20 of each color. So
that each eye saw a different color, the subjects were asked to
cover the unused eye with the ipsilateral hand, taking care
not to touch the eye and to screen out all light. The experimenter
instructed "change hands" during the interstimulus interval.

Following induction, the subjects gave two monocular ratings
of each achromatic figure; again, the unused eye was covered with
a patch. Order of test (right or left eye first) was counter
balanced across subjects. After completing the monocular ratings,
the subjects rated the gratings with both eyesat once.

Figure 1. Achromatic test figures used to elicit aftereffects in Study 1.
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Figure 2. Mean aftereffects reported for monocular tests
following dichoptic exposure to green and black vertical (a) and
magenta and black vertical (b) gratings for the three test grating
orientations. Reports of red are positive (+) in sign; reports of
green are negative ( - ).

Results and Discussion
Data from subjects giving a rating of greater than

± 1 to any achromatic figure in the preinduction
phase were not included in the analysis. Three
subjects failed to meet this criterion. The subjects'
responses were recoded so that all negative after
effects received a positive sign; thus a rating of - 4
(phenomenal green) following exposure to magenta
would be recorded as +4, as would be a rating of
+4 (pink) following exposure to green.

Each subject's mean rating for each test orientation
was entered into a 2 (eye) by 3 (orientation:
horizontal, vertical, diagonal) analysis of variance.
This analysis indicated significant main effects of eye
and test orientation [F(1,7) = 5.80, p < .05; F(2,14)
= 22.15, p < .01, respectively]. The eye which had
been exposed to magenta yielded a stronger effect,
and more importantly, the aftereffects were largely
confined to the induction orientation. Figure 2
presents the mean ratings given under the monocular
tests to the three test orientations. Notice that the
original sign of the ratings has been restored,
indicating that the two eyes were seeing different
(and complementary) colors. The binocular test was
not included in this analysis because virtually no
color was reported in this condition. Only two
subjects reported seeing any color when viewing with
both eyes; the group means for the vertical,
horizontal, and diagonal orientations were 0.19,
0.06, and 0.0, respectively.

These results are consistent with an inference of
functional independence of the two eyes in inducing
the McCollough effect. By utilizing a dichoptic
viewing procedure, it was possible to induce
mutually antagonistic aftereffects in the two eyes,
which yielded a net result of no color under binocular
viewing conditions.

Although we obtained a McCollough effect in a
situation in which a binocular mechanism was not
responsible for the effect, it is still possible that
such a mechanism might be operational in other

situations. Thus, we might expect that the magni
tude of the effect obtained in the present situation
with incompatible colors would be less than would
have been obtained had the colors been paired with
orthogonal dimensions (e.g., magenta verticals to
one eye, green horizontals to the other) or if
subjects had seen only one color in one dimension
(e.g., magenta verticals). Such a manipulation was
not performed in Study 1, but data from other
studies run in our laboratory under identical stimulus
conditions fail to confirm this prediction. In Stfidy 1,
the mean rating of the aftereffect following ex
posure to magenta was - 4.0; other subjects dich
optically viewing magenta and green paired with
orthogonal gratings gave a mean rating of - 3.2
following exposure to magenta (Ambler & Foreit,
1978), and still other subjects viewing only
magenta gratings also reported a mean rating of
- 3.2 (Ambler & Foreit, unpublished data). These
three means (- 4.0, - 3.2, - 3.2) are not reliably
different from one another, and indeed what differ
ence does exist is opposite that predicted by the
hypothesis that monocular input is combined centrally
during induction. We conclude, therefore, that the
contribution of eye-specific mechanisms far out
weighs that of any binocular mechanisms that may
exist.

One interpretation of this eye-specificity would be
to link the ME with figural characteristics which
can be analyzed by monocularly driven units and
which do not require repeated patterns. Line orien
tation is one obvious example, given the usual
reference to color-specific edge detectors. Further
more, line orientation can be indicated just as easily
with a single line as with a grating of many lines,
either by a colored bar on black surround or a
black bar on a colored surround. If CAEs can be
linked with orientation, it should be possible to
induce a McCollough effect with a single bar, and
if orientation alone is sufficient to induce the ME,
the colored bar in a black surround and the black
bar in a colored surround should be equally effective.
However, these two figures differ in contrast and
figure-ground relationships, and if either of those
factors is critical to the McCollough effect, we would
expect a difference between the two stimuli. Contrast,
for example, has been shown to be an important
factor when repeated gratings are used (White, in
press).

