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Abstract Analysis of affective picture processing by
means of EEG has invaded the literature. The methodology
of event-related EEG coherence is one of the essential
methods used to analyze functional connectivity. The aims
of the present study are to find out the long range EEG
connectivity changes in perception of different affective
pictures and analyze gender differences in these long range
connected networks. EEGs of 28 healthy subjects (14
female) were recorded at 32 locations. The participants
passively viewed emotional pictures (IAPS, unpleasant,
pleasant, neutral). The long-distance intra-hemispheric
event-related coherence was analyzed for delta (1-3.5 Hz),
theta (4—7.5 Hz), and alpha (8-13 Hz) frequency ranges for
F3-T;, F4—Tsg, F3-TP;, F4~TPg, F5-P3, F4—Py, F3-0y, Fy—
0,, C3-0;, C4—0O, electrode pairs. Unpleasant pictures
elicited significantly higher delta coherence values than
neutral pictures (p < 0.05), over fronto-parietal, fronto-
occipital, and centro-occipital electrode pairs. Furthermore,
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unpleasant pictures elicited higher theta coherence values
than pleasant (p < 0.05) and neutral pictures (p < 0.05).
The present study showed that female subjects had higher
delta (p < 0.05) and theta (p < 0.05) coherence values than
male subjects. This difference was observed more for
emotional pictures than for neutral pictures. This study
showed that the brain connectivity was higher during
emotional pictures than neutral pictures. Females had
higher connectivity between different parts of the brain
than males during emotional processes. According to these
results, we may comment that increased valence and
arousal caused increased brain activity. It seems that not
just single sources but functional networks were also
activated during perception of emotional pictures.

Keywords EEG - Event related coherence - EEG
connectivity - Emotion - IAPS - Gender

Introduction

In the last decade, the analysis of emotional processes by
means of Electroencephalography (EEG) invaded the lit-
erature. Numerous studies have been published in this
research area. The emotional stimuli used in the experi-
ments differed, including visual, auditory, or audio-visual.
The visual stimuli were most commonly used in the lit-
erature; these stimuli were faces, facial expressions, and
pleasant—unpleasant—neutral picture groups. The Interna-
tional Affective Picture System (IAPS) introduced by
Lang et al. (1999) was one of the most used standardized
picture groups in the research of Affective picture
processing.

A majority of the studies performed analysis of Event
Related Potentials (ERPs) upon application of emotional
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stimuli. In the ERP research of affective picture processing,
the authors reported differences in short latency, middle
latency, and long latency potentials among different picture
groups (Please see reviews of Eimer and Holmes 2007,
Olofsson et al. 2008; Palermo and Rhodes 2007). The ERP
research on affective picture processing already presented
strong conclusions by many researchers. However, in
addition to the time and amplitude components of ERP
signals, these signals also have frequency properties. A
wide variety of methodologies could be used in the analysis
of time and frequency components of ERP signals. These
methodologies could be listed as evoked/induced/event-
related power spectrum analysis by means of FFT (Fast
Fourier Transform) or Wavelet analysis, filtered responses
in different frequency bands, phase locking or inter-trail
phase coherence between epochs in different frequency
bands, cross frequency couplings between different fre-
quency bands, and the coherence analysis between differ-
ent electrode sites in different frequency bands. In the
research of brain dynamics upon presentation of affective
pictures, the authors published results on delta, theta, alpha,
beta, and gamma band activities (Klados et al. 2009; Bal-
coni et al. 2009a, b, Giintekin and Bagar 2010b; Giintekin
and Tiilay 2014; Woodruff et al. 2011, 2016; Garcia-Garcia
et al. 2010; Keil et al. 2001, 2007; Martini et al. 2012;
Miiller et al. 1999; Oya et al. 2002). In these studies,
mostly the evoked/event related power spectrums, filtered
oscillatory responses, and/or phase locking (inter-trial
phase coherence) analysis was performed.

