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Gender differences in aggression viewed from an evolutionary and sociocultural perspective have traditionally explained why men
engage in more direct and physical aggression, and women engage in more indirect and relational aggression. However, psychologi-
cal and behavioral studies offer inconsistent support for this theory due to personal or social factors, and little is known about the
gender-based neurobiological mechanisms of aggression. This study investigates gender differences in aggression through an analy-
sis of electroencephalography (EEG) and electrocardiography (ECG) based neurobiological responses to commonly encountered
stimuli, as well as psychological approaches in healthy Korean youth. Our results from self-reports indicate that overall aggression
indices, including physical and reactive/overt aggression, were stronger in men. This agrees with the results of previous studies. Fur-
thermore, our study reveals prominent gender-related patterns in y signals from the right ventrolateral frontal cortex and changes in
heart rate through stimulation by aggressive videos. In particular, gender differences in EEG and ECG responses were observed in
response to different scenes, as simple aversion and situation-dependent aggression, respectively. In addition, we discovered decisive
gender-distinct EEG signals during stimulation of the situation-dependent aggression regions within the right ventromedial pre-
frontal and ventrolateral frontal regions. Our findings provide evidence of a psychological propensity for aggression and neurobio-
logical mechanisms of oscillation underlying gender differences in aggression. Further studies of oscillatory responses to aggression
and provocation will expand the objective understanding of the different emotional worlds between men and women.
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INTRODUCTION

Aggression, here defined as feelings of anger or antipathy result-
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exists in various forms. It can be divided into direct or indirect ag-
gression, in addition to physical or verbal aggression depending
on the action, hostile or instrumental aggression depending on the
purpose, reactive or proactive aggression depending on the trigger,
and overt or relational aggression depending on the target [2, 3]. It
has been reported widely that while men tend to express physical,
overt, and direct aggression, women tend to express relational and
indirect aggression more often [4-7]. Studies based on extensive
behavioral research with an aggression paradigm (i.e., TAP, Taylor
aggression paradigm [8]; PSAP, point subtraction aggression para-
digm [9]) and self-report questionnaires (i.e., BDHI, Buss-Durkee
Hostility Inventory [10]; BPAQ, Buss-Perry Aggression Question-
naire [11]) in men and/or women have authoritatively supported
this conclusion [12-15]. Nonetheless, this theory proves unstable
across developmental stages and differing cultural environments
of the study participants [16-19]. Moreover, in several studies
of aggression paradigms, men showed higher aggression than
women under relatively neutral conditions; however, provocation
rather weakens the difference in aggressive behavior between men
and women (3, 13, 20]. Therefore, to investigate differences in ag-
gression by gender, studies must consider provocation stimuli and
the use of a multifaceted approach that involves behavioral, psy-
chological, and neurobiological methods.

In recent decades, efforts to explore the neurobiological mecha-
nism behind aggression have used neurophysiology or neuroim-
aging techniques such as functional magnetic resonance imaging
(fMRI), event-related potential (ERP), electroencephalography
(EEG), and electrocardiography (ECG). Studies using fMRI have
shown that the neural activation of the prefrontal cortex, anterior
cingulate cortex, and insula are strongly associated with aggression
[21-24],and the amygdala seems to play a crucial role in impulsive
aggression [23, 25]. Some results of aggression paradigms suggest
that men have higher amygdala activation during provocation
than do women [26, 27]. Moreover, studies using ERP have dem-
onstrated that individuals displaying highly impulsive aggression
and hostility have a decreased parietal or central P300 amplitude
[28-30]. One ERP study using the TAP did not identify any gender
differences in neurophysiological responses (i.e., frontal negativity)
[31]. Tt also agreed with the fMRI study which reported no gender
differences in the influence of alcohol on reactive aggression [32].
A number of studies using EEG and ECG also provide evidence of
the neurobiology of human aggression. EEG research has identi-
fied that frontal a asymmetry during resting states and the increase
in slow wave activity during emotional states are related to an indi-
viduals antisocial or aggressive tendencies [33-37]. ECG research
has suggested that a low heart rate (HR) during resting states is a
marker of aggression [38-41]. Despite abundant studies of aggres-
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sion using such methods, few ECG studies have addressed gender
differences in aggression-related responses. In particular, only one
EEG study reported that hostile women, but not hostile men, show
stronger 0 synchronization, a marker of emotional response, and
exert widespread a synchronization, which is tentatively explained
as inhibitory control when provoked by emotional facial expres-
sions [42]. Therefore, there is still a lack of neurobiological research
on the differences between men and women. Most research in-
vestigating the nervous systems aggression mechanisms included
only men and thus failed to consider the differences between the
genders [21,22,31,35,37,43].

