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Text-contingent color aftereffects:
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Five experiments reexamined color aftereffects contingent on the semantic properties of text
(Allan,Siegel, Collins, &MacQueen, 1989). The influence of different assessment techniques and the
effect of eye movements and overlapping contour information on the induction of color aftereffects
by word and nonword letter strings were determined. Experiment 1 showed that no aftereffect was
found when a traditional method of assessing color aftereffects was used. Experiments 2 and 4
demonstrated color aftereffects for both words and nonwords, but only when subjects fixated the
same locus during induction and testing and only when assessed with the technique described by
Allanet al. (1989). If, however, eye movements were made during induction, no color aftereffect was
obtained (Experiment 3). Induction to nontext patterns with properties similar to those of text but
with fewer overlapping contours resulted in a strong color aftereffect (Experiment 5). These results
suggest that the color aftereffect contingent on text is very weak and is not dependent on semantic
factors, but that it is a product of induction to local color and orientation information.
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In 1965, McCollough reported negative color after
effects contingent on the orientation ofinduction and test
patterns. Now known as the McCollough effect (ME),
this visual illusion has been the topic of considerable re
search, most of which supports McCollough's original
contention that the effect occurs at an early stage in the
visual system. However, in a recent study, Allan, Siegel,
Collins, and MacQueen (1989) obtained results which
suggest that higher level, semantic processes might be
involved in the effect.

Induction of the ME involves the alternate viewing of
two grating patterns of roughly complementary colors.
In McCollough's (1965) original experiments, a grating
of orange-and-black vertical stripes alternated with a
grating ofblue-and-black horizontal stripes. The gratings
were viewed at 5-sec intervals with 1 sec of darkness in
between for approximately 2--4 min. When black-and
white horizontal and vertical gratings were viewed fol-
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lowing a short postadaptation interval, they appeared to
be faintly colored in hues approximately complementary
to the induction colors. That is, the vertical gratings ap
peared slightly bluish, and the horizontal gratings,
slightly orange. Since then, it has been noted that adap
tation using red and green will generally produce a
stronger ME (Stromeyer, 1978). Although it takes only
minutes to induce the ME, the effect may last minutes,
hours, days, and sometimes even weeks or months (see,
e.g., Jones & Holding, 1975; Riggs, White, & Eimas,
1974).

The characteristics of the ME have led to a general
consensus that it is a low-level phenomenon mediated by
early visual mechanisms (see reviews by Humphrey, in
press; Skowbo, Timney, Gentry, & Morant, 1975;
Stromeyer, 1978). For example, the effect does not
transfer from one eye to the other (McCollough, 1965;
Murch, 1972); it is specific to retinal orientation, size,
and area (Ellis, 1976; Lovegrove & Over, 1972; McCol
lough, 1965; Stromeyer, 1972); and attention to the pat
terns is not necessary for induction (Houck & Hoffman,
1986) or for detection of the aftereffects (Humphrey,
Gurnsey, & Fekete, 1991). Research done on brain
damaged individuals has suggested that the mechanisms
responsible for the ME reside in area 17 of the visual
cortex or earlier (Goodale, Aglioti, Humphrey, &
Gurnsey, 1992; Humphrey, Goodale, & Gurnsey, 1991;
Savoy & Gabrielli, 1991).

Copyright 1994 Psychonomic Society, Inc.
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Recently, however, Allan et al. (1989) have suggested
that the ME might be dependent on higher level, cogni
tive processes. These authors report color aftereffects
contingent on words but not on nonwords composed of
the same letters. For instance, subjects viewed the word
SIREN colored red alternating with RINSE colored green
over a 25-min induction period. This resulted in a color
aftereffect. This color aftereffect contingent on text was
not found for nonword pairs like ENSRI and RENIS. Given
this difference between words and nonwords, Allan et al.
claim that the physical characteristics ofthe words such
as line orientation and width are not relevant to their
findings. This claim is surprising, because it contradicts
previous studies which indicate that the ME is very
much dependent on basic physical characteristics of the
stimuli.

