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Abstract
Previously, gender-specific affective responses have been shown using neurophysiological signals. The present study

intended to compare the differences in electroencephalographic (EEG) power spectra and EEG brain sources between men

and women during the exposure of affective music video stimuli. The multi-channel EEG signals of 15 males and 15

females available in the database for emotion analysis using physiological signals were studied, while subjects were

watching sad, depressing, and fun music videos. Seven EEG frequency bands were computed using average Fourier cross-

spectral matrices. Then, standardized low-resolution electromagnetic tomography (sLORETA) was used to localize regions

involved specifically in these emotional responses. To evaluate gender differences, independent sample t test was cal-

culated for the sLORETA source powers. Our results showed that (1) the mean EEG power for all frequency bands in the

women’s group was significantly higher than that of the men’s group; (2) spatial distribution differentiation between men

and women was detected in all EEG frequency bands. (3) This difference has been related to the emotional stimuli, which

was more evident for negative emotions. Taken together, our results showed that men and women recruited dissimilar brain

networks for processing sad, depressing, and fun audio–visual stimuli.

Keywords Gender differences � Electroencephalogram � Standard low resolution brain electromagnetic tomography

(sLORETA) � Power spectral analysis � Emotion � Music video stimuli

Introduction

Nowadays, entertainment is an industry that attracts the

attention of many countries economically. Entertainment

involves several sub-industries, including gaming, music,

mass media, and the like. Since music has a great impact

on the audience, its application has been taken into con-

sideration in different fields, including advertising,

education, learning, and even for medicine/healthcare

purposes. To enhance the music’s impact on the audience,

usually, it is combined with visual stimuli, known as

‘‘music video’’. It has been shown that the integration of

music and the film increases the impact of emotional

stimuli (Parke et al. 2007). However, depending on the

application, music videos with different emotional contents

have been used in previous studies (Soleymani et al. 2011;

Zhang et al. 2008).

Several specialized brain regions collaborate tightly

during various tasks comprised of learning, cognitive,

emotional, behavioral, motor and sensory performances in

normal and pathological states (Buiza et al. 2018; Das-

demir et al. 2017; Duru and Assem 2018; Hussain 2018;

Khasnobish et al. 2017; Liu et al. 2016; Nimmy John et al.

2018; Yerlikaya et al. 2018; Yuvaraj and Murugappan

2016). Interestingly, for each task, the contributions of

some particular brain networks are enhanced. Under-

standing the brain circuitry related to behavior is doubt-

lessly the greatest endeavor of all time. It is also a

challenging issue for researchers in various disciplines
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from neuroscience to computer science and mathematics.

Concerning this issue, one of the most appealing topics of

psychologists is to fully realize which brain regions are

involved in emotion (Goshvarpour et al. 2016; Güntekin

et al. 2017). Evidence advocates distinct anatomical cir-

cuits for some emotion categories such as fear, sadness,

love, and anger (Barrett et al. 2007). To some extent, there

has been some agreement about the role of some brain

activation in a certain emotional stimulation. Accordingly,

the role of the amygdala in fear has been endorsed by many

scientists (LaBar et al. 1998). In addition, there is an evi-

dence in literature on the role of nucleus accumbens for

fun, joy, and reward processing; insula for avoidance,

disgust, and pain; postcentral gyrus for pain or pain

expectancy; and many more (Koelsch 2014; Schreuders

et al. 2018; Yoshino et al. 2017). For most types of

affective stimuli, a potential involvement of particular

brain circuits has not been examined.

The contribution of some other important factors to the

connectivity and circuit of the brain has confirmed in the

literature during affective stimuli. The gender of volunteers

is one of the chief effective factors. In addition, gender-

related emotional brain activities have been reported in

various investigations (Jaworska et al. 2012; Mahaldar and

Aditya 2017; Stevens and Hamann 2012).

To address the emotional brain networks, most findings

are derived from neuroimaging methods such as positron

emission tomography (PET), magnetic resonance imaging

(MRI), and functional MRI (fMRI) (Canli et al. 2001;

Demaree et al. 2009; McRae et al. 2012; Lisiecka et al.

2013; Yoshino et al. 2017). Another procedure for tracking

brain functions, at the time an event occurs is the elec-

troencephalogram (EEG) signal. EEGs can be scrutinized

in different frequency bands. In addition, EEG measure-

ments not only have the very high temporal resolution, but

they also have low costs. To localize the electrical activity

gained from EEG and to identify the EEG sources, specific

algorithms have been used to solve the EEG inverse

problem (Pascual-Marqui et al. 1994, 2011).

For this study, we considered several hypotheses that

can be summarized as follows.

1. A growing number of studies have inspected the

gender-related differences in emotion processes in

healthy and unhealthy participants (Jaworska et al.

2012; Mahaldar and Aditya 2017; Stevens and Hamann

2012). The role of socialization factors, genetical pre-

dispositions, and biological structures/processes has

been highlighted by the researchers (Bradley et al.

2001). In this context, the contribution of a gender-

specific role in the brain-emotion relationship has been

addressed in several studies (Kesler-West et al. 2001;

Williams et al. 2005; Stevens and Hamann 2012). For

example, a meta-analysis study (Stevens and Hamann

2012) reported an augmented brain activation for

negative valence stimuli in females (particularly in

the subcortical and limbic areas); while an increased

brain activation was found for positive valence

inducements in males (especially in subcortical and

cortical areas). However, it is noted that studies of sex

differences in brain activation were to some extent

inconsistent and inconclusive (Brody 1999). In this

study, we hypothesized gender differences in the brain

processing of the emotional music-video clips.