Among these methods, event-related coherence analysis
is one of the most important methodologies that could
show functional connectivity between different pair of
electrodes. Our group previously analyzed event-related
coherences in healthy subjects during a cognitive task
(Giintekin and Basar 2010a); we have also analyzed event-
related coherence in different patient groups such as Alz-
heimer’s disease (Bagar et al. 2010; Giintekin et al. 2008)
and bipolar disorder (Ozerdem et al. 2010, 2011). In these
papers, we have shown that event-related coherence values
increased in delta and theta frequency bands during cog-
nitive load in healthy young subjects (Giintekin and Bagar
2010a). On the other hand, in Alzheimer’s patients, delta
and theta coherence values decreased during cognitive load
in comparison to healthy elderly subjects (Basar et al.
2010; Giintekin et al. 2008), but there were no difference
between groups during a simple visual stimulation (Basar
et al. 2010). As shown by the mentioned studies, event-
related coherence analysis could give key knowledge on
how the functional connectivity changes during application
of different paradigms.

To our knowledge, only one study analyzed the event-
related coherences upon presentation of IAPS pictures and
reported the significant results for beta and theta
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frequency bands (Miskovic and Schmidt 2010). These
authors reported that beta coherence increased during
viewing of affective images. These authors also found that
long-distance interhemispheric coherence increased dur-
ing viewing of affective pictures but only among females.
In their study, Miskovic and Schmidt (2010) analyzed the
late latency coherence values during perception of
affective pictures. The authors removed the first second
from the analysis and performed the analysis for 1-6 s
time window. Our previous studies and many studies in
the literature showed that the first 0-800 ms are very
important, especially in the perception of unpleasant and
pleasant pictures. Therefore the present study analyzes the
coherence values for early time window (0-800 ms). The
present study is the first study analyzing early time win-
dow (0-800 ms) event-related coherences during viewing
of affective pictures.

Previous studies analyzing event related oscillations in
single electrodes showed that delta and theta responses
were increased upon high arousal pictures (Klados et al.
2009; Balconi et al. 2009a, b), whereas unpleasant pictures
elicited higher beta (Giintekin and Bagar 2010b; Woodruff
et al. 2011, 2016) and gamma responses (Garcia-Garcia
et al. 2010; Keil et al. 2001, 2007; Martini et al. 2012;
Miiller et al. 1999; Oya et al. 2002) than neutral or positive
stimuli. On the other hand, the long-range connectivity in
different frequency bands during perception of affective
pictures remained unclear especially for the early time
windows.

In general as mentioned in the previous paragraph, the
event-related oscillatory responses are more sensitive to
emotional stimuli than to neutral stimuli. There were
increases of delta, theta, beta, and gamma responses
during emotional pictures in comparison to neutral pic-
tures. How will the long-range connectivity between dif-
ferent electrode pairs change during the perception of
pleasant, unpleasant and neutral pictures? According to
whole brain theory (Basar 2010), in perception of differ-
ent stimuli the brain works as a whole, and the activities
do exist in different areas of the brain. We hypothesize
that in the long-range connections, emotional pictures will
also elicit higher responses, especially for unpleasant
pictures. In the literature, gender differences in ERPs or
event-related oscillations were also found during percep-
tion of emotional pictures (IAPs, face expressions, etc.)
(Klados et al. 2009; Giintekin and Basar 2007b). In long-
range connectivity, it is also expected that the female
subjects would have higher coherence values than males.
According to the mentioned hypothesis, the aims of the
present study are to find out the long-range EEG con-
nectivity changes in perception of different affective
pictures and analyze gender differences in these long-
range connected networks.