The text-contingent color aftereffects reported by
Allan et al. (1989) appear to be much weaker than after
effects obtained with gratings and assessed with the
same measurement technique (Allan, Siegel, Toppan, &
Lockhead, 1991). Allan et al.'s (1989) technique for
measuring the ME resembles the method of constant
stimuli (described in detail by Allan et aI., 1991). The
procedure consists of three phases-a preinduction test,
induction, and a postinduction test. The preinduction
and postinduction tests are composed of repeated pre
sentations of the induced stimuli, which are colored a
desaturated pink or green, and achromatic stimuli. The
number of green responses in the preinduction test is
compared with the number of green responses post
induction to determine whether an ME has occurred.
The resulting function runs across a range ofdesaturated
colors, with white at the midpoint. Following induction,
one should observe more green responses to the patterns
induced in magenta and fewer green responses to the
pattern induced in green when there is an ME (see Ex
periment 2, Method for a complete description). A vi
sual comparison of the magnitude of the shift in the
function from pre- to postinduction tests appears to be
much larger for oriented gratings (Allan et aI., 1991)
than for words (Allan et aI., 1989). It is entirely possible
that the effect obtained with words would not be found
by using more standard techniques for assessing color
aftereffects. In our first experiment, we tested the ro
bustness of the text-contingent color aftereffect by at
tempting to replicate the findings of Allan et al. (1989),
using a more conventional method for assessing color
aftereffects (described below).

EXPERIMENT 1

The conditions used by Allan et al. (1989) to produce
the text-contingent color aftereffects were unlike those
normally used in ME demonstrations. For instance, the
luminance of the induction words was relatively dim
dimmer, in fact, than that of the test words. Previous
work on MEs has shown that the aftereffects show up
most vividly on low-luminance achromatic patterns fol-

lowing inspection ofhigh-luminance chromatic patterns
(White, 1976). Another unusual aspect of the procedure
was the fact that only one test word was presented at a
time. This restriction precludes the operation of simul
taneous contrast-a factor that enhances the likelihood
of reporting an ME. Dale, Anderson, and Smith (1976)
and Humphrey, Dodwell, and Emerson (1985) had found
that significantly more verbal reports of ME hues were
given when subjects viewed test patterns in which color
contrast was potentially present.

On the other hand, Allan et al. (1989) employed an
unusually long adaptation time, 20 or 25 min instead of
the more typical 5-10 min, which might be expected to
offset other methodological liabilities. (For descriptions
of increases in ME strength with increases in induction
time, see Riggs et aI., 1974.) Rather than try to estimate
the relative contributions of various factors in Allan
et al.'s (1989) experiments, however, we simply reasoned
that the reported effect should be easy to perceive under
optimal stimulus conditions. We therefore attempted to
replicate Allan et al.'s (1989) findings by using stimuli
typical of traditional ME demonstrations-in particular,
high-luminance adaptation patterns and a test figure de
signed to evoke both aftereffect colors. In addition, we
increased the adaptation time slightly, and used a sim
ple, direct assessment method (a single verbal report,
with no requirement that subjects guess if colors were
not readily apparent in the test pattern). Aside from these
factors, we attempted to keep our stimulus conditions as
close to theirs as possible.

Method
Subjects. Twenty-eight people participated in the study. Twoof

these subjects had seen MEs many times and were aware of the
theoretical basis of the experiment. Twoothers had seen MEs in a
classroom demonstration several months earlier, and a 3rd had
been a subject in an ME study conducted 3 years earlier; none of
them, however, knew the rationale for the experiment. The re
mainder were completely naive. Dvorine plates were used to
screen all subjects for normal color vision.

Apparatus and Stimuli. Because it can be argued that nonana
gram word pairs contain different spatial features (which could be
the basis for aftereffects apparently contingent on text), we re
stricted our experiment to an anagram pair and arbitrarily chose
one of the anagram sets used by Allan et al. (1989): ONSET and
STONE. Weused a laser printer to print these words on white paper
in uppercase, bold, Helvetica type. To make the adaptation stim
uli, we combined photographic negatives of these prints with
Kodak Wratten filters Nos. 58 (green; CIE x and y chromaticity
coordinates were approximately 0.303 and 0.638, respectively)
and 32 (magenta; CIE x and y chromaticity coordinates were
approximately 0.556 and 0.246, respectively). In addition, we used
Kodak Wratten neutral density filters (No. 96) to attenuate
intensity.

Slides made from these materials were shown in a Kodak
Carousel Ektagraphic Model B-2 projector; the illuminant was a
Type ELH halogen projector lamp. The words were projected onto
a piece of frosted glass rear-projection material; when viewed by
the subject, they were 0.4° high and 2° long (very close to Allan
et al.'s, 1989,0.4° X 1.7°). Weused two adaptation luminance con
ditions. For 20 subjects (including the 2 experienced ME ob
servers), the character luminance for the green word was
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240 cd/m-; that for the magenta word was 219 cd/m-. Then, for
the other 8 subjects plus the two experienced ME observers (who
ran a second time), the luminances were reduced to 24 cd/rn-'
(green) and 22 cd/m- (magenta)-levels comparable to those used
by Allan et al. (42 and 19 cd/m-).

