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Controlling Stroop effects by manipulating
expectations for color words

JOSEPH TZELGOV, AVISHAI HENIK, and JACQUELINE BERGER
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An important characteristic of automatic processing is its uncontrollability. The Stroop phe
nomenon is regarded as a prototypical example of this characteristic of automatic processing,
hence, the Stroop effect should not change when the percentages of color words versus neutral
stimuli are manipulated to induce controlled processing. We found that Stroop interference de
creased as the percentage of color words increased. Furthermore, the magnitude of the inhibi
tory component of the Stroop effect was negatively correlated with the percentage of color words;
the facilitatory component was insensitive to the manipulation. These results suggest that the
Stroop effect is controllable (see Logan, 1980) and that the locus of control is postlexical. The
results also suggest that facilitation and inhibition are produced by different mechanisms and
challenge those models of the Stroop phenomenon (e.g., Cohen, Dunbar, & McClelland, 1990; Phaf,
Van der Heijden, & Hudson, 1990) that assume that a single processing mechanism causes facili
tation and inhibition and that control affects facilitation and inhibition alike <Logan, 1980).

Control in Stroop Effect
Several theorists have proposed two different modes of

information processing: automatic and nonautomatic
(Neumann, 1984; Posner & Snyder, 1975; Shiffrin &
Schneider, 1977; see also Jonides, Naveh-Benjamin, &
Palmer, 1985). Automatic processes are fast and effort
less, while nonautomatic processes are slow and effort
ful. In addition, automatic processes are autonomous (see
Zbrodoff & Logan, 1986); they may occur without in
tention, triggered by the presence of a relevant stimulus
in the task environment, and they run on to completion
ballistically. In this sense, automatic processing, being
autonomous, is hard to control, although memory-based
approaches to automaticity suggest various ways of con
trolling automatic processing (see Logan, 1989).

When subjects name the color of theink in which a color
word is printed (e.g., when presented with the word green
written in red ink, they are required to answer red); they
respond more slowly when the printed name is incon
gruent with the ink color (e.g., red written in green) than
when the printed name is congruent (e.g., green written
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in green), or when it is a neutral, color-unrelated stimulus
(e.g., "xxx" written in green). This difference, typically
called the Stroop effect, suggests that subjects access the
meaning of the word automatically; they cannot ignore
the word even when asked to do so. The Stroop phenom
enon has been introduced as a prime example ofautomatic
processing (Posner & Snyder, 1975) or of autonomy
(rather than automaticity; see Zbrodoff & Logan, 1986).
Because of the supposed ballisticity of automatic process
ing, showing that the Stroop effect is subject to control
would further constrain the concept of automaticity (see
also Kahneman & Chajczyk, 1983; Kahneman & Henik,
1981; MacKinnon, Geiselman, & Woodward, 1985).

How can we induce control? It is frequently assumed
that when a process is sensitive to manipulation of ex
pectations, it may be considered to be, at least in part,
controllable (Jonides, 1981; Neely, 1977; Tzelgov, He
nik, & Friedrich, 1987). Manipulations of expectation
have often been used within the priming paradigms to re
veal the controlled aspect of cognitive processing (e.g.,
de Groot, 1984; Greenberg, 1988; Neely, 1977; Posner,
1978). We suggest that sensitivity of the Stroop effect to
expectations can be taken as an indication for controlla
bility of the effect. Stroop (and Stroop-like) effects have,
indeed, been found to be sensitive to expectations. L0
gan (1980; Logan & Zbrodoff, 1979) showed that chang
ing the proportion of congruent (vs, incongruent) trials
can affect the magnitude of Stroop (and Stroop-like) ef
fects; increasing the proportion of congruent trials reduced
the reaction times (RTs) to such stimuli and increased the
RTs to incongruent trials. Similar results have been re
ported by Cheesman and Merikle (1986) and by Eglin and
Hunter (1990). This manipulation affects the validity of
the word meaning as a predictor of its color. The validity
of the prime has been shown by several investigators to
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affect the semantic priming effect (e.g., de Groot, 1984;
Neely, 1977). Thus, Logan (1980) interprets his results
as reflecting a priming process. La Heij, Van der Heijden,
and Schreuder (1985) also stress the similarity between
the priming and the Stroop paradigms. Priming processes,
therefore, may be one component in controlling the Stroop
effect.

