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Tasks involving conflict between stimulus dimen-
sions have been shown to activate dorsal anterior cin-
gulate and prefrontal areas. It has been proposed that
the dorsal anterior cingulate is involved a domain gen-
eral process of monitoring conflict, while prefrontal
areas are involved in resolving conflict. We examine
three tasks that all require people to respond based on
one stimulus dimension while ignoring another con-
flicting dimension, but which vary in the source of
conflict. One of the tasks uses language stimuli (Stroop
effect) and two use nonlanguage spatial conflicts ap-
propriate for children and nonhuman animals. In Ex-
periment 1, 12 participants were studied with event-
related functional magnetic resonance imaging (fMRI)
while performing each of the three tasks. Reaction
times for each of the three tasks were significantly
longer in the incongruent condition compared with
the congruent condition, demonstrating that each
task elicits a conflict. By studying the same people in
the same session, we test the hypothesis that conflict
activates a similar brain network in the three tasks.
Significant activations were found in the anterior cin-
gulate and left prefrontal cortex for all three conflict
tasks. Within these regions, the conflict component
demonstrated evidence for significant common activa-
tion across the three tasks, although the peak activa-
tion point and spatial extent were not identical. Other
areas demonstrated activation unique to each task.
Experiments 2-4 provide behavioral evidence indicat-
ing considerable independence between conflict oper-
ations involved in the tasks. The behavioral and fMRI
results taken together seem to argue against a single
unified network for processing conflict, but instead
support either distinct networks for each conflict task
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or a single network that monitors conflict with differ-
ent sites used to resolve the conflict.
Science (USA)

© 2002 Elsevier

INTRODUCTION

Many psychological tasks involve conflict between stimu-
lus dimensions. The most widely studied is the classic Stroop
conflict between a word name and its ink color (for a review,
see MacLeod, 1991). Many variants of this task involve lan-
guage as one of the two dimensions. Another commonly stud-
ied conflict task involves a conflict between location and the
direction of response (Simon effect) (Simon and Berbaum,
1990). A version of the Simon task involves matching the
identity of the stimulus with the assigned response and in-
troduces conflict by presenting the stimulus on the same or
opposite side as the matching response (Gerardi-Caulton,
2000). A third common conflict task involves responding to a
central stimulus surrounded by flankers (Ericksen and
Ericksen, 1974). A version of this task uses a central arrow
pointing in one direction and flanker arrows that point in
either the congruent or the incongruent direction (Botvinick
et al., 2001; Casey et al., 2000; Fan et al., 2002).

The neural networks activated by two of these tasks have
been studied in some detail using functional magnetic reso-
nance imaging (fMRI). Meta-analyses of the Stroop task
(Bush et al., 1998; Bush et al., 2000) have stressed activation
of the dorsal anterior cingulate, but the various experiments
have also activated a wide number of areas in the prefrontal
cortex. Studies of the flanker effect (e.g. Botvinick et al.,
2001; Casey et al., 2000) also show cingulate activity, in
addition to prefrontal cortex activation. While both the
flanker and the Stroop tasks have been shown activate some
similar brain regions, these conflict tasks have yet to be
examined within the same participants using identical scan-
ning procedures. Furthermore, although the spatial conflict
task used by Gerardi-Caulton (2000) produces evidence of
cognitive conflict at the behavioral level, no direct evidence
exists concerning the cortical regions associated with this
particular form of conflict.

Suppose that all conflict tasks involve a common network,
perhaps related to a single cognitive operation such as mon-
itoring for conflict between neural areas (Botvinick et al.,
2001) or the execution of operations that result in inhibiting
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conflicting activity (Posner and Raichle, 1994). What would
be the behavioral consequences of having such operations
instantiated in this common network? One theory is that
operations that involve neural mechanisms in common re-
gions or close proximity will interfere when executed at the
same time but will prime each other when executed sequen-
tially (Kinsboure and Hicks, 1978). Tests of this notion have
been few, but what efforts have been made have supported
the general idea (Fias et al., 2001; Kinsbourne and Hicks,
1978; Posner et al., 1989). Based on the extensive dual-task
performance literature, it is clear that executing two similar
operations simultaneously typically causes interference
(Bourke, 1997; Bourke et al., 1996). However, if the operation
in question merely involves monitoring, such as monitoring
for a target, there is evidence that several operations can be
carried out simultaneously without interference (Duncan,
1980). Based on these insights, we reason that areas of the
conflict network that carry out conflict monitoring operations
should be able to be applied to several channels at once
without showing interference. Conversely, we propose that
areas related to active suppression of conflicting channels
would be expected to interfere when applied to multiple
channels. To investigate this, we conducted a series of exper-
iments that combined tasks that have identifiable conflict
components and examined patterns of dual task interference.
We also examined correlations among the magnitude of con-
flict effects produced within these different cognitive conflict
paradigms.

Experiment 1 examines the degree to which linguistic and
spatial conflict paradigms activate a common brain network.
Experiment 2 investigates a potential correlation among the
magnitudes of various cognitive conflict scores, as assessed
by the Stroop and flanker paradigms of the first experiment.
Experiment 3 examines whether Stroop and flanker conflict
produce evidence of interference when both conflict dimen-
sions are present within the same task. Experiment 3 also
tests the degree of correlation between Stroop and flanker
conflict when stimuli potentially involved both sources of
conflict. Finally, Experiment 4 examines potential interfer-
ence between two different forms of spatial conflict when
both are present in the same task.

EXPERIMENT 1

Materials and Methods
Participants

Twelve right-handed adults participated (mean age 24.7
years, SD 4.6 years, range 18—34 years; 6 women, 6 men). All
participants reported normal or corrected to normal vision. A
signed informed consent approved by the New York Presby-
terian Hospital/Weill Medical College of Cornell University
was obtained from each participant before the experiment.

Conflict Tasks

Flanker task. Stimuli consisted of a row of five visually
presented arrows, pointing to the left or to the right, against
a gray background (see the three flanker conditions in Fig. 1b

of Fan et al., 2002). The target was a leftward or rightward
arrow at the center of the array. This target was flanked on
both sides by two arrows pointed in the same direction (con-
gruent condition), in the opposite direction (incongruent con-
dition), or by lines without arrowheads (neutral condition).
The participants’ task was to indicate the direction of the
center arrow by pressing one key for the left direction or a
second key for the right direction.

Color-word Stroop task. Words were presented in four
different ink colors: red, blue, green, or yellow. The partici-
pants’ task was to indicate the color of ink by pressing one of
four keys. There were four words: RED, BLUE, GREEN, and
YELLOW. For congruent trials, the ink color and the word'’s
meaning were consistent (e.g., word RED displayed in red
ink). For incongruent trials, word meaning was inconsistent
with the color (e.g., word RED displayed in blue ink). Neutral
trials consisted of words selected to match the length and
word frequency of the color words (LOT, SHIP, KNIFE, and
FLOWER), while having neither congruency nor incongru-
ency with the ink color.

Spatial conflict task. Targets consisted of color drawings
of generic cartoon characters or objects (i.e., a lion or a dog)
presented in one of three locations on the monitor: top left
corner, top right corner, or top center. At the beginning of
each trial, two drawings (response labels) appeared near the
bottom left and right of the screen to indicate the proper
mapping between object identity and side of response. The
drawing on the bottom left side of the screen corresponded to
a left button response, and the drawing on the bottom right
side of the screen corresponded to a right button response.
When the target appeared, the participant was required to
press the key corresponding to the matching drawing, ignor-
ing the physical location of the target. In the neutral condi-
tion, the target appeared in the central position. In the con-
gruent condition, the target was presented on the same side
as the matching response drawing. An incongruent condition
consisted of a target presented on the opposite side of the
matching response drawing. Each block consisted of equal
proportions of congruent, incongruent, and neutral trials.