The test slide was a three-word X five-word matrix in which
ONSET and STONE alternated horizontally and vertically. We pre
pared this slide in a manner like that described for the induction
words, except that we used no chromatic filters. The luminance of
the characters in the test figure was 54.8 cd/m-' (the luminance of
Allan et al.'s, 1989, achromatic test word was 66 cd/mt),

Procedure. The subjects were run individually in a dark room.
At the beginning of the session, they were shown the test stimulus
and asked whether they perceived any difference in color between
the two words in the matrix. They were told that if any colors did
appear, they would be faint and pale. Next, the subjects viewed the
two induction words alternating every 10 sec for a total of 30 min
(Allan et al.'s, 1989, induction times were 20 or 25 min). As in
Allan et al. (1989), no instructions were given regarding eye move
ments. At the end ofthe induction period, there was a l-min delay,
after which the test slide was shown again. The subjects were then
asked the same question as before regarding color perceived in the
test word matrix. Finally, subjects were asked whether they had
fixated or scanned the adaptation words.

Results
None of the 28 subjects reported any color in the test

words either before or after the adaptation period. It is
important to note that these negative reports came not
only from naive subjects but also from several individ
uals with prior ME exposure, all ofwhom recognized the
ME paradigm and had expectations about what they
were "supposed" to see. The 2 experienced ME ob
servers scrutinized the test pattern with particular care,
but neither saw any color differences in the word matrix.
A few subjects commented during postadaptation test
ing that the word that they fixated looked darker than the
others in the matrix. Ofthe 28 subjects who participated,
12 stated that they had scanned the adaptation words, 10
said that they had fixated, and 6 reported that they had
switched intermittently from scanning to fixating.

Discussion
We were unable to replicate Allan et al.'s (1989) report

of a text-contingent ME in this experiment. As noted
earlier, our induction and test conditions were different
from theirs in a few ways that, according to past research
on MEs, should have favored the appearance of such an
effect-that is, in luminance of the adaptation stimuli,
configuration of the test pattern, and adaptation time.

The present experiment and those of Allan et al.
(1989) did differ in one important way-that is, in the
assessment procedure. Our subjects were asked to make
a single judgment about their perceptual experiences,
and a negative report was permitted. Allan et al. (1989)
used a forced-choice procedure, in which the subjects
had to give a color response on each of 100 trials (or 96,
in the case of one experiment). It might be argued that
the latter procedure would be more sensitive to weak ef
fects and, therefore, more likely to reveal evidence for
subtle color differences between the test words. We ex
amined this possibility in the second experiment.

EXPERIMENT 2

We used the measurement technique of Allan et al.
(1989) to determine whether this procedure was a par
ticularly sensitive way of detecting weak color afteref
fects. There was one notable difference in this experi
ment, in that we explicitly instructed subjects to fixate
the center of the inducing and assessment stimuli. Such
instructions were not given in Experiment 1 and had not
been given by Allan et al. (1989). There is reason to sus
pect that matching the locus of fixation on induction and
test trials could be an important factor. As noted above,
research has demonstrated that the ME is specific to
retinal orientation and location. For example, different
orientation-contingent aftereffects can be induced on
different parts of the retina (Stromeyer & Dawson,
1978). Vertical bars may appear pink at one retinal po
sition, but green at another. Stromeyer (1972) demon
strated that such aftereffects disappeared when the test
pattern was moved as little as 0.5 0 off the induced area
and then reappeared when the test pattern was brought
within about 0.30 of the induced area. It was hoped that
maintaining fixation would increase the likelihood of
obtaining an effect.

Method
SUbjects. The subjects were 3 males and 3 females, ranging in

age from 22 to 44 years. They were not screened formally for color
deficiencies, but they were not aware of any. All members of the
sample were familiar with the ME, although 3 of them were not
experienced ME observers at the start of testing.

Apparatus and Stimuli. Stimulus presentation and response
recording were controlled by a Macintosh II microcomputer. The
stimuli were displayed on a high-resolution Apple 13-in. color
monitor. The monitor was located 98 em from the subject. The
subjects' head movements were restricted by a chinrest equipped
with a forehead stop and two lateral head stops.