Tzelgov, Henik, and Leiser (1990) employed a bilin
gual version of the Stroop task and manipulated (between
blocks) the proportion of stimuli in a given language. The
Stroop effect was smaller in the "expected language" con
dition, suggesting that reading the color word can be con
trolled. Yet this occurred only in the first language of the
subjects. Stroop interference in their second, less profi
cient, language was unaffected by the proportion of stimuli
in that language. The investigators concluded that Stroop
interference is controllable and that proficiency is a
precondition for such control. It seems that in the ad
vanced stages of acquiring reading skill, one learns to ap
ply control mechanisms to the reading processes that are
manifested in reduced Stroop interference. Because ex
pectations may affect the Stroop effect, it should be pos
sible to show this in a monolingual situation. In the
experiment described here, we tested this hypothesis by
manipulating the percentages of color words versus neu
tral trials.

Explanations of the Stroop Effect
and the Locus of its Control

If automatic processing is uncontrollable (Hasher &
Zacks, 1979; Posner & Snyder, 1975), then expectations
should have no effect on the magnitude of the Stroop ef
fect. On the other hand, if expectations help to exert con
trol, then their effect should be manifested in a reduction
of the Stroop effect. Specifically, when subjects expect
color words, and know that some of them may interfere
with the task they are asked to do (i.e., with reporting
the ink's color), they should try to reduce the magnitude
of the Stroop effect. Manipulations of the proportion of
congruent stimuli increase the cue validity of the irrele
vant dimension and thereby "tends to invoke the tactic
of splitting attention over the two dimensions" (MacLeod,
1991, p. 177). We manipulated the expectations for color
words without affecting the relation between the congruent
and incongruent stimuli. This manipulation of expecta
tions, in contrast to manipulations of congruent versus in
congruent stimuli, leaves the cue validity of the irrele
vant dimension unchanged.

Postlexical explanations attribute the effect to "concep
tual encoding" (Seymour, 1977) and to suppression of
the irrelevant word information (Neill, 1977; Neill &
Westberry, 1987; Tipper, 1985) or to interference at a
stage of response decision (e.g., Dunbar & MacLeod,
1984; Morton & Chambers, 1973; Warren, 1972). Post
lexical explanations of the Stroop effect (e.g., Hock &
Egeth, 1970; see also Kahneman & Henik, 1981; Kahne
man & Treisman, 1984) attribute the effect to the per
ceptual encoding stage.

In a similar manner, it may be argued that control ex
erts its influence and reduces the Stroop effect either pre
or postlexically. The word may be inhibited from being
processed before it accesses the semantic lexicon or it may
act by reducing access to the lexicon. In these cases, con
trol is prelexical. If lexical access does occur, the resulting
conceptual or articulatory representation might be in
hibited from influencing a decision about ink color. In
this case, the locus of control is postlexical.

There are indications (e.g., Greenberg, 1988; Neely,
Keefe, & Ross, 1987; Tzelgov, Henik, & Friedrich,
1987), at least in the priming paradigm, that cognitive pro
cessing is sensitive to the presence of various types of
stimuli. Snow and Neely (1987) and Friedrich, Henik,
and Tzelgov (1991) have shown that the tendency to ac
cess the conceptual level of representation may be in
creased by manipulating the proportion of related versus
identical prime-target pairs. If control due to proportion
manipulation acts by affecting the ease of lexical access,
then the Stroop effect should be sensitive to the propor
tion of nonword neutrals and should be unaffected by
changes in the proportion of word neutrals. To evaluate
this possibility, we employed two kinds of neutral stim
uli: For half of the subjects, noncolor words were em
ployed as neutrals, and for the other half, neutral stimuli
were a series of the same letter.

The use of neutral trials in Stroop situations allows one
to distinguish between two components of the effect: in
hibition and facilitation. The inhibition component is oper
ationally defined as the difference in reaction time between
responses to incongruent stimuli and neutral stimuli. The
facilitation component is defined as the difference in reac
tion time between responses to neutral stimuli and con
gruent stimuli. If control operates prelexically, or if it is
executed by reducing lexical access, then it would be con
sistent with the idea of "anticipatory" control (Neill,
1990;1 Neill & Lissner, 1988). The reading of the word
would be inhibited before the word was identified and thus
control would be insensitive to word meaning and affect
facilitation and inhibition alike. Postlexical control may
be anticipatory by the virtue of affecting congruent and
incongruent stimuli alike (see Logan, 1980).2 Yet lexical
access is a prerequisite for "reactive" control that results
in differential effects on facilitation and inhibition. There
fore, we refer to the "reactivity" of the control process
as an indication of its postlexicallocus. According to the
notion of "reactive control," the meaning of the word
is suppressed only if it creates interference. This results
in reducing inhibition and should not affect or increase
facilitation.

