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A B S T R A C T

The role of gender role in interpreting sex differences in emotion is unknown. The present study examined how
gender role moderates sex differences in emotional reactivity. Event-related potentials (ERP) were recorded in
sixty-eight subjects with typical or androgynous gender roles when they passively observed neutral and negative
pictures. Behaviorally, typical females (feminine females) reported higher emotional rating than typical males
(masculine males), while androgynous males and androgynous females reported no significant differences.
Electrophysiologically, we found higher late positive potential (LPP) amplitude in typical females compared to
typical males, while this pattern of sex difference was absent in androgynous subjects. The network analysis of
EEG data indicates that typical males showed enhanced network coupling strengths between frontal/prefrontal
and parietal areas than typical females, which was again absent in androgynous subjects. These findings suggest
that gender role is an important determinant in the interpretation of sex differences in emotional reactivity.

1. Introduction

The notion that women are more emotional than men has been
deeply rooted in the mind of people [1]. However, empirical findings
about sex differences in emotion are unclear and inconsistent. Using
self-reports of emotional experiences, some studies indicate that women
are indeed more emotionally responsive than men [2–4]. Studies using
physiological responses to negative stimuli have drawn inconsistent
conclusions. Many studies support the notion that women are more
reactive to negative stimuli than men [3–8], while others do not find
any sex differences in physiological responding [9]. In addition, neu-
roimaging studies have also come to inconsistent conclusions, several
studies show greater amygdala activity in men than in women in the
face of negative stimuli [10], which were contrary to the finding [7]
that female showed enhanced amygdala activity to negative stimuli. In
addition, some studies have found no sex differences in emotional re-
activity in the amygdala [1]. Overall, there are obvious inconsistencies
in the findings on sex differences in emotional reactivity.

Several studies have stressed the importance of sociocultural factors
and gender role characteristics in interpreting the sex differences in

emotions [4,8,11,12]. Sex is innate, which is determined by the sex
chromosomes in the human body. However, gender role is a series of
behavior norms corresponding to one's sex, which gains from social
learning in the process of socialization [13,14]. The traditional view
holds that there is only one dimension of gender role, and that mas-
culinity and femininity are two levels of this dimension. Later, Rossi put
forward the conception of androgyny, which possesses masculine and
feminine characteristics at the same time [15]. Considering that most
studies on sex differences in emotional reactivity do not take the gender
role into account, it is possible that gender role can be used to explain
the inconsistency of previous studies. Specifically, Male and female
population, in most cases, are characterized by their predominant
masculine and feminine traits, respectively [13]. It is likely that typical
samples would show a classic pattern of sex differences with emotional
reactivity more pronounced in typical (feminine) females than in ty-
pical (masculine) males. More importantly, we are interested in clar-
ifying how the emotion-related sex difference phenomenon should be
explained by focusing on the androgynous sample. In more detail, if the
sex difference finding is accounted for by sex, we would continue to
observe the classic sex difference in emotion in the androgynous
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sample. Alternatively, the sex difference would be compromised or
eliminated in the androgynous sample, whose masculinity and femi-
ninity are balanced, if socially determined gender roles contribute
primarily to the sex difference phenomenon.

Late positive potential (LPP), a positive slow wave that reaches its
largest amplitudes in the central parietal zone, is widely used in the
study of emotional reactivity (arousal) [16]. A large number of studies
have found that negative stimuli can steadily and consistently increase
LPP amplitude compared with neutral stimuli [17,18]. Furthermore,
EEG analysis using algorithms derived from graph theory has become
an increasingly important part of the study of brain networks [19].
Among those, studies have shown that phase locking value (PLV) is
successful in inferring the functional connectivity between brain re-
gions using EEG signals [20,21]. Gonuguntal et al. [22] has presented
PLV connectivity analysis which is used to identify emotion related
functional connectivity pattern and their distinctive associated regions.
Thus, EEG-based brain function network analysis was performed to
further explore the neural mechanism of sex differences in emotional
reactivity. In a summary, the current study aims to investigate the in-
fluence of gender role on sex differences in emotional reactivity using
EEG techniques. To do this, we had a mixed design with sex (male,
female) × gender role (typical, androgynous) and condition (neutral,
negative) as factors.

