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Research on attention and automaticity in skilled performers
uses conflict situations like the Stroop (1935) task. Participants are
presented with a word in color and asked to respond to the color
of the ink and ignore the meaning of the word. They are com-
monly slower to respond to an incongruent (BLUE in red) than to a
congruent (RED in red) stimulus. This failure to filter out the irrele-
vant dimension has been interpreted as indicating a breakdown of
selective attention. Moreover, when a neutral condition is included
(e.g., XXX colored in red), it is possible to examine whether the
effect is due to interference (incongruent trials vs. neutral trials),
or facilitation (neutral trials vs. congruent trials).

Most imaging studies of conflict tasks examined the brain
areas which are involved in the differences between incongru-
ent and congruent conditions (e.g., Botvinick, Nystrom, Fissell,
Carter, & Cohen, 1999; Carter et al., 2000; Critchley, Tang, Glaser,
Butterworth, & Dolan, 2005; Erickson, 2004; Fan, Fossella, Sommer,
Wu, & Posner, 2003; Gruber, Rogowska, Holcomb, Soraci, &
Yurgelun-Todd, 2004; Kerns et al., 2004; Liu, Banich, Jacobson, &
Tanabe, 2004; MacDonald, Cohen, Stenger, & Carter, 2000; van
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congruent, neutral, and incongruent conditions, it is possible to exam-
gruent) and interference (incongruent vs. neutral) components. Very few
reas that are specifically involved in facilitation or interference. We used
imaging while participants performed a magnitude conflict task (the size
ved four findings: (1) while most of the brain areas that were activated by
nce effects, the intraparietal sulcus was the only region activated for both

ponents. (2) Two groups of participants could be distinguished based on
e cortex (ACC) activity, one with classical facilitation (congruent < neutral),
) Functional connectivity analysis of the areas that were modulated by the
r cingulate – lateral prefrontal cortex network and a dorsal parietal – pre-
est that the former plays a role in cognitive control and conflict detection,
in top–down selection of task-relevant stimuli and response mapping. (4)
d by the two groups that we distinguished based on the ACC activation.

© 2008 Elsevier Ltd. All rights reserved.

Veen, Cohen, Botvinick, Stenger, & Carter, 2001; Weissman, Warner,
& Woldorff, 2004). Although several ERP studies examined the tim-

ing of both interference and facilitation (e.g., Szucs & Soltesz, 2007),
only a few studies further explored whether the modulation of
these brain areas resulted from interference, facilitation, both, or
neither of them (Bench et al., 1993; Carter, Mintun, & Cohen, 1995;
Roelofs, van Turennout, & Coles, 2006; Zysset, Muller, Lohmann,
& von Cramon, 2001). Moreover, apart from Roelofs et al. (2006),
all studies that examined the neuronal correlate of facilitation and
interference used a block design, which might have contaminated
the results because of anticipation and changing strategies for dif-
ferent blocks. Higher activation for incongruent than neutral trials
has been proposed as the neural signature of interference, whereas
lower activation for congruent than neutral trials would be a sig-
nature of facilitation (e.g., Carter et al., 1995). For example, in a
positron emission tomography study, Carter et al. (1995) employed
the Stroop task and found that several areas, including the extra-
striate cortex, the anterior cingulate cortex (ACC) and the frontal
cortex, were involved in facilitation and/or interference. Surpris-
ingly, in contrast to the behavioral results, they also found that
some areas showed a reverse facilitation, that is, larger activation
for the congruent condition versus the neutral condition. Impor-
tantly, one of the areas that showed this reverse facilitation was
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the ACC (see also Bench et al., 1993). These results led some
researchers to conclude that the ACC is involved in task conflict
(ignoring word reading causes such conflict for both incongruent
and congruent conditions) (Goldfarb & Henik, 2007; MacLeod &
MacDonald, 2000) rather than response conflict (conflict between
the responses, which occurs only for incongruent trials) (Botvinick,
Cohen, & Carter, 2004; Botvinick et al., 1999; Botvinick, Braver,
Barch, Carter, & Cohen, 2001), or regulation (Posner & DiGirolamo,
1998).

