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The display of emotion is a critical factor in social inter-
action. With regard to the biological underpinnings of
emotion, several brain-imaging studies have investigated
neural activation during exposure to negative facial ex-
pressions (see Davis & Whalen, 2001, for a review). How-
ever, other factors besides expressions provide critical cues
in face-to-face interaction. From an evolutionary perspec-
tive, as well as from a sociocultural learning perspective,
it is important to recognize not only the facial expression
but also the identity of the displaying person. One impor-
tant factor in this context is the sex of the interacting per-
son. Evidence suggests that pictures of males expressing
anger tend to be more effective as conditioned stimuli than
pictures of angry females (Öhman & Dimberg, 1978).
These results were extended in a study that investigated
the effect of the sex of both the receiver and the sender on

aversive conditioning (Mazurski, Bond, Siddle, & Lovi-
bond, 1996). In that study, the investigators tested the hy-
pothesis that men are more biologically prepared to react
to angry male faces than to angry female faces, whereas
women react similarly to both sexes. This hypothesis is
based on evolutionary theories about dominance hierar-
chies, where dominance is intimately related to between-
individual competition within the group (e.g., Hinde, 1974;
Öhman, Dimberg, & Öst, 1985). 

To establish dominance, the competing individuals typ-
ically use impressive facial displays to threaten and frighten
the opponent. On the basis of data from studies of non-
human primates, Öhman et al. (1985) suggested that both
men and women form hierarchies, with the male hierarchy
dominating over the female. The conditioning data of Ma-
zurski et al. (1996) supported this hypothesis in that only
males showed a larger conditioned skin conductance re-
sponse (SCR) to angry male faces as opposed to angry fe-
male faces. These data indicate that men may be more
physiologically aroused during confrontation with other
angry males than with angry females, an autonomic nervous
system pattern not seen in women.

Recent brain-imaging studies including men and women
have shown that angry faces, irrespective of the sex of
sender, may activate regions in the left and right amygdala
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(Wright, Martis, Shin, Fischer, & Rauch, 2002), the left
and right parahippocampal gyri (Whalen et al., 2001), and
the anterior (Blair, Morris, Frith, Perrett, & Dolan, 1999)
and posterior cingulate (Sprengelmeyer, Rausch, Eysel, &
Przuntek, 1998), as well as the orbitofrontal (Blair et al.,
1999), temporal (Blair et al., 1999), prefrontal, and pari-
etal cortices (Kilts, Egan, Gideon, Ely, & Hoffman, 2003).
To our knowledge, past research has not examined how
the sex of the angry sender affects how male and female
brains process this socially relevant information. Therefore,
the aim of the present functional magnetic resonance
imaging (fMRI) study was to investigate brain activation
in men as opposed to women for angry male faces relative
to angry female faces. On the basis of evolutionary theory
(Öhman et al., 1985) and psychophysiological data (Ma-
zurski et al., 1996), we hypothesized that men activate emo-
tionally relevant brain regions during exposure to other
angry male faces more than during exposure to angry fe-
male faces, a pattern of brain activation not seen to the
same extent in women. 

To examine the specificity of this brain activation pat-
tern, we used areas activated in the target contrast (i.e.,
angry male vs. angry female faces in men vs. women) as
regions of interest (ROIs) in two control contrasts (i.e.,
fearful male vs. fearful female faces and neutral male vs.
neutral female faces in men as opposed to women). Blood-
oxygenation-level-dependent (BOLD) signal was mea-
sured in young men and women during exposure to epochs
of emotional and neutral male and female faces (Ekman &
Friesen, 1976). The study design is similar to one previ-
ously used by Whalen et al. (2001), with the important ex-
ception that we here presented male and female faces in
separate blocks. With this design, it is possible to study
how the interaction between the sex of the sender and that
of the receiver influences activity in neural systems in-
volved in emotional processing and in detection of so-
cially relevant information in another person’s face.

METHOD

Subjects
Twenty-four healthy right-handed subjects (12 male, 12 female)

with a mean (�SD) age of 25.0 years (�2.1) and 24.4 years (�3.4),
respectively, were included. Persons with previous or current psy-
chiatric, neurological, or medical disease, and persons who used
psychoactive medication or abused substances were excluded. Preg-
nancy was also an exclusionary criterion. Written informed consent
was obtained. The study was approved and conducted in accordance
with guidelines established by the local ethical committee at the
Karolinska Hospital.

