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Background: Previous studies have re-
ported evidence of structural and func-
tional abnormalities in the anterior cingu-
late cortex of patients with schizophrenia.

Method: The authors studied 19 male
patients with chronic schizophrenia and
15 healthy male comparison subjects
with functional magnetic resonance im-
aging and the novel Multi-Source Interfer-
ence Task, a task designed to elicit robust
dorsal anterior cingulate cortex activation
in individual subjects. Group averaged
and individual (region-of-interest-based)
brain activation patterns were compared
during the performance of control and in-
terference trials.

Results: Performance (reaction times
and accuracy) did not differ between

healthy subjects and patients with schizo-
phrenia. Comparison of interference and
neutral blocks revealed activation in the
medial wall of the prefrontal cortex in
93% (N=14) of the healthy subjects and
84% (N=16) of the subjects with schizo-
phrenia. Sixty-seven percent (N=10) of the
healthy subjects but only 16% (N=3) of
the subjects with schizophrenia displayed
maximum medial wall activation within
the dorsal anterior cingulate cortex.

Conclusions: The Multi-Source Interfer-
ence Task produced robust activation in
the medial wall of the prefrontal cortex
during cognitive interference. Analysis of
individual activation patterns revealed
medial wall abnormalities in schizophre-
nia patients.

(Am J Psychiatry 2004; 161:707–715)

Cognitive deficits are prominent in many patients
with schizophrenia and may predict their social outcome
(1, 2). Neuroimaging studies have been able to link some
of these cognitive impairments in schizophrenia to spe-
cific neural circuits (3). We decided to employ the Multi-
Source Interference Task (4), a functional neuroimaging
paradigm specifically designed to reliably activate the dor-
sal anterior cingulate cortex, to examine dorsal anterior
cingulate cortex function during cognitive interference in
schizophrenia.

The anterior cingulate cortex as a whole provides an in-
terface for motor control, drive, and cognition (5, 6) and
has therefore attracted great interest in the study of
schizophrenia (7). Of importance is that it has been recog-
nized that the anterior cingulate cortex encompasses
functional subdivisions that subserve cognitive and emo-
tional processes (5, 8–10). These anterior cingulate cortex
subdivisions are based on distinct cytoarchitectural and
connectivity profiles: the dorsal areas 24c′/32′ (Figure 1)
are closely linked with cognitive-motor functions (8, 11,
12), while the rostral areas 24a-c/32 are associated with
limbic functions (8–12). Immediately dorsal to areas 24′/
32′ is the presupplementary motor area, which is equiva-
lent to area 6a and is connected with motor modules in the
dorsolateral prefrontal cortex (13).

Neuroimaging studies have, in lieu of direct information
about such subdivisions for each individual, inferred the lo-
cation of the anterior cingulate cortex subdivisions from

the sulcal/gyral pattern of the medial wall in the human
brain. The dorsal anterior cingulate cortex encompasses
the sections of the anterior cingulate cortex directly dorsal
to the corpus callosum (including the anterior cingulate gy-
rus and, if present, the paracingulate gyrus), whereas the
presupplementary motor area is equivalent to the medial
aspect of the superior frontal gyrus (Figure 1). The sulcal
pattern of the medial wall, however, is highly variable: a
paracingulate gyrus is found in only 30%–50% of healthy in-
dividuals (9, 14–16), occurs more often in the left hemi-
sphere (probably related to the left hemisphere dominance
for speech, in which the paracingulate gyrus is involved)
(6), and may be less prevalent in disease states such as
schizophrenia (17). Considering the structural heterogene-
ity and the distinct functional roles of medial wall regions in
the human brain, we decided to study dorsal anterior cin-
gulate cortex function in schizophrenia by using the Multi-
Source Interference Task (4) in conjunction with high-reso-
lution structural magnetic resonance imaging (MRI).

