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a b s t r a c t

Few neuroimaging studies have reported gender differences in response to human emotions, and those
that have examined such differences have utilized face photographs. This study presented not only human
face photographs of positive and negative emotions, but also video vignettes of positive and negative
social human interactions in an attempt to provide a more ecologically appropriate stimuli paradigm. Ten
male and 10 female healthy right-handed young adults were shown positive and negative affective social
human faces and video vignettes to elicit gender differences in social/emotional perception. Conservative
ROI (region of interest) analysis indicated greater male than female activation to positive affective photos
in the anterior cingulate, medial frontal gyrus, superior frontal gyrus and superior temporal gyrus, all in
the right hemisphere. No significant ROI gender differences were observed to negative affective photos.
Male greater than female activation was seen in ROIs of the left posterior cingulate and the right inferior
temporal gyrus to positive social videos. Male greater than female activation occurred in only the left
middle temporal ROI for negative social videos. Consistent with previous findings, males were more
lateralized than females. Although more activation was observed overall to video compared to photo
conditions, males and females appear to process social video stimuli more similarly to one another than
they do for photos. This study is a step forward in understanding the social brain with more ecologically
valid stimuli that more closely approximates the demands of real-time social and affective processing.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

As recognition of the importance of social intelligence to suc-
cessful learning and living has grown [1], recent years have seen a
rise in neuroimaging studies elucidating the neural underpinnings
of emotional perception. In general, such studies have used pho-
tographs of human faces categorized as having a specific valence, or
as eliciting approach or withdrawal [2]. Many studies have included
male and female subjects but only a small number have specifi-
cally explored gender differences in brain activation to emotional
or social stimuli.

1.1. Gender lateralization in emotional and social processing

Several studies have reported differences in hemispheric later-
alization during response to affectively laden stimuli [3–8]. In a
meta-analysis of fMRI research that included gender differences in
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processing of affect [2], males and females were found to show
similar brain activation to stimuli that were affective in nature.
While males and females had similar activation to affect, how-
ever, males showed more lateralization. Gender-based differences
in specific regions of activation have been found with males show-
ing greater right and greater left activation in the sublenticular
areas of the amygdala for females. In the frontal cortex, females
showed greater peak density in the anterior cingulate bilaterally,
while males showed greater peak density in the left inferior frontal
gyrus and anterior insula.

Several studies not included in the Wager et al. [2] meta-analysis
have looked at gender differences specifically at the amygdala, a
structure previously implicated in social behavior and function.
Thomas et al. [8] found left lateralized amygdala activity in six adult
males, with no comparison to females included as part of the study.
Mackiewicz et al. [4] found bilateral amygdalar activation to previ-
ously viewed aversive stimuli in the full amygdala in 18 females and
22 males, but noted left/female and right/male preferences in the
ventral areas of the amygdala.

Similarly, another study reported the same gender pattern in
activation over the entire amygdala in 12 male and 11 female partic-
ipants during memory recognition of emotionally arousing stimuli

0166-4328/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
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[9]. This research group found that all significant activations for
females were in the left hemisphere and included the left posterior
cingulate, left middle temporal gyrus and left inferior parietal cor-
tex. In contrast, four of six areas of significant activation in males
were lateralized to the right, including the right anterior hippocam-
pus, right globus pallidus, bilateral lateral parietal and right frontal
cortex.

Few studies have reported gender differences in activation to
stimuli with differing emotional valences. Killgore and Yurgelun-
Todd [6] observed similar activation to fearful photographs for
males and females, but males showed significantly more right acti-
vation than females when viewing happy photographs. Schneider
et al. [3] reported less concentrated and less lateralized activation
in females compared to males during presentation of happy and
sad photographs. These findings suggest that females have more
diffuse activation to sad photographs compared to males.

In summary, previous studies of mainly aversive or emotion-
ally arousing stimuli have found lateralization to the right in males,
and lateralization to the left in females. fMRI studies utilizing larger
brain areas, for example the entire amygdala rather than a specific
portion, have found overall brain activation to be generally simi-
lar in males and females. Findings on lateralization have not been
consistent in the frontal areas of the brain.

1.2. Use of video vignettes

Social perception has largely been studied using photographs of
human faces, yet social interaction naturally takes place in a more
fluid and dynamic setting. Perception of nonverbal cues, in addition
to and including facial composure, involves the rapid progression
of multiple information streams. For example, prosody and nonver-
bal kinesthetic cues are also important nonverbal information that
must be interpreted in any human social interaction, along with the
lexical meaning of spoken language [10]. Video vignettes would be
expected to engage more areas associated with social processing,
including both of the language streams (lexical and prosodic) that
carry emotional content [11].

With the exception of lexical content, which is known to be
lateralized to the left hemisphere, the nonverbal aspects of social
communication have been hypothesized to be primarily linked
to right hemisphere processes [12,13]. Right hemisphere lesions
have been associated with global deficits in emotion recogni-
tion from faces [14]. Lesion studies have also found sensitivity to
prosodic comprehension and production to the right homologue
of Wernicke’s area [15]. However, bilateral damage to many areas
of the brain have been linked to problems in both face recog-
nition [16] and prosodic comprehension [17]. Gender differences
in prosody perception have been found, suggesting that females
make use of prosodic information more quickly than do males
[18].