METHOD

Subjects
Ninety-six students of Ben-Gurion University of the Negev, who

were native speakers of Hebrew, participated in the experiment.
All had normal or corrected-to-normal eyesight. No subject was
color blind. Participation in the experiment was in partial fulfill
ment of course requirements.



Stimuli and Apparatus
Four colors were employed in the experiment: red, green, blue,

and yellow. The names of these colors in Hebrew consist of four
letter words. The incongruent stimuli were created by printing each
of the four color names in the three other color inks on the com
puter screen. The congruent stimuli were created by printing each
of the four color names in its own color. A pattern made of the
Hebrew letter w ("shin") written four times (i.e., "wwww")
served as a nonword neutral stimulus. Four names ofanimals (lion,
cat, rabbit, and mouse) were included as neutral (noncolor word)
stimuli. All of these are also four-letter words in Hebrew and none
of them contains the letter shin. Each neutral stimulus appeared an
equal number of times in each color of ink.

The experiment was run individually on an Olivetti M240 micro
computer. The stimuli were presented on an EGA 12-in. color!
graphics monitor. A Gerbrandvoice-operated relay (Model GI34IT)
interfaced to the microcomputer was employed to record subjects'
vocal latencies.

Design and Procedure
There were eight groups of 12subjects. For four groups, the ani

mal names served as neutrals, and for the other four groups, the
series of shin were employed as neutrals. The groups in each quad
ruple differed in the percentage of color words presented to them.
In a given quadruple, for one group of subjects, the stimuli con
sisted of 96 congruent and 96 incongruent color words, so that half
the trials were congruent and half were incongruent. For a second
group, the stimulus set consisted of 72 congruent, 72 incongruent,
and 48 color-unrelated stimuli. In a third group, the stimulus set
consisted of 48 congruent, 48 incongruent, and 96 color-unrelated
stimuli. In the stimulus set presented to a fourth group, there were
24 congruent, 24 incongruent and 144 color-unreIated stimuli. Thus,
each subject in each condition participated in one experimental ses
sion of 192 trials.

The experiment began with a practice block of 48 trials. The pro
portion of the various types of stimuli in the practice block was
identical to the proportion of the various stimulus types in the ex
perimental blocks. The subjects sat opposite the display screen. The
stimuli were presented in the center of the display screen, which
was approximately 80 em from the subjects' eyes. Each trial be
gan with a fixation point (a plus sign) presented in the center of
the screen for 300 msec. This was followed by a blank interval of
500 msec, The stimuli appeared at the end of the interval and re
mained in view until the subject's response into the microphone,
which stopped the timer and removed the stimulus from thescreen.
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The computer measured reaction time in milliseconds from the onset
of the stimulus to the onset of the subject's response. A keypress
by the experimenter initiated the next trial. Errors were scored as
the initial consonant sound (or more) that would indicate a color
other than that of the current trial. The experimenter typed in the
vocal response of the subject on one of four keys so that the com
puter could evaluate errors. Those trials on which technical errors
occurred were presented again at the end of the session.

The subjects were tested individually. At the beginning of the
experimental session, the task was explained to the subject, who
was asked to ignore the written word and name the ink color as
quickly as possible without making errors. Depending on the ex
perimental group of the subject, each subject was told either that
(I) all thewords would be color words; (2) most of the words would
be color words; (3) half of the words would be color words and
half animal names (or series of shin); or (4) most of the words would
be animal names (or series of shin).

Two independent variables were manipulated withinsubjects: type
of neutral (animalnames or series of shin) and degree ofcongruency
(congruent, incongruent, or neutral). A third variable, percentage
of color words (100%,75%,50%, or 25%), was manipulated be
tween subjects. The design was not factorial, however; there was
no neutral condition when all the stimuli were color words. Reac
tion time was the main dependent variable in the experiment.
Percentage of errors (PE) was also analyzed.

RESULTS

For each subject in each condition, a median RT of cor
rect responses and the percentage of errors were calcu
lated. Mean RTs and PEs as a function of the various
experimental conditions are shown in Table I. The far
right column of Table 1 shows the Stroop effects in milli
seconds for the various experimental conditions.