Method

Subjects

After approval of the study protocol by the institutional review
boards of the Massachusetts General Hospital and the Massa-
chusetts Department of Mental Health, we obtained written
informed consent from 18 healthy subjects recruited from the
community and 25 schizophrenia subjects recruited from an out-
patient clinic in Boston. Three schizophrenia subjects were ex-
cluded from the neuroimaging experiment for medical reasons
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(claustrophobia, vision impairment, metal in eye). In addition, one
healthy subject and one schizophrenia subject were excluded be-
cause their performance accuracy during an offline trial of the ex-
periment was less than 85% (71% and 31%, respectively). Data sets
of two healthy and two schizophrenia subjects were incomplete or
lost because of technical failure. This resulted in a final study group
size of 15 healthy subjects and 19 schizophrenia patients.

No subject had a history of major medical or neurological ill-
ness, and no healthy subject was found to have a history of psy-
chiatric illness according to the Structured Clinical Interview for
DSM-IV Axis I Disorders (SCID) (18). All patients were chronic,
stable outpatients with a history of schizophrenia, as established
by the SCID (18). The two groups were matched in terms of gen-
der, age, and parental education (Table 1).

Task Description

The Multi-Source Interference Task has been validated and full
task details appear in Bush et al. (4). Subjects viewed a set of three
items (the numbers 1, 2, or 3 or a lowercase “x”) on a computer

screen in front of them and were instructed to indicate the identity
(not the position) of the number that was different from the other
two items by button press. In control task trials (C), the target was
the only large number (distractor cues were lowercase x’s), and the
number would always match its position on the keypad (i.e., 1xx,
x2x, and xx3). In contrast, during interference trials (I), all three
stimuli were numbers and the target could be large or small and
would never match its position. Subjects were informed that scans
would begin and end with fixation (F) on a white dot for 30 sec-
onds, between which they would see eight alternating blocks of
control and interference trials, lasting 42 seconds each. For all tri-
als, subjects were instructed to answer as quickly as possible but to
make sure that they gave the correct answer.

After instructions were reviewed, subjects completed a prac-
tice of the task (192 trials, presented as four blocks of 24 control
trials alternating with four blocks of 24 interference trials). During
the neuroimaging experiment the subjects completed three scans
(with 192 trials each, presented as eight alternating blocks of con-
trol and interference trials, for a total of 576 trials), which were

FIGURE 1. Anatomy of the Human Prefrontal Cortex Medial Walla

a Parasagittal sections depict the cingulate gyrus, cingulate sulcus, paracingulate gyrus, paracingulate sulcus, and superior frontal gyrus (left
hemisphere image) and the cingulate gyrus, cingulate sulcus, and superior frontal gyrus (right hemisphere image). The coronal section of the
left hemisphere image depicts the medial wall at the level of the vertical plane passing through the anterior commissure; the coronal section
of the right hemisphere image depicts the medial wall 3 mm anterior to the vertical plane passing through the anterior commissure. The di-
agram (adapted from Vogt et al. [9]) translates the medial wall gyral/sulcal pattern at the level of the vertical plane passing through the an-
terior commissure into cytoarchitectural and functional modules. The superior frontal gyrus at the level anterior of the vertical plane passing
through the anterior commissure corresponds to area 6a and is designated the presupplementary motor area. Area 32′ is a cingulofrontal
transition area, located on the paracingulate gyrus (case A) or in the dorsal bank of the cingulate sulcus (case B). Area 24 can be divided along
the anterior-posterior direction into Brodmann’s area 24 and Brodmann’s area 24′ and along the ventral-dorsal direction into Brodmann’s
areas 24a–c. Area 24c′ is located in the ventral bank of the cingulate sulcus and represents the posterior sector of the rostral cingulate zone.
Area 24b′ is located on the crown of the cingulate gyrus, whereas area 24a′ lies in the dorsal bank of the callosal sulcus, next to area 33.
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separated by two pauses of 5 minutes each. The order of presen-
tation was fixed within scans (i.e., it was always FCICICICIF).

Functional and Structural MRI Procedures

All subjects were scanned in a Siemens 1.5-Tesla Sonata high-
speed echo-planar imaging device (Munich, Germany). Stimuli
were generated via MacStim 2.2.1 (West Melbourne, Australia) on
a Macintosh Powerbook (Cupertino, Calif.), projected onto a
screen, and viewed by the subjects via a tilted mirror placed in
front of their eyes.