Apparatus and Stimuli

Stimuli were displayed on a LCD screen using the inte-
grated functional imaging system (IFIS) for fMRI research
(Psychology Software Tools, Inc., Pittsburgh, PA). Partici-
pants’ responses were collected with IFIS’s button response
unit. An RF monitor was used to synchronize the initiation of
each behavioral block with the beginning of each scan block.

For the flanker task, stimuli consisted of a row of five
horizontal black lines with arrowheads pointing leftward or
rightward, against a gray background. A single arrow or line
subtended 0.58° of visual angle and the contours of adjacent
arrows or lines were separated by 0.06°. The horizontal ex-
tent of each stimulus array (one central arrow plus four
flankers) subtended 3.27° of visual angle.

For the color-word Stroop task, the words were displayed
in capital letters (18-point size, Courier new font). Each letter
subtended 0.58° vertically and 0.49° horizontally, and letters
were separated by a space of 0.08°.
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For the spatial Stroop task, stimuli consisted of paired
picture objects (axe/fire truck, bear/goat, woman jumping
rope/woman waving, kangaroo/lion, tennis ball/volleyball).
Each of the objects subtended 2.29° of visual angle in both
width and height. The two response objects were separated
by 10.68° of visual angle. The fixation cross on the center and
either left target object or right target object was 6.87° of
visual angle above the bottom response objects. For the congru-
ent trials, the target and response object were separated by 0° of
visual angle horizontally. For the incongruent trials, the target
and response object were separated by 12.82° of visual angle.

Procedures

An event-related fMRI study with jittered trial durations
was used. Durations were chosen from a set of discrete times
approximating an exponential distribution with a mean of
6,000 ms and a range of 3,000 to 15,000 ms. Each scan
session included four 38-trial blocks for each of the three
tasks. The trial structure was similar for each task. Each
block began with two buffer trials that had a fixed duration of
6,000 ms, followed by 36 trials with 12 trials for each of the
three conflict conditions.

Each of the 12 trials in each conflict condition of each scan
session was assigned a specific duration (3,000, 3,250, 3,500,
3,750, 4,000, 4,500, 5,000, 5,500, 6,500, 8,000, 10,000, and
15,000 ms). The 6 trial types formed by considering conflict
condition (congruent, incongruent, and neutral) and response
type (left or right) were presented in a predetermined coun-
terbalanced order generated to ensure that each trial type
followed every other trial type equally often. In total, there
were 144 trials for each task and 48 trials for each conflict
condition within each task.

The beginning of each trial was marked by the appearance
of the stimulus array in the center of the screen. Stimuli
remained present on the screen until participants entered a
response or for a maximum duration of 2000 ms. Following a
response, the fixation cross reappeared and remained
present for a variable duration contingent on the duration of
the participant’s response time and the jittered duration.
This duration of this postfixation was calculated by subtract-
ing the reaction time (RT) from the predetermined jittered
duration between the onset of the target and the end of the
trial. For the spatial conflict task, two response objects ap-
peared on the bottom of the screen 500 ms before the appear-
ance of the target. The location of the target (left, central,
right) and the location of the response objects were counter-
balanced. Participants were asked to focus on a fixation cross
in the center of the screen throughout the experiment.

Behavioral data collection and analysis. Behavioral data
(reaction time and accuracy) were collected while partici-
pants performed the task in the scanner.

Acquisition of anatomic and functional MRI data. MR
imaging was carried out using a 1.5-T GE scanner. Func-
tional scans were collected using a T2*-weighted gradient
echoplanar imaging (EPI) sequence [TE = 40 ms, TR = 2000
ms, flip angle 90° with an in-plane resolution of 3.44 X 3.44
mm (64 X 64 matrix; 220-mm field of view)]. To cover the
whole brain, 24 slices, 5 mm thick (1-mm skip between

slices), were acquired along the AC-PC plane as determined
by the midsagittal section. Structural scans were collected
using a T1-weighted sequence (TR = 500 ms, TE = 14 ms) in
the same orientation as the functional sequences to provide
detailed anatomic images aligned to the functional scans. A
high-resolution structural MRI sequence (TR = 25 ms, TE =
5 ms, FOV = 220 mm, 256 X 256 matrix, thickness 1.5 mm,
slice number 100) was acquired for cross-subject registration.

Analysis of functional MRI data. The goal of the data
analysis is to extract the signal contribution owing to blood
oxygenation properties that correlate with neuronal activity
under different experimental conditions. Statistical analyses
of the functional imaging data were conducted using statis-
tical parametric mapping as provided in the practical aca-
demic software tool kit, SPM99, developed by the Wellcome
Department of Cognitive Neurology in London.

During preprocessing, the EPI time-series images were
reconstructed and processed. Because the slices of each vol-
ume were not acquired simultaneously, a timing correction
procedure (using sync interpolation) was used to correct dif-
ferences in image acquisition time between slices within each
volume. A spatial alignment was performed to correct for
subtle head motion. The time series of images acquired from
an individual participant were realigned using a least
squares approach and a six-parameter (rigid body) spatial
transformation. All volumes from each participant were
aligned to the first volume. The resultant movement param-
eters (six parameters: X, y, z, and three rotation angles) were
used as covariates in the statistical analysis phase.

EPI images were registered to each participant’'s T1-
weighted structural images and then to the high-resolution
images for later localization of functional activity and coreg-
istration across participants. To conduct the group analysis,
the high-resolution structural images were normalized to a
standard template supplied with SPM, which conforms to the
space defined by the ICBM, NIH P-20 project, and approxi-
mates that of the space described in the atlas of Talairach
and Tournoux (1988). The resultant transformation param-
eters were then applied to the EPI images. After normaliza-
tion, voxels were resampled with 2-mm? voxel size. An 8-mm?
full-width at half-maximum Gaussian kernel was applied to
smooth the EPI images to remove spatial noise.

After preprocessing, statistical analysis was conducted
based upon general linear modeling. High-pass filtering (de-
fault, 2 X min(max(intertrial interval)) over trial types) was
applied to the time series of EPI images to remove the low-
frequency drift in EPI signal. Global changes in signal inten-
sity were removed by proportional scaling.

The data from each participant were analyzed using linear
regression between the observed event-related EPI signals
and a regressor to identify the relationship between the ex-
perimental parameters and the hemodynamic response.
First, the default SPM basis function (hemodynamic re-
sponse functions, HRF) was adopted for the purposes of con-
ducting event-related analyses. Next, regressors were cre-
ated by convolving a train of delta functions (representing
the sequence of individual trials) with the fit functions. Each
of the regressors represents one expected brain response to
the stimuli. The linear combination of all of the regressors
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was used for the modeling of the hemodynamic response to
each conflict trial type within each task. The six realignment
parameters were used as covariates. The base functions were
a synthetic hemodynamic response function composed of two
gamma functions and its derivative (Friston et al., 1998). Note
that this methodological approach may be somewhat prone to
Type Il error in cases in which cortical regions of interest
demonstrate a hemodynamic function that significantly de-
viates from the SPM default HRF function employed here.