Luminance and chromaticity (CIE x and y coordinates) were
measured with a Minolta Chroma Meter CS-100 and are summa
rized in Table 1. The luminance values for the green and magenta
induction patterns are close to those used by Allan et a1. (1989).
Each word was presented individually, centered in the middle of
the monitor screen against a black background. The text was in up
percase bold Courier type. Each word was 2.7 X 0.7 em, sub
tending 1.6° X 0.4° of visual angle.

Procedure. Identical preinduction and postinduction tests were
administered to determine baseline and test psychometric func
tions for all subjects. The assessment phases consisted of 100 pre
sentations oftwo words, SIREN and RINSE; each word was randomly
displayed 10 times in each of five colors: light magenta (M2),
lightest magenta (Ml) (least saturated), achromatic (0), lightest
green (Gl), and light green (G2). The word remained on the screen
until the subject made a binary response-c''green" or upink"---on
each presentation. The process was repeated for a second word
pair, ONSET and STONE.

The induction phase involved exposing subjects to alternating
presentations of the word SIREN in magenta and the word RINSE in
green every 3 sec for a period of 25 min. In the second induction
session, ONSET was presented in magenta, STONE in green.

The subjects received instruction prior to experimentation and
were assessed independently. They were seated in a darkened room
and were instructed to adjust the chinrest until it was comfortable.
The subjects were asked to fixate the center of the middle letter of
each word presented during both the induction and the test phases.
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Table 1
Luminance and Chromaticity Values of the Colors

in Experiments 2-5

The RINSE/SIREN word pair was assessed during a single session
composed ofpreinduction assessment, a 25-min induction period,
and a postinduction assessment following 4 min of normal room
illumination. The ONSET/STONE word pair was similarly evaluated
at least a week later.

Figure 1. Preinduction and postinduction test psychometric func
tions obtained in Experiment 2. Because the statistical analyses
showed no difference between the two word pairs, the mean of the re
sults for both word pairs is presented. Note that for clarity ofpresen
tation these graphs present the range of colors along an evenly spaced
scale. The graphic presentation is not meant to imply that the five test
stimuli are evenly spaced along an interval scale. Furthermore, be
cause Allan, Siegel,Collin, and MacQueen (1989) used a similar type
of presentation, it was felt that having the graphs in similar formats
would aid in the comparison of results across studies.

Discussion
The results of Experiment 2 indicated that a weak

color aftereffect contingent on text can be measured by
using Allan et al.'s (1989) procedure. The assessment
procedure used in the present experiment appears to be
more sensitive than that used in Experiment 1. There is,
however, another factor that differed between the exper
iments. In Experiment 1, following Allan et al., the sub
jects were not instructed to fixate a particular point on
the words during testing and induction. We explicitly in
structed subjects to fixate the same point during induc
tion and tests in the present experiment. Given Allan
et al.'s conclusion that semantic factors are responsible
for the text-contingent color aftereffect, it is perhaps not
surprising that eye movements were not controlled.
However, ifeye movements have an influence on this ef
fect, another explanation can be invoked. The text-con
tingent MEs reported by Allan et al. could be the result
of local adaptation to colored contours presented to dif
ferent retinal areas, as opposed to "text-contingent" ef
fects. If the effect really is contingent on the semantic
properties of the stimuli, eye movements should have no
influence. This was examined in the third experiment.

crease in green responses during postinduction assess
ment; the function for words presented in green during
induction (RINSE and ONSET) showed a shift downward
a slight decrease in the number of green responses dur
ing the posttest.

These shifts in the psychometric functions were eval
uated as in Allan et al. (1989). The mean numbers of
green responses over the five test colors (which could
range from 0 to 10) were subjected to a 2 (word pair:
RINSE/SIREN or ONSET/STONE) X 2 (induction color: ma
genta or green) X 2 (assessment phase: preinduction or
postinduction) repeated measures analysis of variance
(ANOVA).The main effect ofassessment phase was not
significant (F < 1); the main effect of induction color
was significant[F(l,5) = 7.44,MSe = 414.19,p < .05],
as was the interaction of induction color and assessment
phase [F(l,5) = 9.97, MSe = 229.69, p < .05]. The
mean numbers ofgreen responses to the words in the pre
induction assessment did not differ significantly [F(1,5)
< 1], but it did so in the postinduction assessment
[F(l,5) = 9.99, MSe = 63.08, p < .05]. The difference
indicates that the number of green responses depended
on the assessment phase. There was an increase in green
responses posttest, relative to baseline, for the magenta
adapted words (SIREN and STONE), and a concomitant
decrease in posttest green responses for the green
adapted words (RINSE and ONSET).

