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Training on integrated versus
separated Stroop tasks: The progression

of interference and facilitation

COUN M. MAcLEOD
University of Toronto, Scarborough, Ontario, Canada

Two experiments examined the course of interference and facilitation in the Stroop (1935) task
during training. Two versions of the task were compared: integrated (e.g., the word RED in the color
green) and separated (e.g., green asterisks above the word RED). Stimuli were congruent (RED in red),
incongruent (GREEN in red), or neutral (xxx in red). Over 5-day (Experiment 1) and 10-day (Experi
ment 2) training sessions, facilitation due to congruence was small, stable, and equivalent in both
task versions. In contrast, interference declined sharply on the integrated task over Days 1-3, then
slowed to parallel the gradual decline on the separated task. Finally, training on the color naming task
did not affect a word reading task administered after training. These findings imply that (a) Stroop
interference initially reflects two problems--overcoming integration and managing two conflicting
information sources; (b) with practice, the larger integration problem is solved relatively quickly,
rendering the integrated and separated tasks quite comparable thereafter; and (c) facilitation and in
terference in the Stroop task may be independent. These results challenge extant theories of the
Stroop effect, which do not predict such effects.

Perhaps uniquely among the well-known phenomena in
cognition, research on the Stroop (1935) effect continues
to increase decades after the task was introduced. This is
evident in citation data (see MacLeod, 1992) and in the
publication dates for articles cited in the most recent liter
ature review (MacLeod, 1991). Each year, more articles
explore this phenomenon, still one of the most intriguing
in all ofpsychology, even after 60 years.

Theoretical Background and Research Goals
Why is this phenomenon so compelling? Part ofthe rea

son lies in its size and ease ofdemonstration. One can lit
erally feel the interference from the incongruent word
when trying to name the color in which it is printed (e.g.,
to say "red," not "green," to the word GREEN printed in red
ink). But it is not just the empirical power ofthe Stroop ef
fect that supports its prevalence. This task provides a the
oretical window on how we deal with conflicting stimuli
and task demands, and it is a fertile testing ground for ideas
about automaticity and the role of learning in the devel
opment of that automaticity. These are fundamental ques
tions about how attention works (see, e.g., Shiffrin, 1988).

MacLeod's (1991) review article singled out three is
sues as crucial to understanding the cause(s) of the Stroop
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effect and how it speaks to the operation of attention. The
first was practice, or training. To what extent does the
amount of experience a person has with each of the two
dimensions-color and word, in the case of the Stroop
effect-modulate the interference that will be observed? If
automaticity is a continuum (e.g., Logan, 1985; MacLeod
& Dunbar, 1988; Shiffrin, 1988), then it is important to
understand how automaticity changes with practice. The
second issue highlighted was integration. To what extent
does the degree of melding of the two dimensions influ
ence the extent of interference? This relates directly to
how we use attention to select among dimensions. The
third issue identified was the relation between facilitation
and interference. Does the decreased response time on
congruent trials (RED in red, say "red") stem from the same
mechanism(s) as the increased response time on incongru
ent trials? Some existing work (as reviewed by MacLeod,
1991) suggests that facilitation and interference may not
have a common base, contrary to virtually all existing the
ories. The aim of the present article is to address these
three questions simultaneously.

The Question of Training
Training has been ofconcern in the Stroop task from the

beginning (and even in its precursors; see Cattell, 1886),
given the imbalance in experience with word reading and
color naming. In his seldom-cited Experiment 3, Stroop
(1935) himself investigated practice effects. Each day, he
had subjects color name all of the words on four cards,
each ofwhich contained 50 incongruent color-word com
binations (200 trials). Over 8 days, Stroop observed a de
cline in the interference subjects suffered, from about
418 msec per word on the 1st day to about 82 msec per word
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on the last day. Although this 80% drop is probably a con
siderable overestimate due to Stroop's design,' it is impor
tant to realize that interference from incompatible words
was still very much present in the color naming task even
after all of this practice. Other studies (e.g., Ackerman &
Schneider, 1984; Ellis & Dulaney, 1991) have confirmed
that although interference decreases with practice, it is
very resistant to eradication.

Unlike most researchers, Stroop (1935) investigated
both color naming (Experiments 2 and 3) and word read
ing (Experiments 1 and 3), thereby providing a more com
plete picture. When asked to read words printed in in
compatible colors before the color naming training, subjects
in his Experiment 3 showed almost no interference; after
training, they showed reliable "reverse Stroop" interfer
ence of about 314 msec. This exceptionally large effect
held only for four stimulus cards, and then subjects re
verted to virtually no interference in word reading, but it
still was a provocative finding. Perhaps the extensive prac
tice in color naming had shifted the priority ofthe color di
mension enough that color processing was briefly more
automatic than word processing.

Using single items on each trial, MacLeod and Dunbar
(1988, Experiment 3) reported evidence that seems con
sistent with this hypothesis. Subjects had to learn to call
four unfamiliar shapes by four consistent color names
(e.g., polygon A was called "red," polygon B "yellow,"
and so on). Prior to practice at shape naming, when the
shapes were presented in incompatible colors (e.g., poly
gon A in yellow), subjects showed interference in naming
the shapes but not in naming the colors. Initially, then,
color naming was more automatic than shape naming.
After 5 days of shape naming training, interference in
shape naming and in color naming was roughly symmet
rical; after 20 days, only color naming showed interfer
ence, reversing the pattern from the Ist day. As training
(and hence automaticity) increased on the shape dimen
sion, the direction of interference shifted.