Group data analyses were conducted. Images for each par-
ticipant were collapsed into a single image for each contrast.
A random-effects analysis was carried out to make inferences
to the population. The contrast images from each participant
were used as the input data. Specifically, each participant
contributed an incongruent minus congruent image. The re-
sultant parameter estimates for each contrast at each voxel
were tested using F tests to determine whether the voxel
showed a significant difference in activity for congruent and
incongruent conditions. An uncorrected P value for extent
threshold of activated regions was used as the threshold for
significance given an initial uncorrected height threshold.
The conjunction analysis calculated the main effect and elim-
inated any voxels where there were significant differences
between tasks.

Results
Behavioral Results

Figure 1 shows the RTs, error rates, and conflict effect for
each of the three tasks. A criterion of P < 0.01 was used for
all statistical tests. ANOVAs were conducted on RTs (correct
trials only) for each of the three tasks. For the flanker task,
the main effect of flanker type was significant, F(2,22) =
16.29, P < 0.01. The contrast between incongruent and con-
gruent conditions was significant, F(1,11) = 12.08, P < 0.01,
thus demonstrating conflict. The contrast between congruent
and neutral conditions was not significant, F(1,11) = 2.32, ns.
For the color Stroop task, the main effect of word type was
significant, F(2,22) = 6.29, P < 0.01. The contrast between
incongruent and congruent conditions was significant,
F(1,11) = 10.57, P < 0.01, thus demonstrating conflict. The
contrast between congruent and neutral conditions was not
significant, F(1,11) = 1.51, ns. For spatial Stroop task, the
main effect of spatial location was significant, F(2,22) = 7.94,
P < 0.01. The contrast between incongruent and congruent
conditions was significant, F(1,11) = 9.81, P < 0.01, thus
demonstrating conflict. The contrast between congruent and
neutral conditions was marginally significant, F(1,11) =
8.36, P = 0.02.

ANOVAs were also carried out for error rate for each of the
three tasks. For the flanker task, the main effect of flanker
type was significant, F(2,22) = 7.5, P < 0.01. The contrast
between incongruent and congruent conditions was margin-
ally significant, F(1,11) = 7.28, P = 0.02. The contrast be-
tween congruent and neutral conditions was not significant,
F(1,11) = 1.94, ns. For the color Stroop task, the main effect
of word type was not significant, F < 1. For the spatial
conflict task, the main effect of spatial location was not sig-
nificant, F < 1.
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FIG. 1. Behavioral results. (a) Mean reaction times (RT) corre-

sponding to neutral, congruent, and incongruent conditions for each
task; (b) error rate (%) corresponding to neutral, congruent, and
incongruent conditions for each task; and (c) conflict effects (RT
incongruent — RT congruent). Bars, = SEM.

Reaction times for each of the three tasks were signifi-
cantly longer in the incongruent condition, thus demonstrat-
ing conflict (see Fig. 1c). The magnitude of the conflict scores
were 80, 65, and 44 ms for the flanker task, color Stroop task,
and spatial conflict tasks, respectively. All three were signif-
icantly greater then zero; however, the differences among
conflict effects were not significant, F(2,22) = 1.18, ns.

The correlations among interference effects were calculated
based on RTs. The correlation between the flanker task and the
color Stroop task was 0.48; between the flanker task and the
spatial conflict task was —0.02; and between the color Stroop
and the spatial conflict was 0.30. However, none of these effects
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TABLE 1

Regions Activated during the Flanker Task: Incongruent Minus Congruent

Region BA*® X y z Z score P® No. of voxels®
R postcentral gyrus 2 22 —38 68 3.67 0.000 153
L middle frontal gyrus 10 -34 54 10 3.63 0.000 175
R lingual gyrus 18 26 —64 6 3.35 0.000 142
L precentral gyrus 4 —-32 —16 54 3.18 0.001 530
R inferior parietal lobule 40 62 —28 28 3.15 0.001 169
L and R cingulate gyrus 24/32 -8 28 24 3.15 0.001 639
L lingual gyrus 19 -16 —58 0 3.14 0.001 76
L postcentral gyrus 1 —60 —16 30 3.07 0.001 364
L superior frontal gyrus 6 -2 16 52 2.93 0.002 86
R inferior temporal gyrus 37 54 —54 -6 2.88 0.002 97
L superior temporal gyrus 41 —36 —-34 10 2.85 0.002 84
L inferior temporal gyrus 37 -40 -70 2 2.79 0.003 74
R superior frontal gyrus 10 20 56 12 2.68 0.004 50
R precuneus 7 12 —46 54 2.53 0.006 57

2 BA, Brodmann'’s area.
® Uncorrected.

° Voxel size, 2 X 2 X 2 mm?®; height threshold, P = 0.05; extent threshold: k = 50 voxels.

were significant, P > 0.05, potentially a reflection of the small
number of participants involved in the imaging study.

fMRI Results

Tables 1-3 show the significant activations observed dur-
ing each of the tasks. Figure 2 shows the activations in
anterior cingulate and brain surface corresponding to the
flanker task, color Stroop task, and spatial conflict task.

We first examined all of the areas in which there was
evidence of a conjunction between activation in the three
tasks (see Table 4). A common conflict activation criterion
was defined such that a region must show significant activa-
tion individually in each of the three conflict subtractions
(Tables 1-3) and show evidence of a significant conjunction
activation (Table 4) using a height (intensity) threshold of
P = 0.05 and an extent threshold of k = 50 voxels, given a
voxel size of 2 X 2 X 2 mm?,

Only two areas met this stringent criterion. These regions
are illustrated in Fig. 3, which shows the points of maximum
activity for each task and the computed conjunction. Overlap
between tasks can be seen in Fig. 2. One common area was
the left dorsal anterior cingulate (Brodmann's area 32, x =
—6,y = 38, z = 18). While there was some overlap, the peaks
of activation for each task were separate. We also found a
region of the left middle frontal gyrus (Brodmann's area 10,
x = =30, y = 54, z = —4) that was activated by all three
tasks. Figures 3a and 3b show the points of peak activity in
these two regions, respectively.

We tested the contrast between incongruent and congruent
conditions for each task in both of the critical areas identified
above. Orthogonal contrasts showed that ACC activation was
greater for the flanker task in comparison with the Stroop
and spatial conflict tasks. There was no significant difference
in ACC activation between the Stroop and spatial conflict

TABLE 2

Regions Activated during the Color Stroop Task: Incongruent Minus Congruent

Region BA X y z Z score P No. of voxels
L inferior frontal gyrus 47 50 36 -8 3.74 0.000 1621
L inferior parietal lobule 40 -50 —40 48 3.07 0.000 127
L precuneus 7 —4 —58 50 291 0.002 418
L middle frontal gyrus 10 —26 56 -2 2.72 0.003 145
R inferior parietal lobule 40 64 -32 36 2.67 0.004 108
R superior temporal gyrus 41 42 —22 2 2.59 0.005 105
R inferior parietal lobule 40 50 —46 32 2.45 0.009 226
L inferior frontal gyrus 45 —38 28 14 2.37 0.010 94
L superior temporal gyrus 41 —42 —24 0 2.29 0.011 239
L cuneus 18 -14 —80 34 2.29 0.011 77
R postcentral gyrus 1 40 20 44 2.19 0.014 67
R and L lingual gyrus 18 4 -84 -6 2.12 0.017 72
R superior temporal gyrus 22 42 -4 -18 2.12 0.017 132
L cingulate gyrus 32 —4 38 30 1.94 0.026 51
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TABLE 3