2. Method

2.1. Subjects

To calculate the sample size required in the study, we conducted
prior power analyses using G-Power with effect size f set at 0.25
(middle level), power (1 - β) set at 0.90, number of groups set at 4,
number of measurements set at 2 and α = .05. This showed us that
total sample sizes would have to increase up to N = 64. Based on this,
as paid volunteers, 68 right-handed undergraduate or graduate students
(18–29 years; mean age = 21.47), who were selected from a large pool
of 300 college students that completed the Sex Role Inventory for
College Student (CSRI) [14], participated in the experiment. Based on
the scores of the subjects on the male-valued scale (M) and female-
valued scale (F), each subject was divided into different gender role
types by Spence median classification. That is, to calculate the median
score of M and F, and then divide the subjects into four types according
to the median score (Those with high M and low F were regarded as
masculine, with low M and high F were regarded as feminine, while
those with high M and high F were regarded as androgynous) [14]. On
that basis, these volunteers were divided into 4 groups (see Table 1).

The study was approved by the local Review Board for Human
Participant Research, and each participant signed an informed consent
form before the experiment. The study was conducted following the
ethical principles of the Helsinki Declaration regarding human experi-
mentation [23].

2.2. Materials

The present study used a block-design picture viewing task. The task
consisted of two blocks, and each block included 40 picture stimuli that
were taken from the International Affective Picture System (IAPS) and
its Chinese adapted Version (Chinese Affective Picture System, CAPS).
Neutral pictures depicted the scenes of neutral animals and human
activities, while unpleasant pictures were composed of scenes of
frightening animals, human attack, and body mutilations. The picture
stimuli were neutral in block 1, as a non-emotional baseline for com-
puting emotion effect in later condition. Block 2 required subjects to
view 40 unpleasant pictures. The order of blocks in the experiment was
fixed by starting with block 1 followed by block 2, to avoid potential
emotional contamination on the baseline if negative pictures preceded
neutral ones.

2.3. Procedure

The lab is a quiet, independent room with a soundproof wall. Before
the experiment, the subjects were trained with the instruction to ensure
that all subjects had a consistent understanding. Subjects were seated
approximately 150 cm from the computer screen with the horizontal
and vertical visual angles below 6˚. The experiment consisted of two
blocks. Each trial was initiated by a small black fixation cross on the
white computer screen for 300 ms. The offset of the cross was followed
by a 1000 ms presentation of the word "attention", reminding subjects
to pay close attention to the pictures. Then, a 500∼1500 ms blank
screen was presented, followed by the onset of picture for 4000 ms.
Subjects were instructed to pay close attention and react normally to
each stimulus, and experience any feelings it elicited naturally, without
any attempts to alter the feelings [24]. After the end of each block, 2
min of rest was used for subjects to recover their emotion to the
baseline level. Before and after each block, subjects were required to
rate their mood state by a self-report 7-point scale (1: neutral, non-
emotional to 7: extremely unpleasant). After each block, participants
were required to rate the extent of close attention and natural response
they directed to the pictures (1: not successful at all; 7: completely
successful). At the end of the experiment, subjects rated the arousal and
valence of every picture (arousal: 1 = not arousing at all, 9 = ex-
tremely arousing; valence: 1 = extremely unpleasant, 9 = extremely
pleasant) (see Fig. 1). Prior to each block, subjects were presented with
eight trials for practice, where the pictures were emotionally similar to
those used in the formal experiment of that block.

2.4. ERP recording and analysis

EEG was recorded at 500 Hz using an elastic cap (Brain Products)
with 64 scalp sites according to the extended 10–20 system [25].

Based on a large number of previous studies, LPP was most pro-
nounced in the central parietal area [17,18]. According to this, we
chose the average amplitude of the three channels (CP1, CPz, CP2) to

Table 1
The information on four groups’ volunteers.

typical F value androgynous 　

F value
male female male female

number 17 17 17 17
mean age 21.24 19.88 23 21.76
masculine score 75.59± 4.94 56.29± 5.10 125.682*** 79.00± 6.36 76.27± 4.62 2.686
feminine score 60.12± 6.07 80.00± 6.15 89.921*** 76.47± 4.19 77.00± 4.30 0.132
state anxiety 38.28± 8.14 42.65± 9.99 1.948 38.00± 10.52 39.53± 6.37 0.263
trait anxiety 41.82± 6.33 43.53± 7.58 0.508 40.35± 8.99 39.76± 4.47 0.058
depression 14.12± 7.65 19.77± 5.47 6.131* 16.82± 8.68 16.29± 7.33 　 0.037