Recently, in a study of cognitive aging, Dulaney and
Rogers (1994) provided further confirmation of Stroop's
(1935) training patterns. Each of their displays involved
multiple items, now 28 at once on a computer screen. For
the most direct comparison, I will focus only on the data
from their young subjects in Experiment 2. In a single ses
sion, subjects did the color naming task on 80 displays
each of control and incongruent stimuli. Interference in
color naming declined from 340 to 180 msec per item, a
47% decline. Before and after the color naming practice,
subjects also did three displays ofword reading. Whereas
before practice, there was almost no interference (16 msec)
for reading incongruent words as opposed to neutral
words, after practice, "reverse Stroop" interference was a
reliable 74 msec. As in Stroop's experiment, then, Du
laney and Rogers found that practice in color naming led
to the emergence of interference in word reading.?

In related tasks, similar patterns appear. As an illustra
tion, Simon, Craft, and Webster (1973) had subjects make

left-right keypress responses to tones of high versus low
pitch. The tones were presented to either the left or the
right ear, but ear ofpresentation was irrelevant. Neverthe
less, responses were 60 msec faster when the ear and re
sponse hand were compatible. Simon et al. then trained
their subjects for 5 days. Although practice reduced the
Simon effect to 35 msec, it was still clearly present, having
declined 42%. Shor, Hatch, Hudson, Landrigan, and Shaf
fer (1972) reported an analogous pattern over 30 days with
a different sort of spatial analogue of the Stroop task.

The two experiments to be presented here extended
these prior studies in two main ways. First, the present ex
periments used the single-item-per-trial procedure, more
common in contemporary studies of the Stroop effect.
Second, in addition to incongruent and control trials, con
gruent trials were included to permit examination of fa
cilitation as well as interference. The principal goal was to
explore the time course of the Stroop effect over practice
at color naming, with the additional aim of determining
how that practice in turn affected performance on the
word reading task.

The Question of Integration
Traditionally, the Stroop task used words printed in

conflicting colors, integrating the two dimensions. But
since Dyer's work (Dyer, 1971, 1973; Dyer & Severance,
1973) and with the advent of computerized testing, it has
become common to present the word and color separately.
This technique is particularly useful for investigation of
such manipulations as stimulus onset asynchrony (see,
e.g., M. Glaser & W. R. Glaser, 1982) or multiple words
in a single display (see, e.g., Kahneman & Chajczyk, 1983;
MacLeod & Hodder, 1998; Yee & Hunt, 1991), as well as
for variations on the Stroop task, such as the picture-word
interference task (see, e.g., Lupker, 1979). But how com
parable is the separated version of the task to the inte
grated version? Do manipulations influence the two types
of stimuli correspondingly? Are the same processes in
volved in dealing with these two types of stimuli?

It is clear that integration versus separation is critical
from the landmark work ofGamer (1962, 1974) and studies
that have followed in that tradition (e.g., Cheng & Pachella,
1984; Dunn, 1983; Monahan & Lockhead, 1977). Yet de
spite occasional mention (e.g., Gardner & Long, 1962),
there has been little work done with regard to integra
tion/separation in the Stroop paradigm. Gatti and Egeth
(1978) increased the distance between the color and the
word from 10to 50and showed that interference declined
from 90 to 40 msec. They did not, however, include a di
rect comparison to an integrated stimulus. In related work,
Kahneman and Henik (1981) showed that location inter
acted with attention: If an incompatible word and color
were both at the same attended location, there were
202 msec ofcolor naming interference; ifonly one was at
tended, interference fell to 50 msec.

In the most relevant study, Flowers and Stoup (1977)
initially used a card sorting version ofthe Stroop task. They



manipulated both training and whether the word and color
were integrated (word printed in color; Experiment 2) or
separated (word inside a color rectangle; Experiment 3).
Subjects sorted decks of 30 cards by ink color. For inte
grated stimuli, despite falling considerably, interference
was still quite evident after 4 days of practice. In sharp
contrast, interference was less to begin with and disap
peared completely within 2 days for separated stimuli. But
when they switched to a more standard color naming task
in their Experiment 4, interference for separated stimuli
showed very little decline with practice, and they con
cluded that the color naming and card sorting tasks be
haved differently, with interference in color naming being
relatively impervious to training even for separated stim
uli. Their practice was relatively minimal, though, and
they did not explore what practice in color naming would
do to integrated stimuli, nor whether facilitation would re
spond similarly to interference.

A key aim here was to examine training effects not only
on interference but also on facilitation in what will hence
forth be called the integrated and separated versions ofthe
Stroop task. At least a couple ofpredictions can be tested.
First, on the basis ofthe studies just described, and taking
into account Garner's (1962, 1974) ideas, it might reason
ably be expected that both interference and facilitation
would be reduced more in the separated task than in the in
tegrated task. Second, changes with practice should be
easier to implement and quicker to appear in the separated
version than in the integrated one. These predictions will
be examined in the two experiments.

The Question of the Relation
Between Interference and Facilitation

The third major concern is the relation between inter
ference in the incongruent condition and facilitation in the
congruent condition. As set out in detail by MacLeod and
MacDonald (1997), the principal models in the literature
all make the claim that interference and facilitation stem
from the same mechanism. This is true for Logan's (1980)
automaticity model, for the Cohen, Dunbar, and McClel
land (1990) and Phaf, van der Heijden, and Hudson (1990)
connectionist models, for the W R. Glaser and M. Glaser
(1989) network model, and for Lindsay and Jacoby's (1994)
process-dissociation-based model. Yet there is already
mounting evidence that conflicts with their shared claim.
As the proportion ofcongruent trials increased, Lowe and
Mitterer (1982) found that interference increased monot
onically, yet facilitation was unaffected. As they varied
stimulus onset asynchrony between color and word through
a quite large range, M. Glaser and W R. Glaser (1982)
found different time courses for interference and facilita
tion. In my laboratory, drastic changes in stimulus charac
teristics (Dunbar & MacLeod, 1984) and extensive varia
tions in training (MacLeod & Dunbar, 1988) produced very
little change in facilitation despite huge effects on inter
ference in the same study. In a large individual differences
study, Vanayan (1992) showed that interference and facil-
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itation scores were uncorrelated. In a study varying the pro
portion of color-word trials, Tzelgov, Henik, and Berger
(1992) observed that interference increased as the propor
tion of color-word stimuli increased, but facilitation re
mained unchanged. Although no single fmding is defmitive,
taken together these results do not fit well with the common
mechanism hypothesis for interference and facilitation.