Because there are no neutrals when 100% of the stim
uli are color words, the data could not be analyzed as a
full factorial. Instead, two sets of analyses were per
formed, In the first set, the neutral condition was excluded
from the analyses. These analyses focused on the Stroop
effect (rather than on its components). The second set of
analyses was performed on the data of the six groups
whose stimuli did include neutral trials, and focused on
the components of the Stroop effect.

Table I
Mean Color-Naming RTs (In msec) and the Percent 01

Errors (PE) In Each Condition 01 the Experiment

Congruency

Color-word Congruent Incongruent Neutral Stroop
Proportion RT PE RT PE RT PE Effect

Word Neutral
100% 616 1.7 731 2.9 115
75% 670 I.1 787 3.7 733 2.1 117
50% 617 1.4 760 3.3 658 1.0 143
25% 618 1.8 862 12.8 692 1.9 244

Nonword neutral
100% 632 1.4 729 3.5 97
75% 583 0.7 700 3.1 618 0.5 117
50% 607 1.7 779 4.1 623 1.1 172
25% 646 .34 842 5.2 649 1.7 196

Note-The mean PE values appear in parentheses.
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longer for incongruent (788) than for neutral (662) and
congruent stimuli [F(2,132) = 295.19, MSe = 1,813.82,
P < .000001]. Neutral type interacted with congruency
[F(2,132) = 5.05, MSe = 1,813.82, p < .001]. This
interaction was caused by the difference in the RTs to the
two types of neutrals: contrasting congruent and incon
gruent stimuli resulted in no interaction with neutral type
(F < 1), indicating that neutral type affects congruent
and incongruent stimuli similarly. The RTs to color
words, as contrasted with neutrals, was affected by neu
tral type [F(I,66) = 12.94, MSe = 90,721.84, p <
.001]. The RTs for both types of color stimuli were about
equal in both conditions, but the response times to word
neutrals (694 msec) were longer than those to nonword
neutrals (662 msec). This pattern resulted in an increase
in facilitation [F(1,66) = 13.82, MSe = 77,231.41,
p < .001] and a decrease in inhibition [F(1,66) = 5.34,
MSe = 133,202.60, p < .05] for word neutrals as com
pared with nonword neutrals. The interaction between
neutral type and congruency did not reach significance
[F(2,66) = 2.45, MSe = 18,718.99, n.s.]. The most in
teresting result was the lack of a triple interaction
[F(4,132) = 1.53, MSe = 1,813.82, n.s.] and a signifi
cant interaction between color-words percentage and con
gruency [F(4,132) = 13.71, MSe = 1,813.82,
p < .001]. This latter result clearly indicates that the ef
fect of the percentage of color words does not depend on
whether the neutrals were words or nonwords.

In subsequent analyses, we tested the sensitivity of the
facilitation and inhibition components to the percentage
of color words." RTs to congruent stimuli (623 msec)
were faster than those to neutral stimuli (662 msec), yield
ing significant evidence of facilitation [F(1,66) = 46.72,
MSe = 1,170.17, P < .00001]. Facilitation was insen
sitive to percentage differences [F(1,66) = 1.10, MSe =
1,170.17, n.s.]. By contrast, RTs to incongruent stimuli
(788) reliably exceeded those to neutral stimuli by
126 msee, showing significant evidence of inhibition

60

The Stroop Effect
The exclusion of the neutral conditions resulted in a 2

(neutral type: animalname or shin) x 4 (color-words per
centage: 100%,75%,50%, and 25%) x 2 (congruency:
congruent and incongruent) factorial design. A three-way
mixed-model analysis of variance revealed that responses
to congruent stimuli were faster than responses to incon
gruent stimuli [F(I,88) = 515.15, MSe = 2,102.84,
p < .00001], and that the RTs were increased as the pro
portion of color-word stimuli decreased [F(3,88) = 2.82,
MSe = 14,429.27, p < .05]. The difference in RT be
tween congruent and incongruent stimuli was moderated
by percentage of color words [F(3,88) = 15.44, MSe =
2,102.84,p < .00001]. No additional significant effects
were found.

Tests of simple main effects revealed that although the
RTs for congruent stimuli were not affected by the per
centage of color words (F < 1), RTs for the incongruent
stimuli were very sensitive to this percentage [F(l,88) =
7.26, MSe = 9,872.75,p < .0005]. This sensitivity re
sulted in a linear increase in RTs for incongruent stimuli
as a function of the reduction in the percentage of color
words [F(l,88) = 18.65,p < .00005]. Deviations from
linearity, although significant [F(2,88) = 3.40,p < .05],
explained less than 5% of the variability due to differ
ences in the percentage of color words.