Cogn Neurodyn (2017) 11:355-367

357

Methods
Subjects

Twenty-eight healthy subjects volunteered for the experi-
ments. All of them were university students or university
staff. Fourteen of the subjects were women (mean
age = 21.64, SD = 3.91), and fourteen of the subjects
were men (mean age = 24.71, SD = 3.56). Nine of the
female participants were in the follicular phase of men-
strual cycle (days 1-14 of menstrual cycle), while five of
them were in luteal phase (days 14-28 of menstrual cycle).
None of the female participants were taking contraceptive
pills. All participants were right-handed and were educated
for at least 10 years. All participants were given a ques-
tionnaire on their demographic information, medical situ-
ation, drinking habits, and family history. No subjects
reported any current or past neurological or psychiatric
illness, none were using any neurological or psychiatric
drugs, and all participants had normal or corrected to
normal vision. Before starting the study informed consent
was obtained from each participant. The study was
approved by the local ethics committee.

Stimuli and experimental procedure

Thirty pictures were chosen from the IAPS. Images con-
sisted of 10 “pleasant” pictures including babies and ani-
mals, 10 “neutral” pictures including objects, and 10
“unpleasant” pictures including attack scenes, violence,
and wild animals. Delta OHM HD 2302.0 light meter was
used to measure the luminance of the pictures. Light meter
was placed 1 m away from the screen, and a 1 m distance
between the subject and screen was measured. Pictures
with similar luminance were chosen with the mean of
23.4 + 5.2 cd/m®. Pictures were shown on a 19-inch
computer screen with a refresh rate of 60 Hz and a visual
angel of 8° horizontally. Images were presented for
1000 ms, with an inter-stimulus interval that differed ran-
domly between 3 and 7 s. Block design was used in the
study. 10 x 4 =40 pleasant pictures, 10 x 4=40
unpleasant pictures and 10 x 4 = 40 neutral pictures were
shown to participants.

Right after the experiment, participants were given a
self-assessment manikin (SAM)’s paper and pen version
and asked to rate the affective valance (1-9) and arousal
(1-9). As a measure of arousal, subjects were asked to rate
their reaction to the photographs on a 9-point rating scale
spanning from “excited” to “calm”, with 1 representing
the highest arousal (“excited”) and 9 representing the
lowest arousal (“calm”). As a measure of valence, the
subjects were asked to describe their mood during viewing

each of the photographs on a 9-point rating scale, with 1
representing the most positive mood, 5 representing neither
a negative nor a positive mood, and 9 representing the most
negative mood.

EEG recordings

The EEG was recorded with a Brain Amp 32-channel DC
system machine with band limits of 0.01-250 Hz and
digitized on-line with a sampling rate of 500 Hz. EEG was
recorded according to the international 10-20 system with
30 Ag—AgCl electrodes mounted in an elastic Easy-cap.
Two earlobe electrodes (Al and A2) were used as refer-
ences. The EOG from the medial upper- and lateral orbital
rim of the right eye was also registered. All electrode
impedances were less than 10 kQ.

Event-related coherence analysis

Brain Vision Analyzer software was used for the event-
related coherence analysis. Artifacts were eliminated
manually off-line and semi-automatically. All eye-blink
and muscle artifacts were removed from the EEG data. The
data then was segmented into 0-800 ms epochs. Epoch
numbers were equalized randomly between three condi-
tions (pleasant, unpleasant, neutral). Fast Fourier Trans-
form (Hanning window 10%) was applied to all epochs for
each subject and for each electrode. The cross-spectrum/
autospectrum function was selected in the Brain Vision
Analyzer software.

The mathematical formulation of coherence (cross
spectrum/autospectrum coherence or magnitude-squared
coherence) function is as follow:

_ 18P
COH)%Y (f) - Sxx (f) Syy (y)

where as S, and Sy, are power spectral densities of x and y
(signals of different locations) and Sy, is cross power
spectral density function. Power spectral density function is
calculated with the following formula,

Su(f) =2 / R, (1) exp(—i2nft)dt

where as R,, is autocorrelation function and calculated
with

(t = latency time).
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Cross power spectral density function is calculated with
the following formula;

Sxy(f) = ny(f) - iQxy(f)’

where as C,,(f) is cospectral density function and Qy(f) is
quadspectral density function.

