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Abstract:

 

Two versions of a Stroop-like counting interference task were compared to
examine how irrelevant information is ignored. In the integrated task, participants enumer-
ated digits (inconsistent condition) or letters (neutral condition) while attempting to ignore
the identity of the characters. In the newly created separated task, participants enumerated
asterisks while attempting to ignore a single digit (inconsistent condition) or letter (neutral
condition) at fixation. Interference (longer responses in the inconsistent condition than in
the neutral condition) was small but significant in both tasks but was not reduced by
separation. Contrasted with the pattern in the color–word Stroop task, these results sug-
gest that dimensional separation has different effects on interference depending on the
overall amount of interference.
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Since Stroop (1935) published his landmark
article in which he showed that naming the ink
color of a word was delayed when that ink
color was inconsistent with the color denoted
by the word (e.g., the word RED printed in
green ink, say “green”), there have been a
great many studies of the Stroop effect
(MacLeod, 1991). Along the way, many vari-
ations of the task that now bears Stroop’s name
have been developed (MacLeod, 1991, pp. 165–
170). These variations include the picture-

word analog (e.g., say “cat” to a picture of a
cat with the irrelevant word TABLE written
inside it; Lupker, 1979), and the spatial analog
(e.g., say “above” to the word BELOW
printed above the fixation point; Palef, 1978).

Among these variations is one in which the
participant must enumerate the elements in a
display, ignoring their identity. This is con-
siderably harder when the items to be enumer-
ated are incompatible digits (e.g., say “three”
to 444) rather than non-numerical characters
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(e.g., say “three” to ***). Introduced by Windes
(1968), who reported reliable interference, this
counting Stroop task has not been used much
over the years. Very recently, however, it has
attracted renewed interest in the domains of
both cognition and neuroscience because of its
utility in examining differences in interference
for different numbers (Pavese & Umiltà, 1998)
and because responding is done by button press-
ing, avoiding the need for voice responding that
may contaminate data in neuroimaging studies
(Bush, Whalen, Rosen, Jenike, McInerney, &
Rauch, 1998).

 

Interference in separated and 
integrated versions of the Stroop 

task

 

Originally, relevant (color) and irrelevant (word)
information were integrated in the Stroop
task (Stroop, 1935). However, the two kinds of
information often are presented separately, as
in stimulus onset asynchrony or picture-word
variants of the task (MacLeod, 1998). To invest-
igate the mechanisms of information process-
ing in both the separated and the integrated
versions, it is necessary to compare responses
in the two versions (integrated and separated)
of the same task. Using the counting Stroop
task, this was our purpose in the present study.

It is by now clear, consistent with an analysis
along the lines championed by Garner (1974),
that interference in a separated version of the
Stroop task is less than that in an integrated
version (Underwood, 1976; Flowers & Stoup,
1977; Gatti & Egeth, 1978; Kahneman &
Henik, 1981; MacLeod, 1998). In a card-sorting
task, Flowers and Stoup (1977) observed less
interference when words in a neutral color were
printed inside outline color rectangles and
participants named the colors of the rectangles
than when words themselves were printed in
an ink color and participants named their colors.
Gatti and Egeth (1978) showed that as the
physical distance between the locations of
the irrelevant word and the relevant color
increased, interference decreased, suggesting a
gradient of separation. Most recently, MacLeod
(1998) investigated the effect of training on an

integrated version (word printed in color) and
a separated version (color bar beside word) of
the Stroop task and found that interference
was smaller for the separated case than for
the integrated case throughout training, but
particularly early in training.

To investigate the effect on interference
of separation of the relevant enumerating
process from the irrelevant digit identification
process, we carried out the two counting Stroop
tasks illustrated in Figure 1. In the integrated
task, participants counted digits (inconsistent
condition) or letters (neutral condition) while
attempting to ignore the actual stimulus iden-
tity that they were enumerating. In our newly
created separated task, participants enumerated
asterisks while attempting to ignore a single
digit (inconsistent condition) or letter (neutral
condition) at fixation. We explored the pattern
of interference in these inconsistent and neutral
conditions. In both tasks, we also included a
control condition where an asterisk was pre-
sented as a character to be enumerated to
investigate the pattern of response with exactly
the same stimuli in both tasks; consequently,
we analyzed this condition separately from the
other two conditions. In both tasks, we used
the digits 1–5 in the inconsistent condition, five
different letters in the neutral condition, and
one character in the control condition.