The basic error rate was low, averaging 3.6%. The pat
tern of results for PE was similar, although less clear cut.
There were fewer errors in the congruent than in the in
congruent condition [F(l,88) = 49.60, MSe = 12.36,
P < .000001], and when series of shin rather than words
served as neutrals [F(l,88) = 7.64, MSe = 11.13,
P < .0001]. The percentage of color-related words sig
nificantly affected PE [F(3,88) = 5.08, MSe = 11.13,
P < .05]. The percentage of color words interacted with
neutral type [F(3,88) = 5.86, MSe = 11.13, p < .001]
and with congruency [F(3,88) = 8.52, MSe = 11.13,
p < .00005]. The triple interaction was also significant
[F(3,88) =2.74,MSe = 11.13,p < .05]. Further anal
yses revealed that although in the case of word neutrals
there was an interaction between congruency and color
words percentages [F(3,44) = 7.11, MSe = 18.17,
p < .0005], with nonword neutrals only the main effect
of congruency was significant [F(3,44) = 31.78, MSe =
6.54, p < .000001]. The results appearing in Table 1 hint
that even in these conditions the Stroop effect decreases
as the percentage of color words increases. Given the rel
ative insensitivity of error percentages, only the RT re
sults are reported in subsequent analyses.

Facilitation and Inhibition
In order to focus on the components of the Stroop ef

fect, the 100% color-word condition was excluded from
the analysis, which resulted in a 2 (neutral type) x 3
(color-words percentage: 75%, 50%, and 25%) X 3 (con
gruent, neutral, and incongruent) factorial design.' Re
sponse times were longer in the word-neutral conditions
(710) than in the nonword-neutral conditions (672)
[F(l,66) =4.24, MSe = 18,718.99,p < .05] and were



[F(1,66) = 283.25, MSe = 2,018.22,p < .[OO1סס. In
hibition increased with the decrease in percentage of color
words, resulting in a significant interaction [F(2,66) =
19.25, MSe = 2,018.22, p < [OO1סס. (see Figure I).

A trend analysis of the interaction between inhibition
and the percentage of color words revealed that inhibi
tion decreases linearly with percentage [F(1 ,66) = 41.05,
MSe = 2,018.22, p < .[OO1סס. The linear trend ex
plained 99% of the sum of squares of the interaction while
the facilitation component was insensitive to the percent
age of neutral trials." Thus, the results of this analysis
are clear: The magnitude of the inhibition components is
linearly (and inversely) related to the percentage of
color words.

To complete the picture, we note that the RTs for the
neutral stimuli were not affected by changes in the
percentage of color words [F(2,66) = 1.87, MSe =
4,585.97, n.s.],

DISCUSSION

As expected, the Stroop effect was obtained in terms
of both RTs and error percentages, in consonance with
many experiments in the literature (for reviews, see Dun
bar & MacLeod, 1984; Dyer, 1973; MacLeod, 1991).
Both its facilitatory and inhibitory effects were signifi
cant, with the facilitatory component being, although con
siderably smaller, consistent with the literature (see
MacLeod, 1991). The subjects responded more slowly
in the word-neutral conditions than in the nonword-neutral
conditions. This difference in RTs was about equal to con
gruent and to incongruent stimuli but it was larger for neu
trals (see also Klein, 1964; MacLeod & Grant, 1991).
Thus, the Stroop effect was about the same magnitude for
both types of neutrals, but word neutrals resulted in in
creased facilitation and reduced inhibition. 6 Thus, having
word rather than nonword neutrals has both direct and
indirect costs. Word neutrals may themselves be a source
of interference (see also MacLeod, 1991), slowing
processing in general. Paap and Ogden (1981) have shown
that attention may be required, even for autonomous
processing; Kahneman and Henik (1981) and Kahneman
and Chajczyk (1983) have shown this to be true for the
Stroop effect. Therefore, the indirect cost of including
word neutrals in the experiment may reflect the strategy
of distributing resources across the semantic network (in
order to "read" the neutrals) rather than focusing it in
the color area.

The Stroop effect was affected by expectations for color
words as created by manipulations in the percentage of
such words. Specifically, a decrease in the percentage of
color words increased RTs for incongruent stimuli, but
had no effect on RTs for congruent stimuli and neutrals.
These effects resulted in an inhibition component that was
negatively correlated with the proportion of color words
and a facilitation component that was constant across con
ditions. Similar to the results reported by La Heij et al.
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(1985) and Tzelgov et al. (1990) and to the proposition
of Neill and Westberry (1987), our data imply that dif
ferent processing may be involved in facilitation and
inhibition, contradicting the dominant models of the
Stroop effect that attribute facilitation and inhibition to
a single processing mechanism (Cot-en, Dunbar, &
McClelland, 1990; Logan, 1980; Phaf, Van der Heijden,
& Hudson, 1990).

