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Face gender modulates women'’s brain activity
during face encoding
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Women typically remember more female than male faces, whereas men do not show a reliable own-gender bias. However, little is known about the neural
correlates of this own-gender bias in face recognition memory. Using functional magnetic resonance imaging (fMRI), we investigated whether face
gender modulated brain activity in fusiform and inferior occipital gyri during incidental encoding of faces. Fifteen women and 14 men underwent fMRI
while passively viewing female and male faces, followed by a surprise face recognition task. Women recognized more female than male faces and
showed higher activity to female than male faces in individually defined regions of fusiform and inferior occipital gyri. In contrast, men’s recognition
memory and blood-oxygen-level-dependent response were not modulated by face gender. Importantly, higher activity in the left fusiform gyrus (FFG) to
one gender was related to better memory performance for that gender. These findings suggest that the FFG is involved in the gender bias in memory for

faces, which may be linked to differential experience with female and male faces.
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INTRODUCTION

Behavioral findings have consistently shown that own-group faces are
better recognized than other-group faces. A well-replicated instance of
this phenomenon is the own-race bias, showing that memory is typ-
ically better for own-race than for other-race faces (e.g. Meissner and
Brigham, 2001). Similarly, there is evidence of an own-gender bias in
memory for faces, which has been replicated in several studies for
women, but not for men (McKelvie, 1987; Wright and Sladden,
2003; Lovén et al, 2011). Hence, women’s advantage over men in
memory for faces is particularly marked for female faces and is typic-
ally smaller for male faces (Rehnman and Herlitz, 2007).

Little is known about the neural processes underlying the own-
gender bias in face recognition memory. To investigate the neural
correlates of the own-gender bias, we used functional magnetic
resonance imaging (fMRI) to assess women and men’s blood-
oxygen-level-dependent (BOLD) response to female and male faces
during incidental encoding of faces. Lesion and BOLD fMRI studies
have shown that face perception relies on a bilateral neural system
in the ventral occipito-temporal visual cortex (Kanwisher et al.,
1997; Barton et al., 2002). Two important regions in this ‘face network’
(Haxby et al., 2000) for visual analysis of faces are the inferior occipital
gyrus (IOG), involved in the early visual analysis of facial features
and the fusiform gyrus (FFG), which seems to be engaged in processing
of facial features and their configurations (Haxby et al., 2000; Liu et al,
2010). Interestingly, increased expertise for a non-face material is
related to a higher BOLD response in FFG (Gauthier et al, 2000;
Bilali¢ et al., 2011).

To date, few fMRI studies have assessed the influence of face gender
on BOLD response in core regions of the face network. Ino et al.
(2010) used an exploratory whole-brain group analysis to assess men
and women’s responses to female and male faces and found that
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women showed a higher BOLD response in right FEG for female
than male faces during encoding, whereas men’s BOLD response was
increased for male faces. However, there are several studies on the
own-race bias, showing that for unfamiliar faces, BOLD response in
FFG was greater for own-race than for other-race faces (Golby et al.,
2001; Lieberman et al., 2005; Kim et al., 2006; Feng et al., 2011).
Furthermore, Feng et al. (2011) observed that BOLD response in
IOG was magnified for own-race compared with other-race faces,
indicating that race of face influences the early visual analysis of
faces. Finally, Golby et al. (2001) found that higher activity in left
FFG for one race compared with the other was related to better
memory performance for faces of this race (cf. Feng et al, 2011).
This suggests that differences in BOLD response to own- and other-
race faces in FFG may, at least partly, explain differences in the mag-
nitude of the own-race bias in face recognition memory.