Procedure
Subjects were positioned supine on a padded scanner bed in a

dimly illuminated room and wore foam earplugs as well as external
ear protection to attenuate scanner noise. During fMRI data acqui-
sition, all subjects passively viewed pictures of male and female
faces (Ekman & Friesen, 1976) during a single 6-min run. This run
was composed of fifteen 24-sec epochs with male or female angry
(A), fearful (F), or neutral (N) face stimuli, or a single cross on an
otherwise blank screen that served as a low-level fixation condition
(�). During each face epoch, subjects viewed 48 A, 48 F, or 48 N

face stimuli (i.e., total of 8 presentations of each male or female
face). Each face stimulus was presented for 200 msec with an inter-
stimulus interval of 300 msec (Breiter et al., 1996; Whalen et al.,
2001). The low-level fixation condition (�) served as the first, mid-
dle, and last epochs in the run. Presentations of alternating A and F
male and female face epochs were bracketed by epochs of N male
and female faces. The order of male and female A and F epochs was
counterbalanced across subjects (i.e., each of the four epoch orders
described below was presented to 3 subjects of each sex in a random-
ized fashion). The epoch orders were as follows: 

1. �NmaleFmaleAmaleFmaleAmaleNmale�NfemaleAfemale
FfemaleAfemaleFfemaleNfemale�. 

2. �NfemaleFfemaleAfemaleFfemaleAfemaleNfemale�Nmale
AmaleFmaleAmaleFmaleNmale�.

3. �NmaleAmaleFmaleAmaleFmaleNmale�NfemaleFfemale
Afemale FfemaleAfemaleNfemale�. 

4. �NfemaleAfemaleFfemaleAfemaleFfemaleNfemale�Nmale
FmaleAmaleFmaleAmaleNmale�.

Within each epoch, the faces were repeatedly presented in semi-
random order both within and between subjects. Specifically, the
pictures were presented in a counterbalanced order, with the excep-
tion that the same face never appeared twice in consecutive order.
Before scanning, subjects were instructed to lie quietly and fixate
the presented faces at the level of the eyes (i.e., passive viewing).
After the experiment, subjects rated the emotionality of the presented
faces to validate the degree of emotional significance of each face.
None of the participating subjects admitted having seen the experi-
mental faces prior to the experiment. 

Subjective Ratings
A sample of the participating men (n � 9) and women (n � 10)

rated the degree of anger in each of the depicted angry and neutral
male and female faces, and the degree of fear in each of the depicted
fearful and neutral male and female faces (range 0–100; 0: none,
100: maximum). Paired t tests were used to test for differences in
subjective ratings.

Face Stimuli and Apparatus
Face stimuli consisted of bitmap picture files displaying six male

and six female individuals showing emotional and neutral facial ex-
pressions (Ekman & Friesen, 1976). These picture files were presented
by means of a standardized software (ERTS; Berisoft Corp, Ger-
many) using an IBM Thinkpad 390 computer (IBM, USA) and pro-
jected via a Philips Hopper HG 20 Impact LCD projector (Philips
Corp, Netherlands) positioned inside the scanner room onto a rec-
tangular screen, placed approximately 3 m in front of the subject.
Stimuli were presented via a mirror system (prism and oculars)
mounted on top of the headcoil positioned approximately 2 cm from
of the subject’s eyes.

Functional Magnetic Resonance Imaging
Data acquisition. Whole-brain imaging data were acquired on a