Effects of Practice and Habituation
We attribute this pattern of results to control exerted

by the subject. Before stating such a conclusion, however,
alternative explanations should be considered. The in
crease in the percentage of color words was achieved by
increasing their number and, in parallel, by decreasing
the number of the neutral trials. For example, in the con
dition of the 75% color words, there were 144 color words
and 48 neutrals, whereas in the 25 % color-words condi
tion there were 144 neutrals and only 48 color words. This
design was selected to create four groups with equal ex
perience in the experimental task. Still, it may be argued
that, although all the subjects had equal experience with
the task, the experimental groups differed in relation to
the opportunity to practice processing of the various types
of stimuli. Logan's (1988) instance-based theory of au
tomaticity predicts that increasing a proportion of given
types of trials should speed up their processing due to in
stance accumulation (see Logan & Klapp, 1991). We
found that both neutral and congruent trials were insen
sitive to changes in their frequency, but that the RTs for
incongruent trials were accelerated when the proportion
of such stimuli was increased. The reduction in the RTs
for incongruent stimuli is consistent with Logan's (1988)
theory, but his theory would also predict a similar reduc
tion in the RTs of congruent stimuli. Another possible in
terpretation is that, as the percentage of the color words
increased, the subjects had more opportunity to practice
control over the irrelevant dimension ofcolor stimuli. This
would be consistent with the argument made by Reisberg,
Baron, and Kemler (1980). This "control due to prac
tice" explanation predicts a reduction in the Stroop ef
fect with the increase in number of color-word trials. That
would still mean that people can acquire some control over
the Stroop task; but, if that is the case, control is acquired
simply by practice with a task that requires it. To put it
differently, this view means that, with extended practice,
subjects learn to suppress Stroop interference, and not nec
essarily that they control the effect via expectations. Such
an interpretation makes sense because Reisberg et al.
(1980) have shown that Stroop-like phenomena are re
duced by practice.

Along the same lines, it may be argued that the decrease
of the Stroop interference with the increase in the per
centage of color words reflects increased habituation:
When the same color stimuli are repeatedly presented,
the response is facilitated due to the habituation of the
orienting response toward the word meaning (see, e.g.,
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Table 2
Mean Color-Naming RTs (in msec) in Each Condition and

the Stroop Effect Across Neutral Types in the First 24
Color-Words Trials for Each Condition

The Locus of Stroop Control by
Expectations of Color Words

Our results are consistent with studies that found that
manipulation of expectations can affect Stroop interfer
ence (Cheesman & Merilde, 1986; Eglin & Hunter, 1990;

Lowe, 1979; Tipper, Bourque, Anderson, & Brehaut,
1989; Tipper & Cranston, 1985; see also Reisberg et al.,
1980, for a similar interpretation).

To test these possibilities, we analyzed the data from
the first 24 congruent and the first 24 incongruent trials
of the subjects in all experimental groups. That means that
for the 25 % color-words group, we employed the data
from all color-words trials, and for the 100% color-words
group, we employed only the data of the first quarter of
the congruent and the first quarter of the incongruent
trials. This resulted in a 2 (type of neutral) X 4 (percent
age of color words) X 2 (congruency) factorial design.

Because for the trials included in the analysis, the sub
jects in all groups did not differ in their experience with
color words, both control due to practice and habituation
hypotheses predicted an equal Stroop effect in all groups.
By contrast, our original "control due to expectations"
hypothesis predicted that the results of this analysis would
not differ from the results of the original analyses, that
is, the Stroop effect would decrease with the increase in
percentage of color words.

The analysis was based on the data of 94 subjects." RTs
increased with the decrease in the proportion of color
words [F(3,86) = 3.83, MSe = 13018.04, p < .05], and
the responses to congruent trials were faster than those
to incongruent trials [F(1,86) = 505.66, MSe = 2321.84,
p < .001]. The interaction between neutral type and per
centage of color words was also significant [F(3,86) =
2.84, MSe = 13018.04, P < .05]. The most important
finding of this analysis was the proportion of color words
X congruency interaction [F(3,86) = 13.33, MSe =
2321.84, p < .001]. No additional significant effects
were found. The mean RTs (across neutral types) as a
function of the proportion of color words and congruency
appear in Table 2.

