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Emotion and cognition are two fundamental aspects of 
human mental processes that are believed to interact to ac-
count for individual differences in personality (Mischel 
& Shoda, 1995), decision making (Damasio, 1994), and 
aspects of intelligence (Mayer & Salovey, 1995; Salovey 
& Mayer, 1990). One brain region that appears to mediate 
both affect and cognition is the anterior cingulate cortex 
(ACC; Compton et al., 2003; Devinsky, Morrell, & Vogt, 
1995; Yamasaki, LaBar, & McCarthy, 2002). One paradigm 
that has been successfully exploited to document the role 
of the ACC in affective and cognitive aspects of informa-
tion processing has been the Stroop task (Stroop, 1935).

In the classic form of the Stroop task (Stroop, 1935), 
participants are asked to identify, as quickly and accurately 
as possible, the color in which a word stimulus is printed. 
Reaction times (RTs) are longer when the semantic and 
perceptual dimensions of the stimulus are incongruent 
(e.g., the word red printed in the color blue) than when 
they are congruent (the word red printed in the color red) 
or unrelated (the word house printed in red). Thus, for in-
congruent trials, the semantic and perceptual dimensions 
of the stimulus map onto the same construct (color) but 

lead to different results (“red” for word meaning, “blue” 
for word appearance). Because this construct is relevant 
to selecting the correct response, the two dimensions of 
an incongruent stimulus can be said to be in conflict with 
each other over the final response output. Neuroimaging 
studies using the classic Stroop task suggest that this type 
of conflict is associated with activation of the caudal ACC 
(Bush et al., 1999; Bush et al., 1998).

A variant of the Stroop task using emotional stimuli 
has been developed to test some of the tenets of cogni-
tive theories of mood disorders (Beck, 1976; Bower, 1981, 
1987; Teasdale, 1983, 1988). As in the classic Stroop, par-
ticipants are asked to respond to the perceptual dimension 
of the stimulus (e.g., the color of a printed word like mur-
der), without regard to its semantic dimension. Yet, RTs 
are longer in response to negative than to neutral stimuli 
(Derryberry & Reed, 1998; Gotlib, McLachlan, & Katz, 
1988; Richards, French, Johnson, Naparstek, & Williams, 
1992; Wells & Matthews, 1994). The reduced RT is un-
likely to be due to a conflict between semantic and percep-
tual dimensions of the stimulus, because each maps onto 
a different construct (emotional valence vs. color), only 
one of which is relevant to the task. Rather, reduced RT is 
thought to represent emotional saliency, which may dis-
tract from the task itself (Algom, Chajut, & Lev, 2004) and 
has been shown to draw attention away from other stimuli 
(Pratto & John, 1991). Neuroimaging studies using the 
emotional Stroop task suggest that emotionally salient 
stimuli are associated with activation of the rostral ACC 
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(Canli, Amin, Haas, Omura, & Constable, 2004; Whalen 
et al., 1998).

Thus, variants of the classic and emotional Stroop tasks 
can be functionally dissociated within the ACC and are 
theorized to reflect distinct processes related to response 
conflict (Botvinick, Braver, Barch, Carter, & Cohen, 2001) 
and emotional saliency (Williams, Mathews, & MacLeod, 
1996), respectively. To test these theories empirically, it is 
necessary to develop a Stroop-like task in which emotion-
ally salient stimuli are presented that have two dimensions 
that are either in response conflict with each other (i.e., 
emotionally incongruent, EI) or not (emotionally congru-
ent, EC). We developed a task similar to that of Stenberg, 
Wiking, and Dahl (1998), which we call the word–face 
Stroop task. We used this task to test for two predictions. 
The first was that emotionally salient stimuli in response 
conflict (i.e., EI), relative to emotionally salient stimuli 
not in response conflict (i.e., EC), should produce caudal 
ACC activation. This prediction was based on the fact that 
both stimulus sets were of comparable emotional salience, 
but differed in their degree of conflict. We also predicted 
that emotionally congruent, relative to neutral, stimuli 
should produce rostral ACC activation. This prediction 
was based on the fact that both stimulus sets were compa-
rable in their lack of conflict, but differed in their degree 
of emotional salience.

METHOD

Subjects
Thirteen healthy right-handed subjects (7 females) were recruited 

from the campus of Stony Brook University (7) or Yale University 
(6) (all subjects were scanned with the same scanner at Yale Univer-
sity). The subjects’ mean age was 21 years (SD  2.2; range, 18–24). 
They had no history of brain injury, reported no substance abuse 
within the past 6 months, were not on any mood-altering medication, 
and had no physical limitations that prohibited them from participat-
ing in an fMRI study. The study was conducted with approval from 
the Institutional Review Boards of both Stony Brook University and 
Yale University. Informed consent was obtained from all subjects.