2. The hypothesis that dimensional or discrete emotion

classes correspond to distinct brain activation has been

introduced in previous studies (Colibazzi et al. 2010;

Lindquist et al. 2012; Hamann 2012). Some studies

discussed the role of an individual brain area for a

particular emotion, whereas others claimed that one-to-

one mappings between emotion classes and specific

brain areas are insufficient and contribution of a

network region is required (Scarantino 2012). Specif-

ically, we aimed to evaluate if there is any difference

between the brain processing of the fun, depressing,

and sad emotional stimuli induced by music-video

clips.

3. Previously, it was shown the role of the different

frequency generators in different tasks. For instance,

slow waves are associated with long-range distance

communication; the alpha wave is dominant in relaxing

effects; for the motor and/or empathic mirror neuron

activations the beta wave and for local and higher order

brain processing the gamma wave is dominant

(Pfurtscheller and Lopes da Silva 1999; Marshall and

Bentler 1976; Gros et al. 2015). The role of the specific

EEG frequency band in emotion processing was

highlighted by some researchers. A prominent alpha

power activation was reported over the right posterior

regions during the viewing of the disgusting scene

(Sarlo et al. 2005). The activation of right parietal

regions was shown to be dominant at theta (Aftanas

et al. 2004) and gamma (Balconi and Lucchiari 2008)

spectral bands. Sammler et al. (2007) highlighted the

role of frontal midline theta power for pleasant stimuli.

The results of Schutter et al. (2001) indicated an

extremely significant association between the beta

asymmetry at the parietal region and the angry faces.

Müller et al. (1999) showed an augmented gamma

power for the negative valence over the left temporal

as compared to the right; however, for the positive

valence, a laterality shifted towards the right hemi-

sphere. They also showed that compared to processing

neutral pictures, emotional processing boosted gamma

power at right frontal regions irrespective of the

specific valence. From this evidence, we can assume
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that emotional stimuli are associated with several

frequency bands of EEG activity depending on the

function sub-served by the various cortical regions.

Briefly, until now, no studies have investigated brain

source localization during the presentation of the fun, sad,

and depressing music videos concerning gender differ-

ences. Therefore, the main goal of this study was to explore

the effect of gender differences on EEG frequency bands

and circuits, while participants are watching a music video

with emotional contents of fun, sad, and depressing. To

identify the brain topographic distribution, standard low-

resolution brain electromagnetic tomography (sLORETA)

was applied. Comparison of different localization approa-

ches revealed that sLORETA is a suitable first-order

tomographic localization approach (Pascual-Marqui 2007).

The performance of the sLORETA approach is consider-

ably better than the minimum norm [an inverse problem for

defining primary current distributions from brain magnetic

fields (Hämäläinen and Ilmoniemi 1994)] and Dale [it

employs standardized current density estimation for local-

ization inference (Dale et al. 2000)] approaches regarding

localization errors and spatial spread even in noisy condi-

tions (Pascual-Marqui 2002). This method has a high

temporal resolution as a result of employing EEG signals.

It also has a proper spatial resolution of five mm, which is

very close to fMRI (Jatoi et al. 2014).

Materials and methods

EEG data

To localize the brain frequency fluctuations to different

emotional music video clips in two genders, we analyzed

the preprocessed EEG time-series, available in the database

for emotion analysis using physiological signals (DEAP)

database (Koelstra et al. 2012). The database is composed

of 32 standard EEG channels located according to the

international 10–20 system (EEG electrodes: Fp1, Fp2,

AF3, AF4, Fz, F3, F4, F8, F7, FC5, FC6, FC1, FC2, T7,

T8, C3, C4, Cz, CP5, CP6, CP1, CP2, P3, P4, P7, P8, Pz,

PO3, PO4, O1, O2, and Oz). To acquire EEG, AgCl

electrodes were used.

The sampling frequency of 512 Hz was chosen. Then,

EEG data of all 32 standard scalp leads were down-sam-

pled to 128 Hz and ocular artifacts, generated from elec-

trooculogram (EOG) potentials, were removed using a

blind source separation technique (Koelstra et al. 2012). In

addition, a band-pass frequency filter was applied with the

cutoff frequencies of 4.0 Hz and 45.0 Hz (Koelstra et al.

2012). Finally, the data recordings were averaged to the

common reference (Koelstra et al. 2012). In this study, the

32 channel EEG signals of 30 healthy participants were

examined. Table 1 shows the characteristics of the

subjects.

The DEAP database applied music-video clips to induce

emotion. Before starting the emotional experiment, a 2-min

baseline recording was acquired. For this period, the sub-

ject was requested to relax and a fixation cross was pre-

sented. Following the baseline recording, the 40 videos

were presented in 40 trials. For each trial, the trial number

was displayed for 2 s to enlighten the subject of the pro-

gress. Then, a fixation cross was presented for 5 s. Next,

the music video was displayed for 1 min. Finally, the self-

assessment was performed. There was a short break after

the 20th trial. During this period, the volunteer was served

with beverages (non-caffeinated and non-alcoholic) and

some cookies. In addition, the signal quality and the elec-

trode placement were checked by the examiner. Subse-

quently, the second half of the experiment was performed

(Koelstra et al. 2012).