The color-bar/black-bar comparison also offers a
way to test the classical conditioning model of the
McCullough effect proposed by Murch (1976). In this
model, the unconditioned stimulus (US) is the color
of the induction slide and the response to be con
ditioned (CR) is a change in spectral sensitivity. The
conditioned stimulus (CS) is the grating that appears
with the color. Thus, presentation of magenta leads
to greater relative sensitivity to green, and this
change in sensitivity becomes linked to the orientation
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of the grating superimposed over the induction color.
Murch supports this model by varying temporal
parameters in a trace conditioning paradigm. Delay
ing onset of the color relative to onset of the
grating reduces the magnitude of the aftereffect, as
would be predicted by a conditioning model. Further
support for the model is provided by Jones and
Holding's (1975) report that testing accelerates the
rate of decay. Presumably, eliciting the aftereffect
by presenting achromatic gratings acts as extinction
trials.

Another test of the conditioning model would be
to vary the nature of the CS. The older models of
classical conditioning (e.g., Hilgard & Marquis, 1940)
emphasize the importance of the US in establishing
the CR and discount the nature of the CS as long
as the organism is sensitive to it. Although more
recent work (see Holland, 1977, for a review of the
literature) has pointed to the importance of the CS
in establishing the conditioned link, most of the
studies showing superiority of one CS over another
have compared different sensory modalities. Holland
(1977) reported than when both CSs were drawn
from the same modality there was either no differ
ence between them in degree of conditioning or that

any difference could be attributed to different levels
of unconditioned responding. In the present context,
the finding that one visual pattern successfully
establishes the aftereffect while a comparable pattern
does not would seriously question the. conditioning
explanation of the McCollough effect.

STUDY 2

Method
Subjects. Fourteen naive subjects, seven men and seven women,

were recruited from the subject pool.
Materials. The magenta and green filters were combined with

achromatic figures to produce two sets of induction stimuli: a
single horizontal bar of magenta in a black surround and a
single vertical bar of green in a black surround (colored bars);
a single horizontal black bar in a green surround, and a single
vertical black bar in a magenta surround (black bars). These
slides were projected on a wall such that the bars subtended
a visual angle of between .940 and .580

, depending on the
subject's seat; the colored surround in the black bar stimulus
subtended a visual angle of between 13.320 and 8.430

• The same
luminances were used as in Study I.

Test figures included the printed achromatic gratings used in the
first study, plus horizontal, vertical, and diagonal orientations
of white bars in black surrounds and of black bars in white
surrounds. The new set of test stimuli is represented in Figure 3.
These figures were gathered into test booklets similar to those
used in Study I.

Figure 3. Achromatic test figures used to elicit aftereffects in Study 2. Gratings from Study 1 were also used (see Figure 1).
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STUDY 3

Method
Subjects. Twenty subjects, thirteen women and seven men

participated. Another six potential subjects failed to meet the
preinduction criterion.

Figure 4. Mean aftereffects reported following induction with
two different types of inducing stimuli: colored bars on a black
background (a) and black bars on a colored background (b),
for three types of test figures: white bar-black background,
black bar-white background, achromatic gratings. All negatively
colored aftereffects, regardless of color, are scored as positive.
The induced orientation is the mean of the horizontal and
vertical ratings combined.

CABs; a single black bar in colored surround did
not. Similar stimuli were not equally effective as CS.

,!he success of the single bar is especially inter
esting, If CAEs may become associated with a single
bar, they may also become associated with arrange
ments of bars. Put another way, can we demonstrate
a McCullough effect not only for orientation but also
for form.
Stud~ 3 was designed to test this hypothesis by

measunng the McCollough effect following exposure
to geometric figures composed of straight horizontal
and vertical lines. We reasoned that if the McCollough
effect could be associated with mechanisms respon
sible for the perception of line arrangement as well
as the lower-order orientation analyzers, com
plementary CAEs should be elicited by geometric
figures which share the same line orientations and
differ only in the arrangement of their constituent
lines. A magenta square and a green cross were
constructed from vertical and horizontal lines. These
figures differed only/in the arrangement of their
component lines. If the McCollough effect can
become associate? with different line arrangements,
CABs should be induced by the alternation of these
two figures. If the McCollough effect can only
become associated with orientation differences, no
CABs should result from alternating the two figures.
In either case, green aftereffects should be induced
by presenting the magenta square above, since its
component orientations and line arrangement both
would be unopposed.

o INDUCED mlENTATIONS
~ DIAGONAL ORIENTATIONS
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Procedure. Pretraining and pretesting were accomplished as in
Stud~ .1. Each subject participated in both of two experimental
conditions: colored bar, in which the colored bars in the black
~urround were presented, and black bar, in which the black bars
In the colored surround were used. Induction and test were
accomp~ished monocularly. The subjects were pretrained, pre
tested, Induced, and tested in one experimental condition with
one eye while the other eye was covered with an eye patch. Then
the patch was moved to the previously uncovered eye, and
the procedure was repeated. Order of treatments was counter
balanced across subjects.