1.5-T GE Signa Echospeed MR scanner (GE Medical Systems),
using a standard circular head coil. T1-weighted 3-D-SPGR images
(TR � 24 msec, TE � 6 msec, flip angel � 35º) were acquired for
anatomical coregistration in 124 contiguous 1.5-mm coronal slices
(image resolution � 256 � 256 � 186 mm, voxel size � 0.9 � 0.9
� 1.5 mm). Functional images were acquired using a T2*-sensitive
gradient echo-EPI sequence (TR � 4.2 sec, TE � 40 msec, flip
angle � 90º). The image volumes had an FOV of 220 � 220 mm, an
in-plane resolution of 3.44 � 3.44 mm2, and contained 42 horizon-
tal 4-mm thick slices with a 0.4-mm gap in between each slice. All
images were acquired sequentially. During the fMRI session, 86
image volumes were obtained. To account for magnetic saturation
effects, three dummy scans presented at the beginning of the session
were discarded in the statistical analysis. 
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Data analysis. Functional images were first realigned and un-
warped (pitch and roll) to account for potential movement by field
inhomogeneity effects (Andersson, Hutton, Ashburner, Turner, &
Friston, 2001), then motion corrected and normalized to a standard
template using SPM2 (http://www.fil.ion.ucl.ac.uk/spm). Normal-
ized images were spatially smoothed with a Gaussian filter of 12 mm
full width at half maximum (FWHM). High- and low-frequency
noise and differences in global signal between subjects were re-
moved using a high-pass filter, a low-pass filter (Gaussian), and
global scaling, respectively. Individual data were analyzed with a
fixed-effects model (Friston, Jezzard, & Turner, 1994), and group
data were analyzed using a random-effects model (Holmes & Fris-
ton, 1998). Effects were modeled using a boxcar convolved with a
canonical hemodynamic response function. For the group analysis,
functional images from the different conditions were contrasted 
to create a single contrast image per subject and contrast. Maxima
of clusters of activated voxels are reported in Talairach coordinates
(Talairach & Tournoux, 1988). The mni2tal.m matlab function (www.
mrc-cbu.cam.ac.uk/Imaging/mnispace.html) was used to transform
MNI coordinates (Montreal Neurological Institute) to Talairach co-
ordinates (Talairach & Tournoux, 1988). 

To identify brain areas in men and women that were more acti-
vated by (1) angry versus neutral faces collapsed over sex of face,
and (2) angry male versus angry female faces, one-sample t tests
were performed on individual contrast images. To identify brain
areas in men that were more activated than corresponding areas in
women by angry, fearful, and neutral male versus angry, fearful, and
neutral female faces, we conducted two-sample t-tests on the indi-
vidual contrast images in men as opposed to women. Because a large
number of studies have demonstrated involvement of the amygdala
in perception of negative affective faces (e.g., Breiter et al., 1996;
Morris et al., 1998; Morris et al., 1996; Phillips et al., 1998; Phillips
et al., 1997; Whalen et al., 1998; Whalen et al., 2001), p values for
activations in the amygdala were corrected for the brain volume an-
alyzed (specified as a sphere with a radius of 8 mm; Worsley, Mar-
rett, Neelin, Friston, & Evens, 1996). In this predefined area of in-
terest, we used a voxel-level threshold of p � .05, corrected for the
volume of interest. Additional a priori regions of interest were other
areas previously shown to activate during emotional processing (see
Phan, Wager, Taylor, & Liberzon, 2002, for a review). These regions
included subcortical regions such as the hippocampus and the hy-
pothalamus, as well as cortical regions in both the anterior and pos-
terior brain, including the occipital and the anterior cingulate cor-
tices (ACC). For this extended network of brain areas, we used a
voxel-level threshold of p � .001, uncorrected for search volume.
For the rest of the brain, we used a voxel-level threshold of p � .05,
corrected for search volume. To test the origin of the interaction be-
tween type of face (angry or fearful male faces vs. angry or fearful
female faces) and sex group (men vs. women), analysis of variance

(ANOVA) and follow-up paired (within groups) or unpaired (be-
tween groups) t tests were conducted using 
 values (i.e., parameter
effect sizes). These 
 values reflect BOLD activation (task vs. base-
line) in the maximum voxel location in the activated clusters of vox-
els reported in Table 1.