Taken together, it is currently not clear whether women have a
higher BOLD response to female than male faces in FFG and IOG.
Also, it remains to be investigated whether a differential BOLD
response in FFG to female and male faces contributes to the own-
gender bias in face recognition memory. To answer these questions,
we used an event-related fMRI design and a region of interest (ROI)-
based approach. Thus, the first aim of this study was to determine
whether face gender modulated BOLD response to faces in FFG
and IOG. We hypothesized that women would show a higher BOLD
response in FFG and IOG for female than male faces during incidental
encoding. Based on previous behavioral findings indicating that men
do not show an own-gender bias (Lovén et al., 2011), no differences
were expected for men. The second aim was to assess whether differ-
ences in left FFG BOLD response to female and male faces were related
to differences in recognition memory for female and male faces,
as studies on the own-race bias have found an association between
differences in performance and BOLD response to own- and other-
race faces in the left FFG, but not in the right FFG or IOG (Golby et al,
2001; cf. Feng et al., 2011). Thus, we expected a positive association
between the differences in left FFG BOLD response and memory for
female and male faces. The third and more exploratory aim was to
determine whether there were sex differences in BOLD response to
female and male faces. There are some findings indicating that men
show a higher BOLD response to neutral and emotional faces in FFG
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than women, particularly in response to male faces (Ino et al., 2010;
Mather et al, 2010), although other studies have not found evidence
of sex-differential activation in FFG during encoding of neutral and
emotional faces (Fischer et al., 2004a, 2004b, 2007).

METHODS
Participants

Participants were 31 right-handed adults (16 women), who were re-
cruited by advertisement in local newspapers. No participant reported
any previous or current neuropsychiatric diseases. The total sample
included 29 participants (15 women), as two participants were
excluded because of response pad problems during the face recognition
test. Independent samples -tests showed that there were no sex differ-
ences in age (Myomen=24.20, S.d-women=349 Mpen=25.93,
S.d.men = 3.38) or years of education = (Myomen=14.27,
$-dewomen = 2.343 Mypen = 15.39, 5.d.pmen = 1.86), f5>—1.43, Ps>0.16.
In accordance with the Declaration of Helsinki, written informed
consent was obtained from all participants, and the regional ethical
review board approved the study. Participants received 1000 SEK for
study participation. The study was a part of a larger data collection
and participants completed a cognitive test battery on a separate test
session ~1 week before the fMRI session.

Materials and procedure

Color photographs depicting 24 younger women, 24 younger men,
24 older women and 24 older men with neutral facial expressions
were selected from the FACES database (Ebner et al, 2010). Two
face sets were created, each including 12 faces of each face category
(younger female, younger male, older female and older male). For half
of the participants, the first set served as targets and the second set as
lures, and for the other half, the first set served as lure faces and the
second set as targets. Behavioral and fMRI data analyzed in this study
only included younger adult female and male faces, given evidence
of an own-age bias in face recognition memory (Rhodes and
Anastasi, 2012).

During the incidental encoding session, faces were presented
pseudo-randomly intermixed with one-third low-level baseline trials.
In these baseline trials, three Xs were presented centrally on the screen.
Faces and baseline trials were presented for 3500 ms each, followed by a
variable jitter (3000, 3250, 3500, 3750 or 4000 ms), during which a
fixation cross was presented to mark the beginning of each new trial.
Participants were instructed to view faces and baseline trials as if they
were at home watching TV. The encoding session was completed in
~9 min. Next, a T1-weighted image was acquired, followed by a short
practice run for the recognition task. Thus, after a retention interval of
~10 min, participants completed the face recognition test in the scan-
ner. Participants indicated old/new face recognition (yes or no) via
button press.

In order to determine that the groups of men and women were
performing at a similar level cognitively, their performance on a se-
mantic memory task was assessed ~1 week before the fMRI session.
Men and women typically perform at a similar level on this vocabulary
task (e.g. Herlitz et al., 1997), in which participants are asked to choose
the correct synonym for a target word among five alternatives
(Dureman, 1960). The task comprised 30 items and the time limit
was 5 min.

fMRI data acquisition

fMRI was performed on a 3T Siemens Magnetom Trio Tim scanner.
Following localizer scans and four dummy volumes, one run of 206
functional images was acquired during face encoding with a T2*-
weighted echo planar sequence (TR=2500ms, TE=40ms, flip
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angle =90°, FOV =230 mm, voxel size=3 x 3 x 3mm). Thirty-nine
slices were positioned oblique axial, parallel with the AC-PC line
and were acquired interleaved ascending. In addition, a
Ix1x1mm TIl-weighted image was acquired (MP-RAGE;
TR =1900ms, TE =2.52 ms; FoV =256 mm).