High-resolution structural images (1.3×1.0×1.3 mm, magneti-
zation-prepared rapid acquisition with gradient echoes, 128
slices, echo time [TE]=2.978 msec; repetition time [TR]=2532
msec per slice, flip angle=7°) were collected for three-dimen-
sional reconstruction before the functional scanning session.
Each functional series lasted 6 minutes and 36 seconds. We
collected 264 functional brain images (TE/TR=40/1500 msec; 15
coronal slices, perpendicular to the anterior commissure/
posterior commissure line and extending anterior from a point
approximately at y=–10 mm; 5 mm thickness, no skip; voxel size
3.125×3.125×5 mm; field of view=200 mm; flip angle=90°) to cap-
ture 192 trials lasting 1.75 seconds each, bracketed by two blocks
of fixation trials, lasting 30 seconds each.

Data Analysis

Reaction time and accuracy data were analyzed by using
mixed-model analysis of variance with condition (control, inter-
ference) as the within-subject effect and group (healthy subjects,
schizophrenia patients) as the between-subject effect.

Structural and functional images were corrected for head mo-
tion with SPM 99 (Wellcome Department of Cognitive Neurology,
London). For each subject, we coregistered the structural image
to the mean functional image. We then transformed the mean
functional image into a common reference space (Montreal Neu-
rological Institute [MNI] Talairach brain) (19) using an EPI tem-
plate image as the target and applied the resulting transformation
parameters to all functional images and the structural image.

We used an orthogonal viewer of coronal, sagittal, and horizon-
tal sections to classify the sulcal pattern in the medial wall of the
prefrontal cortex. We employed criteria described previously (14,
16) and adjusted them to distinguish two sulcal patterns, i.e., ab-
sence or presence of a paracingulate gyrus.

Functional images were smoothed by using an 8-mm full width
at half maximum Gaussian filter. For each subject, general linear
models were created that included the effects of condition (con-
trol and interference) and scan (1–3) to explain the variance of
blood-oxygen-level-dependent (BOLD) signal change at each
voxel. We tested for the effect of condition (i.e., greater BOLD sig-

nal during interference compared with control blocks) across the
three experimental sessions.

Using these contrast images we tested for differences between
healthy and schizophrenia subjects at two levels. First, to test for
an overall effect of group we pooled all individual contrast images
(thresholded at p<0.05, uncorrected for multiple comparisons)
into a one-sample t test (for within-group effects) and a two-sam-
ple t test (for between-group effects), using a stringent signifi-
cance threshold of p<0.0001.

Second, to investigate medial wall activation in each individual
subject we displayed contrast images on the coregistered struc-
tural images, using a significance threshold of p<0.0001 as a cor-
rection for multiple comparisons within the a priori-defined me-
dial wall region of interest (20). This allowed us to test the
hypothesis that schizophrenia is associated with abnormal me-
dial wall activation during cognitive interference in two respects,
i.e., cluster extent and location of maximal excursion.

Results

Performance

Both groups performed more accurately on control tri-
als (healthy subjects: mean=99.4% correct [SD=1.6%];
schizophrenia patients: mean=97.9% correct [SD=4.8%])
than interference trials (healthy subjects: mean=93.4%
correct [SD=13.9%]; schizophrenia patients: 92.0% correct
[SD=13.1%]) (main effect of condition: F=9.03, df=1, 32, p=
0.005). Accuracy did not differ between the two groups
(main effect of group: F=0.3, df=1, 32, p=0.61).

Both groups had faster reaction times to the control tri-
als (healthy subjects: mean=603 msec [SD=67]; schizo-
phrenia patients: mean=650 msec [SD=109]) than to the
interference trials (healthy subjects: mean=873 msec [SD=
79]; schizophrenia patients: mean=942 msec [SD=132])
(main effect of condition: F=686.9, df=1, 1, p<0.001) (Fig-
ure 2). Schizophrenia subjects were not significantly
slower than healthy subjects (main effect of group: F=2.9,
df=1, 32, p=0.10). Both groups displayed similar interfer-
ence effects: healthy subjects and schizophrenia subjects
needed 45% more time (healthy subjects: mean=270 msec
[SD=70]; schizophrenia patients: mean=292 msec [SD=
54]) to respond to interference compared with control
trials (main effect of group: F=0.98, df=1, 32, p=0.33).