Our study aimed to investigate the influence of gender on ag-
gression by analyzing the self-reports of aggression in young Ko-
rean men and women, as well as by measuring the neurobiological
responses to aggression-related stimuli that are common in daily
life using EEG and ECG. In particular, EEG and ECG allow real-
time response measurements and are highly accessible; as an EEG
provides fine-grained resolution signals across the spectrum range
and an ECG provides evidence of direct autonomic reactivity, they
are useful tools for studying functional differences in neural acti-
vation. Moreover, previous studies have established that EEG sig-
nals from the right frontal or prefrontal cortex, and ECG signals,
are related to specific types of aggression (i.e., impulsivity, hostility,
and reactive aggression) [44-51]. These results will enable a deli-
cate analysis of aggression across gender in a pool of healthy adult
individuals. Nevertheless, the sparse knowledge of the gender
effect of aggression on oscillatory responses to stimuli or provoca-
tion encouraged us to research this topic. In this study, we verified
that men and women exhibit a difference in the various types of
aggression using three self-reports and their subscales. In addition,
we provided information on the neurobiological characteristics of
gender through our analyses of frequency-specific EEG responses
and ECG responses to particular stimuli. We suggest that different
pathways and features of neurobiological reactions, both in auto-
nomic reactivity and cognition processes, contribute to gender-

based distinctions in the experience and expression of aggression.
MATERIALS AND METHODS

Study participants

In the present study, 334 college (age: 18.3+1.2 (mean+SD)) and
high school students (169 males, age: 18.8+0.8 and 165 females,
age: 17.7£1.3) in Korea were recruited and surveyed. All partici-
pants were free of any history of pathological behavior or crime.
We only used subjects who completed the required fields of the
self-report questionnaires. Ninety-four of these participants (age:
18.9+0.7) from the same college year were randomly selected to
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partake in the measurement of EEG and ECG signals. Subjects
participating in the EEG and ECG experiments were screened to
confirm they had no history of psychiatric disorders, using the
social records from the institutions Center for Student Counseling
and Career Development. There also was little difference between
men and women in demographic characteristics, including age, as
detected by independent ¢-tests. The EEG results of 84 participants
(36 males, age: 18.9+0.7 and 48 females, age: 18.7+0.7) and ECG
results of 70 participants (30 males, age: 18.8+0.8 and 40 females,
age: 18.7+0.7) were used as valid data for the analysis. We excluded
EEG samples from left-handed subjects and in occurrences of
poor electrode attachment or subject movement; we excluded
ECG samples that were not identifiable with PQRST waveforms.
The study was approved by the Institutional Review Board of
DGIST [Number: DGIST_170614-HR-009-04]. All subjects gave
written informed consent in accordance with the Declaration of
Helsinki.

Self-report questionnaires

This study used three types of self-report questionnaires adapted
in Korean. K-BDHI is an adaptation of the Buss-Durkee Hostility
Inventory [10, 52]. K-BPAQ is an adaptation of the Buss-Perry Ag-
gression Questionnaire and includes a failure scenario [11, 53-55].
It also contains four subcategories— anger, physical aggression,
hostility, and verbal aggression. K-PCS is an adaptation of the Peer
Conflict Scale (PCS) and consists of four categories comprising
overt-relational aggression and reactive-proactive aggression [56,
57]. All adapted self-report questionnaires have been verified in
Korean populations by other studies [58-60].