*p< .05, ***p< .001.
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calculate the LPP.
To construct network, 25 electrodes (i.e., AF3, Fz, F1, F3, FCz, Cz,

C1, C3, CP1, CP3, Pz, P3, Oz, O1, AF4, F2, F4, C2, C4, CPz, CP2, CP4,
P4, POz, O2) were selected, which covers representative sites of frontal,
parietal, temporal and occipital scalp regions. Phase locking value
(PLV) was used to measure the functional network in the current study,
which is defined as:

∑= │ │
=

− ∅ −∅

N
ePLV 1

j

N i jt jt
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1 ( ( ) ( ))x y
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Where t is the cycle, n is the sample size, ∅ t( )x and ∅ t( )y are the in-
stantaneous phases of the two signals. We used four typical indicators to
describe the efficiency of brain network connectivity. Clustering coef-
ficient (C) is defined as the degree of clustering of nodes in a network
[26], and local efficiency (Le) is defined as the ability of information
contained in nodes to be transmitted locally in the network [27]. In
addition, global efficiency (Ge) is defined as the average of relevant
brain networks [28] and the characteristic path length (L) is defined as
the degree of connectivity in the network [29].

All statistical analysis was implemented in SPSS. The degrees of
freedom of the F-ratio was corrected according to the
Greenhouse–Geisser method for any violations of sphericity and
Bonferroni correction was used for post hoc pairwise comparisons. We
also computed Bayes factors (BF10) using JASP with default prior width
[30].

3. Result

3.1. Manipulation check

To test the extent to which participants naturally attended to the
pictures, we examined their reported attention rating. The scores for
each condition were significantly higher than the midpoint of the rating
scale (i.e., 4) [neutral: t (67) = 7.864; negative: t (67) = 17.240,
ps< .001; both BF10> 100] (see Fig. 2A). To examine whether atten-
tion involvement is different across conditions and different groups, we
submitted the attention rating to a 2 (negative, neutral) *2 (sex: man,
woman) and 2(gender role: masculine, feminine) mixed-design
ANOVA. The results showed higher attention rating in negative (M =
5.91±0.12) than in neutral (M = 5.35± 0.18) block (F(1,64) =
11.33, p< .001; partial η2 =0.150; BF10> 100), most likely due to
negative attention bias. There were no other significant main or inter-
action effects (all ps> .294), suggesting that different samples attended
to the pictures similarly.

To test valence and arousal, we analyzed emotional valence and
arousal rating by a repeated-measures ANOVA, with condition (neutral
and negative) as a within-subjects factor, and sex (male and female),

gender role (typical and androgynous) as between-subjects factors.
Valence ratings were significantly different among conditions, F (1, 64)
= 207.303, p< .001; partial η2 = .764; BF10> 100. The valence
scores were significantly higher in neutral (M = 6.349±0.145) com-
pared to negative (M = 3.493± 0.127), t (67) = 16.006, p< .001;
BF10> 100 (see Fig. 2B). Arousal ratings were also significantly dif-
ferent among conditions, F (1,64) = 198.157, p< .001; partial η2 =
.762; BF10> 100. Participants reported higher emotional arousal in
negative (M = 4.929± 0.182) than in neutral block (M =
2.341±0.149), t (67) = 13.320, p< .001; BF10> 100. There were no
other significant main or interaction effects (all ps> .25) (see Fig. 2C).

3.2. Behavioral performance

Participants’ emotional state was analyzed by a repeated-measures
ANOVA with time (pre and post), condition (neutral and negative) as
within factors and sex (male and female), gender role (typical and an-
drogynous) as between factors. Considering that typical men and
women differ in self-reported depression, depression rating was taken
as a covariate here and in following EEG analyses. We found a sig-
nificant main effect of time[F(1,63) = 5.049, p = .028; partial η2 =
.074; BF10> 100], a significant main effect of condition[F(1,63) =
4.679, p= .034 ; partial η2 = .069 ; BF10> 100], and a significant time
× condition interaction[F(1,63) = 5.896, p = .018 ; partial η2 =.086 ;
BF10> 100]. As shown in Fig. 2D, simple effect analysis showed higher
emotion intensity after than before watching pictures in both condi-
tions; while this increase was more pronounced in negative than in
neutral condition [t (67) = 4.864, p< .001; BF10> 100].