TABLE 1. Demographic and Clinical Characteristics of Schizophrenia Patients and Healthy Subjects Recruited for a Study of
Anterior Cingulate Cortex Activation During Cognitive Interference

Characteristic

Healthy Comparison 
Subjects (N=15)

Schizophrenia Patients 
(N=19) Analysis

Mean SD Mean SD t (df=32) p
Age (years) 46.6 9.1 46.8 7.2 –0.07 0.95
Education (years) 14.0 3.3 13.4 1.6 0.66 0.51
Parental education (years) 12.4 2.2 12.3 2.6 0.20 0.85
Estimated IQa 113.2 9.4 99.5 11.6 3.69 0.0008
Positive and Negative Syndrome Scale score 64.6 12.5
Scale for the Assessment of Negative Symptoms score 38.5 18.0
Simpson-Angus Rating Scale scoreb 2.7 4.3
Abnormal Involuntary Movement Scale scorec 2.3 1.2
a Estimated from North American Adult Reading Test scores.
b Assessment of extrapyramidal symptoms.
c Assessment of tardive dyskinesia.
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Activation

Group analysis. The healthy comparison group showed
greater activation during interference blocks in a region of
the medial frontal cortex (MNI Talairach coordinates 0, 18,
46), in regions of the left and right lateral prefrontal cortex,

and in the insula (Table 2). The peak activation in the medial

wall of the frontal cortex was in the anterior cingulate cortex

and extended into the presupplementary motor area.

The schizophrenia group also showed greater activa-

tion during interference blocks in a region of the medial

FIGURE 2. Reaction Times of Healthy Subjects and Schizophrenia Patients During a Cognitive Interference Taska

a Subjects viewed a set of three items (the numbers 1, 2, or 3 or a lowercase “x”) on a computer screen in front of them and were instructed to
indicate the identity (not the position) of the number that was different from the other two items by button press. For the control condition,
the target was the only large number (distractor cues were lowercase x’s), and the number would always match its position on the keypad
(i.e., 1xx, x2x, and xx3). In the interference trials, all three stimuli were numbers and the target could be large or small and would never match
its position. Each MRI scan recorded brain activation during eight alternating blocks of control and interference tasks; the scans were sepa-
rated by two pauses of 5 minutes each.

TABLE 2. Regions of Activation During a Cognitive Interference Task in Healthy Subjects (N=15) and Schizophrenia Patients
(N=19)

Group and Region Area Voxels
Maximum 

z Score

Talairach Coordinatesa

x y z
Healthy subjects

Left prefrontal cortex 10/46 139 4.89 –42 40 14
9 508 4.85 –44 8 30

Dorsal anterior cingulate cortex 32′ 218 4.86 0 18 46
Right insula 144 4.71 36 12 22
Left premotor 6 31 4.61 –28 6 42
Right prefrontal cortex 9 193 4.30 42 44 26

11 16 4.22 22 46 –22
6 20 4.18 28 14 46

47 41 3.99 40 20 –10
Schizophrenia patients

Left prefrontal cortex 44 207 5.00 –48 8 28
6 25 4.47 –26 8 58

10 265 4.44 –38 40 24
11 10 4.33 –26 44 –20

Right prefrontal cortex 10 100 4.71 38 38 22
9 70 4.31 48 12 32

Left insula 170 4.63 –38 18 0
Presupplementary motor area/dorsal anterior cingulate cortex 6 283 4.59 2 16 50

32′ 10 4.20 8 22 28
a Based on template of Montreal Neurological Institute.20
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frontal cortex (MNI Talairach coordinates 2, 16, 50), in re-
gions of the left and right prefrontal cortex, and in the in-
sula (Table 2). Relative to the healthy group, the medial
wall activation was more dispersed, the peak was 4 mm
more dorsal in Brodmann’s area 6 (presupplementary
motor area), and the maximum excursion did not achieve
the same level of significance (Figure 3). Despite these dif-
ferences, a direct comparison between the two groups did
not reveal any significant group-by-condition interac-
tions (even when the statistical threshold was lowered to
p<0.01).