The significant interaction occurred because the Stroop
effect increases with the decrease in the percentage of
color words. Thus, we reject the hypotheses of control
due to practice and habituation, and accept the view that
the differences in the magnitude of the Stroop effect were
caused by differential expectations.

Proportion

100')(,
75')(,
50')(,

25')(,

Congruency

Congruent Incongruent

617 728
618 742
589 767
631 852

Stroop Effect

III
124
178
221

Logan, 1980; Logan & Zbrodoff, 1979; but see Logan,
Zbrodoff, & Williamson, 1984). Logan (1980) proposed
a model that explains the effect of the proportion of con
gruent stimuli in Stroop (and Stroop-like) tasks. The
model is based on the idea that the processing of color
is primed by processing of the meaning of the word.
According to the model, the patterns of facilitation and
inhibition in the Stroop paradigm can be explained by a
single mechanism that combines evidence from different
sources and selects a response based on the combined in
formation. The effects of attention and automaticity are
expressed as weights on each of the dimensions of the
stimulus situation that reflect the rate at which evidence
is gained. Automatic weights are assumed to be constant
in sign (facilitatory or inhibitory) and magnitude over sit
uations, purposes, and intentions, reflecting their relative
permanence. Attentional weights are assumed to vary in
sign, reflecting their strategic flexibility and, in particu
lar, to increase in accordance with prime validity to
optimize performance (Logan & Zbrodoff, 1979).

Neely (1991) and Neely and Keefe (1989) distinguish
among three processes in (semantic) priming. Logan's
(1980) model may be said to be similar to "expectancy
based priming" (Neely, 1991) and, in particular, to the
expectancy mechanisms proposed by Posner and Snyder
(1975). However, the concept of control, as reflected in
our present study, is different from that suggested by Pos
ner and Snyder (see also Neely, 1977). Specifically, their
proposals concentrate on manipulations that operate by
changing the distribution of processing resources within
the semantic network. In line with that, the benefit of an
increase in facilitation has the cost of increased inhibition.
Logan's model predicts that facilitation and inhibition will
be similarly affected by similar manipulations. Our find
ing that proportion ofcolor words versus neutrals affected
inhibition but not facilitation is inconsistent with this pre
diction. Thus, we conclude that, given the present results,
there is no basis to assume that the same processing mech
anism is involved in the modulation of the Stroop effect
by the proportion of congruent (versus incongruent) stim
uli and the proportion of color words versus neutrals.

Tze1govet al. (1990) employed a bilingual version of
the Stroop task and found that expectations for stimuli in
a given language decrease the Stroop effect. This result
was limited to expectations for stimuli in the subjects' first
language. Although no neutrals were employed in these
experiments, only the incongruent trials were affected by
expectations. This implies that language expectations
modify the inhibition component in a way that is similar
to that of expectations for color words. The results of var
ious experiments indicate that surface-different stimuli ac
cess the semantic representation level through different
routes andthat concepts are represented in an amodal rep
resentation (see Chen & Leung, 1989; de Groot & Nas,
1991; Kroll & Curley, 1988; Potter, So, von Eckhart,
& Feldman, 1984; Snodgrass, 1984; Tzelgov & Henik,
1990b). In the experiments of Tzelgov et al. (1990), if
control was operating by limiting access to the semantic
representation level rather than by affecting processing



within the semantic network, then there should be no dif
ference in its effects on congruent and incongruent trials
in any language. Thus, it may be (although such a con
clusion may be premature) that stimulus language expec
tations and expectations for color words control the Stroop
effect through the same basic process. This process, how
ever, seems to be different from the priming mechanism
that explains the effect of proportion of congruent stim
uli on Stroop interference (Logan, 1980).

Conceptions of Stroop Control
We interpret the reduction of the Stroop effect by ex

pectation as reflecting a control process. Although non
word neutrals were processed faster than word neutrals,
the effect of percentage of color words on Stroop inter
ference did not depend on whether the neutrals were words
or nonwords. Therefore, it may be argued that control
over the interference is not exerted by reducing lexical
access. Furthermore, only the magnitude of the inhibi
tory component is affected by the percentage of color
words. This implies that the effect of percentage is "reac
tive," that is, the information about lexicality is utilized
by the control mechanism. This is consistent with post
lexical explanations of Stroop control.