Most recently, MacLeod and MacDonald (1997) have
argued that the apparently faster performance on congru
ent trials is due to inadvertent reading ofcolor words, not
true facilitation ofcolor naming. This is in contrast to the
true interference that words exert on colors during incon
gruent trials. In Experiment 1, bilinguals showed facilita
tion only within one language, not between languages, de
spite showing interference in both situations. The same
dissociation was evident for color-related words such as
lemon or blood (Experiment 2) and for newly learned re
sponses such as saying "pen" to the color red (Experi
ment 3). Only when accidental reading of the word pro
duced the same response as correct color naming was
"facilitation" observed. MacLeod and MacDonald argued
that this apparent facilitation was actually due to the mix
ture ofunobservable fast word-reading times into the dis
tribution of slower color naming times. Experiment 4
showed that increasing the probability ofreading errors in
creased apparent facilitation, consistent with these read
ing errors actually being the cause of facilitation.

In the present work, both facilitation and interference
were measured while the fundamental variables of train
ing and integration were manipulated. We know that in
terference should decline with practice (Ackerman &
Schneider, 1984; Ellis & Dulaney, 1991; Stroop, 1935),and
we can deduce that it should be smaller for separated than
for integrated stimuli (Gatti & Egeth, 1978; Kahneman &
Henik, 1981), although direct comparisons have not been
made previously. But these effects need not have an im
pact on facilitation in the same way iffacilitation is the re
sult of infrequent inadvertent word reading.

The Logic of the Experiments
The strategy for these experiments was to train subjects

on one oftwo versions ofthe color naming task-integrated
or separated--over a substantial number ofdays and trials.
In Experiment 1, training consisted of 5 days with 108
trials daily; in Experiment 2, it was made up of 10 days
with 288 trials daily. Incongruent, control, and congruent
conditions were all included to evaluate the effects of
practice on both interference and facilitation in color nam
ing. In addition, before and after the color naming train
ing, a measure of word reading was taken to permit ex
ploration of the effects that training on one task has on
interference and facilitation in the other task. The first ex
periment, with more modest training, can be seen as a
"minimalist" version of the second one. The goal was to
compare practice effects on the integrated and separated
versions of the Stroop task directly, using a single-item
computerized procedure. The second experiment increased
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Table 1
Experiment 1, Word Reading: Mean Facilitation,
Interference, and Control Response Times (RT, in

Milliseconds) and Corresponding Mean Proportions of
Errors (PE) as a Function of Day of Training for Both the

Integrated and the Separated Tasks

Task

Integrated Separated

Condition RT PE RT PE
Day I

Facilitation -8 .007 -)3 .000
Interference -12 .000 -6 .000
Control 515 .000 424 .000

DayS
Facilitation 13 .000 -II .000
Interference 24 .000 5 .000
Control 483 .000 418 .000

Note-The control condition values are actual means. The facilitation
and interference values are deviations from the corresponding control
condition, in which a negative value should accompany facilitation (i.e.,
faster than control) and a positive value should accompany interference
(i.e., slower than control).

training and sample size, as well as altering the apparatus
and the stimulus display characteristics, to increase power
and generalizability.

EXPERIMENT!

Method
Subjects. Eight University of Toronto at Scarborough under

graduate students were paid $24 each to take part. Four subjects were
assigned to each task (integrated and separated).

Apparatus and experimental control. Testing was carried out
on an Apple lIe computer equipped with an Electrohome EC-1302
RGB color monitor and Supercolor RGB videocard. Timing was
synchronized with the screen refresh rate. When the subject spoke
into a microphone, a Lafayette voice key connected to the game pad
dle port was tripped. Programming was done in Applesoft BASIC
with machine language millisecond accuracy timing routines ac
cessing a Mountain Computer real time clock. The screen back
ground color was black; the instructions and control stimuli were
presented in white. The four colors used were pink, blue, green, and
yellow. All information was presented in standard Apple 40-colurnn
uppercase format, centered horizontally near the bottom of the
screen. The rest of the screen was covered with a cardboard mask,
leaving a small window for the stimuli.

Tasks. For the integrated group, the word appeared in standard
uppercase font in a particular color on line 19 of the screen. For the
separated group, a row ofeight same-colored asterisks appeared on
line 19 centered directly above the uppercase word printed in neu
tral white on line 21.

Procedure. On the 1st day, subjects were given general instruc
tions and encouraged to respond as quickly as possible, while si
multaneously minimizing errors. They were urged to try to improve
every day, and not to let their motivation sag.

The first task was word reading. Subjects were to read each word
aloud into the microphone as quickly as possible, ignoring its print
color. Each trial began with a 250-msec warning (a row of four as
terisks) followed by a 250-msec blank period. Then the color-word
stimulus appeared and stayed on until the subject responded. A 250
msec blank screen followed stimulus offset and then a message ap
peared indicating the correct response (e.g., "RED was correct"), after

which the subject pressed either the"I" key to indicate a correct re
sponse or the "z" key to indicate an error ofany kind. Any mistake,
whether an incorrect response or a response that was not loud
enough or the like, was to be designated as an error. Thus, the error
data consist of true response errors, vocal stumbles, and equipment
problems. The next trial followed 250 msec after the subject indi
cated his/her accuracy.

Subjects first performed 20 practice trials made up of four non
color words-LION, BEAR, TIGER, and RABBIT. Each word was pre
sented once in each color and once in white (the control condition).
The order ofpresentation of these 20 trials was random. The exper
imenter was present for the entire practice session in case the sub
ject had any questions or problems following instructions.