RESULTS

Behavioral Ratings of Face Stimuli
As expected, the angry faces (M � 55.0, SD � 21.5)

were perceived as angrier than the neutral faces (M �
11.2, SD � 11.2, p � .0001). Importantly, angry male and
female faces were rated as expressing the same degree of
anger by both sexes (for men: M � 56.5, SD � 18.3 and
M � 54.4, SD � 18.2, respectively, p � .30; for women:
M � 55.1, SD � 24.8 and M � 54.1, SD � 26.0, respec-
tively, p � .65). Men and women also rated neutral male
faces and female faces as being equally expressive in
terms of anger (for men: M � 11.8, SD � 9.6 and M �
10.0, SD � 10.5, respectively, p � .25; for women: M �
12.5, SD � 14.2 and M � 10.5, SD �12.0, respectively,
p � .15).

Also, the fearful faces (M � 65.9, SD � 16.1) were per-
ceived as being more emotional (i.e., fearful) than the neu-
tral faces (M � 5.1, SD � 6.6, p � .0001). Furthermore,
both men and women rated fearful male and fearful female
faces as expressing a similar degree of fear (for men: M �
70.3, SD � 12.9 and M � 64.7, SD � 12.5, respectively,
p � .10; for women: M � 66.0, SD � 21.0 and M � 62.1,
SD � 18.7, respectively, p � .05). Finally, both sexes rated
neutral male faces and female faces as being equally ex-
pressive in terms of fear (for men: M � 3.3, SD � 3.7 and
M � 3.9, SD � 7.1, respectively, p � .25; for women: M �
5.8, SD � 7.9 and M � 7.2, SD �8.6, respectively, p � .50).

fMRI Data
Greater activation to angry versus neutral faces in

men and women. Men and women activated the right
amygdala during exposure to angry as opposed to neutral
faces collapsed over sex of face (cluster size � 55 voxels;
t � 2.81 in peak voxel activation, Talairach coordinates;
x � 20, y � �6, z � 20, p � .005, using small-volume
correction). 

Table 1
Brain Regions More Activated in Men Than in Women During Exposure 

to Angry Male as Opposed to Angry Female Faces  

Brain Region Hemisphere Brodmann Area x y z Cluster Size t Value

Occipital cortex R 17/18 19 �78 09 128 4.42
17/18 12 �81 17 4.14

Cingulate cortex R 24/32 14 32 20 83 4.30
Cingulate cortex L 32 �02 46 �01 22 3.76

Note—Spatial coordinates are for peak voxel activation or activations in a cluster of suprathreshold voxels (p � .001, uncor-
rected) that covers one or several brain regions and Brodmann areas. Coordinates are in millimeters and correspond to the
stereotactic atlas of Talairach and Tournoux (1988). An underlined Brodmann area reflects the approximated localization of
the maximum voxel in a voxel cluster that extends over more than one Brodmann area. For the x coordinate (right–left), neg-
ative values are in the left hemisphere, whereas negative values related to the y coordinate (anterior–posterior) are posterior
to the zero point (located at the anterior commisure). For the z coordinate (superior–inferior), negative values are inferior to
the plane defined by the anterior and posterior commisure. The t values correspond to the peak voxel activation. R means right
and L means left.
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Greater activation to angry male versus angry fe-
male faces in men and women. There were no brain re-
gions that showed significant activation for angry male as
opposed to angry female faces that generalized across sex.

Greater activation to angry male versus angry fe-
male faces in men as opposed to women. Men activated
early visual areas in the right hemisphere more than women
during exposure to angry male faces as opposed to angry
female faces (Table 1, Figure 1). An ANOVA revealed a

significant interaction between type of face (angry male
faces vs. angry female faces) and sex (men vs. women)
[F(1,22) � 18.20, p � .001; Figure 1]. 

Follow-up tests showed greater activation in men to
angry male faces (M � .74, SD � .74) than to angry fe-
male faces (M � �.20, SD � .28; t � 4.13, p � .01),
whereas women showed similar activation to angry male
(M � .01, SD � .62) and angry female (M � .49, SD �
.54; t � 1.99, p � .05) faces. Men (M � .74, SD � .74)

Figure 1. Higher right-sided occipital cortex activation in men as opposed to
women during exposure to angry male versus angry female faces. The colored
statistical t map is superimposed on the T1 template in SPM2. Local maximum
in the occipital cortex is located in the center of the blue cross. The graph dis-
plays � values (M and SE) derived from this local maximum for angry male
and angry female faces in men and women.
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showed greater activation than women (M � .01, SD �
.62) to angry male faces (t � 2.60, p � .05), whereas
women (M � .49, SD � .54) showed greater activation
than men (M � �.20, SD � .28) to angry female faces
(t � 3.89, p � .0001).