EXPERIMENT 3

This experiment was designed to explore further the
color aftereffect found for words in Experiment 2. The
only difference between the two experiments-a change
in locus of fixation between induction and test phases
was implemented in order to assess the possibility that
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Results
Figure 1 illustrates the psychometric function relating

the mean proportion of"green" responses, peG), to each
of the test colors for the two test phases. Each point in
the graph was based on 120 observations: 10 responses
from each of6 subjects over two conditions (RINSE/SIREN

and ONSET/STONE).

The baseline functions were similar for both sets of
words. The function for the words presented in magenta
during induction (SIREN and STONE) showed a slight in-
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the effect was due to adaptation to local color and ori
entation contingencies.

Method
Subjects. The subjects were the same as in Experiment 2. This

induction procedure was run a minimum of I week after Experi
ment 2. To ensure that the ME from Experiment 2 had dissipated
before the subjects participated in this condition, we examined
their pretest scores for evidence of the ME, which did not appear
to be present (Figure 2). For each of the subsequent experiments,
the same procedure was followed: the subjects waited at least a
week before induction for each different condition, and their pre
induction test scores were evaluated to ensure that no ME was left
from previous induction conditions.

Apparatus and Materials. The stimulus parameters, presen
tation, and response recording were controlled as in Experiment 2.

Procedure. The procedure was identical to that of Experi
ment 2, with the exception of a change in the locus of fixation dur
ing the induction and test phases. The subjects were instructed to
fixate the center letter of each word during both test phases. Dur
ing induction, however, fixation alternated from the beginning to
the end of each word, as follows. During the first pair of induc
tion trials, the subjects were instructed to fixate the R ofRINSE and
then the S of SIREN. On the next pair oftrials, the direction of gaze
was shifted to the E of RINSE and then the N of SIREN. This pattern
was repeated, in this order, for the duration of the induction pe
riod (25 min). Similarly, for the second word pair, subjects focused
first on the 0 of ONSET, and then on the S of STONE, followed by
the T of ONSET and the E of STONE. The RINSE!SIREN and ONSET!

STONE experiments were run at least I week apart. In each case,
the induction period was followed by 4 min of exposure to normal
room illumination before the postinduction test.

Results
The psychometric function relating P(G) to each of

the test colors for the two test phases is illustrated in Fig
ure 2. Each point in the graph was based on 120 obser
vations: 10 responses from each of 6 subjects, over two
conditions (RINSE/SIREN and ONSET/STONE).

1.00

---<>- PRE-MAGENTA

--0- PRE-GREEN
0.80 --.--- POST-MAGENTA

--....- POST-GREEN

0.60

P (G)

0.40

0.20

0.00
P2 PI 0 Gl G2

TEST COLOR

Figure 2. Preinduction and postinduction test psychometric func
tions obtained in Experiment 3. Because the statistical analyses
showedno differencebetween the twoword pairs, the mean ofthe re
suItsfor both word pairs is presented.

There was no systematic change in the functions from
baseline to test. A 2 (word pair: RINSE/SIREN or ONSET/

STONE) X 2 (induction color: magenta or green) X 2 (as
sessment phase: preinduction or postinduction) repeated
measures ANOVA was conducted on the mean number
of green responses over the five test colors, which con
firmed no significant effect (p > .1 in all cases).

Discussion
Eye movements during induction abolished the text

contingent color aftereffect. This argues strongly against
the proposal that the text-contingent color aftereffects
reported by Allan et al. (1989) were based on semantic
factors. Rather, the present results suggest that the color
aftereffects found in Experiment 2 were based on local
induction by the color and orientation of the elements
that make up the individual letters. These findings are
consistent with previous research on the ME, which sug
gests that it is dependent on physical characteristics such
as line orientation and width, which activate mecha
nisms at an early stage in the visual pathway (reviewed
by Humphrey, in press; Skowbo et al., 1975; Stromeyer,
1978).

EXPERIMENT 4

If the aftereffects reported by Allan et al. (1989) were
the result of local induction by the color and orientation
of the elements of the stimuli, it should be possible to
induce an aftereffect for nonwords as well, given appro
priate instructions to fixate the stimuli. In the fourth ex
periment, we assessed the color aftereffects with non
words when fixation was maintained.

Method
Subjects. Six subjects participated in the experiment-3 males

and 3 females, ranging in age from 22 to 44 years. Five of these
subjects had participated in Experiments 2 and 3.