Regions Activated during the Spatial Conflict Task: Incongruent Minus Congruent

Region BA X y z Z score P No. of voxels
L superior temporal gyrus 39 —38 —52 28 3.13 0.001 405
R inferior temporal gyrus 20 40 -16 —24 2.73 0.003 141
L cingulate gyrus 32 -16 32 —4 2.72 0.003 95
R superior temporal gyrus 22 56 0 2 2.58 0.005 423
L superior temporal gyrus 12 —42 2 -8 2.57 0.005 63
L postcentral gyrus 40 —50 —18 14 2.57 0.005 226
L superior frontal gyrus 10 -12 64 12 2.36 0.009 240
R middle temporal gyrus 21 62 -16 -12 2.34 0.010 61
L and R precuneus 7 -2 —72 40 2.25 0.012 155
L middle frontal gyrus 9 —36 30 28 2.08 0.019 56
L cingulate gyrus 32 -6 46 12 1.96 0.025 63

tasks. There were no significant differences among the three
tasks in amount of activation of area 10.

Discussion

The results of this study identified two general brain areas
systematically involved in conflict during all three tasks: the
anterior cingulate and the left prefrontal cortex. Similar,
although not identical, areas have been identified in a num-
ber of prior studies and meta-analyses of tasks involving
strong levels of effortful control (Bush et al., 2000; Duncan
and Owen, 2000).

In this study, the common activations were independent of
whether the task was linguistic or spatial. Judging from
overall reaction time and error rates in the neutral condition,
the Stroop task was the most difficult behaviorally; however,
there is no evidence that it produced more activation in
either of the two common areas.

The flanker task seemed to produce the most interference
when one considers both the conflict effect in RT shown in Fig.
1c and the high error rate specific to the incongruent trials. The
flanker task also showed significantly more activation in the
ACC and the largest number of active voxels overall.

Because the conflict within the three tasks leads to activa-
tion within the anterior cingulate and lateral prefrontal ar-
eas that is anatomically common across all three tasks, as
well as patterns of activation that are task specific, it is
important to determine from behavioral data whether the
tasks are independent in terms of correlations across partic-
ipants and whether or not they interfere when performed
together. Experiments 2 through 4 are designed to explore
these questions.

EXPERIMENT 2

In Experiment 2, we evaluate one possible implication of
common and separate anatomy found in Experiment 1. Given
that the flanker task, the Stroop task, and the spatial conflict
task all activate the anterior cingulate cortex and left BA 10
during conflict trials, does a participant’s performance on one
task correlate with performance on another?

Experiment 1 suggested small but nonsignificant correla-
tions between conflict scores on different tasks. However, this

lack of effect may have arisen due to the low power produced
by the small sample size. In Experiment 1, cognitive subtrac-
tions designed to isolate conflict sensitive components of the
three tasks revealed two areas of common neural activity.
Experiment 2 addresses whether participants’ reaction times
in these cognitive subtractions correlate across tasks.

Materials and Methods
Participants

A total of 40 paid adult volunteers between the ages of 20
and 44 (mean age, 30; 23 women and 17 men) participated in
the experiment. All participants reported normal or corrected
to normal vision. A signed informed consent approved by the
New York Presbyterian Hospital/Weill Medical College of
Cornell University was obtained from each participant before
the experiment.

Apparatus and Stimuli

Stimuli were presented via E-Prime, a commercial ex-
periment programming application, on an IBM-compatible
personal computer running Windows 95, using a 14-in.
NEC SVGA monitor. Participants viewed the screen from a
distance of 65 cm, and responses were collected via two
input keys for flanker task and four keys for color Stroop
task.

The flanker task was altered to allow the addition of cue
conditions to measure alerting and orienting aspects of
attention (see Fan et al., 2002, for details), and the visual
angles were different given the change in monitors be-
tween Experiments 1 and 2. A single arrow or line sub-
tended 0.55° of visual angle and the contours of adjacent
arrows or lines were separated by 0.06° of visual angle.
The stimuli (one central arrow plus four flankers) sub-
tended a total 3.08° of visual angle. There were three test
blocks with a total of 288 trials. In this article, we report
only the conflict scores with cue condition collapsed. For
the color Stroop task, the visual angles were also slightly
different. A single letter subtended 0.58° of visual angle in
height and 0.49° in width. Between each letter there was a
0.08° of visual angle blank. A 32-trial practice session
followed by a short break preceded the 144 experimental
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FIG. 2. View of activations corresponding to flanker task, color Stroop task, and spatial conflict task. (a) Cross-section view of activations
in anterior cingulate; (b) activations seen on the brain surface. For the surface map, the red color indicates flanker task, the green color
indicates color Stroop task, and the blue color indicates the spatial conflict task.

trials. For the spatial conflict task, all of the objects sub-
tended 3° of visual angle in horizontal and vertical extents.
The two response objects at the bottom of the screen ap-
peared 14° from the central fixation cross (measured diag-
onally) and were separated horizontally by 11° of visual
angle. In the congruent trials a target was horizontally
aligned with its matching response object and separated
from it by 9° of visual angle. In incongruent trials, the
target was situated directly above its mismatched re-
sponse object and separated from it by 17° of visual angle

(measured diagonally). Twenty-four practice trials were admin-
istered to every participant using a single pair of pictures (axe/
fire truck). This session was followed by a short break and then
by 48 experimental trials consisting of the other four stimulus
pairs.

Procedure

Each participant was tested in all three tasks in the same
order. First, participants completed one session of the flanker
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FIG. 3. Conjunction analysis results. (a) Sagittal view of ACC
activations corresponding to each task; (b) axial view of prefrontal
activations. Small circle indicates flanker task, square indicates
color Stroop task, triangle indicates spatial conflict task, and large
circle indicates the conjunction of the three conflict tasks.

task. Next they were administered the color Stroop task
followed by a second session of the flanker task. Finally, they
were tested with the spatial conflict task. The duration of the
entire experiment was approximately 1 h.

Results

Table 5 shows the mean RT; specifically, we calculated
medians for each condition, and then the mean was calcu-
lated based on these medians. An ANOVA was carried out for
RT with task (flanker, color Stroop, spatial Stroop) as one
factor and trial type (congruent, incongruent, neutral) as the
other. The main effect of task was significant, F(2,78) =
76.28, P < 0.01. Contrasts showed that the mean RT for the

flanker task (501 ms) was significantly different from the
mean RT for the color Stroop (712 ms), F(1,39) = 135.03, P <
0.01. The difference between the color Stroop and spatial
conflict (595 ms) was also significant, F(1,39) = 43.51, P <
0.01. The main effect of trial type was also significant,
F(2,78) = 131.94, P < 0.01. Contrasts showed that the dif-
ference between congruent and incongruent conditions was
significant, F(1,39) = 172.50, P < 0.01. The difference be-
tween congruent and neutral conditions was marginally sig-
nificant, F(1,39) = 7.18, P = 0.01. The interaction between
task and trial type was significant, F(4,156) = 19.69, P <
0.01.