Single-subject analysis. A bilateral cingulate gyrus
above the corpus callosum was identified in all subjects. A
paracingulate gyrus, separated from the cingulate gyrus
by the cingulate sulcus ventrally and from the frontal cor-
tex by the paracingulate sulcus dorsally, was identified in
47% (N=7) of the healthy subjects and 53% (N=10) of the
subjects with schizophrenia.

We inspected each individual case for significant brain
activation (p<0.0001) in the dorsal anterior cingulate cor-
tex and presupplementary motor area. Ninety-three per-
cent (N=14) of the healthy subjects and 84% (N=16) of the
schizophrenia patients displayed significant medial wall
activation during cognitive interference (Table 3). Further-
more, when a paracingulate gyrus was present, we subdi-
vided the dorsal anterior cingulate cortex (and coded

whether the maximal activation occurred in the cingulate
gyrus or paracingulate gyrus). Sixty-seven percent (N=10)
of the healthy subjects displayed maximum medial wall ac-
tivation within the dorsal anterior cingulate cortex, a pat-
tern that was seen in only 16% (N=3) of the subjects with
schizophrenia (χ2=9.19, df=1, p=0.002). On the basis of this
detailed structural/functional analysis of individual data
sets, we were able to discern three patterns of activation in
the medial wall of the prefrontal cortex during interference
trials (Figure 4). As seen in Table 4, the most frequent pat-
tern was activation in the cingulate gyrus and presupple-
mentary motor area in the absence of a paracingulate gy-
rus (47% [N=16 of 34 cases]). The second most frequent
pattern was activation of the cingulate gyrus, paracingu-
late gyrus, and presupplementary motor area (38% [N=13
of 34 cases]). The third pattern, lack of cingulate gyrus or
paracingulate gyrus activation in the presence or absence
of presupplementary motor area activation, was seen in
one healthy subject and four schizophrenia patients (15%
[N=5 of 34 cases]).

Performance-Activation Relationships

The four schizophrenia subjects with no significant an-
terior cingulate cortex activation did not differ from the
rest of the schizophrenia group on error rate (main effect
of group: F=0.2, df=1, 1, p=0.66) or reaction time prolonga-

FIGURE 3. Activation in the Medial Wall During a Cognitive Interference Task in Healthy Subjects and Schizophrenia Patientsa

a Activation patterns are displayed on sagittal and coronal sections of a canonical structural MR image of a single subject. The peak activation
in the schizophrenia group is 4 mm more dorsal relative to that of the comparison group, is less significant, and is more dispersed.
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tion during interference (group-by-condition interaction:
F=0.04, df=1, 1, p=0.84). They also did not differ with re-
gard to mean age, parental education, or premorbid IQ as
estimated with the North American Adult Reading Test (all
unpaired t tests, p>0.10). Finally, the maximum z scores of
medial wall activation did not correlate with IQ scores as
assessed with the North American Adult Reading Test (r=
0.13, p=0.47).

Discussion

We have demonstrated that cognitive interference, as
induced by the Multi-Source Interference Task and ana-
lyzed in individual subjects, produces robust medial wall
activation in healthy subjects and in most subjects with
schizophrenia. Group analysis showed that the overall ac-

tivation pattern of the schizophrenia group was more dis-
persed and shifted dorsally, but the mean image did not
differ significantly from the normal pattern. Detailed anal-
ysis of the individual data, however, revealed that the ma-
jority of schizophrenia subjects displayed their maximum
medial wall activation outside of the dorsal anterior cingu-
late cortex and that a subset of schizophrenia subjects
failed to activate the dorsal anterior cingulate cortex dur-
ing cognitive interference.