Behavioral data analyses

As a measure of recognition memory, participants’ hit and false alarm
rates for female and male faces, respectively, were converted into d'
(Snodgrass and Corwin, 1988). Paired samples t-tests were computed
to confirm that women showed an own-gender bias and men did not,
and independent samples #-tests were computed to assess potential
sex differences in face recognition memory for female and male
faces. The standardized average difference between two independent
groups was estimated as d=(M;—M,;)/s.d.poolea- The standardized
difference between two dependent measures was estimated as
d=(M;=M,)/s.dwitnin: Where s.dithin = 5.d-ifference/ V(2 x [1-71]).
S.d.pifference 18 the standard deviation of the difference scores and r is
the correlation between the pairs of observations (Borenstein, 2009).

fMRI analyses

The run of 206 volumes acquired during incidental encoding of faces
entered the fMRI analyses. To perform these analyses, we used SPM8
(http://www.fil.ion.ucl.ac.uk/spm). The EPI volumes were slice acqui-
sition time corrected and realigned to the first volume. Next, images
were transformed into MNI space using the EPI template in SPM8 and
resampled into 2 mm voxels. Finally, the images were smoothed using
an 8 mm FWHM Gaussian kernel.

Participants’ responses to faces and baseline were modeled within
the general linear model framework. For each participant, a fixed-
effects model was specified. To form regressors, trial onsets (converted
into delta functions) of the face categories (younger female, younger
male, older female and older male) and the low-level baseline trials
(three Xs) were convolved with the canonical hemodynamic response
function provided by SPM8. The three regressors of interest were
younger female faces, younger male faces and the low-level baseline
trials. Note that the jittered periods of fixation were not explicitly
modeled. To correct for motion artifacts, each participant’s six move-
ment parameters, obtained from the spatial realignment procedure,
were included as covariates of no interest. Finally, a high-pass filter
with a 128s cutoff was applied and an autoregressive model (AR[1])
was used for parameter estimation.

Next, contrasts of interest were created. As mentioned earlier, only
younger adult female and male faces were included in the analyses. The
first contrast was specified as the effect of female and male faces. For
this contrast, the effect of baseline was subtracted from the effect of
faces (faces > baseline). Two more contrasts were created, one for the
effect of female faces (> baseline) and one for the effect of male faces
(> baseline).

ROIs in the bilateral FFG and IOG were defined individually using
each participant’s contrast of faces vs baseline. These functional ROIs
were defined as clusters of activation (>8 contiguous voxels;
Minnebusch et al., 2009) within the anatomical FFG and I0G ROIs
from the WFU Pickatlas (Maldjian et al., 2003, 2004). The significance
threshold was set at P<0.0001, uncorrected (Kanwisher et al., 1997).
At this threshold, no activated clusters in IOG were found in four
participants (three women). Therefore, more liberal thresholds were
used to define these participants’ functional ROIs (n=3, P<0.001,
uncorrected; n=1, P<0.05, uncorrected). For each participant’s spa-
tial coordinates of peak voxel activations within the ROIs, see
Supplementary Tables S1 and S2.
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MarsBaR (Brett et al., 2002) was used to extract each individual’s
average parameter estimates (B-values) for female faces (>baseline)
and male faces (>baseline) from the individually defined ROIs. To
assess men and women’s BOLD response in left and right FFG and
IOG to female and male faces, respectively, separate mixed 2 (face
gender: female, male) x2 (sex of participant: woman, man)
ANOVAs were computed. Planned comparisons were conducted
with independent and dependent samples #-tests.

For descriptive purposes, a group parametric map was computed to
illustrate participants’ general BOLD response to faces vs baseline in
the whole brain. Participant’s contrast images for this effect were
entered into a second-level model (one sample #-test). The significance
threshold was set to P<0.05 (FWE-corrected) with an extent threshold
of 10 or more contiguous voxels.

Associations between differences in BOLD response and
memory

Pearson product-moment correlations were computed to examine the
relation between the difference in BOLD response and the difference in
recognition memory for female and male faces. For the behavioral
difference score, recognition memory (d’) for male faces was sub-
tracted from recognition memory (d') for female faces. Thus, a positive
value indicates that female faces were better recognized than male
faces, and a negative value indicates that male faces were better recog-
nized than female faces.

For the difference scores based on FFG BOLD responses within each
hemisphere, each individual’s parameter estimate of BOLD response to
male faces was subtracted from the parameter estimate of BOLD re-
sponse to female faces (Feng et al, 2011). Difference scores for IOG
were computed in the same manner. As there were outliers in two of
the difference score variables (left FFG, n=2; left IOG, n=1), an
arctangent function was applied to transform these variables.