The conflict effect in each of the three tasks was calcu-
lated in two ways: the difference between median RT in
incongruent trials and congruent trials (I-C) and between
median RT in incongruent trials and neutral trials (I-N).
In all three tasks, the conflict effects were significant, P <
0.01. The interaction between the conflict effect (congruent
versus incongruent) and task was significant, F(1,39) =
12.93, P < 0.01. For I-C, the conflict effect of the color
Stroop was greater than flanker task, F(1,39) = 12.93, P <
0.01. The conflict effect of the flanker task was greater
than spatial conflict, F(1,39) = 34.48, P < 0.01. For I-N,
the conflict effect of the color Stroop was not significantly
different from flanker task, F < 1. The conflict effect of the
flanker task was greater than spatial conflict, F(1,39) =
11.33, P < 0.01.

For the error rate data, the main effect of task was signif-
icant, F(2,78) = 11.09, P < 0.01. The mean error rate for the
flanker task (1.82%) was significantly smaller than the mean
error rate on the color Stroop (3.73%), F(1,39) = 25.32, P <
0.01; the difference between flanker task errors and spatial
conflict errors (3.00%) was not significant, F(1,39) = 3.90, ns.
The main effect of trial type was also significant, F(2,78) =
15.10, P < 0.01. Congruent trials showed significantly fewer
errors than incongruent trials, F(1,39) = 18.76, P < 0.01. The
difference between congruent and neutral conditions was not
significant, F < 1. The interaction between task and trial
type was not significant, F(4,156) = 2.05, ns.

As shown in Table 6, overall reaction times across the
three tasks were significantly correlated. These correla-
tions ranged between 0.50 and 0.68. Table 6 also shows
correlations between the measures of conflict resolution
(median incongruent RT minus median congruent RT, I-C;

Word Type
Flanker Type Congruent Neutral Incongruent
XXX XXX XXXXX
Congruent RED LOT GREEN
XXX XXX XXXXX
Neutral RED LOT GREEN
XXX XXX NXXXX
Incongruent RED LT GREEN
XXX XXX XXXXX

FIG. 4. Examples of stimuli from the color-word Stroop with
color flanker task.
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TABLE 4

Cognitive Conjunction Analysis of Three Tasks: Incongruent Minus Congruent

Region BA X y z Z score P No. of voxels
R superior temporal gyrus 22 50 6 0 4.34 0.000 1415
R inferior parietal lobule 40 66 -22 30 4.34 0.000 401
L inferior parietal lobule 40 —60 —40 24 3.64 0.000 829
R superior frontal gyrus 10 14 60 20 3.36 0.000 323
L cuneus 18 —4 —78 24 3.19 0.001 1718
R fusiform gyrus 20 42 -18 -18 2.97 0.002 72
L middle frontal gyrus 10 -30 54 -4 2.83 0.002 416
R inferior temporal gyrus 37 56 —50 —-12 2.83 0.002 165
R inferior frontal gyrus 45/46 40 24 20 2.50 0.006 68
L superior frontal gyrus 9 -30 34 32 2.49 0.006 190
L cingulate gyrus 32 -6 38 18 2.42 0.008 177
L fusiform gyrus 20 —-36 -12 —24 2.42 0.008 120
R inferior frontal gyrus 44 50 14 32 2.42 0.008 54
R superior frontal gyrus 9 30 38 30 2.30 0.011 123

median incongruent RT minus median neutral RT, I-N)
provided by each of the three tasks. No significant corre-
lations were found for conflict measures among any of the
three tasks.

Discussion

We found a significant difference between the reaction
times for incongruent and congruent trials (a conflict effect)
in all three tasks. These effects provide a measure of one’s
ability to resolve cognitive conflict in a variety of contexts.
The neuroimaging data in Experiment 1 suggest that the
incongruent trials in all three tasks activate the anterior
cingulate cortex and left BA 10 more than congruent trials. If
the activation within these regions is common and they are
responsible for resolving a cognitive conflict, there should be
strong correlations between tasks. However, this prediction
was not confirmed. Correlations among conflict scores in the
three tasks were not significant. One reason for the lack of
correlation might be that the subtracted conflict RT might
not be sufficiently reliable to produce significant correlations.
However, in a previous study of the flanker task (Fan et al.,
2002), we found the test-retest reliability for conflict scores
to be 0.7, which should have been sufficient to produce sig-

nificant correlations. Moreover, in a twin study addressing
the heritability of attentional measures, we found correla-
tions between conflict measures of 0.89 for MZ twins (Fan et
al., 2001).

If one considers the activation of Experiment 1 to arise
from a common anatomy, the results of Experiment 2 are not
predicted by the hypothesis proposed by Kinsbourne and
Hicks (1978) and by Posner and colleagues (1989), suggesting
that tasks sharing a specific neural circuitry place demands
upon similar cognitive resources. Alternatively, these results
might suggest that the conflict network plays a more passive
role in the resolution of cognitive conflict than has been
suggested elsewhere (Posner and Petersen, 1990; Posner and
Raichle, 1994). Posner and Petersen (1990) argue that the
anterior cingulate is the place where computations associ-
ated with resolving a cognitive conflict occur. They term this
process “executive control” and argue that in response to
incongruent conditions within a conflict task, the anterior
cingulate actively performs the steps necessary for a partic-
ipant to resolve the conflict to make an appropriate response.
The finding that conflict effects in our three tasks do not
correlate significantly, even though each task requires a form
of conflict resolution and engages the anterior cingulate, is

TABLE 5

Mean Reaction Times and Error Rates for Congruent,

Incongruent, and Neutral Conditions in Experiment 2°

Task Congruent Incongruent Neutral Mean I-C I-N
Flanker
RT (ms) 475 (41) 559 (53) 470 (40) 501 (44) 83 (4) 89 (4)
Error rate (%) 0.48 (0.07) 4.04 (3.76) 0.94 (1.460) 1.82 (1.72)
Color stroop
RT (ms) 650 (116) 790 (183) 696 (134) 712 (139) 139 (16) 94 (14)
Error rate (%) 2.86 (3.82) 5.26 (4.5) 3.00 (3.77) 3.73(2.97)
Spatial conflict
RT (ms) 589 (100) 618 (120) 579 (105) 595 (103) 30 (10) 40 (9)
Error rate (%) 2.00 (5.04) 3.00 (4.48) 2.00 (3.33) 3.00 (2.60)

@ Number in parentheses is SD.
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TABLE 6

Correlations between Mean Reaction Times and Conflict
Subtraction Scores Based on Reaction Times in Experiment 2

Flanker Color Stroop
1-C I-N  Mean 1-C I-N Mean

Color Stroop

I-C 0.13 0.24 0.45**

I-N 0.09 0.19 0.33*

Mean RT 0.03 0.17 0.68**
Spatial conflict

I-C 0.23 0.17 0.00 —0.05 -0.02 -0.04

I-N 0.22 0.28 0.19 0.10 0.10 0.33*

Mean RT 0.04 0.09 0.50** 0.42** 0.28 0.57**

Note. I-C, incongruent minus congruent; I-N, incongruent minus
neutral.
* Correlation is significant at the 0.05 level (two-tailed).
** Correlation is significant at the 0.01 level (two-tailed).

surprising by this hypothesis. Alternatively, Botvinick and
colleagues (2001) argue that the anterior cingulate plays a
more passive role in resolving the conflicts present in these
three tasks and similar ones. They propose that the anterior
cingulate is involved in “conflict monitoring.” By this hypoth-
esis, the ACC is functionally involved in only the process of
detecting cognitive conflict when it occurs and then sends a
signal to other networks responsible for resolving the conflict.
These researchers designed a computational model with a
conflict-monitoring node and were able to use this model to
simulate many notable behavioral results for both the color
Stroop task and the classic flanker task (Eriksen and Erik-
sen, 1974). In this case, the anterior cingulate, while playing
a critical role in the ultimate improvement of performance
during instances of conflict, does not play an active role in the
resolution of any particular conflict. While low correlations
among our three tasks cannot be taken as evidence proving
one theory of ACC function or disproving another, these data
are more consistent with the conflict-monitoring hypothesis
(Botvinick et al., 2001). However, because these conflict tasks
also activated overlapping prefrontal areas, this more pas-
sive domain general monitoring function might involve a
larger network of areas rather than just the ACC.