Real-time, in situ integration of rapidly changing stimuli is also
a feature of more naturalistic social interaction. Lawrence et al. [19]
studied nonverbal communication with a series of silent video clips,
called PONS. In 12 healthy adults, activation in the inferior frontal
gyrus was associated with understanding social interactions. Acti-
vation in the anterior cingulate signaled empathy for the actors
in the videos. Overall, more activation was observed in the right
hemisphere compared to the left when participants viewed social
interaction scenes.

One study presented videos of geometric shapes in motion that
simulated human-like social interaction to six adult males and six
adult females [20]. Having the ability to open a door, move around,
and pull each other, the shapes played out stories including hide-
and-seek, a fight, a love triangle and others. Participants determined
whether the shapes were friends. The control task was “bumper
car” activity in which the shapes collided and moved away. The

observed activation included bilateral medial prefrontal cortices,
inferior frontal gyri, superior temporal gyri and sulci, and the pars
orbitalis. Right-side only activations were seen for the amygdala,
temporal pole and the fusiform gyrus. More activation of the right
superior temporal gyrus was observed in females compared to
males, while males showed more activation in the right temporal
pole. Neither of the two video studies discussed above used social
interaction video involving naturalistic scenes with audio and visual
components.

1.3. The current study

The current study is the first known to the authors that evaluates
gender differences in perception of naturalistic human video-based
social stimuli. Consistent with previous work using photographs,
we hypothesized greater right lateralization in males compared to
females to photos in the social network formed by the amygdala,
frontal gyri and anterior cingulate. Because of the richer content of
video stimuli, we hypothesized gender differences in the right and
left temporal regions that process the various aspects of language.
Specifically, males were expected to show more left-hemisphere
activation in the superior and middle temporal gyri in accordance
with findings that for males, the posterior language areas associated
with comprehension of content are more strongly lateralized to the
left hemisphere than for females [21].

2. Methods

2.1. Participants

Twenty right-handed adult participants (10 male and 10 female) were included
in this study. Nineteen were of European–American background, and one was
Hispanic–American. All participants reported good physical health and were free
from psychiatric diagnoses (depression, anxiety, attention deficit hyperactivity
disorder, etc.). Verification of psychiatric health was confirmed using a using a
semi-structured clinical interview prior to beginning the study. No participant had a
history of neurodevelopmental delays, head injuries, seizures, or metal in any part of
the body, nor was any participant prescribed psychotropic medications. No partici-
pant had a learning disorder. All were undergraduate students at a large Midwestern
university. This study was conducted under the auspices of the Institutional Review
Board and all participants provided informed consent.

2.2. Procedure

After meeting basic criteria, such as having no metals in the body and English
as the first language, prospective participants completed a phone interview screen
for possible psychiatric and learning problems. Participants without psychiatric or
learning problems then completed an hour of psychological screening measures,
including tests of cognitive ability, academic achievement, and measures to screen
for significant anxiety and depression. The Wechsler Abbreviated Scale of Intel-
ligence (WASI) [22] is a well-known measure of cognitive ability, providing an
estimate of verbal and on-verbal problem-solving. Participants were required to have
Full Scale IQ above 85 on the WASI. Selected measures from the Woodcock–Johnson
Achievement Battery-Third Edition (WJAch-III) [23] were used to screen for learn-
ing problems (Letter–Word Recognition, Math Calculation, Spelling). Participants
were required to have single-word reading, spelling, and math calculation scores
within one standard deviation of their WASI Full Scale IQ score. Cutoff scores on
the Beck Depression Inventory (BDI) [24], and the Beck Anxiety Inventory BAI
[25] were used to exclude participants having significant problems with anxiety
and/or depression. Participants having a BAI score above 15 were excluded from
the study. No participants met the exclusion criteria of having a BDI score above
13.

2.3. Data acquisition

2.3.1. Stimuli
The static photo stimuli included faces showing positive and negative expres-

sions. The photos were shown to five people to determine whether they accurately
identified the emotion portrayed. To provide stimuli that are dynamic in nature,
short scenes of sad and happy events were written. Middle school drama students
acted the scenes out while being videotaped. The scenes then were piloted to five
people to determine whether the scene accurately portrayed positive or negative
events. Additional vignettes were selected from previously published scenes [26].
All of these taped vignettes were then shown to five additional people to deter-
mine the accuracy of the portrayal. Several scenes were deleted because they either
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Fig. 1. Block design for fMRI stimuli presentation. pP = photo positive, pN = photo
negative, vP = video positive, vN = video negative.

did not accurately portray the social context or the quality was not sufficient for
use.

2.3.2. Presentation during fMRI
Four 6.7-min runs comprised the stimuli during fMRI, each with 12 blocks “on”

and 12 blocks of fixation (see Fig. 1). Ten seconds of fixation preceded the start of the
first stimuli block in each run, and this data period was discarded. Stimuli blocks were
17.5 s, alternating with 15-s fixation periods. The fixations were a white screen and
black “plus” sign. Each stimuli block contained one valence (positive or negative)
and one presentation type (photo or video). Blocks were randomly assigned and
balanced so that each run contained 3 blocks of each condition (photo positive,
photo negative, video positive, video negative). Participants were given the four runs
in forward order (run 1, run 2, run 3, run 4) or in reverse order (run 4, run 3, run 2,
run 1) counterbalanced such that half of the participants received the forward order
and half of the participants received the reverse order. To ensure attention to the
stimuli, participants were required to make a button press at the moment of change
to fixation from a block of stimulus.