The coherence values for each frequency band, for each
electrode pair, and for each subject were calculated. Event
related delta (1-3.5 Hz), theta (5-7 Hz), alphal
(7.8-9.8 Hz), and alpha2 (10.7-12.7 Hz) coherence values
were analyzed as the maximum coherence value in the
specified frequency range. If there was more than one peak,
the peak with the maximum coherence value was accepted
as the coherence value. Then, Fisher’s Z-transformation
was applied to the coherence values for each electrode pair
and for each subject. The event related coherence were
analyzed for long-range intra-hemispheric (F5-T-, F4—Tsg,
F3—TP7, F4—TP8, F3—P3, F4—P4, F3—Ol, F4—02, C3—01 and
C4—0,) electrode pairs.

The effect of volume conduction on EEG coherence

Coherence analysis in the EEG is sometimes criticized due
to the effect of volume conduction on coherence values.
However, we have previously published several manu-
scripts showing that the effect of volume conduction may
be eliminated while comparing different group of subjects
or different stimulations (Basar et al. 2010; Giintekin and
Basar 2010a; Giintekin et al. 2008; Ozerdem et al.
2010, 2011). The effect of volume conduction is mostly
seen in the comparison of different electrode pairs. The
distance between electrode pairs matters; fronto-temporal
electrode pairs usually had higher coherence values than
fronto-occipital electrode pairs. On the other hand, com-
paring two different stimulations for same electrode pair
(exp. F4—Py, etc.) gives important knowledge on how these
stimulations affect the connectivity between two different
brain regions. We have previously shown that during
auditory cognitive stimulation, subjects had higher coher-
ence values in comparison to simple auditory stimulation
(Giintekin and Basar 2010a). Alzheimer’s subjects had
reduced event-related coherences during cognitive load
(Basar et al. 2010; Giintekin et al. 2008) in comparison to
healthy controls, but if the stimulation is just sensory, there
was no difference between healthy elderly subjects and
Alzheimer’s patients (Basar et al. 2010). These results
show that event-related coherence analysis is an important
methodology in the understanding of connectivity between
different cortical sources during sensory, cognitive, and
emotional processes. Analysis of event related coherences
has outstanding advantages: first of all EEG has a very
good time resolution and event related coherences may
show us how the connectivity changes in very early time
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windows during different functions of the brain. Further-
more, as we also could show in our earlier reports the
connectivity differences between conditions and subject
groups could be easily analyzed with event related coher-
ence analysis. The increased coherence values show
increased brain activity and connectivity between different
cortical regions. In this manuscript, we did not analyze the
inter-hemispheric electrode pairs; we also did not analyze
the intra-hemispheric electrode pairs that have a distance
less than 8 cm.

As we also mentioned above and in our previous reports
(Basar et al. 2010; Giintekin et al. 2008; Giintekin and
Basar 2010a), “Volume conduction is important when two
electrode pairs (F3-T; vs F3—0O) are compared. However,
it could be neglected in different conditions: (1) When two
different paradigms are compared for the same electrode
pair (i.e. Comparing target coherence value to simple
auditory coherence value for F3;-T; electrode pair. (2)
When two different groups of subjects are compared for
same electrode pair (i.e. comparing Alzheimer’s subjects’
coherence values to healthy subjects’ coherence values for
F5;-T; electrode pair). In these two conditions, the volume
conduction for F3-T; is same; however the paradigm and
group change influences the coherence values” (Basar
et al. 2010; Giintekin et al. 2008).

Besides all these issues in the present study in order to
minimize the effect of volume conduction we have ana-
lyzed coherence for long distance electrode pairs.
According to Srinivasan et al. (2007) and Nunez (1997) the
optimal distance between electrodes must be around
10-20 cm in human EEG-recordings to minimize the effect
of volume conduction.