Apparatus and Materials. The apparatus was identical to that
of Experiment 2. Two separate nonword pairs were tested: SNOTE

(magenta during induction) and OESNT (green during induction)
made up one pair, whereas SERIN 1 (magenta during induction) and
RSNIE (green during induction) made up the other.

Procedure. As in Experiment 2, the subjects were asked to fix
ate the center of the middle letter of each nonword presented dur
ing both the induction and the test phases. All other aspects of the
procedure were identical to those ofExperiment 2.

Results
Figure 3 illustrates the psychometric function relating

P(G) to each of the test colors for the two test phases.
Each point was based on 120 observations: 10 responses
from each of 6 subjects over two conditions (SNOTE/

OESNT and SERIN/RSNIE). The baseline functions were
similar for both sets of nonwords. The function for the
nonwords presented in magenta during induction (SNOTE

and SERIN) showed an increase in green responses at
postinduction assessment; the function for the nonwords
presented in green during induction (OESNT and RSNIE)

showed a similar shift downward.
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1.00 ---0-- PRE-MAGENTA

--a-- PRE-GREEN

0.80 -.- POST-MAGENTA

----
0.60

P (G)
0.40

0.20

0.00
P2 Pl 0 Gl G2

TEST COLOR

Figure 3. Preinduction and postinduction test psychometric func
tions obtained in Experiment 4. Because the statistical analyses
showed no differencebetween the two nonword pairs, the mean of the
results for both nonword pairs is presented.

The mean numbers of green responses over the five
test colors (which could range from 0 to 10) were sub
jected to a 2 (nonword pair: SNOTE/OESNT or SERIN/RSNIE)

X 2 (induction color: magenta or green) X 2 (assess
ment phase: preinduction or postinduction) repeated
measures ANOVA.The main effect ofassessment phase
was not significant; the main effect of induction color
wassignificant[F(1,5) = 20.4,MSe = 954,p <.Ol],as
was the interaction of induction color and assessment
phase [F(1,5) = 22.1, MSe = 752, P < .01]. The mean
numbers ofgreen responses to the nonwords in the pre
induction assessment did not differ significantly [F( 1,5)
< 1], but did so in the postinduction assessment [F(I,5) =
24.7, MSe = 69,p < .01]. The difference indicates that
the number of green responses depended on the assess
ment phase. There was an increase in P(G) posttest, rel
ative to baseline, for the magenta-adapted nonwords
(SNOTE and SERIN), and there was a decrease in P(G)
posttest for the green-adapted nonwords (OESNT and
RSNIE).

Discussion
The results support our contention that the text

contingent color aftereffects reported by Allan et al.
(1989) are the result of induction by local orientation
and color contingencies and are not dependent on the se
mantic properties of the stimuli. The color aftereffects
induced with nonwords are at least of the magnitude of
those found with words in Experiment 2.

EXPERIMENT 5

If the color aftereffect reported by Allan et al. (1989)
is strictly the result of induction by local contour infor
mation, we should be able to produce MEs with nontext
patterns having physical characteristics similar to those

of the words and nonwords used in Experiments 2, 3,
and 4. In Experiment 5, we examined this possibility by
using two chevron-like patterns (see Figure 4) as induc
ing stimuli with physical characteristics that were in
many ways similar to those of the words and nonwords.
In the case of the text-based stimuli, some of the local
orientations would be the same in both inducing pat
terns. The letters making up the words are composed of
horizontally, vertically, and diagonally oriented straight
components, and of a few curved segments. The middle
letter of RINSE, for example, which was induced in
green, was composed of two vertical lines and one di
agonal. The middle letter of SIREN, which was induced
in magenta, was composed ofone vertical, one diagonal,
and two horizontal lines, along with a curved segment.
It is possible that two inducing stimuli with shared ori
entation characteristics in different colors may have con
tributed to the weakness of the effect. The chevron-like
patterns of Figure 4 were designed so that, with central
fixation, the contours in one pattern were orthogonal to
those in the other pattern. According to our argument,
this should produce a stronger ME than the MEs found
in Experiments 2 and 4, in which there should have been
some local cancellation of the aftereffects because of
similarly oriented contours being presented to the same
retinal region in two colors.

Method
Subjects. The 6 subjects from Experiment 4 participated in

Experiment 5.
Apparatus and Materials. The apparatus was identical to that

in Experiments 2, 3, and 4. The chevron-like patterns (see Fig
ure 4) were composed ofdiagonal line segments ofthe same width
as the line segments making up the letters of the stimuli in Exper
iments 2, 3, and 4. The overall size of the patterns and the visual
angle they subtended were identical to those of the words used in
Experiments 2, 3, and 4. The chevron-like pattern pointing down
was presented in magenta during induction; that pointing up was
presented in green.