Men also activated two subregions of the ACC more
than women during exposure to angry male faces relative
to angry female faces (Table 1; Figures 2 and 3). There
were significant interactions between type of face and sex

both in the more right-sided dorsal part of the ACC
[F(1,22) � 17.08, p � .001] and in the more left-sided
rostral-ventral part of the ACC [F(1,22) � 14.01, p � .01]. 

Follow-up tests in the right dorsal ACC also showed
greater activation in men to angry male faces (M � �.01,
SD � .45) than to angry female faces (M � �.69, SD �
.57; t � 3.78, p � .01), whereas women showed similar
activation to angry male (M � �.84, SD � .82) and angry
female faces (M � �.12, SD � .51; t � �2.19, p � .05).
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Figure 2. Higher right-sided dorsal anterior cingulate cortex activation in
men as opposed to women during exposure to angry male versus angry female
faces. The colored statistical t map is superimposed on the T1 template in
SPM2. Local maximum in the dorsal anterior cingulate cortex is located in the
center of the blue cross. The graph displays � values (M and SE) derived from
this local maximum for angry male and angry female faces in men and women.
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Men (M � �.01, SD � .45) showed higher activation than
women (M � �.84, SD � .82) to angry male faces (t �
3.11, p � .01), whereas women (M � �.12, SD � .51)
showed higher activation than men (M � �.69, SD � .57)
to angry female faces (t � 2.58, p � .05).

Similar follow-up tests in the left rostral-ventral ACC
showed significantly higher activation in men to angry

male faces (M � .16, SD � .47) than to angry female
faces (M � �.75, SD � .92; t � 3.1, p � .01). However,
women also showed higher activation to angry faces of the
same (M � .08, SD � .92) versus the opposite sex (M �
�.73, SD � .90; t � 2.22, p � .05). Men (M � .16, SD �
.47) demonstrated higher activation than women (M �
�.73, SD � .90) to angry male faces (t � 3.03, p � .01),
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Figure 3. Higher left-sided rostral-ventral anterior cingulate cortex activa-
tion in men as opposed to women during exposure to angry male versus angry
female faces. The colored statistical t map is superimposed on the T1 template
in SPM2. Local maximum in the rostral-ventral anterior cingulate cortex is lo-
cated in the center of the blue cross. The graph displays � values (M and SE)
derived from this local maximum for angry male and angry female faces in
men and women.
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whereas women (M � .08, SD � .92) demonstrated higher
activation than men (M � �.75, SD � .92) to angry fe-
male faces (t � 2.21, p � .05).

Greater activation in predefined ROIs to fearful
male versus fearful female faces in men as opposed to
women. The same brain regions were activated in the
fearful male versus fearful female faces contrast as in the
angry male versus angry female faces contrast in men as
opposed to women (see Table 1). ANOVAs showed that
these regional differences reflected a significant inter-
action between type of face (fearful male faces vs. fearful
female faces) and sex group (men vs. women) in the oc-
cipital cortex [F(1,22) � 15.11,  p � .001] as well as in 
the more right-sided dorsal [F(1,22) � 18.69, p � .001]
and the more left-sided rostral-ventral part of the ACC
[F(1,22) � 5.98, p � .05]. 

Follow-up tests showed that the interaction between
type of face and sex in the occipital cortex reflected greater
activation in men to fearful male faces (M � .72, SD �
.77) than to fearful female faces (M � �.26, SD � .36;
t � 4.03, p � .01). Women, on the other hand, showed
similar activation to fearful female faces (M � .37, SD �
.60) and fearful male faces (M � .02, SD � .50; t � 1.47,
p � .10). Moreover, men activated the occipital cortex
more than women during exposure to fearful male faces
(M � .72, SD � .77 for men and M � .02, SD � .50 for
women; t � 2.62, p � .05). Women activated the same re-
gion more than men during exposure to fearful female
faces (M � .37, SD � .60 for women and M � �.26,
SD � .36 for men; t � 3.11, p � .01). 