EXPERIMENT 3

In Experiment 2 we found that, despite areas of shared
activity, performance in the conflict conditions of the flanker
task, the Stroop task, and the spatial conflict task did not
correlate. However, correlations in performance data (conflict
scores) might be a rather weak test of common mental oper-
ations. Although the three tasks may share some form of
conflict operation, they also have a number of unique aspects
that could influence the relative difficulty individual partic-
ipants experience with conflict operations within each of the
tasks.

While both the flanker task and the color Stroop task
measure a response latency emerging from conditions in
which participants must inhibit a response to irrelevant

stimulus information, these tasks could represent fundamen-
tal differences in the way conflict is instantiated (Hazeltine et
al., 2000).

Experiment 3 was designed to address two goals. First,
we wanted to investigate possible reasons for the low cor-
relation found in Experiment 2 between the conflict effects
in the flanker and Stroop task. It is possible that some
participants employ a specific strategy known to be effec-
tive in the Stroop task looking away from the display. We
introduced a hybrid flanker and color Stroop that reduced
this possibility by making the surrounding stimuli incon-
gruent with the target; thus, participants were discour-
aged from focusing on locations other than the target stim-
ulus. In addition to participating in the hybrid Stroop/
flanker task, participants were also tested with the same
flanker task used in Experiment 1. If the reason for the low
correlation found in Experiment 1 between the flanker
task and the Stroop task was that the flanker and the
Stroop task require the resolution of fundamentally differ-
ent types of conflict, then we should expect a low correla-
tion between the two tasks in this experiment. However, if
the low correlations were attributable to strategic effects
that are reduced in the present design, we might expect
higher correlations between flanker and Stroop under the
current conditions.

Second, in considering whether the various conflict tasks
share a common mental operation related to conflict, we were
interested in whether having to resolve two forms of conflict
within the same trial would produce increased interference
in comparison with single conflict trials. Under the logic of
dual-task performance experiments, if two tasks draw on the
same limited-capacity mental operation simultaneously, that
shared process should impose a bottleneck in processing,
delaying time to completion. Even if participants differ in
their strategies under single task conditions, one would ex-
pect interference when they must perform two conflict oper-
ations together.

To achieve both of these goals, Experiment 3 introduces
a novel hybrid between the Stroop task and an element of
the flanker task that requires participants to ignore
nearby peripheral stimuli that might otherwise introduce
response conflict. By placing colored flanker stimuli above
and below the central Stroop stimulus, we discouraged
participants from engaging in strategies that involved
looking away, and we also introduced the possibility of
making the color flankers congruent or incongruent with
the response. The task included two dimensions with
which a word’s display color could conflict at the same
time. The hybrid Stroop/flanker task includes a conflict
element that competes with the target stimulus along a
spatial dimension.

By comparing RT in conditions with a single incongruency
compared with conditions with two incongruencies, we expect
that we will be able to investigate the degrees to which
shared brain areas result in interference between two tasks.
The hypothesis that a greater sharing of neural anatomy
results in greater interference predicts that conditions with
two conflict parameters should produce an additive delay in
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reaction time compared with conditions with only a single
conflict parameter.

Materials and Methods
Participants and Apparatus

Twenty-four paid adult volunteers participated in both
tasks of Experiment 3. Informed consent was collected as
in Experiment 2, and the apparatus used to administer
computerized tasks in Experiment 3 was identical to that
of Experiment 2.

Flanker task. The methodology for the flanker task in
Experiment 3 was identical to that of Experiment 2, except
that only one session of the flanker task was administered in
this experiment. Measures of conflict were calculated in the
same way reported in Experiment 2.

Hybrid Stroop/flanker task. Stimuli in the hybrid Stroop/
flanker task consisted of a centrally appearing word in one of
four ink colors and surrounded above and below by color
flankers (see Fig. 4). Color flankers were a row of X’s, also in
one of four ink colors, matched to the stimulus word for
length. Neutral and color stimulus words were the same in
both Experiment 1 and Experiment 2.

Three stimulus conditions were available in this experi-
ment based on flanker categories. In a congruent condition,
stimulus words and flankers were the same ink color. In the
incongruent condition, the word and flankers were in differ-
ent colors of ink. A neutral flanker condition was defined by
the absence of color flankers making this condition compara-
ble to Experiment 2.

The addition of color flankers resulted in a 3 X 3 factorial
design. The first factor was the color and word congruency
of the central target (i.e., standard Stroop effect). The
second factor was the congruence of the color flankers and
word ink color (congruent, incongruent, or neutral). There-
fore, there were a total of nine possible conditions in this
experiment.

There were four blocks in this experiment. Each partic-
ipant began with a short practice block followed by three
experimental blocks each lasting approximately 10 min.
The practice block included 27 trials and each experimen-
tal block included 144 trials. Within each block, the trials
were randomly presented with equal numbers of trials for
each of the nine conditions.

Results
Flanker Task

An ANOVA was carried out for the RTs from the flanker
task. The main effect of flanker type was significant,
F(2,46) = 268.15, P < 0.01. The contrasts of I-C and I-N were
significant, F(1,23) = 276.14, P < 0.01, and F(1,23) = 323.54,
P < 0.01, respectively. The difference between congruent and
neutral conditions was not significant, F < 1.

An ANOVA on error rate showed a significant main effect
of flanker type, F(2,46) = 11.39, P < 0.01. The contrasts of I-C
and I-N were significant, F(1,23) = 12.92, P < 0.01, and
F(1,23) = 10.21, P < 0.01, respectively. The difference be-
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FIG. 5. Results of Experiment 3. (a) The RTs for each condition;
(b) the error rates for each condition. (®) flanker incongruent; (m)
flanker congruent; (A) flanker neutral.

tween congruent and neutral conditions was marginally sig-
nificant, F(1,23) = 5.13, P = 0.03.

Hybrid Stroop/Flanker Task

Figure 5 shows the RT (Fig. 5a) and error rate (Fig. 5b)
for each condition. An analysis of variance on RT shows a
significant main effect of word type (congruent, incongru-
ent, or neutral), F(2,46) = 42.13, P < 0.01, and a signifi-
cant main effect of flanker type (congruent, incongruent, or
no flanker), F(2,46) = 56.95, P < 0.01. The interaction
between these two factors was significant, F(4,92) = 3.55,
P = 0.01. To further examine the nature of the interaction,
neutral conditions for both words and color flankers were
excluded. The interaction of word type (congruent, incon-
gruent) by color flanker type (congruent, incongruent) was
not significant, F(1,23) = 2.13, ns.
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TABLE 7

Magnitude of Conflicts in RT and Correlations among Conflict Effects in Experiment 3

Color Stroop (no

Color flanker? Color Stroop flanker)
Effect (ms) I-c* I-N I-C I-N I-C I-N Mean®

Flanker task

I-C 92 —-0.02 0.53** 0.47* 0.58**

I-N 94 —-0.32 0.53** 0.51** 0.51*

Mean 514 0.68**
Color flanker

I-C 50 0.09 0.38 0.19

I-N 57 -0.13 —0.03 0.10
Color Stroop

I-C 99 0.86** 0.39

I-N 64 0.82** 0.46*
Color Stroop (no flanker)

1-C 121 0.48*

I-N 78 0.36

Mean? 733

@ The design is a 3 X 3 factorial design with color flanker and color word as the two factors. Here the “color flanker” means the main effect
of the color flanker and “color Stroop” means the main effect of color word. “Color Stroop (no flanker)” is just for the neutral flanker condition.
® |-C, incongruent minus congruent; I-N, incongruent minus neutral.