During the experimental trials, the subject was left alone and
scored the accuracy ofhis/her own responses.' There were 108 trials
in a session, made up of36 congruent, 36 incongruent, and 36 con
trol trials. The words were PINK, BLUE, GREEN, and YELLOW. Each
word was presented nine times in its own color (the 36 congruent
trials), nine times in white (the 36 control trials), and three times in
each of the three other colors (the 36 incongruent trials). Order of
trials was completely randomized with the constraint that none of
the three conditions could occur more than three times in succes
sion. Short subject-controlled breaks were allowed after 36 trials and
after 72 trials.

Once the word reading experimental trials were completed, the
color naming training trials began. Subjects were told to name the
color ofprint aloud, ignoring the word itself. They again did 20 prac
tice trials and 108 experimental trials. The only change (other than
instructions) was that the control condition was now the stimulus
xxxx printed in an ink color. After finishing the practice and exper
imental color naming trials, subjects were asked to return at about
the same time the next day.

On Days 2-4, subjects did the 20 practice and 108 experimental
color naming trials each day, scoring their own accuracy. The ex
perimenter reminded subjects prior to each session to try to respond
as quickly as possible without mistakes. On Day 5, subjects did one
last color naming session and then returned to word reading, con
ducted as on Day I. Subjects received no feedback at any time other
than during practice on the 1st day. They were paid and debriefed at
the end ofDay 5.

Results and Discussion
For each subject, two critical difference scores were

computed: facilitation (congruent minus control) and in
terference (incongruent minus control). Thus, interference
scores should be positive and facilitation scores should be
negative. All analyses of variance (ANOVAs) were con
ducted both on the raw mean response times (RTs) and on
these difference scores, but because interpretation em
phasizes interference and facilitation, only those on the
difference scores are reported. The same conclusions are
supported by both sets ofanalyses. Furthermore, the rele
vant control condition means are shown with each analy
sis to permit reconstruction of the raw RTs.

Word reading. Table I presents the word reading data
mean RTs in milliseconds and mean proportions oferrors
as a function of the within-subjects variable day (1 vs. 5),
and the between-subjects variable task (integrated vs. sep
arated). Separate mixed 2 X 2 ANOVAs were conducted
on the control condition means and on the facilitation data
and the interference data. Owing to the virtually total ab
sence of errors in word reading, no corresponding analy
ses are reported for the error data.
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Figure 1. The color naming data for Experiment 1 as a func
tion of day of training and task. Error bars are 95% confidence
limits for each task, calculated as set out by Loftus and Masson
(1994, Equation 2, p. 482). Panel A shows mean response time
(in milliseconds) in the control (xxxx) condition; panel B shows
mean facilitation (in milliseconds); panel C shows mean inter
ference (in milliseconds). The facilitation (panel B) and interfer
ence (panel C) difference scores were derived by subtraction of
the appropriate day control mean (panel A) in such a way that fa
cilitation should be negative and interference positive.

For the control means, there was a marginally significant
effect of task [F(I,6) = 5.36, MSe = 4,544.12, .05 <
P < .10], indicating that responses in the separated task
were overall slightly faster than those in the integrated task,
a consistent result across almost all measures in both ex
periments. Neither the effect ofday nor its interaction with
task was significant (both Fs < I). Clearly, training on the
color naming task had little overall impact on performance
in the word reading task.
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For facilitation, neither the main effect oftask [F(l ,6) =
2.32, MSe =343.98,p > .10] nor that ofday [F(l ,6) =4.35,
MSe = 124.40, .05 < P < .10] was significant, nor was
their interaction [F(l,6) = 2.98,p > .10]. Essentially, all
values were close to zero, but there was a slight tendency
for the small amount offacilitation on Day I (M= 10msec)
to disappear by Day 5 (M = -I msec).

For interference, there was again a nonsignificant effect
of task (F < I) and a nonsignificant interaction of day X
task [F(l,6) = 2.61, MSe = 239.83,p > .10], but here there
was a significant effect ofday [F(I,6) = 8.82,p < .05]. In
terference in word reading did rise slightly between Day I
(M= - 9 msec) and Day 5 (M= 14msec). This small change
was no doubt partly due to the inexplicable negative starting
point, so I would not assign much confidence to this finding.

As expected, word reading showed no effect of color
compatibility before training. However, studies by Stroop
(1935, Experiment 3) and others (e.g., Dulaney & Rogers,
1994) suggested that word reading performance could be
altered by training on color naming. On the basis of these
studies, it was anticipated that both interference and facil
itation might emerge with training. This did not happen.
The fact that training in the color naming task hardly in
fluences word reading is a testament to the extreme de
gree ofautomaticity attached to word reading.

Color naming. The error data and corresponding error
analyses for the 5 daysofcolor naming training are included
in Appendix A. Error rates were virtually always under
5% and no systematic pattern was observed, except for
the anticipated consistently higher error rates in the in
congruent condition. The error data also are reassuring in
that there was no speed-accuracy tradeoff.

Panel A ofFigure I displays the mean RTs for the neu
tral control condition over the 5 days oftraining in each of
the two tasks. A 2 X 5 (task by day) mixed ANOVA re
vealed significant main effects of task [F(l,6) = 11.90,
MSe = 22,570.30, p < .05] and of day [F(4,24) = 12.62,
MSe = 729.28,p < .001], but a nonsignificant interaction
[F(4,24) = 1.72,p > .10). The RT improvements over
days of76 msec for the separated task and 106 msec for the
integrated task can be seen as general taskwide improve
ments. These control data permit reconstruction of the
RTs for the congruent and incongruent conditions, but
also show that practice affects the control condition, too.