Stimuli

The participants’ neurobiological signals were measured while
the participants were watching a 118 s-long video comprising the
following scenes: fixation cross - black - neutral scene - black -
scene 1 - black - scene 2 - black - scene 3 - black - end. The baseline
scene consisted of a fixation cross on a white background and four
black screens between the other scenes. The neutral scene depicted
an empty school classroom that was familiar to the participants.
The three scenes used to trigger aggression are described below.
Scene 1 shows a passenger in a bus condescendingly shouting to
the bus driver. The abuse of power is currently a major social is-
sue in Korean society; it has been generating anger and hostility in
people, and it has already been reported that verbal abuse is related
to verbal aggression [61]. Scene 2 shows conflict between students
working in a group, in which one student is intentionally excluded
and burdened with all the work. Social exclusion has been report-
ed to induce proactive and reactive aggression [62, 63]. Scene 3
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shows someone scratching the blackboard with their nails and this
has been reported to induce irritability [64, 65].

Data acquisition and processing of EEG and ECG results
Neurobiological signals were measured via four channels using
MP36 (BIOPAC), which is useful for quick and simple measure-
ments in large populations (sampling rate: 1.000 kHz, bandpass
filtering rate: 0.5~100 Hz). EEG signals were measured via two
channels according to the BIOPAC EEG electrode placement
guidelines and International 10~20 EEG system, and the EOG and
ECQG signals (Einthovens leads) were simultaneously measured
[66]. Theories of frontal o asymmetry in aggression suggest that
relatively greater resting neural activity in the left frontal cortex
correlates with approach motivation, while greater resting neural
activity in the right frontal cortex correlates with avoidance moti-
vation [43, 45]. Reportedly, differences in aggression-related EEG
responses between men and women are also associated with in-
hibitory control, rather than emotional outbursts [42]. Moreover,
EEG studies of healthy Korean men showed differences in a, B,
and y power values between emotion-related sounds, especially in
the right frontal region (Fp2 and F8 channels) rather than the left
frontal region (F3, Fp1, F7) [67]. Therefore, we decided to analyze
the EEG signals concentrated in the right frontal regions, Fp2 (right
ventromedial prefrontal region) and F8 (right ventrolateral frontal
region). These two channels are also accessible for electrode at-
tachment. EEG artifacts that occur from eye blinking or eye move-
ment were excluded using an independent component analysis
based on EOG data. The fast Fourier transform was used to calcu-
late the power spectrum for each experimenters signals in the Fp2
and F8 channels, and the data were processed by dividing the 0~90
Hz values by the integral values of the 0~90 Hz range. The average
value of all subjects was visualized as a heat map according to time
duration and frequencies. Power ratios were indicated by dividing
the average value of the power spectrum by the average value at
the baseline at each frequency interval (0.5 and 4 (5),4 and 8 (0), 8
and 13 (), 13 and 30 (), and 30 and 90 (y)). The ECG signals were
converted into HR (unit: BPM) through 60,000/(R-R intervals)
after detrending. The standard deviation of HR was identified as
a variance of HR, and the difference between the maximum and
minimum values was identified as AHR to be used in the analysis.

Statistical analyses

To examine whether the questionnaires and EEG and ECG
results showed statistically significant differences according to
gender, Prism 5.0 was used to conduct a two-tailed independent
t-test with a 0.05 level of significance. To identify significant dif-

ferences in the scores of questionnaire subscales between genders
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and in the EEG and ECG results between neutral and aggressive
scenes, we used a two-way ANOVA. The chi-square automatic
interaction detector (CHAID) was used to investigate the gender
distinction according to the EEG and ECG signal variables. The
standard p value of split and merge was identically set to 0.1, and
the minimum number of cases was set to a parent node of 10 and
child node of 5.

RESULTS

Questionnaire scores analysis

Aggression was measured using three self-report question-
naires—BDHI, BPAQ, and PCS—in men and women. The aver-
age BDHI score of men (40.86+8.69, mean+SD) was significantly
higher than that of women (38.82+7.91) (Table 1). On the other
hand, while the average total scores of BPAQ and PCS were not
significantly different, a few subscales indicated statistically sig-
nificant differences between genders. Our analysis of the anger
and physical aggression subscales of BPAQ revealed that the av-
erage scores of men (17.29+4.95, 19.83+4.31, respectively) were
significantly higher than those of women (15.96+4.43, 18.03+5.47,
respectively). Similarly, men scored a significantly higher average
(2.58+3.11) than women (1.81+2.26) in the reactive and overt
aggression subscale of PCS. Therefore, self-report questionnaires
measured higher levels of aggression in men than women, and the
particular types of aggression including anger, physical aggression,

and reactive and overt aggression, showed differences according to

Table 1. Gender differences in the questionnaire scores

gender.