¢ Mean of color word with color flanker together.
* Correlation is significant at the 0.05 level (two-tailed).
** Correlation is significant at the 0.01 level (two-tailed).

Contrasts were conducted to examine the conflict effects
(I-C and I-N). Table 7 shows the effects of conflict in the
hybrid Stroop/flanker task. For the flanker effect, the I-C
conflict effect was significant, F(1,23) = 59.03, P < 0.01.
The I-N conflict effect also was significant, F(1,23) =
146.49, P < 0.01. For the word effect, the I-C conflict effect
was significant, meaning that participants were slower for
words that were incongruent with the ink color, F(1,23) =
56.00, P < 0.01; the I-N conflict effect also was significant,
F(1,23) = 28.44, P < 0.01. For the no flanker conditions,
the conflict effects for the words (traditional color Stroop)
were significant, F(1,23) = 55.71, P < 0.01, and F(1,23) =
22.81, P < 0.01, for I-C and I-N, respectively.

An ANOVA was carried out for the error data. The effect of
word type (congruent, incongruent, or neutral) was not sig-
nificant, F(2,46) = 1.10, ns, and the effect of flanker type
(congruent, incongruent, or no flanker) was not significant,
F(2,46) = 1.10, ns. The interaction between these two factors
was also not significant, F(4,92) = 1.45, ns.

Correlation Analysis

Table 7 shows the conflict effects measured in RT in
these tasks and the correlations among them. As in previ-
ous experiments, all of the contrasts show significant ef-
fects of conflict (i.e., incongruent RT > congruent or neu-
tral RT).

Correlations between conflict effects within the standard
flanker task and the hybrid Stroop/flanker task were signif-
icant. However, within the hybrid Stroop/flanker task, the
conflict effect generated by the color flankers was not signif-
icantly correlated to the conflict generated by words, r = 0.09
and r = —0.13 for I-C and I-N, respectively.

Discussion
Correlation between the Two Tasks

We designed Experiment 3, in part, hoping that it would
illuminate possible reasons for the low correlation found in
Experiment 2 between the flanker task and the color-word
Stroop task. We expected that a Stroop task with distracting
elements near the target stimulus would show a strong cor-
relation with the flanker task because both these tasks re-
quire the active selection of relevant from irrelevant infor-
mation based on the spatial location of stimuli with similar
qualities. This expectation was confirmed. We found a signif-
icant correlation between conflict effects in the flanker task
and the Stroop task with color flankers.

This finding is consistent with our starting assumption
that by discouraging strategies such as looking away during
the Stroop task, we might eliminate one source of variance
that prevented us from demonstrating a correlation between
conflict components in the Stroop and flanker tasks. How-
ever, this pattern of results was restricted to flanker conflict
as estimated by the standard flanker task. When flanker
conflict was assessed within the hybrid Stroop/flanker task,
flanker conflict was uncorrelated with Stroop conflict. This
second set of findings mitigates against any strong claims
that participants’ performance in the conflict component of
the flanker task is systematically related to their perfor-
mance in the conflict component of the Stroop task.

Interference between Different Conflict Parameters

The Stroop task with color flankers used in Experiment 3
had two conflict parameters, incongruent words and incon-
gruent spatial flankers, which both could conflict with the
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color of the target in this task. Kinsbourne and Hicks (1978)
and Posner et al. (1989) argue that when two simultaneous
operations share a brain area, they should interfere with
each other. By this hypothesis, the double incongruent con-
dition in Experiment 3 should show a larger degree of inter-
ference compared with conditions including only a single
conflict. As demonstrated in Experiment 1, the conflict in
these two tasks activates a common anterior cingulate—pre-
frontal network. Nonetheless, this prediction was not con-
firmed. There was no significant interaction between manip-
ulations that influenced conflict via the target word and
manipulations that influenced conflict via the color flankers.

These data are consistent with the low correlation found in
Experiment 1 between the flanker task and the Stroop task.
Together, these findings suggest that despite some shared
anatomy, the two tasks can be relatively independent and not
engage the same, limited cognitive resources.

EXPERIMENT 4

In Experiment 4 we wanted to look further into time shar-
ing between two conflict dimensions when they are merged in
a single task. Therefore, we developed a task including in-
congruent flankers as one conflict parameter and spatial
incompatibility as a second conflict parameter.

The task required that participants respond to arrow stim-
uli like those in the flanker task in Experiments 2 and 3. In
this experiment, however, the array of arrows appeared to
the left or to the right of a vertical line bisecting the display
screen. Therefore, there were conditions in which the direc-
tional response implicated by the central arrow stimulus was
different from the side of the screen on which the arrows
appeared.

These two types of conflict both activate the cingulate—
prefrontal network as shown in Experiment 1. If carrying out
the two operations involve the same network, we should find
an interaction between flanker and spatial conflict that re-
flects the increased effect of carrying out both at the same
time.

Materials and Methods
Participants

Twelve paid adult volunteers participated in this experi-
ment. They signed an informed consent approved by the
Weill/Cornell Medical College before participating.

Apparatus and Stimuli

Stimuli were presented on a 15-in. laptop display using
E-prime software (Psychology Software Tools, Inc.). The
stimuli were identical to those in the flanker task used in
Experiments 2 and 3, except that no neutral stimuli were
included in this experiment, and the central arrow was two
times wider vertically than flanker arrows.

Stimuli appeared at the vertical center of the screen, just to
the left or right of its horizontal center. A vertical line divided
the screen through its horizontal center and with a visual
angle of 1.05° between the central target arrow and the line

regardless of whether the target appeared on the left or on
the right. The vertical line remained present throughout the
experiment, and a small horizontal line bisected the vertical
in the center of the screen to create a fixation cross.

Procedure and Design

Participants were instructed to foveate on the central fix-
ation cross throughout the experiment. In every trial, a row
of target arrows appeared to the left or to the right of fixation.
Participants responded to the direction of the central target
arrow while ignoring the placement of the stimuli and the
direction of the flanker arrows. Responses were entered with
the participant’s left index finger on the “Z” key for a left
response and with a participant’s right index finger on the “?”
key for a right response. They were instructed to respond as
quickly and as accurately as possible. The duration of each
trial was 4 s. Stimuli remained on the screen until the par-
ticipant responded or for a maximum of 1.7 s.

The experiment began with a practice block containing 24
trials followed by five blocks, each consisting of 96 trials.
Speed and accuracy feedback was provided only during prac-
tice trials. The 480 experimental trails comprised four con-
ditions in a two (two flanker types: congruent and incongru-
ent) by two (two location types: congruent and incongruent)
factorial design.