Recently however, Roelofs et al. (2006), used an arrow-word
Stroop task to examine the facilitation and interference in the
ACC. They found a normal facilitation but also interference in
the ACC. They concluded that the ACC does not signal the pres-
ence of a response conflict since such a conflict does not exist in
neutral and congruent conditions, and thus should not lead to a
difference between these conditions (i.e., facilitation). Rather, they
suggested that the ACC plays a role as a regulative system to selec-
tively enhance the activation of a task-relevant response (Posner &
DiGirolamo, 1998). It is noteworthy that while Roelofs et al. (2006)
used an event-related design, other studies that examined the neu-
ronal correlate of facilitation and interference (Bench et al., 1993;
Carter et al., 1995; Zysset et al., 2001) used the less advantageous
block design. This discrepancy can, at least partly, explain the con-
flicting results. Therefore, results from a different paradigm are
important in order to generalize and shed light on the conflicting
results of these studies.

Moreover, a better appreciation of the areas that are involved
in facilitation and interference has an additional theoretical impor-
tance. Posner (1978) suggested that facilitation and interference
might operate separate mechanisms. He proposed facilitation as
an indicator of automaticity while interference might reflect atten-
tional processing. In contrast, others assumed that interference and
facilitation have a common source (Roelofs et al., 2006). Examin-
ing this question with a whole brain analysis can help to determine
whether interference and facilitation are indeed independent pro-
cesses.

1. The size congruity paradigm

In the current study we used another conflict paradigm, the
size congruity paradigm. In this paradigm, participants had to com-
pare either the numerical value or the physical size of two digits.
They indicated their choices by pressing one of two keys corre-

sponding to the side of the display with the selected digit. The
two digits differed in both numerical value and physical size, which
amounted to a Stroop-like situation (Cohen Kadosh, 2008; Cohen
Kadosh, Cohen Kadosh, Linden et al., 2007; Cohen Kadosh, Henik, &
Rubinsten, 2007; Henik & Tzelgov, 1982; Schwarz & Heinze, 1998;
Schwarz & Ischebeck, 2003; Tzelgov, Meyer, & Henik, 1992). The
stimuli could be incongruent (the physically larger digit is numer-
ically smaller, e.g., ), neutral (digits differ only in the relevant
dimension (e.g., , at the physical comparison; 3 6, in the numer-
ical comparison), or congruent (the physically larger digit is also
numerically larger, e.g., ), with incongruent trials being slower
to process than congruent trials (size congruity effect; SCE). The size
congruity paradigm is very suitable for examining facilitation and
interference, since in contrast to the Stroop task, one can observe,
much more frequently, both facilitation and interference effects in
reaction time (RT) data.

2. Until what stage does conflict continue?

In a recent study of the SCE (Cohen Kadosh et al., 2007a), we
examined whether the conflict between the numerical and the
ologia 46 (2008) 2872–2879 2873

physical comparison occurs at a response-related stage or earlier
(e.g., a conceptual stage) by using event-related potential (ERP)
and functional magnetic resonance imaging (fMRI). In the fMRI we
examined the blood oxygenation level-dependent (BOLD) signal in
the motor cortex, using a measure that is equivalent to the lat-
eralized BOLD response (LBR) (Dehaene et al., 1998). We found a
significant difference between incongruent and congruent condi-
tions in the primary motor cortex. Most interestingly, the neural
interference effect was found in the hemisphere ipsilateral to the
response hand, indicating that the irrelevant dimension succeeds
in activating the corresponding motor system.

We now analyzed the fMRI data from the SCE specifically for
differential effects of facilitation and interference. As in previous
conflict studies (e.g., Botvinick et al., 1999; Carter et al., 1995,
2000; Critchley et al., 2005; Erickson, 2004; Fan et al., 2003;
Gruber et al., 2004; Kerns et al., 2004; Liu et al., 2004; MacDonald
et al., 2000; van Veen et al., 2001; Weissman et al., 2004) we
expected to find activation in the prefrontal cortex, and the ACC.
In addition, since the current study employed a conflict task
between different magnitudes, which are processed by the parietal
lobes (For a recent review and meta-analysis see Cohen Kadosh,
Lammertyn, & Izard, 2008; see also Cohen Kadosh, Cohen Kadosh,
& Henik, 2008; Cohen Kadosh et al., 2007a; Cohen Kadosh, Cohen
Kadosh, Schuhmann et al., 2007; Cohen Kadosh et al., 2005; Fias,
Lammertyn, Reynvoet, Dupont, & Orban, 2003; Kaufmann et al.,
2005; Pinel, Piazza, Le Bihan, & Dehaene, 2004; Tang, Critchley,
Glaser, Dolan, & Butterworth, 2006), we expected to find facilita-
tion and interference in this area. We predicted that in the current
study extra-striate areas that were reported previously (e.g., Bench
et al., 1993; Carter et al., 1995) would show less involvement, since
these areas were activated mainly during color and word processing
(Carter et al., 1995).