Blocks of photos included 7 human faces presented for 2.5 s each. Faces ranged
from infants to elderly persons smiling (positive) or sad/crying (negative). Blocks of
videos included 17.5 total seconds of interaction, consisting of two or three vignettes.
Typical examples of positive scenes include a child opening a desired birthday
present with friends, a group of children getting news of a pizza party, a child finish-
ing homework early and getting to go out to play. Typical examples of negative scenes
include a child being excluded from a game, child being teased by other children,
having to share holding a puppy.

2.3.3. Image acquisition
The experiment was conducted on a GE 3T Signa® HDx MR scanner (GE Health-

care, Waukesha, WI) with an eight-channel head coil. During each session, images
were first acquired for the purpose of localization, and first and higher-order shim-
ming procedures were then carried out to improve magnetic field homogeneity [27].
To study brain function, echo planar images, starting from the most inferior regions
of the brain, were then acquired with the following parameters: 34 contiguous 3-
mm axial slices in an interleaved order, TE = 27.7 ms, TR = 2500 ms, flip angle = 80◦ ,
FOV = 22 cm, matrix size = 64 × 64, ramp sampling, and with the first four data points
discarded. Each volume of slices was acquired 156 times during each of the four
functional runs while subjects viewed the photos and videos, resulting in a total of
624 volumes of images over the course of the entire experiment. After functional
data acquisition, high-resolution volumetric T1-weighted spoiled gradient-recalled
(SPGR) images with cerebrospinal fluid suppressed were obtained to cover the whole
brain with 120 1.5-mm sagittal slices, 500 ms time of inversion, 8◦ flip angle and
24 cm FOV. To assure attention to the stimuli, participants were required to press a
button at the start of each fixation period.

2.4. Data analysis

2.4.1. fMRI data pre-processing
All fMRI data pre-processing and analysis was conducted with AFNI software

[28]. For each subject, acquisition-timing difference was first corrected for differ-
ent slice locations. With the first functional image as the reference, rigid-body
motion correction was done in three translational and three rotational directions.
The amount of motion in these directions was estimated and then the estimations
were used in data analysis. For each subject, spatial blurring with a full width half
maximum of 4 mm was applied to reduce random noise [29], and also to reduce the
issue of inter-subject anatomical variation and Talairach transformation variation
during group analysis. For the group analysis, all images were converted to Talairach
coordinate space [30] with an interpolation to 1 mm3 voxels.

For the data analysis of each individual subject, the reference function through-
out all functional runs for each condition was generated based on the convolution
of the stimulus input and a gamma function (Cox [28]), which was modeled as the
impulse response when each 2.5 s of photo or video segment was presented. In addi-
tion to applying the reference functions for the four conditions, MRI signal modeling
also included the subject motion estimations in the three translational and the three
rotational directions, and the constant, linear and quadratic trends for each of the
four functional runs. The functional image data acquired was compared with the
reference functions using the 3dDeconvolve software for multiple linear regression
analysis and general linear tests [31]. Multiple linear regressions were applied on a
voxel-wise basis to find the BOLD signal change relative to the reference function
when each photo or video condition was presented. The equivalent BOLD percent sig-
nal change relative to the baseline state was then calculated based on the following

equation:

BOLD% signal change

=

⎡
⎣

(magnitude at the plateau of reference function)
× (BOLD signal change relative to the reference function)

mean baseline signal

⎤
⎦ × 100%

Although results only from group analyses are presented in the results session, to
investigate the brain activation on each subject, general linear tests were also applied
on a voxel-wise basis to find the statistical significance of pair-wise comparisons for
all conditions, as well as the contrast between video overall and photo overall.

2.4.2. Whole-brain group analysis
After the percent signal change was estimated with respect to each condition

for each subject, an ANOVA was performed over the 20 subject data sets for group
analysis with a mixed-effect three-factor model. Photo and video conditions (four
levels: photo positive, photo negative, video positive, video negative) was the first
factor and was modeled to provide a fixed effect. Gender was the second factor,
modeled as a fixed effect. The third factor was subject, and was modeled as a random
effect. The ANOVA results were used to extract the activated voxels for all pair-
wise condition contrasts, and the contrasts by gender based on specific active voxel
selection criteria based on the Monte Carlo simulation described following.

Monte Carlo simulation using the AlphaSim software in AFNI [32] modeled the
effect of matrix and voxel sizes of the imaging volume, amount of spatial blurring,
voxel intensity thresholding, masking and cluster identification to estimate overall
statistical significance with respect to the whole brain [32]. This simulation allowed
the following active voxel selection criteria to achieve a whole-brain corrected
p�0.022: the voxels need to have voxel-based p�0.005 and were nearest-neighbor
and within a 248 mm3 cluster.

2.4.3. ROI analysis
To provide a more conservative estimate of gender effects, percent signal change

to each condition was calculated based on regions of interest (ROI). ROIs were estab-
lished using the AFNI Talairach library, and percent signal change above fixation
calculated for the entire ROI. Areas of interest were limited to the areas hypothe-
sized to be involved in social perception. They included the temporal gyri, fusiform
gyri, cingulate gyrus, amygdala, as well as the medial, inferior and superior frontal
gyri. The ROI for the amygdala was joined with the parahippocampal area to form an
“amygdalar area” due to the consistent overlap of clusters crossing these Talairach
boundaries. Data were determined for each ROI in every participant by condition,
hemisphere and gender. Individual ROI results were transferred to SPSS version 14.0
for Windows [33] where a one-way ANOVA for each condition (photo positive, photo
negative, video positive, video negative) modeled the ROIs by gender.