The measurements were performed in two controlled

illumination laboratory rooms (Koelstra et al. 2012). The

Biosemi ActiveTwo system (http://www.biosemi.com) was

used for the signal recording with a Pentium 4, 3.2 GHz PC

(committed recording PC). Also, Pentium 4, 3.2 GHz PC

was dedicated as a stimulus PC for presenting stimuli. It

directly sent synchronization markers to the recording PC.

The ‘‘Presentation’’ software by Neurobehavioral systems

was used for the music video presentation and for the

users’ ratings recording. A 17-inch screen was used to

present the music videos (1280 9 1024, 60 Hz). However,

to keep eye movements at a minimum, all video clips were

displayed at 800 9 600 resolution, which covers about 2/3

of the monitor. The distance of the subjects to the screen

was about 1 m. The music was presented via Stereo Philips

speakers, while the volume was set at a quite loud level.

However, before the experiment, the volunteer was asked

to verify if the volume was comfortable, else it was

adjusted (Koelstra et al. 2012).

Employing the self-assessment manikins (SAM) intro-

duced in 1995 (Morris 1995), the volunteers rated each

music video clip based on the levels of like/dislike,

valence, arousal, dominance, and familiarity. In addition to

the SAM assessment ratings, the database (Koelstra et al.

2012) includes the online subjective annotation via last.fm

(http://www.last.fm) affective tags, which were carefully

Table 1 Subject characteristics

Number of subjects Age range Mean age SD

Female 15 19–33 25.4 3.76

Male 15 23–37 28.8 4.51
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assessed to check if the tag accurately reflects the emo-

tional content. In this article, fun, depressing, and sad

music-video clips were selected for further analysis.

sLORETA analysis

In this study, we investigate seven EEG frequency bands

while subjects watching sad, fun, and depressing music

clips. EEG frequency bands, including theta (h: 4–7.5 Hz),

alpha1 (a1: 8–10 Hz), alpha2 (a2: 10–12 Hz), beta1 (b1:
13–18 Hz), beta2 (b2: 18.5–21 Hz), beta3 (b3:
21.5–30 Hz), and gamma (c: 30.5–44 Hz) were computed

using average Fourier cross-spectral matrices. The selec-

tion of EEG bands was performed based on the previous

investigations on emotion (Aftanas et al. 2006).

To this end, the discrete Fourier transform (Sx) of the

time-series X(t) (t = 0, …, T - 1) with length T is firstly

computed

SxðxÞ ¼
XT�1

t¼0

XðtÞe�i2pxt=T : ð1Þ

Then, the cross-spectral density (Sxy) between two sig-

nals X(t) and Y(t) is calculated as (2):

SxyðxÞ ¼ E SxðxÞSyðxÞ�
� �

ð2Þ

where E[] is an expectation function and * is the complex

conjugate. This procedure was performed in women’s and

men’s groups for sad, fun, and depressing stimuli.

Then, sLORETA was used to obtain topographic maps

of the localization of the EEG frequency bands and to

compare the cortical distribution of electrical activity

between women and men. More precisely, we aimed to

answer what EEG oscillations (frequency bands) are sig-

nificantly different between men and women. And if there

are significantly different frequency bands, which brain

activation is responsible for the difference.

The neuronal activity as current density was estimated

by the sLORETA. To this end, it uses the Montreal Neu-

rological Institute MRI template (Talairach and Tournoux

1988). The sLORETA solution space restricted to cortical

gray matter sampled at five mm resolution

(5 9 5 9 5 mm/voxel) with a total 6239 voxels. A linear,

weighted sum of scalp potentials is applied to calculate the

current source density (CSD). The current density power

measure (A/m2) is realized by computing the square of the

CSD for each voxel. The sLORETA and its previous ver-

sion (i.e., LORETA) has been cross-validated (Phillips

et al. 2002; Pizzagalli et al. 2004; Mulert et al. 2005;

Olbrich et al. 2009). In this article, the free academic

software package for sLORETA (Pascual-Marqui 2002)

was used.

To scrutinize the EEG frequency band differences

between women and men, independent sample t test was

calculated for a log of the ratio of averages (log of F-ratio)

sLORETA power. Neither data normalization nor the

baseline correction was performed. The statistical non-

parametric mapping randomization was performed to

compute a critical single-threshold and P values. The

number of randomization was set to 5000.

Figure 1 summarizes the procedure schematically.

Results

EEG results

We used the following numbers to simplify the content of

the EEG channels: 1: Fp1, 2: AF3, 3: F3, 4: F7, 5: FC5, 6:

FC1, 7: C3, 8: T7, 9: CP5, 10: CP1, 11: P3, 12: P7, 13:

PO3, 14: O1, 15: Oz, 16: Pz, 17: Fp2, 18: AF4, 19: Fz, 20:

F4, 21: F8, 22: FC6, 23: FC2, 24: Cz, 25: C4, 26: T8, 27:

CP6, 28: CP2, 29: P4, 30: P8, 31: PO4, and 32: O2.