Panel B of Figure I displays facilitation. Here, only the
main effect ofday was significant [F(4,24) = 3.92, MSe =
851.87, p < .05], with facilitation decreasing over days.
Neither the main effect of task nor the interaction of day
X task was significant (both Fs < 1.47). Despite the ab
sence ofa reliable interaction, it is clear that the divergent
facilitation on Day I contributed disproportionately to the
significant reduction over days. IfDay I is dropped, the ef
fect ofday is no longer significant [F(3, 18) = 1.28, MSe =
414.16, P > .10]. Why Day I should be unique is not ob
vious, but a similar pattern will be evident in Experi
ment 2. In sum, facilitation in Experiment I was very
small and stable in both tasks after the Ist day, averaging
about 14 msec for the integrated task and 21 msec for the
separated task. Training had little impact on facilitation.
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The picture was quite different for interference, shown
in panel C ofFigure I. There, only the main effect of task
was significant [F(I,6) = 9.18, MSe = 5,822.23,p < .05].
The effect ofday did not approach significance (F < I). The
interaction, though, did approach significance [F(4,24) =
1.98, MSe = 1,924.90,p = .13] and is suggestive given the
small sample size. It appears that the tasks differed only
on the first 2 days. For the integrated task, interference fell
precipitously at first from 160 msec on Day 1 to 83 msec on
Day 3, after which it stabilized. For the separated task, in
terference was unexpectedly low on Day 1but then rose on
Day 2 and declined gradually from 43 msec on Day 3 to
26 msec on Day 5. Mean interference over the last 3 days
was about twice as great for the integrated task (83 msec)
as for the separated task (34 msec). These differences in
interference between the two tasks will be explored more
fully in Experiment 2, where they also appeared.

In summary, for a small-sample study with relatively
little training, the results were quite clear and also hinted
at intriguing task differences. First, contrary to expecta
tion based on prior studies (e.g., Dulaney & Rogers, 1994;
Stroop, 1935, Experiment 3) there was very little effect of
color naming training on word reading. This finding will
be confirmed in Experiment 2. A possible reason for the
discrepancy with previous findings will be considered in
the General Discussion.

In color naming itself, facilitation was small but reliable,
affected little by training or task. Interference, in contrast,
was greater than facilitation for both tasks, but especially
for the integrated task. Interference fell sharply for the
first 2 or 3 days ofthe integrated task, and then leveled off.
From Day 3 on, the integrated task evidenced about twice
as much interference as the separated task, with both show
ing a slow, gradual decline. Experiment 2 will pursue the
suggestion that something important and unique is learned
on the first few days oftraining with the integrated version
of the task, and that the conflict in the integrated task is
also generally harder for subjects to handle.

EXPERIMENT 2

Three principal changes were made in Experiment 2 to
increase the amount of training and the statistical power.
For power, sample size was increased from 4 to 6 subjects
in each task group. For training, subjects completed 288
trials per session, almost tripling the daily training in Ex
periment 1(in which there were 108 trials per session). Fur
thermore, training was extended from 5 to 10 days to ex
pand investigation of the time courses of interference and
facilitation.

Method
Subjects. Twelvestudents from the same pool were paid $60 each

following debriefing after the study. Six subjects were assigned to
the integrated task and 6 to the separated task.

Apparatus and experimental control. Testing was carried out
on IBM-compatible 286 computers equipped with Tatung CM-1496
14-in. VGA color monitors. When a subject spoke into a Realistic
Highball-7 microphone connected to a Realistic SA-I 50 amplifier,

the signal was sent to a modified keyboard, where it was received as
if the hyphen key had been pressed. Programming was done in
QuickBASIC 4.5 with millisecond accuracy timing routines taken
from Graves and Bradley (1988). Screen background color was black;
instructions and control stimuli were presented in white.

Tasks. For the 6 subjects in the integrated task, the word appeared
in standard lowercase font in a particular color (red, blue, green, or
yellow) at the center of the screen on line 12. For the 6 who did the
separated task, a row of asterisks appeared in color on line 12 cen
tered directly above the word, which was again in standard lowercase
font and appeared in neutral white on line 13.

Procedure. Instructions were as in Experiment I. The first task
on Day I was word reading. All stimuli were presented in lowercase
letters at the center ofthe screen. The words were RED, BLUE, GREEN,

and YELLOW. The procedure for the 36 practice trials and the 288 ex
perimental trials followed the same format as Experiment I, but
there were now 96 trials each in the congruent, incongruent, and
control conditions during the experimental session. Subjects were
allowed to rest briefly halfway.

Each trial began with a 750-msec blank screen. Then the
color-word stimulus appeared at the center ofthe screen and stayed
on until the subject responded orally. A 250-msec blank screen fol
lowed stimulus offset. Then a message indicated the correct re
sponse, and subjects scored their own data as in Experiment I. The
experimenter was present during practice in case subjects had any
problems.

The color naming training trials immediately followed the word
reading trials on Day I. Subjects again did 36 practice trials before
the 288 experimental trials. The control condition was now the stim
ulus xxxxx printed in an ink color. On Days 2-9, subjects simply did
288 color naming trials each day. Prior to most sessions, the exper
imenter reminded the subject to try to respond as quickly as possi
ble without errors. To encourage improvement, at the end of each
session subjects saw the message: "Your average time today was
n msec per trial. This is the time you should try to beat tomorrow."
Accuracy feedback was shown in the following form: "Today you
made n mistakes, about p%." This was followed by one oftwo state
ments: for 5 to 19 errors, "This error rate is acceptable"; for fewer
than 5 errors, "This error rate is very low. Good work."

On Day 10, subjects did a final session of288 color naming trials
and then returned to word reading trials. As on Day I, 36 practice
trials preceded the 288 experimental word reading trials.