 

EXPERIMENT 1 

Method

 

Participants

 

Thirty-five students at the University of
Toronto at Scarborough participated for
bonus points in their introductory psychology
course. They were randomly assigned to the
integrated task (

 

n

 

 = 17) or the separated task
(

 

n

 

 = 18) and were tested individually.

 

Experimental design

 

There was one between-subjects variable – task
(integrated vs. separated). There were two
within-subject variables – consistency (incon-
sistent, neutral, or control) and number of
characters (1–5 characters to be enumerated).
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Materials

 

In the integrated task, digits (1, 2, 3, 4, or 5) in
the inconsistent condition, letters (A, B, C, D,
or G) in the neutral condition, and asterisks in
the control condition served as the stimulus
items to be enumerated.
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 All characters to be
enumerated were identical within a trial. In our
analyses, we collapsed over stimulus identity.

In the separated task, instead of presenting
digits, letters, or asterisks as the items to be
enumerated, asterisks were always presented
to be enumerated. A digit (inconsistent condi-
tion), a letter (neutral condition), or a plus sign
(control condition) was presented at a central
fixation point surrounded by the asterisks that
were to be enumerated.

In both tasks, we excluded consistent trials,
wherein the stimulus digit and response count
agreed (e.g., 333), in part because Pavese and

Umiltà (1998) had difficulty with them and in
part because MacLeod and MacDonald (2000)
presented evidence that the apparent facilita-
tion on such trials is illusory. To balance the
deletion of consistent items, trials corresponding
to one A, two Bs, three Cs, four Ds, and five
Gs were excluded from the neutral condition.

The distance between the central character
and each character to be enumerated on the
imaginary circle was 3 cm.

 

4

 

 Each letter was
3.5 

 

×

 

 6.0 mm in size. The distance between the
participant and the monitor was 65 cm.

 

Procedure

 

In the integrated task, 1 s after the fixation point
“+” appeared at the center of the screen, the
characters that were to be enumerated appeared
in 1–5 of the eight locations forming an imag-
inary circle around the fixation. The particular
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 The letters E and F were not used in the neutral con-
dition because each is the initial letter of a number.

Figure 1. Examples of the inconsistent, neutral, and control stimuli in the integrated task (left column) and the
separated task (right column) in Experiment 1. In all cases, the correct response is “three”.

 

4

 

 We adjusted the monitor to present 80 

 

×

 

 25 characters.
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locations of characters were randomized on
each trial. Participants were asked to enumer-
ate the characters around the center and to
respond aloud as quickly as possible, ignoring
the identity of the characters and avoiding
mistakes.

In the separated task, 1 s after the fixation
point appeared, asterisks were presented in 1–
5 of the eight locations on the imaginary circle.
Simultaneously, at the central point, a single char-
acter replaced the fixation point: this could
be a digit (inconsistent condition), a letter
(neutral condition), or a plus sign (control condi-
tion). Participants were asked to enumerate
the asterisks and to give their response aloud,
as quickly as possible, ignoring the character
at the central fixation point.

In both tasks, the entire stimulus display
remained on the screen until the participant
responded. The next trial began after the
experimenter had input the participant’s answer.
In each task, the percentage of trials in each
condition (inconsistent, neutral, or control),
for each number of characters (1–5), and for
each stimulus identity (four types for each number
of characters) was equal. After 20 practice trials,
two experimental blocks that included 600 trials
were carried out. Order of trial presentation
was randomized within a session.

 

Apparatus

 

Data were collected using IBM-compatible
486 computers equipped with Mitsubishi
(Tokyo, Japan) 15-inch color monitors. When
a participant spoke into a Realistic Highball-7
microphone (Radio Shack, Fort Worth, TX,
USA), the signal was amplified by a Realistic
SA-150 stereo amplifier (Radio Shack, Fort
Worth, TX, USA) and input through a modi-
fied keyboard as if the hyphen key had been
pressed. Programming was in Q

 

uickbasic

 

 4.5
(Redmond, WA, USA) with millisecond accur-
acy timing routines taken from Graves and
Bradley (1991).
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 The screen background color
was black (palate #0); instructions and all stimuli

were presented in white (palate #7). All materials
were presented in regular 80-character-per-line
font.