Procedure. As in Experiments 2 and 4, the subjects were asked
to fixate the center ofthe patterns during the induction and test tri
als. All other aspects of the procedure were identical to those of
Experiment 2.

Figure 4. The chevron-like stimuli used in Experiment 5. The
chevron-likepattern pointing down was presented in magenta during
induction; that pointing up was presented in green.
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GENERAL DISCUSSION

The results of these five experiments provide an al
ternative explanation for the text-contingent color after
effects reported by Allan et al. (1989). The negative re
sults of Experiment 1 suggest that the text-based color
aftereffects can only be observed under certain induction
and testing conditions; they are not strong effects and do
not appear under traditional ME induction and testing

jecture that the weak MEs induced with text-based stim
uli occurred because of the overlap in the orientations of
the line segments making up the letters in an inducing
word or nonword pair.

We should point out that, while the patterns we used
are not strictly chevrons, there has been some debate in
the literature over the mechanisms that are adapted with
similar patterns. White and Riggs (1974; see also Riggs,
1973) have proposed that such patterns contain angles
and adapt mechanisms that are sensitive to the direction
of departure from a straight line. Many other results sug
gest, however, that induction with angled or curved line
patterns can be accounted for in terms of adaptation of
mechanisms sensitive to line orientation and retinal po
sition (e.g., Crassini & Over, 1975; Hayman & Allan,
1980; Sigel & Nachmias, 1975). White and Riggs ar
gued that the color aftereffects cannot be due to local
color and orientation contingencies, because they ob
tained color aftereffects when subjects slowly scanned
the patterns. Others, however, have not been able to ob
tain effects under similar induction conditions in which
the pattern moved relative to the retina (Mackay &
MacKay, 1974; Sigel & Nachmias, 1975; Stromeyer,
1974). Furthermore, Hayman and Allan (1980) found
that there were changes in the hue reported as a result of
shifts in the locus of fixation on test figures and that
these changes were those that were expected on the basis
ofspatially localized aftereffects. On balance, it appears
that chevron-like patterns produce highly localized
orientation-contingent aftereffects. We also feel that the
size and structure of the patterns we used were suffi
ciently different from those used previously that this de
bate is tangential to the present concerns.

Finally, we should note that the chevron-like patterns
are only one way of testing for the effects of local or
thogonality. Although the patterns we used were similar
to the words used in Experiments 2 through 4 in terms
of the size of the overall pattern and the width of the el
ements, other characteristics made. them different. The
most notable difference occurred in the repetitive struc
ture of the patterns, which was not present in the words
and nonwords. Another way of testing for the effects of
local orthogonality, as suggested by an anonymous re
viewer, would be to contrast the effects obtained with
anagrams that had similar feature orientations in the
same retinal locus with those obtained with anagrams
that had orthogonal feature orientations in the same reti
nallocus.
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Results
Figure 5 illustrates the psychometric function relating

peG) to each of the test colors for the two test phases.
Each point in the graphs is based on 60 observations: 10
responses from each of 6 subjects per pattern for each
color. The baseline functions were similar for both pat
terns. The function for the pattern presented in magenta
during induction showed a large increase in green re
sponses at postinduction assessment; the function for the
pattern presented in green during induction shows a
large downward shift in peG).

The mean numbers of green responses over the five
test colors (which could range from 0 to 10) were sub
jected to a 2 (induction color: magenta or green) X 2 (as
sessment phase: preinduction or postinduction) repeated
measures ANOVA. The main effect ofassessment phase
was not significant; the main effect of induction color
was significant [F(l,5) = 352,MSe = 7.5,p < .01], as
was the interaction of induction color and assessment
phase [F(l,5) = 444, MSe = 7.6,p < .01]. The number
ofgreen responses depended on the assessment phase in
such a way that there was an increase in peG) posttest
for the magenta-induced pattern, relative to baseline,
and a decrease in peG) posttest for the green-induced
pattern.

P1 0 G1 G2

TEST COLOR

Figure 5. Preinduction and postinduction test psychometric func
tions obtained in Experiment 5 after induction with the chevron-like
patterns.