Results and Discussion
Data preparation was carried out exactly as in Experi

ment 1.4

Word reading. Table 2 presents the word reading con
trol condition and difference score data-mean RTs and
mean proportions oferrors-as a function ofday (I vs. 10)
and task (integrated vs. separated). Separate mixed 2 X 2
ANOVAs were conducted on the control condition means
and on the facilitation data and the interference data. Cor
responding analyses conducted on the virtually nonexis
tent error rates produced no reliable results and will not be
presented.

For the control means, there was no effect oftask [F(1,10)
= 1.08,MSe = 1,559.58,p > .10]: Word reading RTs were
equivalent in the separated and integrated tasks, as Table 2
shows. However, the reliable main effect ofday [F(l, 10) =
66.48, MSe = 372.58, P < .001], coupled with the trend
toward an interaction [F(I,IO) = 3.27,p = .10], indicated
a benefit due to training for both tasks, but more so for the
separated task. Whereas 5 days of training at color nam
ing in Experiment 1 did not affect word reading in the con-



Table 2
Experiment 2, Word Reading: Mean Facilitation, Interference,

and Control Response Times (RT, in Milliseconds) and
Corresponding Mean Proportions of Errors (PE) as a
Function of Day of Training for Both the Integrated

and the Separated Tasks

Task

Integrated Separated

Condition RT PE RT PE
Day I

Facilitation 3 -.016 -12 -.002
Interference 0 -.005 -9 .004
Control 455 .016 452 .005

Day 10
Facilitation -4 -.004 22 .002
Interference 7 .007 11 .005
Control 405 .005 374 .002

Note-The control condition values are actual means. The facilitation
and interference values are deviations from the corresponding control
condition, in which a negative value should accompany facilitation (i.e.,
faster than control) and a positive value should accompany interference
(i.e., slower than control).

trol condition, 10 days ofcolor naming training in Exper
iment 2 did.

For facilitation, neither ofthe main effects was signifi
cant (both Fs < 1.91). The marginally significant interac
tion of day X task [F(1,IO) = 4.55, MSe = 568.01, .05 <
p < .10] reflects the anomalous interference displayed in
the congruent condition for subjects on Day 10 ofthe sep
arated task. Plainly stated, there was no facilitation in word
reading before or after training in color naming.

For interference, there were nonsignificant effects of
task and ofday X task (both Fs < 1),but only a marginally
significant effect of day [F(I,IO) = 4.14, MSe = 257.62,
.05 < P < .10]. Interference in word reading rose slightly
from Day 1 (-4 msec) to Day 10 (9 msec), but this small
change was no doubt partly due to the negative starting
point. This pattern matches that in Experiment 1.

Previous studies (e.g., Dulaney & Rogers, 1994; Stroop,
1935, Experiment 3) led initially to the expectation that
word reading would be affected by color naming training.
Clearly, Experiment 2 replicated Experiment 1 in showing
no such transition despite overall color naming practice
increasing by about a factor of6 (twice the number ofdays
and three times the number oftrials per day). The extreme
automaticity of word reading is very difficult to over
come. The fleeting effects reported by previous investiga
tors (e.g., Stroop, 1935, Experiment 3) may be isolated to
the multiple-item version ofthe task, perhaps having to do
with screening out surrounding competing stimuli.

Color naming. The color naming error data are dis
played in Appendix B with the corresponding ANOVAs.As
in Experiment 1, the very low error rates resulted in no ap
parent effect ofdays of training or of task. Again, the only
observable effect in errors was that the incongruent condi
tion consistently showed the highest error rate, in keeping
with the interference in the RT data, to which I now tum.

Panel A ofFigure 2 displays the mean RTs for the neutral
control condition. A 2 X 10 (task X day) mixed ANOVA
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revealed significant main effects of task [F(1,10) = 6.85,
MSe = 9,166.88, p < .05] and of day [F(9,90) = 8.97,
MSe=2,551.72,p < .001], but a nonsignificant interaction
[F(9,90) = 1.21, p > .10]. The improvements in RT of
about 110 msec for the separated task and about 171 msec
for the integrated task can be seen as general taskwide im
provements with practice.

Panel B of Figure 2 displays facilitation. The effect of
day was not significant (F < 1). However, there was a reli
able effect oftask [F(1,IO) = 6.49, MSe = 331.60,p < .05]
and a reliable interaction of day X task [F(9,90) = 3.09,
MSe = 297.16,p < .01]. The figure shows that these two
effects resulted from a large divergence (for both tasks) on
Day 1 relative to subsequent days. In fact, removing the
Day 1 data eliminates both effects (Fs < 1.57). For un
known reasons, facilitation was highly variable on Day 1
here, a finding also seen in Experiment 1. Once subjects
settled down after Day I, both tasks showed consistently
small and equivalent amounts of facilitation. Facilitation
was hardly affected by training, again in keeping with Ex
periment 1.

The pattern was different for interference, displayed in
panel C of Figure 2. Both main effects were significant:
task [F(I,IO) = 7.70, MSe = 6,973.97, p < .05] and day
[F(9,90) = 10.21, MSe = 492.84,p < .001], as was the in
teraction [F(9,90) = 5.76, p < .001]. On this basis, the
tasks were analyzed separately. For the separated task, al
though the effect ofday was not significant [F(9,45) = 1.34,
MSe = 496.42, p > .10], there was a marginally signifi
cant linear trend [F(I,5) = 4.68, MSe = 1,041.16, .05 <
p < .10]. Interference declined gradually and regularly
from 46 to 25 msec over the 10 days. On the other hand,
for the integrated task, the effect ofday was highly signif
icant[F(9,45)= 14.73,MSe=489.26,p < .001]. There was
a significant linear trend [F(I,5) = 17.62, MSe = 1,988.56,
p < .01] and a significant quadratic trend [F(I,5) = 91.14,
MSe = 117.24, P < .001]. Interference fell quite precipi
touslyat first, from 167msec on Day 1 to 86 msec on Day 4,
and then gradually declined to 56 msec by Day 10.5 Note
the close correspondence to Experiment 1.