Results and Discussion
The same pretest criterion for accepting data was

used as in Study 1; two subjects failed to meet
criterion. Neither experimental condition produced
any measurable effect on the unadapted eye (counter
balancing the order of presentation permitted the
second pretest to serve as a measure of interocular
transfer).

The subjects' mean saturation ratings, recoded so
that all negat~ve aftereffects were positive in sign,
were entered into a 2 (induction condition: colored
bar vs. black bar) by 3 (test pattern: white bar on
black, black bar on white, black-and-white grating)
by 2 (test orientation: induced vs. diagonal) analysis
of variance. All main effects and interactions
proved statistically reliable. Induction with colored
bars produced significantly higher ratings than
induction with black bars [F(1,11) = 15.89, p < .01],
and the interactions with induction condition were a
function of the uniformly low level of color reported
under the black bar induction. Therefore, the effects
of test pattern and test orientation will be discussed
in context of the colored bar induction. The subjects
gave their strongest color ratings when the tests
matched the induction orientations [F(2,22) = 17.41,
P < .01], seldom reporting any color at all in the
diagonal orientations. Furthermore, these reports of
color were almost totally confined to the white bar
and .grating tes~ patterns [F(l,l1) = 14.34, P < .01],
leading to a reliable Test Pattern by Test Orientation
interaction [F(2,22) = 9.65, p < .01]. Follow-up
t tests of the colored bar induction group showed
that the white bar and grating test patterns in the
induction orientation elicited higher ratings than the
black bar test pattern [t(l1) = 6.15, t(11) = 3.31,
for the white-bar/black-bar and grating/black-bar
co~parisons: respectively, p < .01 in both cases],
while the difference between the white bar and
grating patterns was not statistically reliable [t(11)
= .50, P > .10]. The mean ratings elicited by the
test patterns under both induction conditions are
presented in Figure 4. 1 Since both pink and green
aftereffects were elicited, all negative aftereffects
regardless of color, are positive in sign. '

The results of Study 2 strongly question the role
of classical conditioning in the induction of the
McCollough effect. A single colored bar in a black
surround successfully induced orientation-specific
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Materials. The magenta and green filters were combined with
achromatic slides to produce an unfilled (line drawing) magenta
square on a black surround and a green cross on a black surround.
Bar width and total perimeter were identical for the two figures;
thus, each of the four legs of the cross was identical in length
to one side of the square. The projected widths of the square
and cross were 45 and 90 em, respectively. Depending on the
subject's seat, they subtended visual angles of 10.2°-15.3° (square)
and 20.3°-30.6° (cross); the width of the colored bar subtended
a visual angle of .47°-.75°.

The achromatic test patterns included a blank white field
against a black background, gratings in the vertical, horizontal,
and diagonal orientations (Figure 1), a single white bar against
a black background in the vertical, horizontal, and diagonal
orientations (as in Figure 3), and a 4 x 4 em white outline of a
square against a black ground presented upright as a square and
rotated 45° and presented as a diamond. Test booklets consisted
of pages of colored chips to train subjects in the use of the rating
scale followed by sections of the achromatic test patterns arranged
in random order.

Procedure. The subjects were randomly divided into two ex
perimental groups and tested in groups of two to five. For both
experimental groups, pretesting, induction, and posttesting were
accomplished monocularly; the unused eye was covered with
a patch.

The subjects were trained on the use of the Munsell standards
and rated the achromatic printed gratings with one eye at a time
prior to any induction. During the induction phase, the subjects
scanned the colored figures with the right eye. Subjects in the
square-only induction condition viewed 40 Is-sec exposures of the
magenta square, with a 2-sec black interstirnulus interval. Subjects
in the square-cross induction condition viewed 40 15-secexposures
of the magenta square alternating with 40 15-secexposures of the
green cross, again with a 2-sec black interstimulus interval. Two
minutes of dark adaptation folowed the induction phase. The
subjects then rated each of the test fugures twice with each eye,
one time through with the induced eye and once with the non
induced eye. Order of testing was counterbalanced across
subjects.