Discussion
The results show that small, nontext patterns can be

used to induce an ME. Although sharing many of the
physical characteristics of the text-based stimuli, the
chevron-like patterns induced a much stronger after
effect than did the text-based patterns (compare Figure 5
with Figures 1 and 3). The composition of the patterns
ensured that, with central fixation, orthogonally oriented
contours appeared in different colors in different parts of
the retina during induction. The results support our con-
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conditions. A weak ME can be found ifassessed with the
technique of Allan et al. (1989), but subjects had to
maintain fixation during induction and testing (Experi
ment 2). However, the results of Experiment 3, which
show that the aftereffect is not found when subjects
move their eyes during induction, suggest that the effect
is not dependent on the semantic properties of the stim
uli. The color aftereffect demonstrated with fixation on
nonword pairs in Experiment 4 directly refutes the find
ings and semantic contingency hypothesis ofAllan et al.
(1989).

It appears instead that the effect reported by Allan
et al. (1989) was entirely contingent on the local color
and orientation of line segments making up the individ
ual induction letters. The results ofExperiment 5 bolster
this argument, because the chevron-like patterns, which
had orthogonally oriented contours under central fixa
tion, produced very strong color aftereffects. Collec
tively, these findings are consistent with previous re
search on the ME, which suggests that it is dependent on
physical characteristics, such as line orientation and line
width, that activate mechanisms at an early stage of vi
sual processing (Humphrey, in press; Skowbo et aI.,
1975; Stromeyer, 1978). These results are also consis
tent with those of another study performed recently in
our lab, in which we found that the color aftereffects
contingent on form reported by Siegel, Allan, and Eis
senberg (1992) were also the result of induction by local
contour and orientation contingencies (Humphrey, Her
bert, Symons, & Kara, 1994; see also Broerse & Grim
beek, 1994).

Whereas local effects may be the explanation for the
ME observed in the present experiments, it cannot ex
plain why Allan et al. (1989) did not produce identical
findings when dealing with nonword stimuli. As we
have suggested above, the discrepancy in findings may
be explained by the lack of fixation instructions in the
experiments of Allan et al. We can only speculate that
subjects may be more likely to increase eye movements
in response to nonwords as opposed to words when
points of fixation are not specified.

Another factor that differentiated Experiments 2-5
from Allan et al. (1989) was that we tested a small num
ber ofexperienced observers for subjects, whereas Allan
et al. tested larger numbers of experimentally naive ob
servers. We believe that our use of experienced ob
servers was justified, because the experiments were
quite demanding in terms of holding fixation steady for
an extended period of time. There is some evidence that
experienced observers may be more sensitive to weak
aftereffects. Dodwell and O'Shea (1987, note added in
proof) found that experienced observers detected weak
aftereffect colors following induction with nonstruc
tured patterns that were not detected by naive observers.
Given the weakness of the effects with the text-based
stimuli, we believed that the use of experienced ob
servers would increase the likelihood of detecting the
aftereffects. However, the use of experienced observers

may also raise the possibility of bias. Although it is ex
pected that each observer conducted the experiments im
partially, in fact each entered the study with the expec
tation that a color aftereffect would not be found with
"words," given the results ofExperiment 1. That the sub
jects were aware of the hypothesis of this study, as is
common in psychophysical experiments, may actually
lend credence to these unexpected results.

It appears from the present research that the mecha
nisms that underlie the ME operate on a local, retino
topic basis and are not influenced by semantic factors.
Humphrey (in press) has recently reviewed much of the
ME research and has concluded, as have many others,
that most findings indicate that the ME is a low-level
phenomenon mediated by low-level visual mechanisms.
We can ask the question, however, whether the ME plays
any functional role in vision. One suggestion, made by
Dodwell and Humphrey (1990, 1993; Humphrey, in
press), is that the ME is a reflection of the operation of
a mechanism that maintains the internal representation
of the long-term statistical relationship between color
and various spatial parameters. They proposed that the
long-term correlation between color and contour orien
tation, for example, is zero. To maintain this condition
in the presence of the artificially high correlation in
duced between color and contour orientation during ME
generation, the system recalibrates and, in effect, decor
relates color and orientation (see also Barlow, 1990). On
this account, the ME reflects the operation of processes
that adjust the internal representation of the world to
conform to the long-run statistical properties of the ex
ternal environment.
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NOI'E

I. Subsequent to conducting our experiments, we discovered that
serin means a small European finch related to the canary, according
to Webster's (7th ed.). None of the subjects was aware, during testing,
that serin is a word. Furthermore, the fact that there was no difference
in the two nonword pairs suggests that this was not a factor.
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