In addition, we used spatial principal component analysis (PCA)
on the brain areas which showed the main effect of congruency
in order to explore the functional connectivity between the brain
areas that were involved in the current conflict task.

3. Materials and methods

We analysed fMRI data from a previous study (Cohen Kadosh et al., 2007a) where
the general methods were described in full.

3.1. Participants

Fourteen students gave written informed consent. The study was approved by

the local ethics committee.

3.2. Stimuli

Stimuli consisted of two digits that appeared at the center of the screen. Numer-
ical and size comparisons were performed in separate blocks. Three types of pairs
were used; congruent, neutral and incongruent.

3.3. Procedure

Participants were asked to decide which of two stimuli in a given display was
numerically (numerical comparison) or physically (size comparison) larger. Partic-
ipants were asked to respond as quickly as possible but to avoid mistakes, and to
attend only to the relevant dimension. They indicated their choices by pressing one
of two keys corresponding to the side of the display with the selected digit (i.e., right
hand for the right side, left hand for the left side).

Each trial began with an asterisk as a central fixation point presented for 500 ms
at the center of a computer screen. Five hundred ms after the fixation point disap-
peared, a pair of digits appeared for 1 s. The inter trial interval was 8 s. The inter
block interval was 24 s.

3.4. Design

The variables manipulated were: comparison (numerical, size) and congruency
(congruent, neutral or congruent). Thus, we had a 2 × 3 factorial design, with all
variables manipulated within subjects.
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Table 1
Talairach coordinates for foci that showed significant size congruity, interference, and facilitation effects

Facilitation/interference/size congruity Stereotaxic coordinates No. of voxels Hemisphere Region (BA)

231
865
175
754
918
832
655
294
316
412
009
021
006
163
662
512
441
289

: mid
task (
x y z

Interference* 38 −44 45 3
Interference −37 −37 43 1
Interference 7 9 38 3
Interference −5 5 41 1
SCE 34 −48 −12
SCE −38 −56 −10 1
Interference 28 −12 58
SCE −26 −10 57 1
Interference* and facilitationa 25 −65 38 3
Interference and facilitationa −26 −55 44 2
SCE 30 40 32 1
Interference −28 40 32 1
SCE 49 5 23 5
Interference* −47 1 28 3
SCE 5 7 51
SCE 2 −21 29 1
Interference* 34 13 10 3
Interference under physical task −35 5 10 4
Interference* and facilitation

ACC: anterior cingulate cortex, FEF: frontal eye fields, IPS: intraparietal sulcus, MFG
supplementary motor area. *Marginally significant effect (p ≤ .08). a Main effect for
3.5. fMRI scanning and analysis

Whole brain fMRI data were acquired with a Siemens 1.5 T Magnetom Vision MRI
scanner using a gradient-echo echo planar imaging sequence (16 axial slices; repeti-
tion time/echo time = 2000/60 ms; flip angle = 90◦ , field of view = 210 mm × 210 mm,
voxel size: 3.28 mm × 3.28 mm × 5 mm). Each participant took part in two runs. Each
run comprised the acquisition of 390 volumes and contained 72 trials (12 trials × 2
tasks × 3 congruency). The first four volumes of each run were discarded to allow
for T1 equilibration. Therefore, for each participant 772 volumes were included in
the analysis. A random effects analysis was employed. Effects are only shown if the
associated p value yielded p′ < 0.05 (corrected for multiple comparisons). All clus-
ters documented in Table 1 and Fig. 2, and used for functional connectivity analysis,
showed a main effect for congruency.