 

Data analysis

 

For each participant, mean correct response
times in each task were computed for every
stimulus identity and for every number of
characters in each consistency condition.
Then we averaged the data across stimulus
identity. Response times shorter than 200 ms
or longer than 2000 ms, together with those
from incorrect trials, were excluded from these
calculations.

 

Results

 

Trials excluded from response time calcula-
tions in the inconsistent, neutral, and control
conditions accounted, respectively, for 5.9%,
2.8%, and 3.5% of responses in the integrated
task, and 5.6%, 5.0%, and 4.7% of responses
in the separated task.

 

Interference

 

Figure 2 shows the mean response times in the
integrated task (top panel) and in the sep-
arated task (bottom panel) for each number
of characters in each consistency condition.
To assess the pattern of interference, we used
a mixed 2 

 

×

 

 2 

 

×

 

 5 ANOVA. The between-
subjects factor was task (integrated or separ-
ated); the within-subject factors were consistency
(inconsistent or neutral) and number (1–5
characters).

The main effects of consistency condition
and of number, and the consistency 

 

×

 

 num-
ber interaction, all were significant, 

 

F

 

(1,33) =
61.80, 

 

p

 

 < 0.001, 

 

F

 

(4,132) = 119.70, 

 

p

 

 < 0.001,

 

F

 

(4,132) = 2.96, 

 

p

 

 < 0.05, respectively. The main
effect of task, the task 

 

×

 

 consistency interaction,
the task 

 

×

 

 number interaction, and the three-way
interaction were not significant, 

 

F

 

(1,33) = 0.03,

 

p

 

 > 0.20, 

 

F

 

(1,33) = 3.91, 0.05 < 

 

p

 

 < 0.10, 

 

F

 

(4,132) =
0.88, 

 

p

 

 > 0.20, 

 

F

 

(4,132) = 1.67, 

 

p

 

 > 0.20, respect-
ively. Further analysis and multiple comparisons
showed that response times in the inconsistent
condition were significantly longer than those
in the neutral condition, and that the differences
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 Timing is accomplished in the Graves and Bradley
(1991) method by using machine language routines
called from the main program in Q

 

UICKBASIC

 

.
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as count increased were significant except be-
tween counts of four and five in both tasks
(

 

p

 

 < 0.05).

 

6

 

Control condition

 

Figure 3 shows the mean response times in
the control condition in both tasks. A mixed
2 

 

×

 

 5 ANOVA compared the pattern of mean
response times between two tasks with the
same stimuli. The between-subjects factor was
task (integrated or separated) and the within-
subject factor was number (1–5 characters).
The main effect of number was significant,

 

F

 

(4,132) = 116.60, 

 

p

 

 < 0.001. Neither the main

effect of task nor the interaction was signific-
ant, 

 

F

 

(1,33) = 0.06, 

 

F

 

(4,132) = 1.25, 

 

p

 

 > 0.20,
respectively. Pair-wise tests showed that differ-
ences as count increased were significant except
between counts of four and five (

 

p

 

 < 0.05).

 

Discussion

 

First, we comment briefly on the number of
items to be enumerated and on the control
condition. Then we examine our major ques-
tion: the differences in pattern between the
integrated and separated task versions.

Response times increased as the number of
to-be-counted characters increased in both the
separated and integrated tasks. This result cor-
responds to that of Pavese and Umiltà (1998).
However, because the number of characters in
each task ranged from one to five, particip-
ants had to discriminate the two endpoints of
the count (one and five) from only one other
possible count in each case (two and five,
respectively) whereas they had to discriminate
intermediate counts (two, three, and four) from
both a larger and a smaller possible count
(Mandler & Shebo, 1982). As a result, when
the number of characters to enumerate was five,
the response times were relatively faster than
would be expected otherwise. These patterns also
replicate those of Pavese and Umiltà (1998).