Statistical analysis

Statistical analyses were performed using Statistica soft-
ware. A repeated measures ANOVA was used to investi-
gate the event-related coherence differences during
different types of pictures. Repeated measures of ANOVA
included within-subject factors as 3 stimuli (pleasant,
unpleasant and neutral), 5 locations (fronto-parietal, fronto-
temporal, fronto-temporoparietal, centro-occipital and
fronto-occipital), and 2 lateralizations (left and right
hemispheres). Gender was included as a between-subjects
factor.

The observation of the grand averages and the mean
coherence values showed that the parietal and occipital
areas were highly involved in perception of emotional
pictures in comparison to neutral pictures, especially in the
delta band. Accordingly, in order to show this difference,
we had run a separate ANOVA including within-subject
factors as 3 stimuli (pleasant, unpleasant and neutral) x 3
locations (fronto-parietal, centro-occipital and fronto-
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occipital) and 2 lateralizations (left and right hemispheres)
and between-subjects factor as gender. The results of this
ANOVA analysis were described in the results section
whenever significant results were found for stimuli effect.
Greenhouse-Geisser corrected p values were reported.
Post-hoc comparisons were analyzed by Bonferroni test.
All the results were reported with the significance level
p < 0.05.

Results
Behavioral results

The subjects’ mean valence score for unpleasant pictures
was 6.78 £ 1.13, and the valance values were significantly
higher than for pleasant (2.93 £ 0.94; p < 0.05) and neu-
tral images (5.16 & 0.44; p < 0.05). Pleasant pictures had
significantly lower valence scores than neutral pictures
(p < 0.05). The mean of arousal scores for neutral images
were 7.49 £ 1.42, and this value was significantly higher
than for unpleasant pictures (4.79 &+ 1.94; p < 0.05) and
pleasant pictures (6.32 + 1.82; p < 0.05). These results
were in good accordance with previous findings related to
IAPS research (Lang et al. 1999). Females’ mean valence
score for unpleasant pictures (7.07 £ 0.87) was higher than
the males’ mean valence score for unpleasant
(6.47 £ 1.30) pictures. However, this difference was not
statistically significant (p > 0.05). The mean valence

F4‘ P4

Unpleasant —

Pleasant S

Neutral —
0.3
0.2
0.1
0

2 4 6 8 10 12 14 [Hz]

Fig. 1 Grand average of event-related coherences for F,—P, electrode
pair upon application of unpleasant, pleasant, and neutral IAPS pictures.
Red line indicates unpleasant pictures, blue line indicates pleasant
pictures, and black line indicates neutral pictures. (Color figure online)

scores for pleasant (male: 2.93 £ 0.55; female:
292 £ 1.23) and neutral pictures (male: 5.10 £ 0.39;
female: 5.22 + 0.50) were found to be very similar
between genders. Females’ mean arousal score for pleasant
pictures (6.60 &= 1.54) was higher than the males’ mean
valence score for unpleasant (6.04 & 2.09) pictures.
However, this difference was not statistically significant
(p > 0.05). The mean arousal scores for unpleasant (male:
496 £ 2.15; female: 4.61 & 1.77) and neutral pictures
(male: 7.42 4+ 1.34; female: 7.56 £+ 1.53) were found to be
very similar between genders.

As we mentioned in the methods section, we also con-
sidered the luminance effect on the EEG recordings.
Therefore, we were careful about having similar luminance
levels for all types of stimuli. For the unpleasant pictures,
the mean luminance value was 23.90 £ 4.48; for the
pleasant pictures the mean Iluminance value was
22.50 £ 4.42; for the neutral pictures the mean luminance
value was 24.00 £ 6.79. Luminance levels of different
types of stimuli were not statistically different [F(2,
18) = 0.239; p > 0.05].