The areas that showed a main effect for congruency were further examined
according to the rationale outlined in the introduction. Our interest was to determine
whether the main congruency effect in brain activation was driven by interference
(incongruent vs. neutral), facilitation (neutral vs. congruent), both, or neither (in
this case the SCE is defined by the difference between incongruent and congruent
trials only). Hence, planned comparison was used in order to reveal whether an area
that showed a main effect was driven by facilitation or interference. Note that by
defining our areas by the main effect for SCE we avoided biasing the results toward
one of these conditions.

Fig. 1. Mean RT in milliseconds and error percentage (in parentheses), as a function
of congruency conditions in the fMRI experiment. Error bars depict one standard
error of mean (S.E.M.).
Right IPS (7/40)
Left IPS (7/40)
Right ACC (32/24)
Left ACC (32/24)
Right Fusiform gyrus (37)
Left Fusiform gyrus (37)
Right FEF (6)
Left FEF (6)
Right IPS (7/40)
Left IPS (7/40)
Right MFG (9)
Left MFG (9)
Right IFG (6/44)
Left IFG (6/44)
Right PreSMA (6)
Right PCC (31)
Right Frontal operculum/Insula (44/47)
Left Frontal operculum/Insula (44/47)
Ipsilateral to the responding hand Primary Motor Cortex

dle frontal gyrus, IFG: inferior frontal gyrus, PCC: posterior cingulate cortex, SMA:
greater activation for numerical comparison).

3.6. Functional connectivity

Any conflict task requires an intricate combination of sensory and motor pro-
cessing and executive control. It is therefore not surprising that the brain correlates
of the congruency effect comprise a wide range of cortical areas (Table 1).

Previous studies used a simple correlation between two predefined brain areas
out of several other brain areas that showed activation (e.g., Badre & Wagner, 2004).
This method of analysis might be suboptimal since it neglects the entire network that
might be involved in a given task. The use of PCA, rather than a simple correlation
between two selected brain areas, reflects a more comprehensive picture in the way
that brain areas are orchestrated (Friston, 2005). We therefore analyzed functional
connectivity by computing a spatial PCA. For each region that showed a SCE we
extracted and z-transformed a signal time course for each participant in each session.
We created a matrix of 10,808 cases (14 participants × 772 volumes each) with the
significantly activated areas as variables. By using the Kaiser Guttmann Criteria, we
extracted two spatial factors that accounted for 63% of the total variance. These
factors were rotated using Varimax rotation and then their loadings were plotted
on a graph for visual inspection.

4. Results

4.1. Behavioral data
For every participant in each condition the mean RT was calcu-
lated for correct trials only. The two-way interaction between task
and congruency was not significant (F < 1, p > .2). The main effect
for congruency was significant [F(2, 26) = 118.40, p < 0.001, Fig. 1].
Planned comparisons revealed that participants were significantly
slower in incongruent than neutral conditions (interference) [F(1,
13) = 76.63, p < .001]. Conversely, they were significantly faster in
congruent than neutral conditions (facilitation) F(1, 13) = 111.29,
p < .001]. There also was a main effect of task, with participants
responding 64 ms faster for size comparison than for numerical
comparison [F(1, 13) = 21.12, p < .001]. For error trials, only the main
effect for congruency was significant [F(2, 26) = 28.55, p < .001].
Planned comparisons revealed that this main effect was produced
by interference [F(1, 13) = 27.38, p < .001], and not by facilitation
[F < 1].

4.2. fMRI data

We observed activation for congruency in lateral prefrontal
(middle frontal gyrus) and premotor (along the precentral sulcus,
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urface
sents
ence a
sphere
s. (For
Fig. 2. Size congruity group results. Multi-subject (N = 14) general linear model s
view) representations of the cortical sheet of a template brain. The red color repre
significant facilitation, and yellow color represents foci that showed both interfer
toward interference is not shown, since it was not localized to the left or right hemi
intraparietal sulcus, LS: lateral sulcus, SFS: superior frontal gyrus, RS: rolandic sulcu
to the web version of the article.)

reaching into the inferior frontal gyrus) regions bilaterally and the
medial prefrontal cortex. Activation in these areas were reported
in previous studies that studied conflict situations (Bush, Luu, &
Posner, 2000; Kerns et al., 2004; Stephan et al., 2003; Weissman et
al., 2004). In addition, activity was found in the intraparietal sul-
cus (IPS) and occipito-temporal regions as in previous studies of
the size congruity effect (Cohen Kadosh et al., 2007b; Kaufmann
et al., 2005; Pinel et al., 2004) (Table 1). The only interaction
between comparison and task was found in the left frontal oper-
culum, which showed a congruency effect only for the numerical
comparison.