Stimuli
Words were projected approximately across the noses of faces 

(Figure 1). These word stimuli were selected from a stimulus library, 
the Affective Norms for English Words set (Bradley & Lang, 1999). 
On the basis of normed valence ratings on a scale from 1 to 9, with 
1 indicating the most negative rating and 9 indicating the most posi-
tive rating, three sets of 30 stimuli were constructed: negative (M, 
SD: 1.99, .38), positive (7.79, .49), and neutral (5.18, .35). The three 
sets differed significantly in normed valence ratings [F(2,87)  
1,492.40, p  .0001], but not in word length [F(2,87)  0.47, p  
.62] or word frequency [F(2,87)  0.05, p  .95]. In addition, mean 
arousal ratings for neutral words (M  3.70) differed significantly 
from those of positive [M  5.30; t(1,58)  10.34, p  .001] and 
those of negative [M  5.82; t(1,58)  11.51, p  .001] words. Pos-
itive and negative words also differed significantly from one another 
in arousal ratings [t(1,58)  2.39, p  .02]. Note that this difference 
was not critical, in that positive and negative words were presented 
equally throughout the same condition (see Behavioral Procedures 
and Experimental Design).

Color faces were selected from the MacArthur McDonnell face 
library (Tottenham, Borscheid, Ellertsen, Marcus, & Nelson, 2002). 
Again, three groups of 30 stimuli were created (sad, happy, and 
neutral). Each group comprised equal numbers (15) of males and 
females.

Behavioral Procedures and Experimental Design
The subjects were instructed to make emotional valence (positive, 

negative, neutral) judgments of words overlaid upon faces. Each 
subject responded to three types of trials (EI, EC, and neutral, N) 
(Figure 1), and the subjects were asked to “passively view” during 
a fixation condition while a “ ” was presented in the center of the 
screen. The EI stimuli were made up of a randomly selected posi-
tive or negative word projected onto a randomly selected opposing 
valence face (e.g., the word party on a sad face); the EC stimuli were 
again made up of a randomly selected positive or negative word, 
but were projected onto a randomly selected identical valence face 
(e.g., the word pride on a happy face); and the N stimuli were made 
up of a randomly selected neutral word projected onto a randomly 
selected neutral face (e.g., the word desk on a neutral face). Trials 
were presented in alternating 30-sec affective blocks (EI or EC) and 
30-sec (N) or 24-sec (fixation) nonaffective blocks (N or fixation 
period). The order of presentation was counterbalanced across sub-
jects. Each subject was presented with a total of 24 blocks (6 per 
condition) and thus responded to a total of 180 trials (60 per condi-

party pride desk

El EC N

Figure 1. Examples of the three types of stimuli. Emotional incongru-
ent (EI) trials consisted of either a negative or a positive word (e.g., party) 
overlaid upon an opposing valence face (e.g., sad). Emotional congruent 
(EC) trials consisted of either a negative or a positive word (e.g., pride) 
overlaid upon an identical valence face (e.g., happy). Neutral (N) trials 
consisted of a neutral word (e.g., desk) overlaid upon a neutral face. All 
images were presented in color.
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tion). RTs were recorded during the 1,500 msec following the onset 
of each stimulus.

fMRI Procedures
Whole-brain imaging data were acquired on a 3T Siemens Trio 

Scanner. For structural whole-brain images, a 3-D high-resolution 
spoiled gradient scan and a T1 scan (24 slices, 5-mm thickness; ori-
ented parallel to the line between the anterior and posterior com-
missures) were conducted. Functional images were acquired using 
a gradient echo T2*-weighted echoplanar imaging (EPI) scan; this 
was conducted with a flip angle of 80º, repetition time  1.5 sec, 
echo time  30 msec, and field of view  220  220 mm matrix.

Functional data were preprocessed and statistically analyzed using 
SPM2 (Wellcome Department of Cognitive Neurology). The images 
were temporally realigned to the middle slice, spatially realigned to 
the first in the time series, and coregistered to the T1 volume image, 
which was segmented and normalized to the gray matter template. 
Spatial transformations derived from normalizing the segmented 
gray matter were then applied to all functional volumes, which were 
then spatially smoothed with an 8-mm full-width half-maximum 
isotropic Gaussian filter.

Fixed effects models (Friston, 1994) were used at the individual 
subject level of analysis, and random effects models (Holmes & 
Friston, 1998) were used for group-level analyses. At the individual 
level, models were created (general linear model) to represent all 
conditions (fixation, EI, EC, and N), and all data were then high-
pass filtered. To determine areas significantly activated in response 
to emotional conflict, a one-sample t test was performed, subtract-
ing EC from EI; for emotional saliency, the contrast was performed 
subtracting N from EC.