 

6

 

 Ryan’s method was used for all pair-wise comparisons
(Ryan, 1960).

Figure 2. Experiment 1: Mean response time (in ms)
in (a) the integrated task and (b) the sepa-
rated task as a function of the number of
characters to be counted (range, 1–5). The
error bars in each panel represent the 95%
within-subject confidence limit for the data
in that panel (see Loftus & Masson, 1994).
( ) Inconsistent, ( ) neutral.

Figure 3. Experiment 1: Mean response time (in ms)
in the control condition in the integrated
task and in the separated task as a function
of the number of characters to be enumer-
ated (range 1–5). The error bars are 95%
confidence limits as in Figure 2. ( ) Inte-
grated, ( ) separated.
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In the control condition, participants enumer-
ated the characters in the same way in the two
tasks, despite the differences between the tasks
in the inconsistent and neutral conditions.
This indicates that any differences between
the tasks were not due to the overall strategy
used in each task but rather to the stimulus
differences themselves.

 

The integrated-separated distinction

 

In both tasks, response times in the incon-
sistent condition were longer than those in
the neutral condition. That is, in the counting
Stroop task, irrelevant digit information dis-
rupted the relevant enumerating process,
analogous to the color-word Stroop task.
However, no main effect of task or no task
interaction with any factor was significant. In
other words, no effect of separation on inter-
ference was observed in the counting Stroop
task. It is quite clear in a separated version of
the color-word Stroop task that the inter-
ference is smaller than that in an integrated
version of the task (Flowers & Stoup, 1977;
MacLeod, 1998).

We will reconsider the difference between
the color-word and counting Stroop tasks after
the results of the next experiment. Experiment
2 is similar to Experiment 1 except for two
changes, and serves to confirm the results just
reported. First, we excluded the control condi-
tion to ensure that the difference between the
results in this study and those in color-word
Stroop studies with respect to the effect of
separation was not due to inclusion of the con-
trol condition. Second, in the integrated task,
we changed the character at the center (pre-
sented at the same time as the characters to be
counted) from + to * to avoid presenting the
same character as the fixation point not only in
the separated task but also in the integrated task.

 

EXPERIMENT 2

Method

 

Participants

 

Thirty students at Kyoto University participated
in either the integrated task (

 

n

 

 = 15) or the

separated task (

 

n

 

 = 15). Each participant was
randomly assigned to a task and was tested
individually.

 

Experimental design

 

The experimental design was the same as
that of the Experiment 1 except for the consis-
tency condition variable, where the control
condition was excluded. The locations and
the numbers of characters were the same as in
Experiment 1.

 

Procedures

 

An asterisk was presented at the central loca-
tion after the fixation point in the integrated
task. Because the control condition was excluded,
400 trials consisting of two blocks of 200 trials
each were used. Other procedures were the
same as those in Experiment 1.

Data were collected using OHTEC HL-5870B
computers (Ohtec, Japan) equipped with
FUJITSU FMV-DP97Y3 monitors (Fujitsu,
Fukushima, Japan). Programming and the color
and font used on the screen were the same,
and the data analyses were done in the same
way as those of Experiment 1.

 

Results

 

Trials excluded from response time calcula-
tions in the inconsistent and neutral conditions
accounted for 2.8% and 2.5%, respectively, of
responses in the integrated task, and 2.1% and
2.1%, respectively, of responses in the separated
task.

 

Interference

 

Figure 4 shows mean response times in the
integrated task (top panel) and the separated
task (bottom panel) for each number of
characters in each consistency condition. To
assess the pattern of interference, we again
conducted a mixed 2 

 

×

 

 2 

 

×

 

 5 ANOVA. The
between-subjects factor was task (integrated
or separated); the within-subject factors were
condition (inconsistent or neutral) and number
(1–5 characters). The main effects of consist-
ency condition and of number were significant,

 

F

 

(1,33) = 23.31, 

 

p

 

 < 0.001, 

 

F

 

(4,120) = 43.41, 

 

p

 

 <



 

© Japanese Psychological Association 2004.