In the motor cortex-ROI analysis (i.e., LBR), we found activa-
tion in the primary motor cortex (M1) ipsilateral to the response
hand, which showed a size congruity effect in the absence of
an overt response with the corresponding hand [F(2, 26) = 10.26,
p < .001].

4.3. Facilitation and interference
Most of the areas that showed a main effect for congruency
showed an interference effect (Table 1 and Fig. 2). These areas
were the anterior IPS, frontal operculum/insula and ACC bilat-
erally, the frontal eye field (FEF) in the right hemisphere, and
the middle frontal gyrus and inferior frontal gyrus in the left
hemisphere. The posterior IPS showed modulation as a function
of both interference and facilitation. Moreover, these areas also
showed a main effect for task (greater activation for numerical
comparison). In addition, we computed the interference and facil-
itation effects in the motor cortex (in the area that showed the
LBR) of the hemisphere ipsilateral to the response hand. This
area showed both a facilitation effect and a marginally signifi-
cant interference effect (p = 0.07). We also found an interaction
between responding hand (responding/non-responding) and task.
This effect was only significant in the hemisphere contralateral
to the response hand, and it showed a greater activation for the
numerical task. No brain area showed a facilitation effect without
also showing an interference effect, or the opposite pattern (higher
activation for congruent or neutral vs. incongruent trials) in either
comparison.
map, superimposed on inflated (top panel: lateral view; bottom panel: medial
foci that showed significant interference, green color represents foci that showed
nd facilitation. The primary motor cortex which showed facilitation and a trend
, but was activated as a function of the responding hand. CiS: cingulate sulcus, IPS:
interpretation of the references to color in this figure legend, the reader is referred

4.4. Reverse versus “Normal” facilitation

The current results in the ACC challenge previous results that
reported a reverse facilitation (Bench et al., 1993; Carter et al., 1995,
but see Roelofs et al., 2006, for normal facilitation). To examine
this seemingly discrepant result, we took a closer look at our indi-
vidual data. We observed two groups that created a bimodal-like
distribution with negative and positive peaks. One group showed
(descriptively) a reverse facilitation (n = 7) and another showed
(descriptively) a normal facilitation (n = 7) in their right ACC activa-
tion. In order to not bias our analysis we grouped these individuals
in two groups according to the pattern of activation in the right
ACC. Next we subjected the activation in the left ACC to an ANOVA
with congruency as within and group as between subjects factors.
The interaction between congruency and group in the left ACC was
significant [F(2, 24) = 8.35, p = .001]. The congruency effect in the
reverse facilitation group was significant [F(2, 24) = 11.45, p = .001].
This effect was due to the significant interference effect [F(1,

12) = 14.95, p < .005], and a reverse facilitation effect [F(1, 12) = 5.21,
p < .05]. For the group showing a “normal” facilitation effect, the
congruency effect was also significant [F(2, 24) = 5.8, p < .01]. The
effect was brought about only by a significant facilitation effect [F(1,
12) = 16.85, p < .001], while the interference effect was not signifi-
cant [F(1, 12) = 0.07, p = .78]. When we examined whether the same
interaction also appeared in the RT data, the interaction between
congruency and group was not significant [F(2, 24) = 0.16, p = .84]
(Fig. 3).

We applied the same type of analysis in other brain areas to
reveal whether the same pattern would be observed, and in order to
examine whether the lack of facilitation in other brain areas might
be due to the masking of such a facilitation effect due to the summa-
tion of the facilitation effect across the two groups. No other brain
area showed the same reverse facilitation. However, the posterior
cingulate cortex, the FEF, and the right pre-SMA showed interaction
between congruency and group. This interaction was not similar
to our observation in the left ACC; instead, it was due to a sig-
nificant interference and the absence of facilitation in the reverse
facilitation group, but a significant facilitation in the absence of
interference in the normal facilitation group.
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Fig. 3. Individual differences in ACC function. RTs and beta weights of the ACC activa-
tion as a function of congruency and group (reverse facilitation group vs. facilitation
group).