Results of the coherence analysis

Figures 1, 2 and 3 show the grand average (N = 28) of
event-related coherences upon application of unpleasant
(red line), pleasant (blue line) and neutral (black line)
pictures for F,—P, (Fig. 1), F4,—O, (Fig. 2) and C4—O,
(Fig. 3) electrode pairs. Figures 1, 2 and 3 show that
unpleasant pictures elicited higher theta (5-7 Hz) and
alpha (7.8-12.7 Hz) coherence values than pleasant and
neutral pictures over F4,~P4, F4—O, and C4—O, electrode
pairs. In the delta (1-3.5 Hz) frequency band, unpleasant
pictures elicited higher coherence values than pleasant and
neutral pictures over F4,—P4 and F4;—O, electrode pairs.
Unpleasant and pleasant pictures both elicited higher delta
coherence than neutral pictures over C4,—O, electrode pair.
Furthermore, the pictures show that unpleasant pictures
mostly elicit higher alpha coherences in 7.8-9.8 Hz, while
pleasant pictures elicit higher coherence values in
10.7-12.7 Hz.

Furthermore, the grand averages of coherence measures
showed that females had higher event-related coherence
values than males, especially for the emotional pictures.
Figure 4 shows the grand average of event-related coher-
ences for female (N = 14) and for male subjects (N = 14)
upon application of pleasant (upper part of the figure),
neutral (middle of the figure), and unpleasant pictures
(lower part of the figure) for F,~P, electrode pairs, and
Fig. 5 shows the grand average of event-related coherences
for C4—0, electrode pair. As can be seen in Figs. 4 and 5,
female subjects had higher delta, theta, and alpha coher-
ence values than males for pleasant, unpleasant, and neutral
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Fig. 2 Grand average of event-related coherences for F,—O, electrode
pair upon application of unpleasant, pleasant, and neutral IAPS pictures.
Red line indicates unpleasant pictures, blue line indicates pleasant
pictures, and black line indicates neutral pictures. (Color figure online)

pictures. As can be seen in Fig. 5, the difference between
males and females are more prominent for unpleasant
pictures than neutral pictures. Figure 5 shows that the
pleasant pictures elicited higher alpha coherence values in
the 10.7-12.7 Hz for male subjects than female subjects.

The statistical analysis performed was in good accor-
dance with the observation of grand averages described
above. The significant results for the ANOVA analysis
including 10 electrodes (F;-T;, F4—Tg, F3—TP;, F4—TPsg,
F3—P3, F4—P4, F3—Ol, F4—02, C3—01 and C4—02) are as
follows.

Statistical results of event related delta (1-3.5 Hz)
coherence

ANOVA revealed significant results for location [F(4,
104) = 86.00; p < 0.001]. Post-hoc comparisons showed
that event-related coherence of fronto-temporal location
was higher than all other locations (p < 0.05). In addition,
coherence at fronto-temporo parietal was significantly
higher than coherence at fronto-occipital (p < 0.05);
coherence at fronto-parietal was significantly higher than
coherence at fronto-occipital (p < 0.05); and coherence at
centro-occipital location was significantly higher than
coherence at fronto-occipital (p < 0.05). Test of between-
subjects factors showed that females had significantly
higher delta coherence values than males (p < 0.03). Fig-
ure 6 shows the mean delta coherence values of all elec-
trodes for unpleasant, pleasant, and neutral stimulation.
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Fig. 3 Grand average of event-related coherences for C4~O, electrode
pair upon application of unpleasant, pleasant, and neutral IAPS pictures.
Red line indicates unpleasant pictures, blue line indicates pleasant
pictures, and black line indicates neutral pictures. (Color figure online)

Solid line represents the mean delta coherence values for
females, and dashed line represents the delta coherence
values for males. As can be seen in the figure, the differ-
ences between females and males are mostly found in the
emotional stimulations especially during the unpleasant
stimulation. On the other hand, this difference is very small
during neutral stimulation.