RESULTS
Behavioral findings

There was no sex difference in performance on the vocabulary
task, #27)=0.07, P=094 (Myomen=22-60, 5.d-women=4.07;
Mnen = 22.50, $.d.men =3.25), confirming that the two groups were
comparable with respect to semantic memory (Herlitz et al., 1997).
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As expected, women recognized more female than male faces,
#(14) =2.25, P=0.04, d=0.65 (Figure 1A). Men recognized female
and male faces with equal facility, #13)=0.19, P=0.86. Women’s
advantage over men in memory for female faces was not statistically
significant, #(27) =1.56, P=0.13, d=0.58 and there was no sex dif-
ference in memory for male faces, #(27) =—0.25, P=0.81.

fMRI findings

Whole-brain analysis

At the group level, incidental encoding of faces was associated with
bilateral BOLD response in FFG, cuneus, lingual gyrus, middle occipi-
tal gyrus and IOG (Figure 1B and Supplementary Table S3).

Fusiform gyrus

First, BOLD response in right FFG was assessed. A main effect of face
gender showed that BOLD response in right FFG was greater for female
than for male faces, F(1, 25) =9.66, P=0.005, nf, =0.28. There was no
main effect of sex, F(1, 25) =0.91, P=10.35 and no interaction between
face gender and sex of participant, F(1, 25) =0.49, P=0.49. However,
in line with our hypothesis, paired samples t-tests showed that
women’s BOLD response in right FFG was greater for female than
for male faces, #(13) =3.81, P=0.002, d=0.66 (Figure 2). In contrast,
there was no significant difference between men’s BOLD response to
female and male faces, #(12) =1.36, P=0.20. Independent samples
t-tests showed that there were no sex differences in right FFG BOLD
response to female faces, #(25)=—0.42, P=0.68 or male faces,
#25) =—1.41, P=0.17.

Next, the analysis of left FFG showed that there was a main effect of
face gender, indicating that BOLD response was greater for female than
for male faces, F(1, 24) =5.66, P=0.03, nf, =0.19. A main effect of sex
showed that men had a higher BOLD response to faces than women,
F(1, 24)=4.79, P=0.04, 7712) =0.17. The interaction between face
gender and sex of participant was not significant, F(1, 24) =0.32,
P=0.58, but the planned comparison showed that women’s BOLD
response in left FFG was greater for female than for male faces,
#(12) =3.75, P=0.003, d=0.72 (Figure 2). Men’s BOLD response to
female and male faces did not differ significantly, #12)=0.99,
P=0.34. There was no sex difference in left FFG BOLD response to
female faces, #(24)=—1.28, P=0.21, although men had a greater

0
t-value

Fig. 1 Results from behavioral and exploratory whole-brain analyses. (A) Women and men's face recognition memory (d) for female and male faces, respectively. Error bars represent standard error of the
mean. *P < 0.05. (B) Men and women’s BOLD response to faces, displayed at the peak voxel activation in right FFG (MNI coordinates: x =38, y = —56, z = —20), P < 0.05 (FWE-corrected), cluster extent

>10 contiguous voxels.
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Fig. 2 Women and men’s average BOLD response (S-value) in left and right FFG and 10G to female
and male faces during incidental encoding. Error bars represent standard error of the mean.
Note: **P <0.01, *P < 0.05. R, right; L, left; FFG, fusiform gyrus and 10G, inferior occipital gyri.

BOLD response to male faces than women, #24)=—2.66, P=0.01,
d=—1.04.

Inferior occipital gyrus

A main effect of face gender was found, showing that BOLD response
in right IOG was greater for female than for male faces, F(1, 25) =4.30,
P=0.049, né =0.15. The main effect of sex of participant,
F(1, 25) =3.60, P=0.069 and the interaction between sex of partici-
pant and face gender were not statistically significant, F(1, 25) =0.69,
P=0.41. Planned comparisons showed that women’s BOLD response
in right IOG was greater for female than for male faces, #(13) =3.04,
P=0.01, d=0.65 (Figure 2). In contrast, there was no significant dif-
ference between men’s BOLD response to female and male faces,
#(12) =0.69, P=0.50. There was no sex difference in right IOG re-
sponses to female faces, #(25) = —1.16, P=0.26, but men had a greater
BOLD response to male faces in right IOG than women, #25) = —2.20,
P=0.04, d=—0.85.