4.5. Functional connectivity

To further elucidate the relationship between the different areas
that were involved in the size congruity we applied functional
connectivity analysis. In contrast to previous connectivity analyses

that looked at the cross-talk between two areas (for example with
correlation analysis, Badre & Wagner, 2004), we aimed to exam-
ine the overall network involved in the SCE. We therefore used
PCA, which provides the opportunity to examine the relationship
among all the areas, rather than only a pair of areas. Two fac-
tors, with factor 1 representing a parietal-dorsal premotor network,
and factor 2 representing medial and lateral prefrontal regions,
explained 63% of the total variance (Fig. 4). Interestingly, the acti-
vation in the primary motor cortex loaded onto the parietal-dorsal
premotor network. This network has been found to play a role in
top–down selection of task-relevant stimuli and response map-
ping (Corbetta and Shulman, 2002; Jiang and Kanwisher, 2003).
We wanted to further examine whether the current results were
due to only a subset of participants that showed the discussed
pattern. Therefore, we conducted the PCA for each individual par-
ticipant. Next we subjected the factor loading for each brain area
in each factor to an ANOVA with subjects as a random factor and
the variables factor (factor 1, factor 2), network (parietal-motor-
dorsal premotor network, medial and lateral prefrontal cortex),
and brain area (the activated areas in each network with 8 lev-
els) as within-subject factors. The interaction between factor and
Fig. 4. Functional connectivity as revealed by PCA. Factor loadings plotted for visual
inspection, with factor 1 (in white) representing the M1-frontoparietal network and
factor 2 (in black) representing the ACC-LPFC network. The graphical representa-
tion shows the brain structures that were loaded highly on one of the factors. ANT:
anterior; L: left, M1: primary motor cortex, POS: posterior, R: right.

network was significant [F(1, 13) = 70.41, p < .001]. Further analysis
revealed that this interaction was due to a higher factor load-
ing for the parietal-motor-dorsal premotor network in factor 1
(factor 1, 0.69; factor 2, 0.36) [F(1, 13) = 116.82, p < .001], and a
higher factor loading for the medial and lateral prefrontal cor-
tex in factor 2 (factor 1, 0.37; factor 2, 0.66) [F(1, 13) = 23.95,
p < .001]. In contrast, the triple interaction between factor, net-
work, and brain areas was not significant [F(7, 91) = 0.58, p = .77].
We also examined whether the individual differences that we
revealed in the case of the ACC activation could affect the func-
tional connectivity. In order to do so, we entered the variable
group (reverse facilitators, normal facilitators) to the ANOVA. The
triple interaction between factor, network, and group approached
significance [F(1, 12) = 4.16, p = .06]. Further analysis revealed that
while in both groups the interaction between factor and network
was significant, in the case of the reverse facilitators there seems
to be a smaller separation between the factors for each network
(Fig. 5).

5. Discussion

We employed the size congruity paradigm to reveal brain areas
that are modulated by facilitation and interference in a conflict

task, and the functional connectivity of the conflict monitoring and
resolution areas.

5.1. Interference and facilitation components

Prominent effects of interference (as defined by higher activa-
tion during incongruent than neutral conditions) were found in the
prefrontal cortex and anterior IPS, and their activation probably
reflects response conflict, cognitive control and conflict detec-
tion (Kerns et al., 2004; MacDonald et al., 2000; Miller & Cohen,
2001; Ridderinkhof, Ullsperger, Crone, & Nieuwenhuis, 2004). Such
response conflict is present in the case of incongruent but not neu-
tral and congruent trials. The bilateral posterior IPS was activated
for both interference and facilitation (as defined by lower activation
during congruent than neutral conditions). This activation might
reflect response selection. The RT data reveal that comparison was
easier in the congruent than neutral condition and most difficult in
the incongruent condition. This idea is supported by the significant
main effect for task, which was observed in these areas. Again, the
task that yielded slower RT (numerical task) activated the IPS more
strongly.
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Fig. 5. A modulation of factor and network as a function of group. While both reverse
and normal facilitators showed an interaction between factor and network, the sep-
aration between the factors for each network was smaller in the case of the reverse
facilitators.