Results and Discussion
Only the data from subjects meeting the pre

induction criterion were included in the analysis. As
in previous studies, there were virtually no reports
of color from the noninduced eye; therefore the
analysis of variance was restricted to reports of
viewing with the induced eye.

The achromatic test patterns could be considered to
belong in two categories: those presenting a single
orientation (horizontal-vertical or diagonal) and those
presenting a figure (square or diamond). For ease
of analysis, subjects' ratings of the eight different
patterns were consolidated into four test types:
horizontal-vertical (mean of the ratings of horizontal
and vertical gratings and single bars), diagonal (mean
of the ratings of diagonal gratings and single bars),
square (mean of the ratings of the square), diamond
(mean of the ratings of the diamond). Since the
measure of interest was the aftereffect of the
magenta square, all reports of green were assigned
a positive sign and all reports of pink were assigned
a negative sign.
. The data were then entered into a 2 (induction

condition) by 2 (test pattern: single orientation vs.
form) by 2 (test rotation: upright vs. diagonal)
analysis of variance in which induction condition was

a between-subjects variable and pattern and rotation
were within-subjects variables. Because the un
patterned (blank) field elicited no consistent reports
of color following either induction condition, it was
not included in the analysis.

The analysis of variance revealed a highly signif
icant main effect of induction condition [F(I,9) =
13.22, MSE = 3.82, p < .01]. As can be seen in
Table 1, which presents the mean color ratings for
each type of test pattern following the two induction
conditions, the square-cross induction produced
hardly any measurable colored aftereffects. The
effect of rotation was not statistically reliable, but
the Induction by Rotation interaction approached
significance [F(I,9) = 4.99, MSE = .251, p < .10].
A planned comparison revealed a significant effect
of rotation within the square-only condition [F(I,9)
= 13.98, p < .01], which was entirely a function
of higher reports of color in the horizontals and
verticals than in the diagonals. As can be seen from
Table 1, the square and the diamond elicited
practically identical ratings. None of the other main
effects or interactions approached statistical re
liability. Finally, a planned comparison was per
formed on the color ratings elicited by the square
test pattern following the two induction conditions.
The critical prediction of the line-configuration
hypothesis was that green aftereffects should be
elicited by the magenta square under both the
square-only and square-cross conditions. This
comparison, based on the MSE of the triple inter
action, revealed highly significant superiority of the
square-only condition [F(I,9) = 40.20, MSE = .398,
p < .01], caused by the total absence of green
aftereffects in the square-cross condition.

These results fail to support the hypothesis that
the ME can become associated with configurations
of lines as well as the orientations of the individual
components. Pairing a magenta square with a green
cross failed to elicit reliable aftereffects. On the
other hand, exposure to a magenta square alone
induced an aftereffect that was more than an after
image (no color was reported for an unpatterned
field), that could be seen in individual lines and in

Table I
Mean Chromatic Aftereffect Ratings Elicited by Exposure to a
Magenta Outline Square (Square Only) and by Exposure to a

Magenta Outline Square Alternating with a
Green Cross (Square-Cross)

Test Condition

Bars

Induction Horizon tal-
Figures

Condition Vertical Diagonal Square Diamond

Square Only ~1.975 -1.175 -1.450 -1.550
Sqnarc-Cross +0.100 +0.000 +0.150 -0.150

Note-Green aftereffects are negative in sign, red aftereffects are
positive,



configurations of lines, and that was somewhat
orientation-specific (the horizontal and vertical
patterns elicited higher reports than the diagonals).
However, the geometric figures and single lines
elicited equivalent ratings, as did the square and
diamond. The former result offers further evidence
that the ME is associated with component orien
tations and not with configurations. The latter result
was unexpected, and the present data offer no single
interpretation.

GENERAL DISCUSSION

Studies 2 and 3 offer converging evidence for a
number of issues. First, the validity of the classical
conditioning model is seriously questioned. Not only
can the McCollough effect not be elicited by very
similar visual patterns (Study 2), but it can be
eliminated entirely by pairing complementary
colors with highly distinctive patterns with com
mon constituent parts (Study 3). Furthermore,
when the McCollough effect is successfully induced,
it often fails to follow the kind of generalization
gradient predicted by a conditioning mechanism.
Exposure to a single colored bar in Study 2 showed
greater generalization to gratings sharing the same
orientation than to single bars in a different
orientation, and the majority of aftereffects fol
lowing black bar induction were made in response
to white bar and grating test patterns, and not to
the black bar which most closely resembled the
inducing pattern. White and Riggs (1974) also
reported cases in which a stronger CAE was elicited
by new test patterns than by ones like the original
stimulus.