Furthermore, we computed an index of emotional reactivity and
then performed group comparisons. The emotional reactivity is defined
as the after-before change of emotional state rating in the negative
condition minus that in the neutral condition. We found a significant
sex * gender role interaction [F(1,63) = 5.802, p = .019; partial η2 =
.084; BF10 = 0.160]. As shown in Fig. 2E and confirmed in follow-up
tests of simple effects, typical females experienced lager emotional re-
activity than typical males [F(1,63) = 7.987, p = .006; partial η2 =
.113; BF10 = 1.688], while there were no significant differences be-
tween androgynous males and androgynous females [F(1,63) = .310, p
= .579; partial η2 = .005; BF10 = 0.130].

3.3. ERP result

To test the characteristics of emotional arousal over time, we di-
vided the early LPP (300−1900 ms) into 4 equal 400 ms time segments
(300–700, 700–1100, 1100–1500, and 1500−1900 ms, see Fig. 3). We
ran a repeated-measures ANOVA with condition (neutral and negative),
time segments as within factors and sex (male and female), gender role

Fig. 1. Schematic illustration of the experimental procedure.
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(typical and androgynous) as between factors, with depression score as
a covariate. We found a significant interaction involving condition *
time segment * sex * gender role [F(3,189) = 5.008, p = .002; partial
η2 = .074; BF10> 100]. We then performed simple effect analysis by
splitting the time segment, with the results as follows.

During 300−700 ms, we found a significant main effect of condi-
tion [F(1,63) = 7.087, p = .010; partial η2 = .101; BF10> 100], with
the amplitudes evoked by negative pictures (3.663±0.376) sig-
nificantly larger than those evoked by neutral pictures (2.125± 0.335).
More importantly, we found a significant condition * sex * gender role
[F(1,63) = 5.877, p = .018; partial η2 = .09; BF10> 100] interaction.
We then calculated the index of emotional reactivity by subtracting LPP
amplitudes in the neutral condition from those in the negative condi-
tion. Follow-up tests of simple effects showed that typical females had
larger size of emotional reactivity, indexed by negative-neutral differ-
ences in LPPs, than typical males [F(1,63) = 9.015, p= .004; partial η2

= .125; BF10 = 10.893], while there was no difference between an-
drogynous males and androgynous females [F(1,63) = 0.228, p= .634;
partial η2 = .004; BF10 = 0.381].

We did not find any inter-group differences during other time seg-
ments (see Fig. 4).

3.4. Network analysis

As shown in Fig. 5A, compared with neutral images, negative
images induced increased network coupling strengths in all groups. And
in the corresponding network properties, we found that, compared with
neutral images, negative images had higher clustering coefficient [t(67)
= 6.765, p< .001;BF10> 100], global efficiency [t(67) = 6.704,
p< .001;BF10> 100] and local efficiency [t(67) = 6.762,
p< .001;BF10> 100], and lower characteristic path length [t(67) =
6.716, p< .001;BF10> 100]. Furthermore, we performed group

comparisons concerning the brain network topologies for the negative
condition, which is vital for emotion induction (see Fig. 5B). We ob-
served that typical males showed enhanced network coupling strengths
between brain areas including frontal/prefrontal, parietal and occipital
lobe compared with typical females. And in corresponding network
properties, we found a significant sex * gender role interaction [Fs
(1,64)> 5.302, ps< .025;BF10> 100]. As shown in Fig. 5B and con-
firmed in follow-up tests of simple effects, compared with typical fe-
males, typical males had higher clustering coefficient [F(1,64) =
22.951, p< .001; BF10> 100], global efficiency [F(1,64) = 23.977,
p< .001; BF10> 100] and local efficiency [F(1,64) = 23.906,
p< .001; BF10> 100], and lower characteristic path length [F(1,64) =
33.674, p< .001; BF10> 100]. However, there was no significant dif-
ference between androgynous males and androgynous females
[Fs< 2.736, p>0.103; .87<BF10< .90].

p< .001); (B) (left and right) Brain network topology of the sig-
nificant difference between males and females in the negative condition
(the red and blue indicate the increased and decreased network cou-
pling strengths from males to females, respectively, p< .001) and
(middle) the corresponding network properties. *p< .05, ***p< .001