Also, in the dorsal ACC, there was greater activation in
men to fearful male faces (M � .12, SD � .52) than to
fearful female faces (M � �.80, SD � .58; t � 4.77, p �
.001), whereas women demonstrated similar activation to
fearful faces of both sexes (M � �.73, SD � .70 for fear-
ful male faces and M � �.08, SD � .58 for fearful female
faces; t � �2.11, p � .05). Furthermore, both men and
women activated the dorsal ACC more during exposure to
fearful faces of their own sex (M � .12, SD � .52 for men
and M � �.08, SD � .58 for women) as opposed to fear-
ful faces of the opposite sex (M � �.80, SD � .58 for men
and M � �.73, SD � .70 for women; t � 3.39, p � .01
and t � 3.03, p � .01, for men and women, respectively).

In the rostral-ventral ACC, as in the other ROIs, follow-
up tests demonstrated greater activation in men to fearful
male faces (M � .14, SD � .58) than to fearful female
faces (M � �.76, SD � .84; t � 2.75, p � .05), but no sig-
nificant difference in women during exposure to fearful
male faces (M � �.18, SD � .77) and fearful female
faces (M � .19, SD � .91; t � �.91, p � .30). Finally,
there was similar activation in men and women during ex-
posure to fearful male faces (M � �.14, SD � .58 for men
and M � �.18, SD � .77 for women; t � 1.14, p � .30),
but higher activation in women than men to fearful female
faces (M � .19, SD � .91 for women and M � �.76,
SD � .84 for men; t � 2.65, p � .05).

Greater activation in predefined ROIs to neutral
male versus neutral female faces in men as opposed
to women. No fMRI signal difference was evident in the
neutral male faces versus neutral female faces contrast in
the ROIs defined by the angry male versus angry female
faces contrast.

DISCUSSION

In agreement with the bulk of evidence, men and women
alike exhibited greater amygdala activity during exposure
to angry as opposed to neutral faces (Whalen et al., 2001;
Wright et al., 2002). However, the chief interest of the
present study was to examine potential sex-differential
brain activation patterns as a function of sex of face and
emotional expression. The relevant results showed that men,
as opposed to women, activated brain areas in the occipi-
tal and the anterior cingulate cortices more during con-
frontation with angry male faces than with angry female
faces. Of note is that no other region of interest showed
sex-differential activation, despite the fact that we used the
same statistical threshold for a number of additional and
extended brain regions (Phan et al., 2002). Thus, to the ex-
tent that men are more biologically prepared than women
to react emotionally when confronting angry males, as
both evolutionary theory (Öhman et al., 1985) and psy-
chophysiological data (Mazurski et al., 1996) suggest, the
neural correlate of this sex difference appears to reside
within early visual processing areas, as well as in the ACC.
Interestingly, the same brain regions were also more acti-
vated in men than in women during confrontation with
fearful male faces as opposed to fearful female faces, a
sex-differential brain activation pattern not present during
exposure to neutral faces. These results suggest that men
and women may differ in their neural processing during
face-to-face exposure to other males as opposed to other
females, but only if the sender is expressing negative fa-
cial affect. Whether this similarity in brain activation pat-
terns for angry and fearful faces reflects similar under-
lying neural processes remains for future research to
determine. 

An important question concerns whether these brain
activation patterns reflect nature, nurture, or both. Al-
though the origin of the sex-differential neural networks
could reside in our genetic makeup, they might also re-
flect social-cultural learning or a combination of these
factors. On the basis of the current data, it is not possible
to disentangle these possibilities.