The observation of the grand averages and the mean
coherence values showed that the parietal and occipital
areas were highly involved in perception of emotional
pictures in comparison to neutral pictures, especially in the
delta band. Accordingly as we mentioned in the description
of statistics, we had run a separate ANOVA (3 stimuli x 3
locations (fronto-parietal, centro-occipital and fronto-oc-
cipital) x 2 lateralizations; between-subjects factor: gen-
der). The ANOVA analysis confirmed our observations by
indicating that the effect of stimuli was significant. Delta
coherence values over fronto-parietal, centro-occipital, and
fronto-occipital were higher in response to unpleasant
pictures in comparison to neutral pictures (p < 0.05).
Location and gender effects were also significant showing
similar results in the first ANOVA analysis.

Statistical results of event related theta (5-7 Hz)
coherence

ANOVA revealed significant results for stimulation [F(2,
52) = 3.79; p < 0.04]. Post-hoc analysis showed that
unpleasant pictures elicited significantly higher coherence
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Fig. 4 Grand average of event-related coherences for F4—P, electrode pair for male and female upon application of unpleasant (a), pleasant (b),
and neutral (¢) IAPS pictures. Dashed line indicates male participants, and bold line indicates female participants

C,-O,

A Unpleasant Pictures B

0.4

Pleasant Pictures Cc

Neutral Pictures

0.4

2 4 6 8 10 12 14 [Hz] 2 4 6

10 12 14 [Hy 2 4 6 8 10 12 14 [Hy

Female
Male

Fig. 5 Grand average of event-related coherences for C,—0, electrode pair for male and female upon application of unpleasant (a), pleasant (b),
and neutral (¢) IAPS pictures. Dashed line indicates male participants, and bold line indicates female participants

values than pleasant and neutral pictures (p < 0.04).
ANOVA revealed significant results for location [F(4,
104) = 47.35; p < 0.001]. Post-hoc analysis showed that
fronto-temporal theta coherence values were higher than all
other locations (p < 0.05 for all comparisons). In addition,
theta coherence values at fronto-parietal electrode pairs
were significantly higher than coherence values of fronto-
temporoparietal, fronto-occipital, and centro-occipital
locations (p < 0.05; p < 0.05; p <0.05). Also, theta
coherence values of fronto-temporoparietal location were
significantly higher than theta coherence values at fronto-

occipital electrode pairs (p < 0.05). Test of between-sub-
jects showed that females had higher theta coherence val-
ues than men (p < 0.04).

Statistical results of event related alpha
(7.8-12.7 Hz) coherence

ANOVA revealed significant results for location [F(4,
104) = 33.04; p < 0.001]. Post-hoc analysis showed that
fronto-temporal alpha coherence values were higher than
all other locations (p < 0.05 for all comparisons). In
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addition, alpha coherence values at fronto-parietal elec-
trode pairs were significantly higher than coherence values
of fronto-temporoparietal, fronto-occipital, and centro-oc-
cipital locations (p < 0.05; p < 0.05; p < 0.05). ANOVA
revealed significant results for gender (p < 0.05). Post-hoc
comparisons showed that females had higher alpha coher-
ence values than males.

As can be seen in Fig. 5b, in the grand averages we
observed that male subjects had higher alpha coherence
values in 10.7-12.7 Hz frequency bands than females
during pleasant pictures. Accordingly we also analyzed the
alpha frequency in two sub-bands (7.8-9.8 and
10.7-12.7 Hz). ANOVA results showed similar results for
within subject effects. However between subject effects
showed differential results for lower and upper alpha fre-
quency ranges. For lower alpha, ANOVA showed signifi-
cant results for gender indicating that females had higher
(7.8-9.8 Hz) alpha coherence values than males
(» < 0.008). On the other hand, for the 10.7-12.7 Hz fre-
quency band, there was a stimulation x sex effect
(p < 0.05). Male subjects had higher 10.7-12.7 Hz alpha
coherence values than females upon pleasant stimulation.
The mean value of 10.7-12.7 Hz alpha coherence values
for male subjects upon presentation of pleasant pictures
was 0.360 (SE = 0.031) and it was 0.271 (SE = 0.055) for
female subjects.