For the left IOG, there was a main effect of face gender, showing that
BOLD response was greater for female than for male faces, F(I,
25)=5.23, P=0.03, 7712) =0.17. No other effects were significant,
Fs<1.99, Ps>0.17. Planned comparisons showed that women’s
BOLD response was greater for female than for male faces in left
I0G, #(13)=3.09, P=0.009, d=0.61 (Figure 2), while face gender
did not modulate men’s BOLD response, #(12)=0.54, P=0.60.
There were no sex differences in left IOG response to either female
or male faces, ts>—1.63, Ps>0.11.

Associations between differences in BOLD response
and memory

As can be seen in Figure 3, there was a positive correlation between the
difference in face recognition memory for female vs male faces and the
difference in left FFG response to female and male faces, r(24) =0.41,
P=0.037. Individuals with a greater BOLD response to one gender
compared with the other tended to recognize faces of this gender
better. For the other regions, there were no significant correlations
between the difference in face recognition memory for female and
male faces and difference scores in BOLD response (left I0G,
r[25] =0.36, P=0.07; right IO0G, r[25] =0.07, P=0.73; right FFG,
1[25] =0.26, P=0.19).

SCAN (2014) 1003

]
& 3
E mWomen
2 2] OMen
Sl 2 -
E g 14 a m
£ g o m "m_ B
C o o I
o 8 - |
£ g 1 o O : .|:|
S|l € o =
= o
8 2
© r=.41
1+
= 3 . r r
-2 -1 0 1 2

Difference in L FFG B-values
]

Male face advantage

Female face advantage

Fig. 3 The relation between differences in left FFG BOLD response (S-value female faces minus
B-value male faces) and face recognition memory (d" female faces minus ¢’ male faces). A positive
value indicates a female face advantage (higher BOLD response or memory for female than for male
faces). A negative value indicates a male face advantage. Note that the difference score variable for
BOLD response to female vs male faces was transformed; the direction of the difference represents
the original direction before transformation.

DISCUSSION

The aims of this study were to investigate whether face gender modu-
lated BOLD response in FFG and IOG, and whether greater BOLD
response in left FFG to one gender was related to better face recogni-
tion memory for this gender. As expected, women showed an own-
gender bias, whereas men recognized female and male faces with equal
facility (Lovén et al., 2011). Also in line with previous findings, inci-
dental encoding of faces was associated with activity mainly in the
occipito-temporal cortex (Haxby et al., 2000).

In line with our predictions, women showed a greater BOLD re-
sponse in FFG for female faces than for male faces. In contrast, men’s
BOLD response was not reliably modulated by face gender. The pre-
sent results expand previous findings of differential BOLD responses in
FFG to own- and other-race faces (e.g. Golby et al., 2001) by showing
that face gender influences women’s BOLD response in FFG.
Moreover, women showed an increased BOLD response in I0G to
female compared with male faces. This indicates that women’s
increased brain activity to female faces is present early in the face
processing stream, as face-specific areas in the IOG seem to be involved
in the initial visual analysis of face parts (Liu et al., 2010). In contrast,
areas of face-specific activations in FFG seem to be involved in the
processing of both face parts and their configuration (Yovel and
Kanwisher, 2005; Liu et al, 2010). It is possible that an increased
FFG response to stimuli that one has more experience with, such as
own-race faces, represents visual expertise (Golby et al., 2001; Feng
et al., 2011). On the other hand, increased interest in, attention to,
or motivation to process own-group faces may also modulate FFG
response to faces (Van Bavel et al, 2011). However, whether greater
FFG activity to own-group compared with other-group faces indeed is
a result of perceptual expertise and/or whether top-down (e.g. motiv-
ation) processes are at work remains to be determined in future
research.

Importantly, the difference in memory for female and male faces was
associated with the female-vs-male face difference in left FFG BOLD
response: Individuals who had a greater BOLD response in left FFG to
one gender also tended to recognize faces of this gender better,
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indicating that differences in left FFG activity underlie better memory
for one gender compared with the other. This suggests that a similar
association holds for the gender bias as for the race bias in face rec-
ognition memory (Golby et al., 2001; cf. Feng et al., 2011). However, it
is not clear why primarily differences in the left FFG BOLD response
are related to differences in the magnitude of the own-group bias,
although it has been suggested that the left FFG has additional proper-
ties at encoding that enhance later recognition (Prince et al, 2009),
such as encoding of facial features (Rossion et al, 2000).