Our finding of robust dorsal anterior cingulate cortex
activation during cognitive interference in healthy sub-
jects is consistent with a previous study that used the
Multi-Source Interference Task (4). Here we identified two
normal patterns of medial wall activation on the basis of
the presence or absence of a paracingulate gyrus. Most
subjects revealed activation of the posterior sector of the

TABLE 3. Maximum Medial Wall Activation During a Cognitive Interference Task in Healthy Subjects (N=15) and Patients
With Schizophrenia (N=19)

Subjects

Paracingulate 
Gyrus Hemisphere 

(if present) z Score

Talairach Coordinatesa

Anterior Cingulate Cortex Presupplementary Motor Area

x y z x y z
Healthy subjectsb

1 Left 10.59 4 28 30
2 Left 9.05 2 12 48
3c 7.77 –2 24 36
4 7.70 –4 6 38
5d Left 7.59 –2 20 44
6 7.09 –2 10 40
7 6.67 0 20 44
8 6.12 6 24 44
9 5.67 14 18 44
10 Left/right 4.48 –6 28 36
11 12.50 4 8 52
12 11.10 –4 12 46
13 Left 8.71 –2 20 50
14 Right 5.52 –2 6 62
15e Right

Patients with schizophreniaf

1 15.00 2 16 42
2 Left 13.90 –2 24 46
3 Left 9.14 0 26 38
4 Left 10.86 –2 18 68
5 10.65 –6 20 50
6 9.43 –6 20 46
7 Right 9.24 0 6 52
8 8.57 6 18 48
9 Left 8.36 –4 10 52
10 7.94 0 10 56
11 7.90 4 22 50
12 7.73 0 36 38
13 Right 7.26 0 30 46
14 4.86 –2 20 56
15 Right 4.20 6 18 48
16g 5.02 –2 12 48
17e Left
18e Left
19e Left

a Based on template of Montreal Neurological Institute.
b Subjects 1–14 also had significant activation in the area adjacent to the area of peak activation (i.e., presupplementary motor area for sub-

jects 1–10 and anterior cingulate cortex for subjects 11–14).
c Subject shown in Figure 4 (pattern A).
d Subject shown in Figure 4 (pattern B).
e No significant activation.
f Subjects 1–15 also had significant activation in the area adjacent to the area of peak activation (i.e., presupplementary motor area for sub-

jects 1–3 and anterior cingulate cortex for subjects 4–15).
g Subject shown in Figure 4 (pattern C).
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rostral cingulate zone in the depth of the cingulate sulcus,
i.e., Brodmann’s area 24c′, a region implicated in the con-
trol of motor behavior (13, 21).

The Stroop-like cognitive interference induced by the
Multi-Source Interference Task relies on the combination
of effects, including the Simon effect (position of target
cue information does not correspond to its position on
button press) and the Eriksen flanker effect (the target cue
is flanked by incongruent distractor cues) (4). Combined
with other factors known to activate the dorsal anterior
cingulate cortex (e.g., novelty, errors) (20, 22, 23), this leads
to a more pronounced reaction time prolongation com-
pared with classical Stroop tasks (4). It is likely that such a

combination of interference effects results in more robust
medial wall activation (5). Further studies are needed to
understand how the combination of the different Multi-
Source Interference Task components contributed to the
medial wall activation.

Abnormalities of the anterior cingulate cortex in schizo-
phrenia have been reported in studies of neuronal cell
density (7), sulcal/gyral pattern (17), spectroscopic analy-
sis of N-acetylaspartate (24, 25), modulation of blood flow
in response to pharmacological challenge (26), and func-
tional activation during task performance (27–31). Taken
together, these findings have been interpreted as evidence
for anterior cingulate cortex pathology in schizophrenia

FIGURE 4. Patterns of Sulcal Anatomy and Medial Wall Activation in the Prefrontal Cortex During a Cognitive Interference
Task in Healthy Subjects and Patients With Schizophrenia

TABLE 4. Medial Wall Activation Patterns and Frequency During a Cognitive Interference Task in Healthy Subjects (N=15)
and Schizophrenia Patients (N=19)