Aggression-related EEG responses

The EEG responses to the aggression-inducing video stimuli in
Fp2 and F8 channels were analyzed by gender. The power spec-
trum of frequency intervals (0~4 Hz, § signal; 4~30 Hz, 0, o, and
signals; 30~90 Hz, y signal) according to time in the two channels
was displayed as a heat map (Figs. IA~C and 2A~C). When the
power spectrum was quantified into power ratios according to
the frequency intervals (a, B, v, 0, and  signals) and video stimuli
(neutral scene, scene 1, scene 2, and scene 3), men and women
showed a statistically significant higher y power ratio in the F8
channel compared to the neutral scene responses only in response
to scene 3 (Fig. 1H). There was a greater increase in the y power
ratio in men than in women (Fig. 1H). Although all of the power
ratios in response to scene 1, the § power ratio in response to scene
2,and the o power ratio in response to scene 3 showed significant
differences between genders, the difference was not statistically
significant between the neutral scene and aggressive scenes (Figs.
1D~H). For the power ratios measured in the Fp2 channel, only
the y power ratio response to scene 3 in men showed a significant
difference to responses to the neutral scene, and the difference was
not significantly different for women (Fig. 2H). Furthermore, an-
other power ratio in the Fp2 channel did not show any significant
difference between neutral scenes and aggression scenes in either
men or women (Figs. 2D~H). Therefore, during scene 3, the y

signals measured in F8 were different from the neutral scene, and

Male Female
Questionnaires Score Score t df Sig.
(mean+SD) N (mean+SD) N
BDHI Total 40.86+8.69 160 38.82+7.91 152 2.11 310 *
BPAQ Total 73.87+14.68 164 70.42+18.02 157 1.88 319 ns
Anger 17.29+4.95 15.96+4.43 2.56 *
Physical Aggression 19.83+4.31 18.03+5.47 2.60 *
Hostility 23.14+4.10 22.93+5.15 0.40 ns
Verbal Aggression 14.06+4.35 13.50+4.89 1.08 ns
PCS Total 9.21+£7.89 165 7.83£6.13 162 1.76 325 ns
Reactive&Overt 2.58+3.11 1.81+2.26 3.03 *
Proactive&Overt 1.13+1.79 0.70+1.20 1.69 ns
Reactive&Relational 3.19+2.76 3234275 0.16 ns
Proactive&Relational 2.32+2.15 2.08+1.77 0.94 ns

The average scores, standard deviations, sample sizes, and values for ¢, df, and statistical significance (sig.) are shown.
*indicates statistically significant differences between genders at p<0.05 by the two-tailed independent ¢-test in total scores for BDHI, BPAQ, and PCS

and by two-way ANOVA in subscales for BPAQ and PCS.

https://doi.org/10.5607/en.2018.27.6.526

529

www.enjournal.org



SeungYeong Im, et al.

en

(A)

(©)

Male Female
DELTA 4Hz lo.233
III\IllmI [ #Illf ||Iﬂ\| o 124
IR M
0 Hz
t11810 4 ¢4 118
Time (s)
BETA 30Hz
ALPHA
THETA
4 Hz
Time (s)

& power ratio
(per baseline)

(F)

(H)

Y power ratio

a power ratio
(per baseline)

(per baseline)

530

-
o

o
o

-
(%))
1

Female

o
=3

Time (s)
(E)
1.5
=1 Male
EA Female
2T
®E10
-2
g8
Sgos
0.0
G)
1.5+
=1 Male
T - . EA Female . -
] = . 23 T
&= -2
o gg
O
- Qo
al
o 2 ¥ & &
Scene
1 Male
E= Female