For functional analyses restricted to the a priori region of interest 
(ROI; here, the ACC) an automated method for generating ROI masks 
based on the Talairach Daemon database (Maldjian, Laurienti, Kraft, 
& Burdette, 2003) was used. We applied a significance threshold of 
p  .01 and an extent threshold of 30 voxels (uncorrected) within 
this a priori ROI, and a significance threshold of p  .001 and extent 
threshold of 40 voxels (uncorrected) in all other regions.

RESULTS

Reaction Time
The mean RTs recorded in each of the three task condi-

tions are presented in Figure 2. A 3  1 ANOVA revealed 
that subjects differed significantly in RTs among all of 
the task conditions [F(2,36)  24.47, p  .001]. As is 
apparent in Figure 2, subjects responded considerably 
slower (57.10-msec difference) to EI parings relative to 
EC parings [F(1,24)  10.38, p  .005]. Subjects also 
responded significantly slower (57.52-msec difference) to 
EC pairings relative to the N pairings [F(1,24)  13.44, 
p  .005]. The error rates for each of the conditions were 
7.1% (EI), 4.9% (EC), and 2.9% (N). An analysis of these 
error rates from the three conditions revealed no signifi-
cant difference [F(2,36)  2.35, p  .11].

ACC Activation As a Function  
of Emotional Conflict

Figure 3 displays activation within the ACC as revealed 
by the contrast of the EI condition relative to the EC condi-
tion. In agreement with the conflict monitoring model, emo-
tional incongruency resulted in significant activation within 
the caudal ACC (MNI coord: 4, 32, 26; 37 voxels; t  3.15, 
p  .01). On the other hand, emotional conflict did not result 
in any significant activation within the rostral ACC.

ACC Activation as a Function  
of Emotional Saliency

Contrary to our predictions, no statistically significant 
clusters were found localized in the rostral ACC when 
comparing EC trials relative to N trials. Extending our 
search area slightly more superior revealed two significant 
clusters likely localized on the border of the caudal ACC 
and the Supplementary Motor Area (SMA) (MNI coord: 
4, 4, 50; 104 voxels; t  5.48, p  .001; and 2, 6, 48; 
109 voxels; t  4.97, p  .001).

Activation Beyond the ACC
No clusters were found in any other regions when EI 

trials were compared with EC trials (emotional conflict) 
at our chosen significance threshold ( p  .001, extent 
threshold of 40 voxels). Interestingly, a comparison of the 
EC trials and N trials (emotional saliency) did reveal three 
significant clusters. These clusters were localized on the 
right precentral gyrus (MNI coord: 30, 8, 46; 760 vox-
els; t  6.91, p  .001), the right thalamus (MNI coord: 
16, 16, 8; 204 voxels; t  6.14, p  .001), and the left 
inferior parietal lobule (MNI coord: 24, 44, 50; 44 
voxels; t  4.55, p  .001). In a post hoc analysis, we 
used a reduced threshold ( p  .05 uncorrected, extent 
threshold of 10 voxels) in order to investigate amygdala 
activation patterns in response to task manipulations. This 
analysis indicated that the left amygdala was activated 
when EC trials were compared with N trials (MNI coord: 

20, 10, 10; 13 voxels; t  2.42, p  .05) but not 
when EI trials were compared with EC trials. (Note that 
this activation should be viewed with caution, owing to the 
relatively low significance threshold.)

DISCUSSION

Imaging data from classic and emotional Stroop tasks 
have suggested that the ACC has functionally dissociable 
regions that are sensitive to response conflict caudally 
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Figure 2. Mean reaction time for responses to emotional words 
overlaid upon faces in each experimental condition. The respec-
tive difference between the emotionally incongruent (EI) condi-
tion and the emotionally congruent (EC) condition reveals an 
effect of emotional conflict. N, neutral. Error bars represent one 
standard error of the mean.
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(Botvinick et al., 2001) and emotional saliency rostrally 
(Whalen et al., 1998). We predicted that two conditions 
matched for emotional saliency but that differed in emo-
tional response conflict should therefore generate signifi-
cant activation in the caudal ACC, whereas an emotionally 
salient condition relative to a neutral condition should ac-
tivate the rostral ACC. To test this prediction, we devised a 
neuroimaging study to use a Stroop-based task, the word–
face Stroop task (Stenberg et al., 1998). In support of our 
prediction, we found that EI stimuli produced greater acti-
vation in the caudal ACC than did EC stimuli. The differ-
ence in neural activation was associated with a behavioral 
measure of interference: Subjects’ RTs were slower on EI 
trials than on EC trials. This observation is consistent with 
a behavioral study that reported longer RTs for positive 
than for negative words, when they were paired with nega-
tive facial expressions (Stenberg et al., 1998).