4. Discussion

Our manipulation check showed that participants, irrespective of
sex and gender role typicality, paid similar close attention to the pic-
tures. In addition, valence and arousal rating showed that negative
images were valid in inducing negative emotional experiences in the
subjects. As predicted, we found significant differences in emotional
reactivity between typical males and typical females. And typical fe-
males showed larger emotional reactivity than typical males both in
behavioral and LPP amplitudes. This conclusion was consistent with
previous studies that females were emotionally more reactive than

Fig. 2. (A) The extent to which participants naturally attended to the pictures and the result of emotional valence (B) and arousal (C) rating. The results of emotional
state rating during each condition(D) and emotional reactivity (Emotional reactivity is defined as the after-before change of emotional state rating in the negative
condition minus that in the neutral condition)between groups (E). Error bars indicate standard error of the mean. **p< .01, ***p< .001.
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Fig. 3. Averaged ERPs elicited by negative and neutral pictures and topographic maps in each group. (A) The LPPs in typical groups and (B) in androgynous groups
from 300−1900 ms time window. (C) the topographic maps corresponding to the emotional reactivity (negative-neutral difference ERPs).
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males [4,7,8]. Furthermore, the typical males showed enhanced net-
work coupling strengths between brain areas including frontal/pre-
frontal, parietal and occipital scalp regions compared with the typical
females when viewing negative images. Previous studies have shown

that the use of spontaneous (automatic) reappraisal was associated with
decreased activation in emotion generative regions and increased pre-
frontal and parietal activity in response to negative stimuli [31]. Con-
sistent with this study, our finding of enhanced network coupling

Fig. 4. The result of LPP amplitude induced by the neutral and negative picture in different groups. Error bars indicate standard error of the mean. **p< .01.

Fig. 5. (A) Brain network topology and property differences between neutral and negative conditions (the red line denotes increased network coupling strengths in
negative relative to neutral condition.
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between frontal and parietal/occipital regions, suggests that males may
have down- regulated negative emotions spontaneously during the
presentation of negative images. This explanation was also supported
by the studies of sex difference in emotion regulation, which observed
more efficient frontal regulation of negative emotional reactivity in
amygdala [1]. In brief, these pieces of evidence suggest that gender-
consistent males may be better at automatic emotion regulation com-
pared to those females.

More importantly, we found that there was no significant difference
in emotional reactivity between androgynous males and androgynous
females, irrespective of whether emotional state rating, LPP amplitudes
or network properties were concerned. Androgyny, which possesses
masculine and feminine characteristics at the same time [15], has been
reported to enjoy a higher level of mental and social adjustment com-
pared to other gender roles, including higher self-esteem, less inter-
nalizing problems and increased adaptive flexibility [32,33]. Based on
these pieces of evidence, we infer that androgynous subjects, irrespec-
tive of sex, may be less susceptible to the impact of negative stimuli
compared with other gender roles (i.e. masculinity and femininity). It
needs to be noted that androgynous males and females were equated in
both masculine and feminine gender roles, and the two samples differ
only in biological sex. After controlling the influences of gender roles,
we observed no significant sex differences in emotional reactivity. This
suggests that biological sex alone does not moderate human’s emotional
reactivity, contrary to prior studies of sex differences which observed
enhanced emotional reactivity in females than in males when gender
roles were not considered [1,7]. That is, the current study extends ex-
isting knowledge by suggesting that the phenomenon of sex differences
in emotional reactivity to negative stimuli should be primarily ac-
counted for by socially shaped gender roles. Gender roles should not be
omitted in future study of sex differences in emotional reactivity.

Several limitations should be noted. Firstly, the current study did
not assess individual differences in spontaneous emotion regulation.
Though our data of manipulation check showed that subjects effectively
attended and responded naturally to the pictures, we cannot rule out
the possibility that emotion regulation strategies were spontaneously
initiated when negative images were presented. Future studies should
collect the data of spontaneous emotion regulation in order to control
interindividual differences in trait emotion regulation. In addition, the
present study did not directly compare the differences in emotional
reactivity between androgyny and other gender roles (i.e. masculinity
and femininity). Though our findings suggest that gender roles may
play a primary role in the interpretation of sex differences in emotional
reactivity, how feminine and masculine gender roles moderate sex
differences in emotion needs to be explored in future studies.
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