Fig. 1 Diagram of the proposed procedure
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The statistical test comparing the mean h power of the

men’s and women’s groups for depressing, fun, and sad

stimuli found a significant difference between the means of

the two groups in 22, 14, and 22 channels, respectively

(p\ .05). These channels are 5, 7, 10, 11, 12, 20, 21, 22,

25, 26, 27, 28, 29, and 31 for fun and 2, 3, 5, 7, 8, 10, 11,

12, 15, 17, 18, 19, 20, 21, 22, 23, 25, 26, 27, 28, 29, and 31

for depressing and sad. The mean of the men’s

group (150.32 ± 127.26, 135.17 ± 110.56, and 156.62 ±

124.77, for depressing, fun, and sad, respectively) was

significantly lower than the mean of the women’s group

(483.34 ± 463.13, 436.41 ± 447.62, and 469.55 ± 441.4,

for depressing, fun, and sad, respectively).

The statistical test comparing the mean a1 power of the

men’s and women’s groups for depressing, fun, and sad

stimuli found a significant difference between the means of

the two groups in 19, 6, and 18 channels, respectively

(p\ .05). These channels are 2, 3, 5, 7, 8, 10, 11, 15, 17,

18, 20, 21, 22, 23, 26, 27, 28, 29, and 31 for depressing, 10,

11, 20, 27, 28, and 31 for fun, and 2, 5, 7, 8, 10, 11, 15, 17,

18, 20, 21, 22, 23, 26, 27, 28, 29, and 31 for sad. The mean

of the women’s group (119.17 ± 102.81, 112.12 ± 97.16,

and 122.32 ± 104.52, for depressing, fun, and sad,

respectively) was significantly higher than the mean of the

men’s group (49.74 ± 28.24, 44.79 ± 21.4, and

53.02 ± 31.7, for depressing, fun, and sad, respectively).

The statistical test comparing the mean a2 power of the

men’s and women’s groups for depressing, fun, and sad

stimuli found a significant difference between the means of

the two groups in 18, 7, and 17 channels, respectively

(p\ .05). These channels are 2, 3, 5, 8, 10, 11, 15, 17, 18,

20, 21, 22, 23, 26, 27, 28, 29, and 31 for depressing, 10, 11,

20, 27, 28, 29, and 31 for fun, and 2, 3, 5, 8, 10, 11, 15, 17,

18, 20, 22, 23, 26, 27, 28, 29, and 31 for sad. The mean of

the women’s group (81.33 ± 65.05, 76.3 ± 63.56, and

84.91 ± 69.14, for depressing, fun, and sad, respectively)

was significantly higher than the mean of the men’s group

(38.15 ± 18.08, 35.65 ± 13.33, and 40.44 ± 20.6, for

depressing, fun, and sad, respectively).

The statistical test comparing the mean b1 power of the

men’s and women’s groups for depressing, fun, and sad

stimuli found a significant difference between the means of

the two groups in 12, 9, and 17 channels, respectively

(p\ .05). These channels are 2, 5, 10, 11, 15, 20, 21, 22,

23, 26, 28, 29, and 31 for depressing, 5, 10, 11, 20, 26, 27,

28, 29, and 31 for fun, and 1, 2, 5, 8, 10, 11, 15, 17, 18, 20,

22, 23, 26, 27, 28, 29, and 31 for sad. The mean of the

women’s group (114.93 ± 90.33, 111.58 ± 88.04, and

133.87 ± 113.02, for depressing, fun, and sad, respec-

tively) was significantly higher than the mean of the men’s

group (55.88 ± 23.73, 55.68 ± 23.49, and 60.75 ± 30.33,

for depressing, fun, and sad, respectively).

The statistical test comparing the mean b2 power of the

men’s and women’s groups for depressing, fun, and sad

stimuli found a significant difference between the means of

the two groups in 6, 4, and 9 channels, respectively (p\ .05).

These channels are 10, 11, 20, 22, 28, and 31 for depressing,

11, 20, 29, and 31 for fun, and 1, 5, 10, 11, 20, 22, 27, 28, and

31 for sad. The mean of the women’s group (43.8 ± 32.82,

43.2 ± 30.79, and 54.57 ± 48.19, for depressing, fun, and

sad, respectively) was significantly higher than the mean of

the men’s group (23.69 ± 10.4, 23.94 ± 10.75, and

23.74 ± 10.5, for depressing, fun, and sad, respectively).

The statistical test comparing the mean b3 power of the

men’s and women’s groups for depressing, fun, and sad

stimuli found a significant difference between the means of

the two groups in 4, 5, and 11 channels, respectively

(p\ .05). These channels are 10, 11, 22, and 31 for

depressing, 10, 27, 28, 29, and 31 for fun, and 1, 10, 11, 12,

18, 20, 22, 24, 27, 28, and 30 for sad. The mean of the

women’s group (145.51 ± 126.93, 141.08 ± 115.13, and

180.47 ± 170.4, for depressing, fun, and sad, respectively)

was significantly higher than the mean of the men’s group

(68.56 ± 32.87, 71.72 ± 39.93, and 71.74 ± 39.23, for

depressing, fun, and sad, respectively).

The statistical test comparing the mean c power of the

men’s and women’s groups for depressing, fun, and sad

stimuli found a significant difference between the means of

the two groups in 4, 7, and 10 channels, respectively

(p\ .05). These channels are 10, 11, 22, and 31 for

depressing, 10, 11, 22, 27, 28, 29, and 31 for fun, and 1, 10,

11, 18, 20, 22, 24, 27, 28, and 30 for sad. The mean of the

women’s group (209.72 ± 192.18, 203.19 ± 160.74, and

263.51 ± 264.77, for depressing, fun, and sad, respec-

tively) was significantly higher than the mean of the men’s

group (92.23 ± 50.13, 104.46 ± 72.33, and

91.35 ± 57.92, for depressing, fun, and sad, respectively).