What is different about the two tasks is interference
over the first 2-3 days, as suggested by Experiment I. In
deed, ifthe first 3 days are removed and the two tasks are
compared only for Days 4-10, panel C of Figure 2 sug
gests a very similar pattern. This is supported by a 2 X 7
ANOVA, which showed reliable main effects of task
[F(1,IO) = 6.18, MSe = 4,072.15, p < .05] and of day
[F(6,60) = 3.55, MSe = 277.62,p < .01], but a nonsignif
icant interaction (F < 1).

In sum, the results were quite thoroughly consistent
with those of Experiment 1, but were more steady given
the increased training and number of subjects performing
each task. Again, word reading was unaffected by training
on color naming. In color naming, facilitation was once
again small and reliable, showing little change with train
ing. Interference, in contrast, was considerably larger than
facilitation, and the two tasks showed different training
patterns. This reinforces the earlier claim that something
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A
separated versions of the task. Over 5 days in Experi
ment I, interference fell 49% (from 160 to 82 msec) for
the integrated stimuli and 43% (from 46 to 26 msec) for
the separated stimuli.s Over 10 days in Experiment 2, in
terference fell 66% (from 167 to 56 msec) for the inte
grated stimuli and 46% (from 46 to 25 msec) for the sep
arated stimuli. The magnitude of the interference decline
is in keeping with previous work (Dulaney & Rogers,
1994; Stroop, 1935). Note, though, that there was still re
liable interference even after extensive training in which
subjects were encouraged to overcome interference in any
way they could.

Second, by including a congruent condition, this study
permitted the comparisons done on interference to be
done on facilitation as well. Disregarding the noisiness of
the Ist day evident in both experiments, facilitation was
essentially constant at 15-20 msec, entirely unaffected by
training. This was true for both integrated and separated
stimuli over both 5-day and 10-day training sessions.

Third, there was no evidence ofany impact whatsoever
due to color naming training on performance in the word
reading task. The absence of interference conflicts with
prior work (Dulaney & Rogers, 1994; Stroop, 1935, Ex
periment 3), in which color naming practice led to a "re
verse Stroop" effect-albeit a quite temporary one-in
word reading, perhaps reflecting a difference between the
multiple-item and single-item procedures. These previous
studies did not measure facilitation.

Training and Separation Versus Integration
The first question raised in the introduction concerned

the degree to which the interference pattern over training
in color naming in the single-item procedure used here
corresponds with that in the older, multiple-item proce
dure. Restricting attention to integrated stimuli, there ap
pears to be a quite good correspondence between the pre
sent results and those of Stroop (1935, Experiment 3) and
Dulaney and Rogers (1994). Interference is very strong
initially, falls quickly over the first couple of days, and
then settles into a more gradual decline. The only difference
between the multiple-item and single-item procedures is
in the overall magnitude of interference, which appears
larger in the multiple-item version. The patterns of train
ing effects, however, are very similar for the two versions.

The pattern for separated stimuli is quite different.
Here, interference was much smaller at the outset and de
clined gradually, without the sharp early drop. In fact,
after the first 3 days, although interference was about
twice as large in the integrated case as in the separated
case, the two tasks showed similar rates ofdecline. These
data suggest that there are two contributions to interfer
ence for integrated stimuli: a more dramatic but more
fleeting cost due to integration, and a smaller but more re
sistant cost stemming from the existence of two conflict
ing responses. Subjects must first overcome the integra
tion problem, which they do quite quickly, and can then
begin to "chip away" at the problem ofresponses deriving
from two dimensions. If correct, this admittedly post hoc
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special must have to be learned early in training on the in
tegrated version of the task.

Figure 2. The color naming data for Experiment 2 as a func
tion of day of training and task. Error bars are 950/0 confidence
limits for each task. calculated as set out by Loftus and Masson
(1994, Equation 2, p. 482). Panel A shows the response times (in
milliseconds) in the control (xxxx) condition; panel B shows
mean facilitation (in milliseconds); panel C shows mean inter
ference (in milliseconds). The facilitation (panel B) and interfer
ence (panel C) difference scores were derived by subtraction of
the appropriate day control mean (panel A) in such a way that fa
cilitation should be negative and interference positive.

Both experiments support the same conclusions. First,
training in the Stroop color naming task led to a marked
reduction in interference for both the integrated and the



hypothesis has a clear theoretical implication: Stroop in
terference, at least in the traditional integrated task, may
not be caused by a single process. There is also a "practi
cal" implication: Researchers employing this version of
the task should consider training their subjects, given the
dramatic changes in the early going.

It also appears that the effect of training in color nam
ing spills over into word reading for the multiple-item ver
sion but not for the single-item version. Actually, there are
three differences between the two versions. The most ob
vious difference-different numbers of stimuli (one or
many) are in view at the same time-may not be the crit
ical one. In the single-item version, control and incongru
ent trials are mixed; they are separated in the multiple
item version. Moreover, in the present single-item version,
congruent trials are also mixed in. Mixing trial types may
disrupt whatever process is responsible for the "reverse
Stroop" interference observed after color naming training
in multiple-item experiments.

Facilitation Versus Interference
Perhaps the most compelling result ofthe present study

is that neither integration/separation nor amount of train
ing influenced facilitation, but both profoundly affected
interference. The two derived measures appear to be de
coupled, a finding with considerable precedent in the lit
erature, as outlined in the introduction.Moreover,MacLeod
and MacDonald (1997) directly supported an inadvertent
reading hypothesis for facilitation, an account indepen
dent of the prevalent explanations of interference. In ex
plaining interference, all existing theories allow for facil
itation to arise via the same mechanism(s). Cooperation
between the word and color produces facilitation in the
same way that competition produces interference. As doc
umented by MacLeod and MacDonald, this is true for the
major models in the literature-automaticity accounts
(Logan, 1980), connectionist accounts (Cohen et aI., 1990;
Phaf et aI., 1990), network accounts (w. R. Glaser &
M. Glaser, 1989), and process-dissociation-based accounts
(Lindsay & Jacoby, 1994). Yetthere is mounting evidence
against this sort ofjoint explanation, and the present ex
periments add to that body ofevidence. Iffacilitation does
not arise from the same causes as interference, then any
theory claiming that it does so must be wrong. Intrigu
ingly, all of the existing theories do make such a claim.