www.enjournal.org

=1 Male
EA Female

=1 Male
EA Female

Fig. 1. Comparisons of EEGs in the F8
channel between genders. (A), (B), and
(C) represent the power spectrum by
time (10~118 s) and frequency intervals,
the § (0~4 Hz), 0-a-p (4~8 Hz, 8~13
Hz, 13~30 Hz) signals, and the y signals
(30~90 Hz) in the F8 channel, respec-
tively, according to gender. At the bot-
tom of each panel, the first black arrow
represents the start of the neutral scene
(NS, 19 s), and the second, third, and
fourth red arrows represent the starts of
scene 1, scene 2, and scene 3 (S1,28 s;
$2,70 s; S3, 108 s), respectively. (D~H)
represent the power ratio of the 9,0, a,
B, and y signals in the F8 channel, re-
spectively, in response to the NS and ag-
gressive scenes across genders. All values
are represented as the mean+SEM. The
sample size for EEG measurement was
84 individuals, of which 36 were men,
and 48 were women. ¥, **, and *** above
the horizontal lines indicate statistically
significant differences between men
and women at p<0.05, 0.01, and 0.001,
respectively, as determined by the two-
tailed independent ¢-test. Therefore, *,
**,and *** above the graph bar indicate
statistically significant differences be-
tween the NS and aggression scenes (S1
or S2 or S3) at p<0.05, 0.01, and 0.001,
respectively, as determined by the two-
way ANOVA.
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Fig. 2. Comparisons of EEGs in the Fp2
channel between genders. (A), (B), and
(C) represent the power spectrum across
time (10~118 s) and frequency intervals,
the 8 (0~4 Hz), 0-a-p (4~8 Hz, 8~13 Hz,
13~30 Hz) signal, and y signal (30~90
Hz) in the Fp2 channel, respectively, ac-
cording to gender. At the bottom of each
panel, the first black arrow represents the
start of the NS (19 s); the second, third,
and fourth red arrows represent the start
of scene 1, scene 2, and scene 3 (S1,28 s;
§2,70's; §3, 108 s), respectively. (D~H)
represent the power ratios of the 8,0, a, B,
and y signals in the Fp2 channel, respec-
tively, in response to the NS and aggres-
sion scenes, between sexes. All values
are represented as the mean+SEM. The
sample size for EEG measurement was
84 individuals, of whom 36 were men
and 48 were women. None of the values
was significantly different between gen-
ders, as determined by the two-tailed
independent ¢-test. The symbol ***
above the graph bar indicates statistically
significant differences between the NS
and the aggression scenes (S1 or S2 or
$3) at p<0.001 according to the two-way
ANOVA.
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Fig. 3. EEGs involved in gender distinction. The CHAID decision classification tree analysis was applied to identify gender distinctions in EEG signals
from two channels. (A) EEG signals in response to the NS were target variables, but these were not included in the decision tree model. (B) EEG signals
in response to scene 1, scene 2, and scene 3 (S1, S2, and S3, respectively) were target variables. The following four variables were used for grouping the
decision tree model: the B signal in the F8 channel and the y signal in the Fp2 channel in response to scene 1, and the a signal in the Fp2 channel, and the
0 signal in the F8 channel, in response to scene 2. The model included a total of 10 nodes with six terminal nodes (number 3,4,5,7,8,and 9). Values for p,

chi-squared, and the df are shown in each node. The sample size comprised 84 participants, of whom 36 were men and 48 were women. Variables reach-
ing a significance value of p<0.1 were included in the model.
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men showed a greater response than women.

To investigate the relationship between gender and EEG re-
sponses, we performed a CHAID analysis. The power ratios of the
frequency intervals for each video scene in the Fp2 and F8 chan-
nels were variables in determining the gender distinction. During
exposure to the neutral scene, none of the power ratios in either
channel predicted any variables that distinguished the genders (Fig.
3A). In contrast, in the power ratios of the frequency intervals in
response to scenes 1, 2, and 3; the f signal in the F8 channel and
the y signal in the Fp2 channel in response to scene 1, the 0 signal
in the F8 channel, and the a signal in the Fp2 channel in response
to scene 2 distinguished the genders with a 78.6% prediction value
(Fig. 3B). Among these, the most critical value that differentiated
men and women was the  signal in the F8 channel in response to
scene 1, which represents the parent node. Moreover, the y signal
in the Fp2 channel in response to scene 1 represents the child
node, and the a signal in the Fp2 channel and 0 signal in the F8
channel in response to scene 2 represent the terminal nodes that
act as variables to differentiate the sexes. Therefore, the EEG sig-
nals of , B, y,and 0 in two channels are involved in gender-distinct
responses to the video stimuli depicting an argument and conflict
between peers.
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Aggression-related ECG responses