3. Results

3.1. Age and psychological variables

The mean age of the 10 female participants was 24.48 years
and the mean age for the 10 males was 22.29 years. As shown in
Table 1, the male and female groups had no significant differences
on the psychological measures thus these variables were not used
as covariates for any subsequent analyses.

3.2. Whole-brain activation within groups by condition

Although the specific focus of this research is a direct com-
parison between gender groups, some interesting within-group
findings were obtained as part of the general analysis of the data.
These findings are summarized here, while a table with specific
data is shown in Appendix A. The results are presented focus-
ing on the social processing areas of the brain, hypothesized to
be frontal, temporal, cingulate, and amygdala-parahippocampal
regions. Whole-brain analysis compares each voxel area of the brain
for statistical significance in BOLD activation to a condition (positive
or negative) or comparison (negative minus positive). To determine
within-group differential response to positive and negative condi-
tions, the BOLD activation to positive valence stimuli was subtracted
from the BOLD activation to negative valence stimuli in each of
the presentations (photo/video) separately within genders. This
answers the question, “Which areas of the brain were significantly
activated more to negative than to positive valence when partici-
pants looked at the stimuli as compared to the fixation screen?” This
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Table 1
Means and group differences by gender on age and psychological testing scores for 10 male and 10 female participants.

Variable of interest Gender Mean Standard deviation F p

Age in years Female 21.4833 1.55645 1.106 .307
Male 22.2917 1.86639

WASI FSIQ-SS Female 114.40 7.199 .010 .920
Male 114.10 5.971

WJ3 Fluid Reasoning-SS Female 106.70 8.486 .038 .847
Male 107.50 9.789

WJ3 Letter–Word ID-SS Female 99.30 6.734 .208 .654
Male 97.70 8.832

WJ3 Calculation-SS Female 105.40 13.550 .083 .777
Male 103.80 11.243

WJ3 Spelling-SS Female 102.30 9.464 1.535 .231
Male 98.00 5.558

Beck Depression Inv-RS Female 2.50 3.064 2.231 .145
Male 4.90 3.929

Beck Anxiety Inv-RS Female 4.40 6.168 .226 .640
Male 3.40 2.503

initial analysis identified areas of activation in each of the gender
groups separately.

It was found that females activated more to negative than to
positive conditions, and that the reverse occurred in males, with
greater activation to positive than to negative conditions. These
findings held true for both the photo and video conditions. See
Fig. 2 for statistical maps showing areas of activation where the
contrast between activation to positive and negative stimuli (by
presentation) was significant.

3.2.1. Females
More activation to negative compared to positive photos was

observed in most of the areas of interest (with greater than 25
contiguous voxels), including bilaterally the fusiform gyrus, infe-
rior/medial/superior frontal gyri, as well as the middle and superior
temporal gyri. The left anterior cingulate was also activated more to
negative than to positive face photographs as the right amygdalar
region. In contrast, females appeared to activate more to positive
videos than to negative videos primarily in the bilateral middle and
inferior temporal gyri. For a table of these maximum intensities,
voxel count, location, mean percent signal change and t-values,
please refer to Appendix A. The left-side (photo) image of Fig. 2
shows cross-hairs at the maximum t-statistic intensity (for the con-
trast between negative–positive photos) in the right medial frontal
gyrus. The right-side (video) image of Fig. 2 shows the cross-hairs at
the maximum t-statistic intensity in the right inferior frontal gyrus.

3.2.2. Males
While the females activated more to negative photos than to

positive photos, males demonstrated the opposite effect. More acti-

vation to positive facial photos was observed in the bilateral medial
and superior frontal gyri, the middle and superior temporal gyri,
and the posterior cingulate as well as the right anterior cingulate
and amygdaloid areas. The left-side of Fig. 2 (photo) shows the
cross-hairs located in an area of maximum intensity in the cingulate
gyrus.

In response to video stimuli, males had greater activation to the
positive valence over most of the regions of interest, with the excep-
tion of a cluster encompassing the bilateral medial frontal gyrus
and a contiguous portion of the superior frontal gyrus that showed
greater activation to negative videos. The cross-hairs in Fig. 2 (video)
are located at the maximum intensity of this exceptional region. See
Appendix A for a table of maximum intensity, voxel counts, location,
mean percent signal change and t-values.

In general, females responded differentially to photos and
videos, with more BOLD activation to negative photos in most
regions of interest, and more to positive videos primarily in
language-related areas of the brain. Males activated more to posi-
tive stimuli of both types, with the exception of the medial frontal
gyrus, an area indicated in decision-making. Although not a spe-
cific focus of this study, greater activation in the posterior portions
of the brain responsible for visual processing also appear to be more
intensely activated in males when the positive condition is shown,
both photo and video (see Fig. 2).