Tzelgov et al. (1990) attributed the Stroop effect to the
••conceptual encoding" stage (see Seymour, 1977) at the
semantic level, and interpreted control as reflecting sup
pression of irrelevant activation. It is possible that profi
ciency of a language is a precondition for such a suppres
sion process (see Tipper et al., 1989; Tzelgov et al.,
1990). Our current subjects (as subjects in most monolin
gual Stroop experiments) were proficient in the language
employed in the experiment and, given the similarity of
the effects of the percentage of trials in a given language
and the percentage of color words, we suggest that the
two manipulations affect the same stage.

Seymour's (1977) model attributes the Stroop effect to
the simultaneous activation of two nodes in the semantic
network. The extra processing time reflects the processes
involved in the suppression of irrelevant activation.
Studies using negative priming techniques also support
the view that selection of relevant information may pro
ceed by the active suppression of irrelevant information
(Neill & Westberry, 1987; Tipper, 1985; Tipper & Cran
ston, 1985; Yee, 1990). We suggest that this suppression
process is sensitive to the percentage of color words. The
effect of color-words percentage is reactive; the mean
ing of the word is accessed before being suppressed.
Along the same lines, Driver and Tipper (1989) proposed
that the unattended prime stimulus in their negative prim
ing experiments is identified or categorized before being
suppressed (see also Tipper, 1985; Tipper & Cranston,
1985). Evidence that the Stroop conflict occurs earlier than
the response-execution stage (i.e., at a semantic level) has
also been presented by Glaser and Glaser (1982).

Neill (1977) found that when two successive Stroop
items were related so that the ink color of the second item
matched the distracting word of the first, subjects took
longer to name the color than when the successive stim-
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uli were unrelated. This indicates that subjects execute
an active suppression process in the temporally leading
trial. It may be that this process is affected by changes
in the percentage of color words. Neill and Westberry
(1987) suggested a modified version of Tipper's (1985;
see also Tipper & Cranston, 1985) selective inhibition
model. According to this model, facilitation and inhibition
reflect different processing stages and, in particular, what
is inhibited is the access to overt response. Applying this
model to the modulation of the Stroop effect by color
words percentage would mean that in this stage, control
works by preventing the results of automatic processes
from affecting overt behavior. This does not rule out the
possibility that at a different processing stage another con
trol mechanism that mainly affects facilitation, or both
facilitation and inhibition, is active (see Tzelgov & Henik,
199Oa). The difference among the effects of the various
kinds of expectations (see our discussion above) could pos
sibly indicate either that control operates at more than one
stage of processing, switching to a certain level, depending
on the task and the manipulation of expectations, or that
qualitatively different types of control are operating. There
is some indication of the ability to exert control at differ
ent levels of processing (e.g., Keele & Neill, 1978).

The presence of Stroop interference demonstrates that
one cannot avoid processing the word, and that its iden
tity affects the response to the relevant aspect of the tar
get stimulus, that is, the color. In this sense, automatic
processing is indeed involuntary. However, evidence of
a reduction in the Stroop interference when interference
is expected suggests that either the processing of the word
is being controlled or the results of its processing are sub
ject to control. In either case, the conceptualization of the
relations between control and automatic processing
requires modification.
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NOTES

I. Personal information, 27 November, 1990.
2. Logan proposes a postlexical model in which attentional weights

are assigned to the word. The magnitude of these weights is affected
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by the cue validity of the word as the (ink's) color predictor and is in
sensitive to the particular color-meaning relations. Thus, according to
this model, control may be postlexical and yet not "reactive."

3. This analysis partially overlaps with the RT analyses reported in
the previous section. Nevertheless, both analyses are reported to pro
vide a comprehensive picture of the results.

4. We are aware that the contrasts defining the facilitation and inhi
bition components are not statistically independent; it therefore follows
that the respective tests of interactions of comparisons are also not in
dependent. Nevertheless, we decided to perform these tests due to their
theoretical importance.

5. Following a suggestion of one of the reviewers, we performed sep
arate tests of the interaction between facilitation and the proportion of
color words for each type of neutral. In both cases; the interaction was
far from significant [F(2,33) = 1.34; F(2,33) = 1.85, for word and
nonword neutrals, respectively).

6. It has been suggested by one of the reviewers that some of the word
neutrals may have hada Stroop-like component. For example, it could
be argued that /ion is not a strict neutral in relation to yellow because
lions are tannish-yellow.

7. The original response files of 2 subjects from the 50% color-words
nonword-neutrals group were lost due to computer failure.
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