The HRs from the ECG responses to the aggression-inducing
videos were analyzed by gender. The average HR was significantly
different for all the aggressive scenes compared to the neutral
scene; the decrease in HR in response to aggressive scenes rather
than the neutral scene was no different between men and women
(NS-S1, 0.0283 and 0.0288; NS-S2, 0.0380 and 0.0380; NS-S3,
0.0472 and 0.0450, difference values for men and women, respec-
tively) (Fig. 4A). The analysis of HR variance between men and
women showed a statically significant HR increase in response to
scene 1 compared to the NS. The increase was higher in women
than men (NS-S1, 0.381 and 0.486, difference values for men and
women, respectively) (Fig. 4B). Meanwhile, for AHR, men and
women both showed a statistically significance increase in re-
sponse to scene 1 and scene 2 compared to the neutral scene, but
there was little difference in the increase of AHR between genders
(NS-S1,1.423 and 1.428; NS-S2,1.173 and 1.210, difference values
for men and women, respectively) (Fig. 4C). The CHAID analysis
showed that such HR values did not act as gender distinction vari-
ables (data not shown). Therefore, during response to aggression-
inducing stimuli compared to neutral stimuli, our results showed
that womens HR increases more than do mens.

1 Male
EA Female

Variance of HR

Fig. 4. Comparison of ECGs between genders. The ECG signal was used to calculate HR (unit: BPM) and was converted the average, variance, and
rate of change between maximum and minimum values. (A) represents the average HR, (B) represents the variance in HR, and (C) represents AHR in
response to the NS and aggression scenes (S1, S2, and S3) in men and women. All values are represented as the mean+SEM. The ECG sample size com-
prised 70 participants, of whom 30 were men and 40 were women. None of the values showed a statistically significant difference between genders, as
determined by the two-tailed independent ¢-test. The symbols *, **, and *** above the graph bar indicate statistically significant differences between the
NS and aggression scenes (S1 or S2 or S3) at p<0.05,0.01, and 0.001, respectively, as determined by the two-way ANOVA.
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DISCUSSION

In psychology and the social sciences, gender difference in ag-
gression are not only evolutionarily determined, and directly
related to survival in terms of food, spouses, and territory compe-
tition, but it also results from the socialized roles of both genders
and the associated customs accompanying industrial develop-
ment that have interacted with their physical characteristics [68].
Men are commonly viewed as more aggressive than women [69].
Our results, which are based upon self-report questionnaires,
whose long research history and widespread use ensure statistical
relevance, also support this gender stereotype. The most wide-
spread questionnaire, BDHI [70], identified that the average score
was higher for men than for women. More specific differences
between genders were identified with the BPAQ, which is an ana-
lytical improvement with subscales, and PCS, which includes sub-
scales on questions about relational and indirect aggression. Men
received higher scores than women in openly expressed anger,
including physical, and reactive and overt aggression, which sup-
ports previous study results based upon self-report questionnaires
and analyzing behavior [12-15]. However, our study found no
differences between the genders in relational and indirect aggres-
sion, which are the dominant types of aggression experienced and
expressed by women [4-6]. Gender differences in self-reports of
indirect aggression were also not found for adults in other studies
[6,71]. This indicates that direct aggression is more easily detected
in these self-report questionnaires. Likewise, these results suggest
that self-reports can be important variables for indirect aggression
in both men and women. Therefore, there is a need to supplement
the analysis of passive categories of aggression to further enhance
our understanding of gender-based differences in aggression using
psychological approaches.