In sum, the two experiments described here have docu
mented how two fundamental variables-integration and
training-affect performance in the Stroop task. These
findings pose new theoretical challenges for investigators
interested in this longstanding attentional puzzle. It ap
pears that we may need distinct mechanisms to explain fa
cilitation and interference, given that they respond differ
ently to a variety of manipulations. Indeed, explaining
interference alone, at least in the traditional integrated
color-word task, may not to be possible by using a single
process, given the sharp transition in interference between
early and later days of training. Existing theories do not
readily accommodate such suggestions. Even 60 years on,
then, we remain rather distant from a full understanding of
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Stroop's (1935) deceptively simple appearing phenome
non, and the phenomenon in turn remains an important
testing ground for our theories ofattention.
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NOTES

I. Following Dulaney and Rogers (1994),1 have transformed Stroop's
(1935) "whole card" times to "per item" times by simply dividing the
total time per card by the number ofitems per card. This procedure prob
ably makes the decline in interference appear more precipitous because
Stroop had subjects correct errors, thereby inflating interference, and be
cause we do not know iferrors declined over days.

2. The magnitude of interference obtained by Stroop (1935, Experi
ment 3) and by Dulaney and Rogers (1994) is extraordinarily large. This
may reflect factors operating in the multiple-item card procedure but not
in the single-item computer version (cf. Brown, Engle, & Jones, 1992),
or it may reflect the possibly questionable derivation ofa "per word" time
from a single total time over multiple items.

3. In preparation for a training study involving sessions of similar
length (MacLeod & Dunbar, 1988), we compared subject-scored to ex
perimenter-scored accuracy for a small group of subjects. The number
and distribution oferrors across conditions were very similar regardless
of who scored accuracy, so we had the subject score histher own errors
to eliminate an extremely tedious task for the experimenter.

4. For 3 subjects, data from a single training session (one on Day 7,
two on Day 9) were lost due to disk writing errors. To analyze the train
ing data, missing values were estimated as the average of the preceding
and the succeeding day values for the corresponding conditions for that
subject. As will become apparent, the orderliness of the data suggests
that this interpolation was not inappropriate.

5. In Experiment 2, 3 of the 6 subjects in the integrated task showed
surprisingly little interference on Day 3, but returned to more predictable
levels on Day 4. Comparison with Experiment 1 suggests that the Day 3
point here is anomalous, so 1 have shifted to using Day 4 as the point of
comparison.

6. In fact, Day I interference for separated stimuli in Experiment I
was an outlier at 12 msec. Because the Day 2 value of46 msec was the
same as in Experiment 2, with a similar decline over subsequent days, the
Day 2 value is used here. There is certainly no reason to believe that in
terference is nonmonotonic.

APPENDIX A
Experiment 1: Proportions of Errors in Color Naming Over the 5 Days

of Training in the Congruent (CG), Incongruent (IN), and Control
(C1) Conditions as a Function of Task (Integrated vs. Separated)

Day

12345

Condition CG IN CT CG IN CT CG IN CT CG IN CT CG IN CT

Integrated .01 .09 .00 .00 .03 .01 .01 .04 .00 .00 .02 .00 .00 .02 .00
Separated .00 .02 .01 .00 .03 .00 .00 .04 .00 .00 .01 .01 .00 .02 .00
Note-Separate 2 X 5 (task X day) ANOVAs of the two principal measures-facilitation (congruent
minus control) and interference (incongruent minus control)--revealed no significant main effects or
interactions (all six Fs < 1.74). Basically, the error rates were very low and unaffected by the manip
ulations. It is noteworthy, though, that the incongruent condition in both tasks produced elevated error
rates on every day, consistent with the interference observed in the response time data.
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APPENDIXB
Experiment 2: Proportions of Errors in Color Naming Over the

10 Days of Training in the Congruent (CG), Incongruent (IN), and
Control (CT) Conditions as a Function of Task (Integrated vs, Separated)

Day

I 2 3 4 5 6 7 8 9 10
Condition -C-G-IN-""'C-T CG IN CT CG IN CT CG IN CT CG IN CT CG IN CT CG IN CT CG IN CT CG IN CT CG IN CT

Integrated .00.09.00.00 .07 .01 .00 .06 .02 .00 .04 .00 .00 .06 .01 .00 .07 .01 .00 .05 .00 .00 .07 .01 .00 .06 .01 .00 .08 .01
Separated .01.06 .01 .01 .05 .01 .01 .04 .00 .01 .06 .01 .01 .06 .01 .00 .05 .01 .02 .06 .01 .02 .09 .01 .01 .07 .02 .01 .07 .01

Note-Separate 2 X 10 (task X day) ANOVAs of facilitation and interference revealed no significant effects (all Fs < 1.35) except for the main ef
fect of task for the facilitation data [F(l,IO) = 7.02, MSe = .0003,p < .05], reflecting slightly greater facilitation overall in the integrated task, a re
sult not evident in Experiment I. Otherwise, the facilitation error rates were very low and did not differ. Again, the only consistent pattern was that
the incongruent condition showed substantially higher error rates than the control and congruent conditions, corresponding to the interference ob
served in the response time data.

(Manuscript received September 22,1997;
revision accepted for publication October 6, 1997.)