Pattern

Activation Region Frequency

Cingulate Gyrus
Paracingulate Gyrus 

(if present)
Presupplementary 

Motor Area Healthy Subjects
Schizophrenia 

Patients Total
A Yes Yes 8 8 16
B Yes Yes Yes 6 7 13
C1 No No No 1 3 4
C2 No Yes 0 1 1
Total 15 19 34
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(7). However, it has become clear that the term anterior
cingulate cortex refers to structurally and functionally dis-
tinct areas in the medial wall of the prefrontal cortex. One
distinction especially relevant for schizophrenia is the ros-
tral/dorsal parcellation into areas 24/32 (which receive
strong projections from the amygdala) and 24′/32′ (which
are connected with prefrontal, parietal, and motor areas)
(12, 32). This pattern has led some investigators to pro-
pose a combined role of amygdala and anterior cingulate
cortex areas 24/32 in the production of affective behav-
iors, whereas areas 24c′ and 32′ have been linked to atten-
tion and motor function (8, 33). Neuropathological studies
of schizophrenia subjects have reported cell loss and ab-
normal neuropil in area 24, which has been interpreted as
evidence for abnormalities of amygdala afferents into the
anterior cingulate cortex (7). It is not known whether
schizophrenia is also associated with abnormal cellular
architecture of the anterior cingulate cortex region studied
here, i.e., posterior areas 24′/32′.

Initial studies employing the Stroop task were inter-
preted as evidence for an impaired ability to process com-
peting stimulus features in schizophrenia (34). However, a
thorough review revealed that this inference was often
based on an incomplete or incorrect analysis of the reac-
tion time and accuracy data, and that differences in exper-
imental design (i.e., block or single-trial design) could ex-
plain some of the discrepancies between the various
studies (34). Our finding of similar interference effects on
reaction time in schizophrenia is in line with previous
studies (34).

Previous positron emission tomography (PET) and sin-
gle photon emission computed tomography (SPECT)
studies of blocked-design, classical Stroop tasks have re-
ported decreased activation in both rostral and dorsal
subdivisions of the medial wall during cognitive interfer-
ence blocks in schizophrenia (28–31). A recent fMRI study
of error-related activity in the anterior cingulate cortex
revealed further compelling evidence for abnormal ante-
rior cingulate cortex activation (significant group-by-
accuracy-by-scan interaction at coordinates 2, 21, 36) in
schizophrenia (35). The recent study by Yücel et al. (31) is
particularly relevant for our discussion, since the authors
reported decreased cingulate gyrus/paracingulate gyrus
but normal presupplementary motor area activation in
five subjects with schizophrenia. Two experimental details
could explain why we detected dorsal anterior cingulate
cortex activation in the majority of subjects with schizo-
phrenia. First, we used the Multi-Source Interference Task,
which most likely resulted in more significant medial wall
activation. Second, we studied BOLD signal at 1.5 T, which
appears to be more accurate for mapping the individual
pattern of medial wall activation. Despite these differ-
ences, we agree with Yücel et al. that some patients with
schizophrenia lack dorsal anterior cingulate cortex activa-
tion and that some show more robust presupplementary
motor area activation during cognitive interference.

Brain activation during cognitive interference in schizo-
phrenia deserves further study. The normal reaction time
and accuracy during the performance of the Multi-Source
Interference Task in the four subjects without significant
dorsal anterior cingulate cortex activation indicates that
additional brain regions are involved in performing cogni-
tive interference tasks (4, 6). To study such alternate pat-
terns of brain activation and to elucidate their behavioral
consequences we need paradigms, such as the Multi-
Source Interference Task, that ensure robust and consis-
tent activation of the region of interest at the level of indi-
vidual subjects. Our findings are a compelling example of
how refined tasks and the analysis of individual data can
improve group data analysis, especially in highly variable
regions of the human cerebral cortex.

In conclusion, maximum medial wall activation outside
of the anterior cingulate cortex during cognitive interfer-
ence and lack of anterior cingulate cortex activation in a
subgroup of schizophrenia subjects provide further evi-
dence for an abnormality of the anterior cingulate cortex
in schizophrenia.
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