Table 2 provides the statistical results for each pair of

stimulus categories.

There was a significant difference between sad and fun in

b2, b3, and c brain frequencies. Among the frequency bands,

b3 showed the highest significant differences between each

pair of stimulus categories in some brain regions.

Moreover, to postulate a specific effect of the video-clip

category on gender differences, a two-factorial interaction

GENDER 9 VIDEO-CLIP-CATEGORY was calculated.

P values indicated a main effect of gender, but there was no

evidence of the video clip nor an interaction effect of the

two.

sLORETA results

The sLORETA differences between men’s and women’s

EEG frequency bands for depressing, fun, and sad stimuli

are shown in Table 3, Suppl. 1, Suppl. 2, and Suppl. 3.
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The results showed that significant gender-differences

were mainly achieved for parietal lobe in depressing and

sad music videos. While for fun music video, the signifi-

cance was chiefly attained for the limbic lobe. If we ana-

lyze the frequency bands of the signal separately, different

results are obtained for various emotional stimuli. Con-

sidering h power, significant gender-specific differences for
depressing, fun, and sad stimuli were achieved for Brod-

mann area 2 (BA2), BA32, and BA40. Significant sLOR-

ETA differences were observed for BA2/BA5, BA24/

BA24, and BA42/BA40 with respect to a1/a2 bands.

For fun inducement (Table 3 and Suppl. 2), the main

differences for b1, b2, b3, and c were detected in BA23,

BA13, BA8, and BA13, respectively. However, BA39,

BA40, BA19, and BA40 showed the most corresponding

differences between the men’s and women’s groups for the

sad music video (Table 3 and Suppl. 3). For depressing

stimuli, BA7 for b1, b3, and c and BA23 for b2 EEG bands

showed the gender differences (Table 3 and Suppl. 1).

In addition, the study of the region coordinates with the

greatest difference between the two groups (Table 3)

indicates the superiority of different hemispheres for dif-

ferent EEG frequency bands in different emotional music

videos. The dominance of left hemisphere in h and a1
bands during the presentation of depressing video, b1 and

b3 in fun music video, and a2, b1, b2, b3, and c in sad

incentive is concluded.

For depressing stimuli, the thresholds for significance

were T = 2.495 in p\ .05 and T = 3.008 in p\ .01. In

this case, significant differences (p\ .05) were observed

between men and women in a2 (p = .0382), b2 (p = .038),

and b3 (p = .038) EEG bands. These differences were

localized in the activity of the right postcentral gyrus, right

cingulate gyrus, and precuneus region.

For fun music video, the thresholds for significance were

T = 2.634 in p\ .05 and T = 3.259 in p\ .01. In this

case, significant differences (p\ .05) were observed

between men and women in a2 and b2 EEG bands

(p = .0482). These differences were localized in the right

cingulate gyrus and right insula.

For sad inducement, the thresholds for significance were

T = 2.987 in p\ .05 and T = 3.324 in p\ .01. In this

condition, significant differences were observed between

men and women in all EEG bands for p\ .05 and in a2,
b3, and c for p\ .01. These differences (p\ .01) were

localized in the left supramarginal gyrus and left fusiform

gyrus.

Comparing EEG electrodes with the sLORETA

anatomical regions, the best matching electrodes were CP1

and CP6.

Discussion

We applied the sLORETA to the EEG recordings of men

and women while watching depressing, fun, and sad music

videos. The data were analyzed with the following objec-

tives: (1) detection of brain activation differentiation

between men and women while watching the depressing,

sad, and fun music videos, (2) specifying these differences

in all EEG frequency bands. It should be noted that a

difference in brain areas between women and men is fun-

damentally different from brain activations. Differences in

brain areas suggest potential structural differences, whereas

activation differences can be both due to structural, but also

to the recruitment of particular individual mental strategies

(see Fuster 2009; Fehr 2013). The latter can fundamentally

be modulated by learning history and socialization. In this

study, we emphasized the brain activation.

Previous studies have shown different emotional

responses of men and women and they claimed the roots of

these differences lie in biological and sociocultural factors

(Bradley et al. 2001). Although some scientists argue that

women experience a different socialization than men—and

this is not defined by genetical pre-dispositions, but by

different social norms and rules defined by politics, culture,

and religion (Fischer et al. 2004)—others emphasized the

physiological differences between men and women (Kret

and De Gelder 2012). Hormonal and genetic factors are

known to influence the emotional responses of men and

women. On the other hand, some studies have shown the

correlation between changes in these factors and brain

activity. For example, on the hormonal status, augmented

amygdala activity and affective recall in females were

associated with high progesterone levels (Sundström

Poromaa and Gingnell 2014). In contrast, testosterone

status in males was positively related to the ventromedial

prefrontal cortex and negatively related to the amygdala in

response to anger faces (Stanton et al. 2009). Regarding the

genetic factor, the study of Raab et al. (2016) showed that

serotonin transporter gene (5-HTTLPR) polymorphisms

have been associated with different brain activation during

the processing of facial emotions. Along with this theory,

sex-related brain activation in the processing of emotions

has been frequently documented (Kesler-West et al. 2001;

Williams et al. 2005). In this paper, we considered the

second hypothesis in response to specific emotions and for

different brain frequency bands. The EEG results showed

the mean power of all frequency bands in the women’s

group was significantly higher than that of the men’s group.