5.2. Anterior cingulate cortex: response conflict, task conflict, or

regulation?

Facilitation effects in the left and right ACC were not signifi-
cant in the group analysis. This finding seems to contradict that
of Roelofs et al. (2006) who found both significant facilitation and
interference in the ACC. With our initial whole-group analysis we
were not able to replicate this finding and found only a significant
interference effect. Therefore, the current results at first seem to
support the involvement of the ACC in response conflict (Botvinick
et al., 1999, 2001, 2004), because such a conflict does not exist
in neutral and congruent conditions but only in the incongruent
condition. However, we found that individual differences might
account, at least partly, for the differences reported in the litera-
ture. Indeed, when we examined individual subjects’ data we were
able to distinguish between two groups; one showed a normal facil-
itation pattern and another showed, for the same task, a reverse
facilitation (higher activation for congruent trials compared to neu-
tral trials), which would have obscured any facilitation effect in
the group analysis. Previous studies suggested that such an effect
reflects task rather than response conflict (Goldfarb & Henik, 2007;
MacLeod & MacDonald, 2000).
ologia 46 (2008) 2872–2879 2877

The source of such individual differences in the pattern of
activation could lie in different ways of perceiving the conflict.
Participants who showed a reverse facilitation in the ACC might
experience conflict whenever the irrelevant dimension was pre-
sented. This is most demanding in the incongruent condition,
which is the actual conflict condition, but would also require some
enhanced neural activity in the congruent condition because here,
as well, stimuli differ along an irrelevant dimension (Goldfarb &
Henik, 2007; MacLeod & MacDonald, 2000). This would then lead to
greater activity in the ACC for the congruent compared to the neu-
tral condition. Conversely, in the facilitator group the preparation
of the response may be largely controlled by the parietal-premotor
network revealed by the functional connectivity analysis, which
does show a normal facilitation effect in the IPS for this group
as well. In the congruent condition, visuomotor signals triggered
by both stimulus dimensions activate the motor areas of the same
hemisphere (Cohen Kadosh et al., 2007a). The facilitators may thus
have relied more on such automatic visuomotor links through the
parietal-premotor network with less need for response selection
activity from the ACC. Indeed, the functional connectivity analysis
suggested that the two factors were better separated in the nor-
mal compared to the reverse facilitators (Fig. 5). This impression
was supported by a triple interaction between factor, network and
group that approached significance (p = 0.06).

The absence of a difference in congruency effects on reaction
times between the normal and reverse facilitator groups does not
contradict the above explanation of the patterns of ACC activity.
Many previous studies and our present functional connectivity
analysis suggest that the ACC is not so much involved in response
preparation as conflict monitoring and other ‘maintenance’ work,
i.e., cognitive control. Combined EEG and fMRI studies have shown
that activity in medial frontal sources often last beyond the motor
response (Bledowski et al., 2006). This interpretation would be
in keeping with other studies that did not find a correspondence
between RT and activation of the ACC (e.g., Bench et al., 1993; Carter
et al., 1995; Zysset et al., 2001). Conversely, areas of the parietal-
premotor network showed a correlation with RTs in our study (see
below).

Of course, we can only speculate about such interindividual dis-
sociation of functions commonly ascribed to the ACC. However, they
would help explain the conflicting results of previous studies about
the role of the ACC in task versus response conflict. Further experi-
ments employing an explicit independent manipulation of stimulus
and response conflict would be needed in order to investigate this

point further. If these were to confirm that the function of the ACC
in conflict tasks varied across participants, further investigation of
the source of these interindividual differences would be of inter-
est. Genetic differences in the dopamine system, which have been
shown to yield differences in the ACC activity due to conflict even
with identical behavioral performance (Fan et al., 2003), would be
one candidate mechanism.

The dissociation of task effects on ACC activation and reac-
tion times is in line with our functional connectivity results (see
next section), which suggest that the dorsal parietal-premotor net-
work is involved more directly in response-related stages than the
medial-dorsolateral prefrontal network. In the previous ERP study
(Cohen Kadosh et al., 2007a) that used the same paradigm, the P300
recorded from the Pz electrode above the mid-parietal cortex was
highly correlated with the behavioral SCE. In the current study the
same correlation between brain activation and reaction time was
observed in the left IPS (r = 0.5, t(13) = 1.98, p < 0.05, one-tailed), and
a similar although marginally significant pattern was obtained also
in the right IPS (r = 0.39, t(13) = 1.46, p = 0.08).