Men showed a greater BOLD response than women to male faces in
left FFG and right IOG, while there was no sex difference in recogni-
tion of male faces. Similar findings have been reported for BOLD re-
sponse to neutral and faintly smiling faces in left and right FFG, and to
male faces in right FFG (Ino et al, 2010), as well as in right FFG
response to neutral and angry faces—in the absence of a sex difference
in performance (Mather et al, 2010). In contrast, other studies have
not found sex differences in BOLD response to either emotional
or neutral faces in these regions (Fischer et al, 2004a, 2004b, 2007).
At present, it is unclear why men may display a greater response in FFG
to (male) faces than women, in the absence of differences in face rec-
ognition performance. One suggestion is that this difference is a result
of women recruiting regions involved in face processing more effi-
ciently than men do (Ino et al., 2010).

At this point, it can only be speculated about why women but not
men show an own-gender bias in face recognition memory. There are
several studies showing that the female own-gender bias is present in
childhood (Feinman and Entwisle, 1976; Rehnman and Herlitz, 2006).
In addition, there is evidence of an early sex difference in attention to
faces, as neonatal girls, in contrast to boys, preferentially attend to a
face rather than to a moving mobile (Connellan et al., 2000). Girls aged
3-4 months engage in eye-to-eye contact with an unfamiliar individual
to a higher extent than boys, and this sex difference is particularly
pronounced when the individual is female (Leeb and Rejskind,
2004). This gender-specific bias, found very early in development,
may be strengthened in girls throughout childhood and adolescence
by close interaction with other females, and in turn could be the pre-
cursor of women’s own-gender bias in face recognition memory.

This study has some limitations. First, to define each individual’s
ROIs in FFG and IOG, faces were contrasted with low-level baseline
trials. The comparison stimulus that we used in this study is less com-
plex than the materials commonly used to define face-specific func-
tional ROIs in the occipito-temporal cortex, such as houses
(Kanwisher et al., 1997). However, the type of comparison stimulus
does not seem to greatly affect the localization of functional ROIs in
FFG (Berman et al., 2010). For instance, very similar ROI definitions in
FFG were found when faces were contrasted with a low-level baseline
and common objects (chairs), respectively (Lehmann et al., 2004).
Second, the functional ROIs were not defined with an independent
localizer. However, both female and male faces were included in the
contrast that we used to define each individual’s face-specific func-
tional ROIs (for a similar approach, see Golby et al., 2001). This
ensured that the findings were not biased toward either female or
male faces, as parameter estimates of responses to female and male
faces were extracted from the same regions within each individual.
Third, the sex difference in recognition of female faces did not reach
the conventional level of statistical significance (P < 0.05), although the
magnitude of the effect (d=0.58) was in good agreement with previ-
ous findings (e.g., d=0.64; Rehnman and Herlitz, 2007). Finally, given
mixed evidence of sex differences in BOLD response to faces (Fischer
et al., 2004a, 2004b, 2007; Ino et al., 2010; Mather et al., 2010), the
present findings of sex differences in BOLD response need to be repli-
cated and further explored in future studies.
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To our knowledge, this study is the first to investigate the relation
between BOLD response in regions of the face network and recogni-
tion of female and male faces. It provides novel evidence that a differ-
ential BOLD response in left FFG to female and male faces is related
to the magnitude of the gender bias in face recognition memory.
Importantly, we found that face gender influenced women’s but not
men’s BOLD response in FFG and I0G during incidental face encod-
ing, as women’s BOLD response was greater for female than for male
faces in these core regions of the face network. This is in line with
behavioral evidence indicating an own-gender bias in women’s face
recognition memory, but no such effect in men (Lovén et al.,, 2011).
Given the involvement of especially the FFG in successful face encod-
ing (Prince et al, 2009), the present results support previous behav-
ioral findings suggesting that women have higher face processing skills
for female than for male faces (Lovén et al, 2011; Megreya et al., 2011).

SUPPLEMENTARY DATA
Supplementary data are available at SCAN online.
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