Evaluating gender-wise differences while participants were

watching emotional films also indicated the more expres-

siveness of women compared to men (Kring and Gordon

1998). The activity of a wider quota of the limbic system in
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women compared to the men during emotional stimuli was

also reported (George et al. 1996).

Our sLORETA results also showed the significant gen-

der differences for all emotion categories in a2 power.

Exactly, for depressing stimuli, sLORETA localization was

significant in the a2 in the right postcentral gyrus (BA5),

b2 in the right cingulate gyrus (BA23), and b3 in the

precuneus (BA7) region. For fun, in the a2 and b2 powers

the significant differences were localized in the activity of

the right cingulate gyrus (BA24) and right insula (BA13).

For sad, sLORETA localization was significant in all EEG

bands. Previously, Koelsch (2014) performed a review of

functional neuroimaging studies on music and emotion and

showed the crucial involvement of some brain structures in

emotion, like the insula and the cingulate cortex. Although

his article highlighted the role of some other areas of the

brain in the processing of emotions, the limitation of

emotional classes (fun, depressing, and sad) as well as the

type of stimulation (the combination of music and film; i.e.,

music video) can lead to obtain different brain activities in

this study.

Formerly, the incorporation of BA5 and BA7 in the

emotion recognition has been reported (Pouladi et al. 2010;

Royet et al. 2000). These areas may contribute to the

processing of chaotic patterns and working memory during

audio and visual emotions. The results of Kragel and

LaBars (2016) demonstrated that happiness and surprise

expressions were projected by the activity of the postcen-

tral gyrus. Generally, they concluded the hemodynamic

activity in the right somatosensory cortex (postcentral

gyrus) as a result of perceiving vocal and facial emotions.

Yoshino et al. (2017) evaluated the association between

anger and dysfunctional somatosensory mechanism in

patients with burning mouth syndrome using fMRI. The

results showed that the postcentral gyrus is strongly

affected by negative emotions. Our findings indicated the

effect of a negative stimulus (depressing) on the activity of

the postcentral gyrus, which is in accordance with Yoshino

et al. (2017). The effect of gender differences in processing

a negative emotional state was also shown exploiting the

other affective physiological signals (Goshvarpour et al.

2017).

Table 3 The sLORETA main localization activities for different EEG bands in depressing, fun, and sad music videos

Max value X, Y, Z coordinate Close region

Depressing

h 2.46 X = - 50, Y = - 30, Z = 40 BA2; postcentral gyrus; parietal lobe

a1 2.32 X = - 50, Y = - 30, Z = 55 BA2; postcentral gyrus; parietal lobe

a2 2.53 X = 5, Y = - 45, Z = 65 BA5; postcentral gyrus; parietal lobe

b1 2.31 X = 35, Y = - 65, Z = 45 BA7; superior parietal lobule; parietal lobe

b2 2.65 X = 5, Y = - 20, Z = 30 BA23; cingulate gyrus; limbic lobe

b3 2.64 X = 0, Y = - 45, Z = 45 BA7; precuneus; parietal lobe

c 2.29 X = 0, Y = - 45, Z = 45 BA7; precuneus; parietal lobe

Fun

h 2.28 X = 5, Y = 20, Z = 50 BA32; cingulate gyrus; limbic lobe

a1 2.57 X = 10, Y = 15, Z = 30 BA24; cingulate gyrus; limbic lobe

a2 2.64 X = 5, Y = 5, Z = 30 BA24; cingulate gyrus; limbic lobe

b1 2.62 X = - 5, Y = - 20, Z = 30 BA23; cingulate gyrus; limbic lobe

b2 2.65 X = 35, Y = - 10, Z = 15 BA13; insula; sub-lobar

b3 2.46 X = - 30, Y = 10, Z = 45 BA8; middle frontal gyrus; frontal lobe

c 2.32 X = 30, Y = - 25, Z = 15 BA13; insula; sub-lobar

Sad

h 3.25 X = 55, Y = - 60, Z = 40 BA40; inferior parietal lobule; parietal lobe

a1 3.28 X = 65, Y = - 35, Z = 20 BA42; superior temporal gyrus; temporal lobe

a2 3.46 X = - 60, Y = - 50, Z = 35 BA40; supramarginal gyrus; parietal lobe

b1 3.04 X = - 50, Y = - 65, Z = 40 BA39; inferior parietal lobule; parietal lobe

b2 3.27 X = - 60, Y = - 55, Z = 35 BA40; supramarginal gyrus; parietal lobe

b3 3.93 X = - 20, Y = - 85, Z = - 20 BA19; fusiform gyrus; occipital lobe

c 3.96 X = - 60, Y = - 55, Z = 35 BA40; supramarginal gyrus; parietal lobe

BA Brodmann area
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The recent study (Ferri et al. 2016) showed that com-

pared to neutral images, there is a relation between the non-

arousing unpleasant pictures and heightened amygdala-

precuneus connectivity; which was positively related to the

visual attention. If we compare these findings with our own

results, it can be concluded that the depressing music

video, which served as an unpleasant stimulus, attracted the

attention of men and women in different ways. In addition,

previous evidence (Brodt et al. 2016) indicated the

involvement of similar brain circuits, including precuneus,

in the formation of long-term memory. The difference in

how memory is stored and retrieved in men and women

may seem to be another reason for the difference between

the brain circuits of two genders in confronting emotional

stimuli. However, differences between men’s and women’s

memory performances should be studied more deeply

regarding different socialization-related kinds of learned

emotional memory handling styles, as well as their

expectations, physiological capabilities, and interest, or

some composite interaction of these elements (Loftus et al.