On the basis of the present data we propose that consider-
ing only group mean differences across conditions of a (conflict)
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paradigm, rather than the distribution of individual data for each
condition, may obscure differences in brain activation that are rele-
vant for an understanding of the cognitive processes involved. Such
elimination of effects that may only be present in subgroups of the
participants, may explain the conflicting results and views in the
literature (e.g., Botvinick et al., 1999, 2001, 2004; Goldfarb & Henik,
2007; MacLeod & MacDonald, 2000; Roelofs et al., 2006).

Note that in the current study we used the size congruity
paradigm. This is a different conflict task from those of Carter et
al. (1995) and Bench et al. (1993) (color-word Stroop task with a
vocal response), or Roelofs et al. (2006) (arrow-word Stroop-like
task with a manual response). The discrepancy between the differ-
ent studies in terms of ACC activation may have stemmed from the
task variation. However, this explanation assumes that the ACC acti-
vation is task-specific. This idea is interesting and deserves further
examination of the unitariness of ACC function.

5.3. Dorsal parietal-premotor and prefrontal networks revealed
by functional connectivity

The observation of functional connectivity between the ACC and
the LPFC areas further validates previous findings (e.g., Badre &
Wagner, 2004). Whether the ACC or the LPFC detects the conflict
or resolves it, several studies documented the connection between
these areas both functionally (Badre & Wagner, 2004; Duncan &
Owen, 2000) and anatomically (Koski & Paus, 2000). Therefore the
interchange of information between these two areas was expected
to be reflected in the functional connectivity because of their sig-
nificant role in cognitive control and conflict detection (Kerns et al.,
2004; Miller & Cohen, 2001; Ridderinkhof et al., 2004).

Other studies have stressed the involvement of the dorsal
parietal-premotor network (i.e., FEF and the IPS) in top–down selec-
tion of task-relevant stimuli and response mapping (Corbetta and
Shulman, 2002; Jiang and Kanwisher, 2003). Our results support the
finding that the differences in LBR in the motor cortex between con-
gruent and incongruent conditions is due to the conflict between
both dimensions that is processed up to the response selection
stage (Cohen Kadosh et al., 2007a). Based on a previous ERP experi-
ment (Cohen Kadosh et al., 2007a) that examined both the P300
and LRP, we suggested that there was an exchange of informa-
tion between the IPS and the primary motor cortex. The functional
connectivity suggests that while both dimensions are processed in
an automatic fashion in the IPS and up to the primary motor cor-
tex, the FEF and the IPS might be involved in top–down selection.

The current analysis can only indicate the functional connectivity
between brain areas. Future studies using effective connectivity will
be needed to confirm the direction of these interactions. Neverthe-
less, the current functional connectivity analysis demonstrates that
by looking at the cross-talk between multiple brain areas, informa-
tion that can be obtained by using other techniques (e.g., ERP), can
be supported. That is, the current functional connectivity between
M1 and the dorsal parietal-premotor network, which is involved
in response selection, confirms the results from the LRP study that
showed that the activation of the SCE in electrodes C3–C4 was due
to response selection. Therefore, the loading of an area of interest
(e.g., M1) with another network, which is established in a given
function (e.g., in the current case the dorsal parietal-premotor net-
work and its role in response selection), can increase the likelihood
that the brain area of interest was involved in a specific chain of
processing.

In sum, our data provide insight into three important issues.
First, we demonstrate that facilitation and interference might not
be totally independent mechanisms (Posner, 1978), and they might
be subserved partly by shared brain areas in the parietal and frontal
cortex (Roelofs et al., 2006). Second, functional connectivity analy-
ologia 46 (2008) 2872–2879

sis with PCA indicated separate networks for cognitive control and
conflict detection on the one hand and for response selection on
the other. Thus, this analysis provides further insight regarding the
functional role of a given brain area in a cognitive task. Third, the
present results remind us of the interindividual differences in the
neural processes underlying cognitive control.
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