Results

Figure 6 shows the results. The median RTs were calcu-
lated for correct trials for each condition for each partici-
pant and were then averaged across both conditions and
participants or across conditions to create a grand mean
RT. The grand mean RT was 560 ms and SD was 41 ms.
The mean error rate was 3.54% with a SD of 2.85%. ANO-
VAs were carried out for RT and error rate data separately.
For the RT data, the main effect of flanker conflict (I-C, 80
ms, SD = 15 ms) was significant, F(1,11) = 343.03, P <
0.01. That is, participants responded faster for trials with
congruent flankers than incongruent flankers. However,
the main effect of side of presentation (7 ms, SD = 17 ms)
was not significant, F(1,11) = 1.89, ns. The interaction
between flanker type and side of presentation was margin-
ally significant, F(1,11) = 7.11, P = 0.02. To further ex-
plore the nature of the interaction, simple comparisons
were conducted. Within the congruent flanker condition,
the comparison between congruent and incongruent side of
presentation was marginally significant, F(1,11) = 6.69,
P = 0.03, meaning that participants responded faster for
congruent side of presentation than incongruent side of
presentation. The side of presentation congruence was not
significant for the incongruent flanker condition, F < 1.

For the accuracy data, there was a marginally signifi-
cant main effect of side of presentation congruence
F(1,11) = 7.24, P = 0.02. The main effect of flanker was
significant, F(1,11) = 25.97, P < 0.01. Moreover, there was
a marginally significant interaction, F(1,11) = 4.02, P =
0.07. To further explore the interaction, simple compari-
sons were conducted. The side of presentation congruence
effect was not significant under the congruent flanker con-
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FIG. 6. Results of Experiment 4. (a) The RTs for each condition;
(b) the error rates for each condition. (®) location congruent; (m)
location incongruent.

dition, F(1,11) = 1.76, ns. The side of presentation congru-
ence was marginally significant under the incongruent
flanker condition, F(1,11) = 5.88, P = 0.03. Participants
made more errors for incongruent flanker trials when they
were on the incongruent side.

The correlation between side of presentation conflict (as
measured by I-C of side of presentation) and flanker conflict
(as measured by I-C of flanker) was not significant, r =
—0.47, ns.

Discussion

We designed Experiment 4 to investigate the relative in-
dependence of the flanker and spatial conflict. Unfortunately

the side of presentation conflict effect was very small. Despite
this difficulty, the RT data showed less interference when
two sources of conflict were present together, directly oppo-
site from our prediction of overadditivity (interaction) based
on the common anatomy of these two domains of conflict.

The accuracy data provided a different picture. There were
more errors in conditions with both incongruent flankers and
an incompatible spatial arrangement compared with condi-
tions including a single conflict parameter. This effect was
overadditive in the direction of an increase in difficulty when
the two forms of conflict were processed simultaneously
rather than with either one alone.

Why would there be a dissociation between accuracy and
RT data in this experiment? Often, in paradigms like this
one, a dissociation between accuracy and RT is interpreted as
a speed accuracy tradeoff. That is, participants performing
very quickly on a particular task tend to make mistakes in
the more difficult conditions. In such cases, both RT and
errors need to be considered in evaluating the degree of
interference between the two tasks. The interaction effect for
errors and RT are both quite small. Even if the double incon-
gruent condition is slightly more difficult than either single
condition, as suggested by the higher error rate, this does not
appear to be a sufficiently strong interaction to provide
strong evidence of a common underlying limitation or mech-
anism. Perhaps the side of presentation manipulation does
not produce conflict effects that are robust enough to be used
as an effective probe within dual task interference para-
digms.

GENERAL DISCUSSION

All tasks in this series of experiments produced longer RTs
in the incongruent than in the congruent condition. We found
that all three tasks also activated two areas that were in
common: the left dorsal anterior cingulate (area 32) and left
prefrontal cortex (area 10).

Previous work (e.g., Botvinick et al., 2001; Bush et al.,
2000; Duncan and Owen, 2000) has shown that the anterior
cingulate and prefrontal cortex are involved in aspects of
handling conflict. The form of conflict was somewhat differ-
ent across our three tasks, and although we found some
evidence of common activation in cingulate and left prefron-
tal cortex, there were other active brain areas that differed
between tasks. Based on this finding and the previous liter-
ature we examined some of the behavioral implications of the
anatomy found active in the fMRI study.

In Experiment 2 we found no significant correlations
among the conflict measures of the three tasks used in Ex-
periment 1. Only in the limited circumstances in Experiment
3, when we surrounded the standard color Stroop with
flanker stimuli, did we find a correlation between flanker
conflict and color Stroop conflict. This finding was only true
when we related color Stroop effect to the standard flanker
and not with the color-flanker condition in the hybrid task
which combined the two tasks. Thus, there is little or no
evidence of a significant relationship between the various
forms of conflict that we have studied, despite their common
activation within cingulate and prefrontal regions.
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In Experiments 3 and 4 we also examined the degree of
interference between two forms of conflict when they were
embedded in a common task and were processed simulta-
neously. We found no evidence of interaction between the
flanker and Stroop conflict effects in Experiment 3. In fact,
when both forms of conflict were present, the RT was less
than the sum of the two individual conflict effects (underad-
ditivity). When the word and color were incongruent, the
flanker effect was actually reversed. That is, participants
made more errors in ink color naming during congruent
flanker conditions than during incongruent flanker condi-
tions. This result suggests that the Stroop conflict and
flanker conflict could generally be resolved in parallel.

In Experiment 4 we studied the flanker effect together
with spatial conflict. Once again there was no evidence of an
increase in RT when both conflicts had to be handled to-
gether. There was a small tendency for the error rates to be
higher in the double conflict condition. If participants had to
slow down to avoid excessive error in the double conflict case,
it is possible that there might be a slight tendency for in-
creased interference in RT for the double conflict condition,
but this would be only a very small effect.

We anticipated, based on the idea of Kinsbourne and Hicks
(1978), that when two tasks both involved the resolution of
conflict to the extent they shared a common anatomy they
would produce very strong interference when performed to-
gether. The fact that this was not the case led us to seek some
explanation.

Of course the proposed connection between common
anatomy, priming, and interference outlined by Kins-
bourne and Hicks (1987) could be false despite its appeal-
ing simplicity and generality. There are also many other
ways to try to fit together the current results that indicate
relative behavioral independence between different conflict
tasks. For example, because the overlap between tasks within
the cingulate and lateral prefrontal cortex was only partial we
might suggest that the computations are actually made in sep-
arate brain areas.

Another possibility is that the entire ACC-PFC network, as
argued by Botvinick et al. (2001) for the cingulate, only mon-
itors for conflict, but does not execute operations that resolve
conflict. Previous work on monitoring sensory input suggests
that multiple inputs can be monitored in parallel, but when
even the simplest action is associated with a target there is
interference when actions toward two targets must occur in
parallel (Duncan, 1980). If the same holds true for the mon-
itoring of conflict, we might expect simultaneous monitoring
to take place in parallel and interference to occur only when
multiple tasks require the same area for execution or reso-
lution of the conflict. If this network involves only monitor-
ing, one might expect the operations to be carried out in
parallel. In that case, the areas involved in suppression
would be expected to differ among the tasks, which would
also be consistent with the low correlations between tasks.
While this explanation appears consistent with our finding,
the issue of the behavioral consequences of common activa-
tion certainly requires more attention from investigators.
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