3.3. Whole-brain activation between groups

Whole-brain analysis was also used to obtain contrasts compar-
ing male and female activation, voxel-by-voxel across the entire
brain. It asks the question, “Are there statistically significant

Fig. 2. Whole-brain statistical maps showing female and male within-group activation to photos and videos. Blue indicates greater activation to positive compared to negative,
while orange indicates greater activation to negative compared to positive. Cross-hairs are at maximum t-stat intensity locations for selected clusters (see text).
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Fig. 3. Statistical t-maps of significant differences between males and females by
condition. Blue indicates more male activation relative to female activation; orange
indicates more female relative to male activation. Cross-hairs are at locations of
maximum statistical intensity for selected clusters (see text).

male–female differences in response to the stimuli?” Refer to
Table 2 for cluster centroid locations, number of voxels, maximum
intensity and t-statistics for the contrast between female–male
activation, as well as mean percent signal change for areas of
interest that reached statistical significance for the difference
between the groups. Note that intensities reported as positive num-
bers indicate more female activation relative to male activation.
Conversely, negative numbers represent more male than female
activation.

3.3.1. Photos positive
For the photos positive condition, greater male activation was

observed in right hemisphere areas including the medial and supe-
rior frontal gyri, middle and temporal gyri, and the anterior and
posterior cingulate. Gender-specific left-hemisphere activation was
seen for the left posterior cingulate, again with male greater than
female activation. Fig. 3 shows greater male than female activation
(blue) with the cross-hairs positioned at the point of maximum
t-stat intensity in the right superior frontal gyrus.

3.3.2. Photos negative
A cluster of approximately 944 voxels ranging over several left-

hemisphere regions was significant for greater activation in females
compared to males (Peak t-stat intensity 5.342, p = .005; coordi-
nate location (L40 P45 I8)). This cluster does not fall under any
one specific Talairach region, though it crosses the inferior tempo-
ral gyrus, the fusiform and the occipital gyrus contiguously. This
region is not seen in Table 1 due to its lack of specificity with
regard to Talairach region. Fig. 3 shows this cluster of greater female

Fig. 4. ROIs significantly different by gender for the photos positive and videos
positive conditions, with SEMs shown.

than male activation (orange) with the cross-hairs positioned at the
point of maximum t-stat intensity.

A small cluster of 15 voxels in the left middle temporal gyrus
was observed activating more in males than in females to negative
photographs. This cluster did not survive the more conservative ROI
analysis (described below).

3.3.3. Videos positive
As shown in Table 2, bilateral activation greater in males than in

females was observed in the medial and superior frontal gyri, mid-
dle and inferior temporal gyri, and the posterior cingulate, while
right hemisphere activation only was observed in the right inferior
frontal gyrus and right anterior cingulate, greater in males than in
females. Fig. 3 shows greater male than female activity (blue) with
the cross-hairs positioned at the maximum t-stat intensity in the
right inferior temporal gyrus.

3.3.4. Videos negative
Bilateral activation greater in males than in females to negative

social video vignettes was observed in the superior frontal gyri,
medial frontal gyri, middle temporal gyri and posterior cingulate,
as shown in Table 2. Left inferior frontal and left superior temporal
activation greater in males was also seen. Fig. 3 shows greater male
than female activation (blue) with the cross-hairs positioned at the
maximum t-stat intensity in the right medial frontal gyrus.

In general, whole-brain analysis indicates that males responded
with more activation to all conditions relative to females. More
areas of the social network appeared to be differentially activated
in males when the valance was positive, though greater male acti-
vation was also seen in videos with a negative valance. The ROI
analysis that follows offers a more conservative estimate of the
differences between males and females by analyzing the percent
signal change under the entire ROI, comparing differences in acti-
vation at the subject level.

3.4. ROI analysis for gender differences

Rather than evaluating BOLD signal for each voxel of the brain,
ROI analysis averages the signal under a specific brain region for
each individual. Data for individuals are then compared by group.
It answers the question, “Were there significant differences in BOLD
activation between males and females in specific Talairach anatom-
ical areas?” Refer to Figs. 4 and 5 for bar charts of significant clusters.

3.4.1. Positive photos
ROIs with significant gender differences of male greater than

female included the right cingulate gyrus (F(1, 18) = 4.319, p = .006,
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Table 2
Whole-brain analysis of female–male contrasts showing number of voxels, maximum signal intensity, maximum t-statistic and the mean percent signal change for the ROI.
Negative t-values indicate more male than female activation.

Region Voxels
(mm3)

Maximum t-value
in cluster

Coordinates of maximum
t-value in largest cluster

Mean t-value
over entire ROI

% signal change vs. baseline
fixation over ROI female

% signal change vs. baseline
fixation over ROI male

RLa APb ISc

Female–male photo positive
R medial frontal gyrus 403 −5.120 R20 A40 S17 −3.672 −0.089 0.053

251 −4.679 R10 A34 S41

R superior frontal gyrus 42 −3.655 R28 A13 S52 −3.454 −0.113 0.076
40 −4.848 R19 A43 S19
21 −3.758 R10 A33 S43

R middle temp gyrus 202 −4.648 R50 P35 S4 −3.585 −0.172 0.100

R superior temp gyrus 243 −4.819 R63 P38 S8 −3.676 −0.093 0.205
28 −5.048 R49 P34 S4

R anterior cingulate 101 −4.440 R14 A37 S22 −3.614 −0.097 0.203
73 −4.823 R21 A39 S16

R posterior cingulate 42 −3.332 R2 P58 S25 −3.388 −0.241 0.147
L posterior cingulate 478 −4.875 L9 P46 S22 −3.687 −0.201 0.105

Female–male photo negative
L middle temp gyrus 15 3.969 L39 P63 S8 3.557 0.187 −0.004

Female–male video positive
R inferior frontal gyrus 55 −4.151 R39 A37 S7 −3.521 −0.297 0.028