 

62

 

M. Muroi and C. M. MacLeod

 

0.001, respectively. Pair-wise tests showed that
the difference between any two counts was
significant except between counts of one and
two and counts of four and five (

 

p

 

 < 0.05).
To confirm the effect of separation, we

calculated the response time in the same
way for the first and second blocks (the trials
were separated in two blocks) and used a
mixed 2 

 

×

 

 2 

 

×

 

 2 

 

×

 

 5 ANOVA. The between-
subjects factor was task; the within-subject
factors were block, condition, and number. The
main effects of consistency and of number, and
the block 

 

×

 

 number interaction, were significant,

 

F

 

(1,30) = 22.62, 

 

p

 

 < 0.001, 

 

F

 

(4,120) = 43.91, 

 

p

 

 <
0.001, 

 

F

 

(4,120) = 4.05, 

 

p

 

 < 0.005, respectively.
No other main effects or interactions were
significant (

 

p

 

 > 0.10).

 

Discussion

 

In Experiment 2, response times increased as
the number of characters increased in both
tasks except between one and two and be-
tween four and five (although the response
times between one and two were different in
Experiment 1). The difference between the
two experiments may be caused by the differ-
ent pronunciations of the languages: English in
Experiment 1 and Japanese in Experiment 2.

 

The integrated–separation distinction

 

The pattern of interference replicated that in
Experiment 1. There was a significant main
effect of the consistency condition but there
was no main effect of the task nor did the task
interact with any other factors. These results
again suggest that the digit identification pro-
cess was more automatic than the enumerating
process. However, separation did not appear
to affect the discrimination of relevant enumerat-
ing information from irrelevant digit informa-
tion in the counting Stroop task. The mixed
four-way ANOVA shows that the pattern
of interference observed in this study was
consistent across the two blocks. This result
is quite different from that in the color-word
Stroop task in which both separation and
training reduce interference (Flowers & Stoup,
1977; MacLeod, 1998).

Another difference between the color-word
Stroop task and the counting Stroop task is the
amount of interference in the integrated ver-
sions. In the color-word task, the difference in
response time between the inconsistent condi-
tion and the neutral condition is usually large
(about 150 ms in MacLeod, 1998; Experiment
2). In our study, the difference between the
two consistency conditions was about 17 ms in
Experiment 1 and about 7 ms in Experiment
2. Our explanation of this difference relies on
the concept of relative automaticity (MacLeod
& Dunbar, 1988). Degree of automaticity of
processing is a function of learning (indeed,
if it can actually be achieved, fully automatic
processing may simply be the endpoint of
extensive learning), and interference declines
as the difference in automaticity between

Figure 4. Experiment 2: Mean response time (RT in
ms) in (a) the integrated task and (b) the
separated task as a function of the number
of characters to be counted (range 1–5).
The error bars are 95% confidence limits
as in Figure 2. ( ) Inconsistent, ( )
neutral.
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relevant and irrelevant processing decreases.
In the standard color-word task, the highly
automatic identification of the color word dis-
rupts the less automatic color-naming process
and causes large interference. However, in the
counting Stroop task, the small interference
observed means that the difference in auto-
maticity between the two processes is relatively
small, although digit identification is more
automatic than enumeration.

These differences between the two tasks
imply that separation affects interference dif-
ferently in two situations. When the difference
in automaticity between relevant information
processing and irrelevant information process-
ing is small, as in the counting Stroop task,
interference is small even in the integrated
version and there is no room for separation to
reduce interference, or interference reduction
is too small to be measured. However, when
the difference in automaticity between relevant
and irrelevant information processing is large,
as in the color-word Stroop task, interference
is large in the integrated version and separation
can reduce interference. That is, separation
affects interference differently depending on
the amount of interference.

Finally, small but significant interference
in the integrated task in this study suggests
that the difference in automaticity between the
relevant enumerating process and irrelevant
digit identification process was relatively small
in the counting Stroop task, certainly when
compared to the familiar color-word Stroop
task. In addition, the fact that separation did
not affect interference in the counting Stroop
task suggests that separation, which reduces
interference in the usual color-word Stroop
task, has no effect on interference when the
difference in automaticity of relevant and irrelev-
ant processing is small.
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