1987).

Canli et al. (2001) have provided evidence about the

right cingulate gyrus activation in the processing of posi-

tive stimuli. However, the fMRI study of McRae et al.

(2012) revealed an age-related quadratic pattern of acti-

vation in some brain regions, including the right cingulate

gyrus. The look negative condition considered the

engagement of these regions more strongly in young adults

compared to the adolescents. Our results did not show the

superiority of the right cingulate gyrus for a positive or a

negative emotion with gender. Significant differences were

achieved in the right cingulate gyrus for both positive and

negative stimuli.

It was claimed that subjective emotions are produced in

the insula (Damasio 2003). This region implicates the

processing of subjective awareness and higher level cog-

nitive procedures (Craig 2009). The right insula activation

during mental stress and arousal based emotions (Critchley

et al. 2000) as well as sadness, happiness, anger, and dis-

gust affective states (Critchley et al. 2005) has been

reported. In most of these studies, the activity of insula has

been under the influence of negative emotions. These

findings contradict ours, in which the activity of this area

during a positive emotion (fun) was highlighted. However,

according to our findings, it may be concluded that the fun

music video stimulates the cognitive system of women and

men differently.

Enhanced activity in the left supramarginal gyrus was

observed in negative emotion words (Compton et al. 2003).

The fMRI study (Lisiecka et al. 2013) revealed significant

differences between healthy and major depressive disorder

patients in emotional processing in the left supramarginal

gyrus. The results of our research coincide with these

findings. Our results revealed the activity of the left

supramarginal gyrus in the negative emotional music video

(sad), while it highlighted the role of gender in this

activation.

Earlier, the association of the left fusiform gyrus with

perceptual processing efficiency was shown during affec-

tive face processing (Ho et al. 2016). An increased activity

in fusiform gyri was reported in the presentation of fearful

faces compared to neutral (Vuilleumier et al. 2001). Pre-

vious MRI study (Demaree et al. 2009) reported that par-

ticipants with a disease, which has been associated with the

anxiety and the depression etiology (Lesch et al. 1996),

show decreased left fusiform gyrus activation while

watching positive emotional stimuli. By summarizing these

results, it might be possible to relate the performance of the

fusiform gyrus to the recognition of negative emotions,

which is in the line with our findings, in which for sadness,

the gender differences were localized in the left fusiform

gyrus.

From the perspective of EEG powers, our results

emphasized the importance of a2, b2, b3, and c powers. It

is believed that b power is associated with heightened

alertness and cognitive processes (Steriade 1999). The

emotion literature reported that by increasing the emotional

arousal, an increase in b power is observed (Aftanas et al.

2006; Sebastiani et al. 2003). a power is thought to asso-

ciate with perceptual, cognitive, and memory performances

(Klimesch et al. 2005; Ward 2003), and emotion (Aftanas

et al. 1996; Schmidt and Trainor 2001). Jaworska et al.

(2012) showed an increased a power in parietal and frontal

regions of depressed participants. The results of Klimesch

et al. (2007) demonstrated that a2 has been related to

memory retrieval. Therefore, it may be concluded that

depressing, sad, and fun music videos established cognitive

and/or memory related processes in men and women.

c power is linked with semantic functions, conscious

attention, and perception. Sustained c power was also

associated with the semantic elaboration of emotional

information in depression and schizophrenia (Siegle et al.

2010). Our results revealed significant c power gender

differences in the sad music video. Therefore, it can be

concluded that sad stimuli involved perceptual and

semantic processing in men and women.

This experiment achieved very interesting results;

however, there are several limitations of this study as a

small number of subjects and the lack of a broad range of

emotion categories. (1) A division of the 30 participants in

two groups of 15 individuals revealed the brain regional

differences in the sLORETA analysis. Only permutation

statistics or reliability testing in larger samples would

really substantiate potential gender differences. Therefore,

these worthwhile study results should be considered as an

exploration that has to be substantiated by subsequent
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studies and not as a stand-alone study producing facts for

the gender mainstream discussion. (2) We utilized a pre-

processed version of the data, in which a user-blind algo-

rithm for artifact correction of the data was implemented.

The characteristic and specificity of these algorithms

restrict their use to remove one or some kinds of artifacts.

For removal of various types of unwanted EEG contami-

nations, additional visual inspection of the raw data is

indispensable. (3) Our results showed the putative differ-

ences between gender groups are prominently located at

isocortical brain sites, and in particular in heteromodal

association cortices, which lead to conclude that differ-

ences are especially due to different gender-related learn-

ing histories, and therefore due to differently learned

cognitive and/or emotional processing styles of the differ-

ent music entities. A detailed evaluation of how the dif-

ferent study participants processed the different music-

clips is an important pre-requisite for a valid discussion on

the physiological data. Therefore, in the future, these

techniques should be employed to a larger database with

respect to gender-related learning histories. (4) It should be

kept in mind that sLORETA provides good spatial reso-

lution; however, only for more superficial brain sites.