R superior frontal gyrus 68 −4.305 R3 A55 S31 −3.539 0.167 0.915
L superior frontal gyrus 36 −3.698 L4 A60 S22 −3.444 0.045 0.928

27 −4.099 L1 A54 S32

R medial frontal gyrus 28 −3.770 R19 A46 S4 −3.437 −0.511 0.269
L medial frontal gyrus 41 −3.782 L2 A60 S20 −3.408 −0.116 0.653

R middle temporal gyrus 410 −6.258 R49 A2 I31 −3.828 −0.003 0.600
L middle temporal gyrus 188 −5.887 L48 A3 I27 −3.909 −0.003 0.121

R inferior temporal gyrus 47 −4.745 R55 P3 I30 −3.632 −0.032 0.402
L inferior temporal gyrus 68 −4.083 L52 P1 I27 −3.580 −0.028 0.363

R posterior cingulate 225 −6.332 R8 P47 S25 −3.860 −0.029 0.673
72 −4.121 R2 P51 S12

L posterior cingulate 754 −5.939 L6 P47 S23 −3.936 −0.105 0.529

R anterior cingulate 91 −3.771 R18 A43 S4 −3.429 0 0.590

Female–male video negative
R superior frontal gyrus 41 −3.545 R5 A52 S26 −3.351 0.284 1.076

13 −3.851 R3 A59 S24
L superior frontal gyrus 122 −4.727 L1 A59 S23 −3.612 −0.019 0.713

L inferior frontal gyrus 185 −4.518 L59 A31 I2 −3.544 −0.101 0.359

R medial frontal gyrus 206 −4.692 R19 A36 S18 −3.541 −0.056 0.159
43 −3.513 R5 A50 S25

L medial frontal gyrus 164 −4.604 L2 A60 S20 −3.586 −0.098 0.564
26 −3.637 L1 A46 S21

L superior temporal gyrus 653 −5.045 L50 A11 I20 −3.680 −0.000 0.949

R middle temporal gyrus 297 −5.920 R49 A2 I33 −3.870 0.003 0.699
L middle temporal gyrus 509 −5.064 L59 A4 I18 −3.741 0.002 0.582

R posterior cingulate 71 −3.950 R2 P50 S13 −3.459 0.055 1.012
L posterior cingulate 599 −4.701 L5 P49 S23 −3.721 −0.090 0.542

R anterior cingulate 206 −4.811 R19 A37 S16 −3.738 −0.105 0.003
L anterior cingulate 22 3.869 L22 A44 S9

a Right/left.
b Anterior/posterior.
c Inferior/superior.

�2 = .351), medial frontal gyrus (F(1, 18) = 6.094, p = .024, �2 = .253),
superior frontal gyrus (F(1, 18) = 5.422, p = .032, �2 = .232) and supe-
rior temporal gyrus (F(1, 18) = 4.760, p = .044, �2 = .206), all in the
right hemisphere (see Fig. 4). Note that the cingulate gyrus was sig-
nificant for the entire region, but analyses specific to the anterior
and posterior regions did not yield significant results. However, the
trend favors the anterior region as the area where most differences

were found (right anterior cingulate F(1, 18) = 4.319, p = .052; right
posterior cingulate F(1, 18) = .514, p = .483).

3.4.2. Negative photos
No cluster survived the more conservative benchmark of ROI

analysis. When observing positive human faces, males appear to
have greater activation in areas associated with social and emo-
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Fig. 5. ROI significantly different by gender for the videos negative, with SEMs
shown.

tional processing, but activation in males and females is similar
when observing photographs of negative human faces.

3.4.3. Positive social videos
Areas of activation surviving the ROI analysis for male greater

than female activation included only the left posterior cingulate
(F(1, 18) = 4.874, p = .04, �2 = .213) and the right inferior temporal
gyrus (F(1, 18) = 5.631, p = .029, �2 = .238). See Fig. 4.

3.4.4. Negative social videos
Only the left middle temporal gyrus activation survived the ROI

analysis (F(1, 18) = 5.878, p = .026, �2 = .246), with male greater than
female activation. See Fig. 5.

4. Discussion

This study investigated gender differences in response to posi-
tive and negative human face photographs and naturalistic videos
of children and adolescents interacting. Our purpose was to evalu-
ate whether areas previously noted to be hypothesized as involved
in emotional and social processing were differentially activated by
gender. Specifically, the amygdala, frontal gyri and anterior cingu-
late were expected to be activated in response to photos, while
these areas and further the temporal language-processing areas
were expected to be engaged in response to the video vignettes.
Prior studies have used photographs (see [2]) and nonverbal video
interactions [19] with mixed results regarding sexual dimorphism
in response to the stimuli.

Consistent with Killgore and Yurgelun-Todd [6], males in this
sample appeared to respond more to positive stimuli, while females
responded more to negative stimuli within their respective groups.
Males appeared to have more diffuse activation than did females,
recruiting more various areas of the brain in response to both photos
and videos as seen in the between group analyses as well.

More specifically, in three of the four stimuli conditions males
had more activation over the regions of interest compared to
females. Positive photos and both video conditions generated more
clusters of significant male greater than female BOLD activity. The
ROIs showing increased male activation were in the right hemi-
sphere, particularly in the social brain areas including the cingulate

and frontal–temporal regions of the cortex, as hypothesized. Con-
sistent with findings that positive photographic stimuli produce
greater gender differences in brain activation [6], this study also
found more sexually dimorphic activation to the positive valance of
photos. In the whole-brain analysis of positive affect photos, seven
significantly greater male than female clusters were observed to the
positive condition, and no male greater than female clusters were
seen to negative affect photos.