When investigating neurobiological differences in experimen-
tally induced aggression by gender, the EEG and ECG results of
our study found gender-related patterns. We discovered that the
difference in y signals in the right ventrolateral frontal region be-
tween aggression-inducing stimuli and neutral stimuli was greater
in men than in women. Previous studies have reported that EEG
responses in those particular regions are related to aggressive
behavior in people with mental illnesses [72]. In particular, right
frontal y signals show increased activity in response to unpleasant
pictures [73] and are also involved in impulse control governing
addiction [48]. While this is somewhat contrary to previous re-
search showing that women have a higher emotional inhibition-
related oscillation in response to aggressive situations [42], our
result reveals that oscillational responses to aggression-inducing
stimuli that are related to unpleasantness or emotional control are
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stronger in men. Furthermore, we also discovered greater ECG
responses to aggression-inducing stimuli in women than in men.
Although a low resting state HR is a well-established physiologi-
cal characteristic of aggression [38, 40, 41, 74], HR variabilities
have been used to measure emotional regulation capacity under
provocation rather than simple HR reactivity [75-77]. Our results
showed that women experience a greater increase in HR in re-
sponse to aggression-inducing stimuli than men. This suggests the
possibility of a greater capacity for autonomic emotional control
in women. Meanwhile, EEG and ECG are attributed to different
conditions during emotional processing by the nervous system.
EEG contributes to understanding cognitive processing by mea-
suring electrocortical activation, while ECG provides evidence of
autonomic reactivity by analyzing interactions between vagal and
sympathetic systems [75, 78]. We found that men have higher EEG
responses and women have higher ECG responses to provocation.
Our findings suggest that the areas of the nervous system that is
more actively involved in aggression processes may differ depend-
ing on the gender.

One interesting result is that gender differences in ECG response
appear to be determined by situational provocations, including
verbal abuse, while the gender difference in EEG response ap-
pear to be determined by simple aversion, such as scratching a
blackboard with fingernails. This is particularly noteworthy from
a meta-analysis perspective that emphasizes provocation [12, 13].
These analyses reveal that under relatively neutral conditions,
men were more aggressive than women; however, this difference
is attenuated by increasing provocations such as insults, physical
attack, and negative feedback on the experimental paradigm [13].
Since we used visual stimuli, including provocations that reflect the
real world rather than the experimental paradigm of aggression,
a direct comparison with previous results is difficult. Our results
suggest there is no constant direction of attenuation or augmenta-
tion of gender differences between aggression-related responses
and neutral responses. Therefore, an analysis of provocations that
correspond to the complexity of aggression are required when in-
terpreting gender differences in neurophysiological phenomena in
response to aggression-related stimuli.

The general model of aggression hypothesizes that personality
factors such as aggression determine the response to provocations
through cognitive and emotional pathways and induce impulsive
actions [79]. While a mere observation of responses cannot cover
all cognitive processes, our study determined that at least some
aggression traits could be inferred based on these responses. As
such, we conducted a CHAID analysis to verify that the EEG
responses of the right ventromedial prefrontal a and y signals

and right ventrolateral frontal B and 0 signals in response to situ-
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ational aggression stimuli predict gender distinction. In particular,
right frontal asymmetric activity of the a signal is an indicator of
avoidance motivation related to aggression [43, 45] while the right
frontal f signal is also reported to reflect emotional avoidance [46,
47]. Moreover, the right frontal y signal is known to reflect impulse
control [48], and another study has reported that the right frontal 6
signal is involved in controlling reactive aggression [49]. Although
research about the physiological functions of right frontal EEG
activities remains uncertain, these results support the hypothesis
that there is a functional difference between men and women in
the cognition processes controlling aggression. In addition, the
difference between the stimulus (scene 3) that induced gender dif-
ferences and the stimuli (scene 1 and scene 2) involved in gender
distinction also raises the importance of provocation mentioned
above.

Our analyses of aggression by gender suggest that women show
weaker psychological and EEG responses to provocation, but
further research is necessary to solidify such claims. Aggression-
related EEG and ECG responses leave room for interpretation;
therefore, research investigating a wider variety of brain regional
options, levels of provocation, and using different types of experi-
mental paradigms is required, to more clearly identify the gender
difference in aggression [80]. Despite such research limitations,
our study provides novel evidence supporting the functional dif-
ferences in cortical oscillational activity and autonomic reactivity
between men and women in relation to aggression. This provides
deeper insights into how gender affects cognitive and emotional
neurobiological mechanisms that will improve predictions of
behavior. In addition, improving the interpretation of oscillational
activities in the nervous system will enhance our objective under-
standing of the different emotional realms of men and women.
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