Contrary to our predictions, we did not find any activation 
within the rostral ACC in response to emotional saliency. 
Previous research has found rostral ACC activation when 
comparing emotionally salient and neutral stimuli during 
the emotional Stroop task (Canli et al., 2004; Whalen et al., 
1998). The current word–face Stroop task is similar to the 
emotional Stroop task in this respect, but it is also quite 
different in a number of ways. For example, the emotional 
Stroop task involves dealing with distracting emotional in-
formation (semantic) when one is processing neutral task-
relevant (color) information, whereas the word–face Stroop 
task involves processing emotionally salient information on 
both the distracting (face) dimension and the task-relevant 
(word) dimension. Differences also exist with respect to 
task instructions. Subjects are asked to make a color judg-
ment during the emotional Stroop task, but they are asked 
to make a valence judgment during the word–face Stroop 
task. The contrast of EC relative to N did reveal activation 
localized on the border of the SMA and caudal ACC. This 
finding may be rooted in differences in response selection 
between the two conditions. During the EC condition, two 
correct responses (positive and negative) are available, 
whereas in the N condition, there is only one (neutral). In-

deed, others have found similar clusters of activation when 
comparing trials with greater response selection relative to 
trials with less (Lau, Rogers, & Passingham, 2006).

In the present study, the incongruent condition pro-
duced slower behavioral responses than did the congru-
ent condition, providing behavioral evidence for greater 
interference. However, the behavioral response difference 
between trial conditions also confounds brain activation 
associated with the EI condition. It is unlikely, however, 
that the observed caudal ACC activation is simply related 
to a motor response, because activation was not correlated 
with RT (data not shown).

In addition to the classic Stroop, other paradigms have 
been developed for studying neural responses to conflict-
ing information, such as the flanker (Barch et al., 2001; 
Bunge, Hazeltine, Scanlon, Rosen, & Gabrieli, 2002) and 
go/no-go (Braver, Barch, Gray, Molfese, & Snyder, 2001; 
Durston, Thomas, Worden, Yang, & Casey, 2002) tasks.

On the basis of this work, Botvinick and colleagues 
have proposed that the caudal ACC is involved in signal-
ing the occurrence of conflicts in information processing 
(e.g., Botvinick, Cohen, & Carter, 2004). The authors pro-
posed that the caudal ACC acts as a “conflict monitoring” 
unit. Our finding of greater caudal ACC activation during 
EI trials is consistent with this model and extends it to 
conditions of emotional conflict.

At least two mechanisms may be associated with cau-
dal ACC activation during EI trials. One mechanism may 
involve attentional processes related to the suppression 
of conflict-generating information. If there is conflict 
across the semantic and perceptual stimulus dimensions, 
attentional resources may be engaged to disregard or sup-
press perceptual information, because the task requires 
only a response to semantic information. An alternative 
mechanism may involve executive processes that compare 
projected response outcomes against the rules of the task, 
followed by the selection of the response that is consistent 
with task demands and/or rejection of the response that is 
inconsistent with task demands. However, future studies 
will be needed to address which of these mechanisms, or 
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Figure 3. ACC activation in response to emotional conflict: Sagittal (x  4) 
and coronal ( y  25) views displaying increased caudal ACC activation in re-
sponse to emotional conflict (EI EC). This contrast revealed a significantly 
activated cluster localized in the right caudal ACC (4, 32, 26; 37 voxels; t  3.15, 
p < .01). No significant activation was found in the rostral ACC.
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what additional alternative models, can best explain cau-
dal ACC activation during emotional conflict.

The conclusions that can be drawn from our analyses are 
limited to some extent by our choice of stimuli and task in-
structions. For example, the present task assessed activation 
only in response to emotional conflict manipulated by per-
ceptual stimuli. Other mechanisms may be involved in the 
processing of emotional conflict between internal and exter-
nal mood states. Furthermore, we did not include a condition 
for implicit processing of emotion (such as in the emotional 
Stroop task). The inclusion of this type of condition may 
clarify the lack of activation found in the rostral ACC.

In summary, the present study explicitly tested and af-
firmed a model that ascribed sensitivity to conflict to the 
caudal ACC. By using the emotional word–face Stroop 
task and balancing emotional saliency in the congruent 
and incongruent conditions, we extended the presumed 
role of the caudal ACC to the processing of conflicting 
information in an emotional context.
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