Although the positive affect photo condition provoked greater
male than female activation compared to negative affect photos,
this finding did not hold true for the video stimuli. Looking at clus-
ters having greater male than female activation, 10 were found to
positive social videos and 11 were found to negative social videos.
Activation to videos for both genders was much greater than to
photos overall for both genders, a finding that will be reported else-
where [11,34]. It is notable that, contrary to the photo condition
where gender differences were lateralized to the right hemisphere,
clusters showing male–female differences to videos were bilateral.
Thus, some of the additional male more than female activation in
the video condition was in the left-hemisphere temporal region,
consistent with expected recruitment of lexical processing.

Males and females appear to process videos more similarly
than photos when signal over an entire region of interest is exam-
ined. Only the left posterior cingulate, right inferior temporal and
right middle temporal regions showed significant male greater
than female activation when a conservative ROI analysis was used.
Thus, although more complex neural circuitry is activated in social
processing using video vignettes, males and females appear to pro-
cesses the videos similarly while more sexual variation is seen in
photo processing, at least for the positive affective condition. This
finding highlights the similarities between males and females for
social processing when conditions more closely approximate envi-
ronmental conditions. As eloquently noted by Wagner and Ochsner
[35] in their brief review of sex differences in the emotional brain,
“the similarities far outnumber the differences” (p. 86).

The finding that significant gender differences were all male
greater than female may mean that for males brain activation is
more lateralized, a finding supported by several studies (see [2] for
a review). Two inferences seem plausible. First, that the males in our
study interpreted the stimuli differently than did the females, an
explanation that will be tested in future work by obtaining behav-
ioral response to the stimuli. Another possibility is that males are
actually less efficient at processing the stimuli, thus accounting for
the more widespread activation. Behaviorally, females have shown
greater skill in identifying human face emotions [36]. Previous func-
tional neuroimaging studies, particularly those in reading skill, have
found that more widely distributed activation indicates less expert
processing [37]. Thus, greater, more widespread activation may sug-
gest that males recruit less expert neural systems when processing
emotional stimuli.

There is emerging evidence that hormones play a major role
in the development of selected cerebral structures [38,39] lead-
ing to differences in the cortical function between males and
females. Post-mortem and neuroimaging studies to date suggest
that some brain structures are sexually dimorphic, including the
corpus callosum, gray matter, amygdala, and hippocampus [40].
Kesler-West et al. found that males had more right hemisphere
activity to angry than to sad faces, while females showed no dif-
ferences in activation to differing basic human emotions [41].
They hypothesized that selective pressure for males to respond to
threat was related to greater male activation to agonistic (angry)
vs. affiliative (sad) emotions. One wonders whether the negative
conditions in the current study were easier to associate than the
positive conditions, which might have been open to interpretation
for alternative interpretations, such as sarcasm. Perhaps the male
responses included additional checking to be sure that the posi-
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tive stimuli were genuine and without threat at the preconscious
level.

The findings in this study are mixed with regard to consistency
with previous work. One source of discrepancy is methodological.
Some researchers report only significantly activated clusters, the
result of whole-brain analysis. Others average the percent signal
change across the entire region of interest, which is a much more
stringent, though possibly artificial test. Presumably, activation
occurs in networks rather than isolated regions. Thus, averaging
activation over an entire region may mask small areas of that region
that are acting in concert with other small areas of related regions.
Our findings on gender differences suggest that males and females
activate the amygdala, similarly [34]. Our ROI for the amygdala
spanned the entire region rather than smaller amygdala segments
as did Mackiewicz et al. [4].

4.1. Limitations

A limitation in the design of the study was that although behav-
ioral ratings of the stimuli were obtained as part of the process
of developing the videos, behavioral ratings were not obtained by
study participants. Thus, it is not possible to determine whether
differences in gender response to the stimuli are the result of differ-
ential interpretation, or differential activation to stimuli perceived
similarly.

Another limitation of this study is that there were too few par-
ticipants to conduct a hemisphere by gender by emotional valence

study. The current study was a pilot conducted in advance of a
large-scale study to better understand the neural correlates of social
competence deficits in people with autistic spectrum disorders for
which larger numbers of participants will be included. It lays the
foundation of understanding of sexually dimorphic social process-
ing activation in typically developed adults.

5. Conclusion

This study was one of the first to examine gender differences
in activation to video vignettes. Gender-based brain activation dif-
ferences to human face photographs was also included to extend
the current research on emotion perception. An approximation of
more naturalistic social stimuli reduced rather than increased the
gender differences seen in brain activation to photographic stim-
uli. Males and females appear to process positive and negative
social video vignettes more similarly than they do photographic
stimuli.

This finding can lay the foundation for future work on devel-
opmental disorders and adult pathology such as autism and
schizophrenia, where known differences in social and emotional
processing are found. Gender differences in social functioning for
many disorders have been discovered, both neurobiologically and
behaviorally. However much is yet to be accomplished in under-
standing and treating social problems [40].

Appendix A

Whole brain within-group maximum intensity values of the t-statistic for activation above fixation for the four conditions (photos positive, photos negative, videos positive,
videos negative) in selected regions of the social brain.