As noted, Mazurski et al. (1996) demonstrated that men
were more physiologically aroused than women when con-
fronting angry male faces than when confronting angry fe-
male faces. The present signal enhancement in early vi-
sual processing areas and in the ACC in men during
exposure to, at least, angry male faces, probably reflects
this peripheral arousal enhancement. That activation in
early visual areas in men to other angry male faces could
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be associated with autonomic nervous system arousal is
supported by findings from other brain-imaging studies in
which both the visual cortex and the autonomic nervous
system were engaged during exposure to different biolog-
ically relevant visual stimuli. For example, studies with
healthy subjects (Fischer, Wik, & Fredrikson, 1996; Lane
et al., 1997; Lang et al., 1998; Reiman et al., 1997) as well
as simple phobics (Fredrikson, Wik, Annas, Ericson, &
Stone-Elander, 1995; Wik et al., 1993) indicate parallel
enhancement of activity in the visual cortex and the auto-
nomic nervous system during viewing of negative affect-
laden visual stimuli. Notably, these occipital activations
are usually more extended than those observed in the pres-
ent study. A more direct relation between electrodermal
and occipital activation has been shown using different
functional brain-imaging paradigms. Critchley, Elliott,
Mathias, and Dolan (2000) demonstrated a relationship
between skin conductance responses (SCR) and activity in
the visual cortex in a gambling task, and Williams et al.
(2000) found an association between SCR and occipital
brain activity during passive viewing of checkerboard pat-
terns. Moreover, Patterson, Ungerleider, and Bandettini
(2002) showed that SCR and activity in occipital regions
were related in a variety of tasks. Both Williams et al.
(2000) and Patterson et al. suggested that attentional mod-
ulation is a critical factor for this general visual activation
across different tasks. Hence, activation of brain systems
involved in both peripheral physiological arousal and vi-
sual attention may explain why early visual areas are more
engaged when men view angry male faces as opposed to
angry female faces. 

Two clusters of voxels in the ACC were activated in the
same contrast, one in the rostral-ventral and one in the more
dorsal part of this brain region. Both lesion and functional-
imaging studies indicate separate roles for these areas in
emotional and cognitive processing, respectively (Bush,
Luu, & Posner, 2000). The more rostral-ventral subdivi-
sion of the ACC has its strongest connections to limbic
and paralimbic brain regions such as the amygdala and the
orbitofrontal cortex (Devinsky, Morrell, & Vogt, 1995)
and is, accordingly, involved in the regulation of auto-
nomic nervous system activity. This so-called affective di-
vision of the ACC is primarily involved in assessing the
salience of emotional stimuli and in regulating emotional
responses (Bush et al., 2000). The more dorsal “cognitive”
subdivision of the ACC (Bush et al., 2000) is part of a dis-
tributed cortical network including lateral prefrontal, pari-
etal, premotor, and supplementary motor areas (Devinsky
et al., 1995). This network is involved in attentional mod-
ulation by influencing sensory processing and response
selection (Bush et al., 1998; Vogt, Finch, & Olson, 1992).
We hypothesize that the activation of the emotional sub-
division of the ACC in men, during exposure to other
angry male faces, is associated with activation of the au-
tonomic nervous system. Further, the parallel activation of
the dorsal subdivision may indicate enhanced attention in
men during exposure to angry male faces. Hence, the

present activation patterns may reflect central neural cor-
relates of a defense response in men during confrontation
with potentially dangerous angry males, and possibly also
to males whose fearful faces signal potential danger.

A limitation of the present study is that no f MRI BOLD
signal was collected in the inferior medial prefrontal region
because of susceptibility artifacts. As selective neurons
that convey information from faces important to the eval-
uation and utilization of reinforcement inputs in social sit-
uations are located here (Rolls, 1999), an important task
for future research is to determine how this brain region is
involved in the present study context. Another potential
limitation is that all participating individuals had viewed
a different set of fearful and neutral faces (Lundqvist,
Flykt, & Öhman, 1998) prior to the present investigation.
However, because the primary aim of this investigation
was to study the sex � expression interaction using angry
faces (Ekman & Friesen, 1976), preexposure to faces
showing other expressions should not be problematic, at
least not in areas outside the amygdala, the hippocampus,
and the inferior temporal cortex (Fischer et al., 2003).

In conclusion, the present study demonstrates that the
occipital cortex and the ACC are more activated in men
than in women during exposure to angry male as opposed
to angry female faces, a sex-differential brain activation
pattern also seen during exposure to fearful faces. Hence,
early visual regions as well as the ACC respond differen-
tially to emotional faces depending on the sex of both the
sender and the receiver. These results extend previous
brain-imaging findings by showing that not only the fa-
cial expression (Davis & Whalen, 2001) but also the sex
of the sender and receiver is a critical factor that deter-
mines which brain regions are engaged during exposure to
emotional faces. 
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