Other conditioning models are still possible. For
example, the critical link between pattern and color
may lie in successive stimuli rather than within a
single stimulus compound-perhaps it is the green
following the magenta pattern that is important
rather than the connection between the response
properties of magenta and the pattern it appears
with. Two findings render this model unlikely: first,
only one color is necessary to induce a negative
aftereffect. Second, work from our laboratory
indicates that random presentations of the magenta
and green pattern produce an effect just as strong
as that induced by an orderly alternation of magenta
and green. Clearly, interstimulus associations are
not critical.

Second, the McCollough effect is sensitive to line
orientation but not to form (line configurations).
Orientation can be carried in single lines or patterns
of lines, and color may be seen in single lines or
patterns of lines that share orientational character
istics with the inducing stimulus. We have not been

McCOLLOUGH EFFECT 301

able to demonstrate an effect unique to a specific
form which exists independently of a comparable
effect in its constituent parts. Whatever higher-order
form detectors may exist,they are either not color
specific or incapable of becoming associated with
color, thus accounting for the absence in the liter
ature of CAEs dependent on "letters of the alphabet,
people's faces, or makes of automobile" (White &
Riggs, 1974).

Third, figural properties are important in deter
mining whether or not a McCollough effect is
obtained. One important property could be figure
ground characteristics. When colored gratings are
used to induce a McCollough effect, the colored
bars may be seen as colored figures against a black
ground. In Study 2, the colored bar against a black
background is seen as figure, while the black bar
imposed on a colored background is also seen as
figure but it is not colored. Reliable aftereffects
can be produced by a colored-bar/black-background
stimulus and by a color-and-black grating, but not
by a black bar on a colored background; a feature
common to both the colored grating and the colored
bar may be the perception of color in the figure.
Thus, color in the figure may be more important
than color in the ground in inducing aftereffects.

Confounded with the figure-ground characteristics
of the colored bar stimulus is brightness contrast.
The colored bar on a black background provided
more contrast than the black bar on a colored
background, both directly in terms of ratio of
black area to colored area and inversely in terms of
distance between adjacent borders (width of colored
area). If contrast is the critical stimulus determinant,
we would expect that increasing the amount of con
trast in the inducing pattern would increase the
magnitude of the aftereffect. Results reported by
Osgood (1974) can be interpreted in this way. Osgood
manipulated the widths of the black bars and
colored slits in his adaptation and test patterns and
found that black bar width was the critical variable
during the induction pllase-the wider the black bar,
the more pronounced the aftereffect. Wider black
bars create greater contrast; the single colored bar
in Study 2 represents the logical extreme of increasing
black bar width.

Contrast and/or figure-ground relationships are
necessary but not sufficient conditions for the
induction of the McCollough effect, and they make
themselves known only under appropriate color
orientation conditions. As shown in Study 3, even
when appropriate contrast and figure-ground
relationships are maintained, no net aftereffect is
observed when complementary colors are simul
taneously paired with the same orientations.

In summary, we have reached three main con-
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elusions. First, figural properties of nonrepeated
stimuli may exert strong influences on CABs. Second,
line configurations or forms per se are difficult to
link with color to produce McCollough effects. And
third, the elassical conditioning model of Murch
(1976) and other models based on conditioning fail
to be supported by our findings.
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NOTES

1. These particular Munsell values were selected by Osgood
(1974) as the closest physical matches to subjects' aftereffects.
We did not use the iIluminant under which the Munsell scale
was developed and so the subjects were not using a Munsell
scale. However, the stimuli provided a hue and saturation range
which was adequate to match the observed aftereffects.

2. The apparent CAEs induced by black bar induction are
largely the results of the ratings made by one subject. Elim
inating this subject reduces the mean saturation in the white
bar test from .38 to .05 and the saturation in the grating test
from .67 to .36. Only 2 of the 12 subjects reported CAEs of
greater than 1 (the maximum permitted preinduction rating)
following black bar induction; in contrast, all 12 reported CAEs
of greater than 1 following colored bar induction.
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