Region Voxels
(mm3)

Maximum t-value
in cluster

Coordinates of maximum
t-value in largest cluster

Mean t-value
over entire ROI

% signal change vs.
baseline fixation

% signal change vs.
baseline fixation

RLa APb ISc Negative Positive

Female photos negative–positive
R amygdaloid region 103 5.353 R39 P37 I11 3.840 0.346 0.207

R fusiform gyrus 278 6.366 R41 P47 I15 3.926 0.982 0.859
L fusiform gyrus 170 4.925 L44 P68 I14 3.644 0.996 0.808

R inferior frontal gyrus 1748 7.792 R49 A13 S24 3.950 0.323 0.160
L inferior frontal gyrus 1413 5.465 L47 A11 S19 3.742 0.223 0.059

R medial frontal gyrus 513 7.043 R11 A42 S35 4.102 0.049 −0.061
L medial frontal gyrus 243 6.934 L5 A44 S32 3.830 0.124 0.038

R superior frontal gyrus 783 6.178 R12 A43 S35 3.884 0.103 −0.025
L superior frontal gyrus 121 5.603 L5 A47 S31 3.931 0.193 0.079

R middle temporal gyrus 1040 7.534 R48 P52 S8 4.239 0.341 0.229
L middle temporal gyrus 831 5.864 L47 P59 S4 4.010 0.192 0.059

R superior temporal gyrus 708 6.595 R47 P52 S10 3.714 0.168 0.059
L superior temporal gyrus 76 4.894 L58 P55 S16 3.638 0.093 −0.061

L anterior cingulate 49 4.544 L7 A19 I4 3.597 0.116 −0.028

Male photos negative–positive
R amygdaloid region 138 −5.371 R20 P46 I6 −3.880 −0.162 −0.056

R medial frontal gyrus 743 −4.962 R15 A55 S2 −3.163 −0.040 0.097
L medial frontal gyrus 158 −4.393 L2 A58 S16 −3.673 0.119 0.282

R superior frontal gyrus 117 −4.744 R13 A49 S22 −3.677 −0.005 0.084
L superior frontal gyrus 45 −4.068 L29 A37 S33 −3.419 −0.098 0.078

R middle temporal gyrus 87 −3.850 R47 P75 S29 −5.065 −0.264 −0.112
L middle temporal gyrus 200 −3.517 L33 P71 S20 −4.57 −0.088 0.003

R superior temporal gyrus 459 −3.998 R58 P30 S11 −6.221 −0.046 0.069
L superior temporal gyrus 1932 −4.166 L59 P12 S9 −13.359 −0.093 0.028

R posterior cingulate 229 −4.137 R22 P64 S16 −3.690 −0.233 −0.087
L posterior cingulate 57 −4.631 L7 P44 S16 −3.613 −0.092 0.018
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Appendix A (Continued )

Region Voxels
(mm3)

Maximum t-value
in cluster

Coordinates of maximum
t-value in largest cluster

Mean t-value
over entire ROI

% signal change vs.
baseline fixation

% signal change vs.
baseline fixation

RLa APb ISc Negative Positive

Female videos negative–positive
R inferior temporal gyrus 226 −5.092 R46 P69 S2 −3.867 1.043 1.241
L inferior temporal gyrus 301 −4.405 L48 P71 S1 −3.618 0.961 1.116

R middle temporal gyrus 2027 −7.735 R46 P68 S6 −4.068 0.833 0.989
L middle temporal gyrus 1989 −5.851 L47 P77 S17 −3.879 0.559 0.740

R superior frontal gyrus 62 −4.516 R29 P1 S65 −3.628 −0.113 0.042

Male videos negative–positive
R amygdaloid region 220 −7.549 R36 P34 S11 −3.953 0.214 0.319

R fusiform gyrus 1103 −14.506 R34 P37 I11 −3.846 0.787 0.954
L fusiform gyrus 992 −6.690 L31 P70 I11 −3.978 0.906 1.116

R inferior frontal gyrus 419 −6.441 R46 P70 I1 −3.918 0.569 0.745
L inferior frontal gyrus 638 −8.110 L47 P72 I1 −4.427 0.119 0.275

R medial frontal gyrus 167 4.997 R4 A49 S29 2.666 0.617 0.418
L medial frontal gyrus 486 5.265 L2 A46 S32 3.135 0.714 0.400

R superior frontal gyrus 138 −5.664 R23 P8 S57 −1.219 0.196 0.184
96 6.026 R4 A49 S30

L superior frontal gyrus 127 −6.593 L24 P9 S57 −1.224 0.117 0.070
79 4.632 L3 A47 S33

R inferior temporal gyrus 719 −6.441 R46 P70 I1 −3.996 1.153 1.410
L inferior temporal gyrus 646 −8.110 L47 P72 I1 −3.995 0.764 1.001

R middle temporal gyrus 2376 −11.311 R43 P64 S13 −4.122 0.778 0.947
L middle temporal gyrus 2101 −8.497 L48 P61 S9 −4.415 0.763 0.954

R superior temporal gyrus 534 −5.647 R47 P39 S9 −3.712 1.085 1.215
L superior temporal gyrus 524 −6.734 L51 P36 S14 −3.864 0.831 0.990

R anterior cingulate 157 4.130 R1 A41 S10 −3.752 −0.062 0.047

R posterior cingulate 132 −5.229 L7 A35 S23 −3.623 −0.098 0.016

a Right/left.
b Anterior/posterior.
c Inferior/superior.
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