Important areas like the brainstem and other subcortical

areas cannot be addressed. Therefore, our results provided

an initial insight into the active regions of the brain in

different sexes. To conclude a gender-linked neural basis of

emotion processing, a more precise and powerful technique

should be applied in the future. (5) With regard to the

active brain regions for each gender, some algorithms for

the treatment of emotion-related abnormalities and for

emotion recognition systems should be designed in the

future.

Conclusions

This study assessed the gender-related sLORETA main

localization for different EEG powers in depressing, fun,

and sad music videos. Our results showed evidence about

significant gender-related differences in parietal lobe acti-

vation for depressing and sad music videos and limbic lobe

activation for fun stimuli. For all emotion categories,

sLORETA localization for a2 power was significantly

different in men and women. Totally, spatial distribution

differentiation between men and women were detected

while watching the depressing, sad, and fun music videos.

These differences were specified for each EEG frequency

band. This evidently suggests that to generalize findings of

the brain activation during different emotional stimuli, we

undeniably should consider the participants’ sex. However,

as mentioned in the limitation section, the reported data

should first be replicated before extrapolative action can

really be justified by the results.
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Gómez CM (2018) Developmental trends of theta–beta inter-

electrode power correlation during resting state in normal

children. Cogn Neurodyn 12(3):255–269

Canli T, Zhao Z, Desmond JE, Kang E, Gross J, Gabrieli JDE (2001)

An fMRI study of personality influences on brain reactivity to

emotional stimuli. Behav Neurosci 115(1):33–42

Colibazzi T, Posner J, Wang Z, Gorman D, Gerber A, Yu S, Zhu H,

Kangarlu A, Duan Y, Russell JA, Peterson BS (2010) Neural

systems subserving valence and arousal during the experience of

induced emotions. Emotion 10(3):377–389

Compton RJ, Banich MT, Mohanty A, Milham MP, Herrington J,

Miller GA, Scalf PE, Webb A, Heller W (2003) Paying attention

to emotion: an fMRI investigation of cognitive and emotional

stroop tasks. Cogn Affect Behav Neurosci 3(2):81–96

Cognitive Neurodynamics (2019) 13:161–173 171

123



Craig AD (2009) How do you feel—now? the anterior insula and

human awareness. Nat Rev Neurosci 10:59–70

Critchley HD, Corfield DR, Chandler MP, Mathias CJ, Dolan RJ

(2000) Cerebral correlates of autonomic cardiovascular arousal:

a functional neuroimaging investigation in humans. J Physiol

523(Pt 1):259–270

Critchley HD, Rotshtein P, Nagai Y, O’Doherty J, Mathias CJ, Dolan

RJ (2005) Activity in the human brain predicting differential

heart rate responses to emotional facial expressions. NeuroImage

24:751–762

Dale AM, Liu AK, Fischl BR, Buckner RL, Belliveau JW, Lewine

JD, Halgren E (2000) Dynamic statistical parametric mapping:

combining fMRI and MEG for high resolution imaging of

cortical activity. Neuron 26(1):55–67

Damasio AR (2003) Feeling of emotion and the self. Ann N Y Acad

Sci 1001:253–261

Dasdemir Y, Yildirim E, Yildirim S (2017) Analysis of functional

brain connections for positive–negative emotions using phase

locking value. Cogn Neurodyn 11(6):487–500

Demaree HA, Pu J, Jesberger J, Feeny N, Jeng L, Everhart DE, Duerk

J, Jean Tkach J (2009) 5HTTLPR predicts left fusiform gyrus

activation to positive emotional stimuli. JMRI 27(4):441–448

Duru AD, Assem M (2018) Investigating neural efficiency of elite

karate athletes during a mental arithmetic task using EEG. Cogn

Neurodyn 12(1):95–102

Fehr T (2013) A hybrid model for the neural representation of

complex mental processing in the human brain. Cogn Neurodyn

7(2):89–103

Ferri J, Schmidt J, Hajcak G, Canli T (2016) Emotion regulation and

amygdala-precuneus connectivity: focusing on attentional

deployment. Cogn Affect Behav Neurosci 16(6):991–1002

Fischer AH, Rodriguez Mosquera PM, Van Vianen AE, Manstead AS

(2004) Gender and culture differences in emotion. Emotion

4(1):87–94

Fuster JM (2009) Cortex and memory: emergence of a new paradigm.

J Cogn Neurosci 21(11):2047–2072

George MS, Ketter TA, Parekh PI, Herscovitch P, Post RM (1996)

Gender differences in regional cerebral blood flow during

transient self-Induced sadness or happiness. Biol Psychiatry

40:859–871

Goshvarpour A, Abbasi A, Goshvarpour A (2016) Combination of

sLORETA and nonlinear coupling for emotional EEG source

localization nonlinear dynamics. Psychol Life Sci 20(3):353–368

Goshvarpour A, Abbasi A, Goshvarpour A (2017) Do men and

women have different ECG responses to sad pictures? Biomed

Signal Process Control 38:67–73

Gros IT, Panasiti MS, Chakrabarti B (2015) The plasticity of the

mirror system: how reward learning modulates cortical motor

simulation of others. Neuropsychologia 70:255–262
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