Discussion

The present study is one of the first studies to analyzed
event-related coherence upon application of IAPS pictures.
The results of the present study showed that, similar to
local circuits, in the long-range connections of the brain,
emotional stimuli elicited higher responses than neutral
stimuli. Unpleasant stimuli elicited higher delta coherence
values than neutral stimuli, especially over fronto-parietal,
centro-occipital and fronto-occipital electrode pairs. Fur-
thermore, unpleasant pictures elicited higher theta coher-
ence values than pleasant and neutral pictures. The present
study showed that female subjects had higher delta, theta,
and alpha coherence values than male subjects. This dif-
ference was observed mostly for emotional pictures than
for neutral pictures as presented in Fig. 6.

Increase of delta coherence during application
of unpleasant pictures

Several studies in the literature showed that delta responses
are involved in attention, perception, and decision-making
(Basar et al. 2001; Bernat et al. 2007; Demiralp et al. 2001;
Giintekin and Basar 2016; Knyazev 2012). Topological
differences were reported according to the stimuli. In
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Fig. 6 The mean delta coherence values upon presentation of
unpleasant, pleasant, and neutral pictures. Solid line represents the
mean delta coherence values for females, and dashed line represents
the mean delta coherence values for males. Vertical bars denote
+standard errors

cognitive paradigms, frontal, central, and parietal delta
responses were increased, and delta responses in occipital
areas were relatively small in comparison to frontal and
central areas. However, when the stimulus is a complex
visual paradigm like perception of faces, facial expres-
sions, and IAPS pictures, then an increase of occipital
responses were reported (Balconi and Lucchiari 2006;
Giintekin and Bagar 2009, 2016). In the analysis of event-
related coherences, increased delta coherence values upon
application of cognitive load were reported for healthy
young adults (Giintekin and Bagar 2010a). While the event-
related delta coherence increased upon cognitive load in
healthy elderly subjects, this was not the case for Alzhei-
mer’s disease patients (Bagar et al. 2010; Giintekin et al.
2008).

In a recent review (Glintekin and Bagar 2014), we have
indicated that delta, theta, alpha, beta, and gamma
responses were involved in the perception of affective
pictures. According to the literature, high arousing (both
pleasant and unpleasant) pictures elicited higher delta,
theta, alpha, beta, and gamma responses than low arousing
pictures. On the other hand, in the perception of unpleasant
pictures, beta and gamma responses were more increased in
very early time windows in comparison to neutral and/or
pleasant pictures. Klados et al. (2009) and Balconi et al.
(2009a, b) showed that high arousing pictures elicited
greater event-related delta responses than low arousing
pictures. Furthermore, these authors showed that females
had higher delta responses than males. The results of the
present manuscript are in good accordance with the work
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of Klados and co-workers. The present manuscript for the
first time showed that, like in local circuits, in the long-
range circuits of the brain, delta responses increased upon
presentation of emotional pictures, especially upon pre-
sentation of unpleasant pictures. Delta coherence values of
female subjects were higher than male subjects, and this
difference was more prominent for emotional pictures than
for neutral pictures. Miskovic and Schmidt (2010) analyzed
event-related delta coherence in 1-6 s upon application of
IAPS pictures. These authors found the significance level
of the emotional effect for delta band as p > 0.09, which is
very near to the significance level of p < 0.05. The number
of subjects was 10 in their experiments. As they also dis-
cussed in their study, if they would have had more subjects
included in their study, they might have found significant
results for the delta frequency range.

Increase of theta coherence during application
of unpleasant pictures

Theta responses were reported to be the dominant rhythms
of the frontal cortex (Basar 1998; Westphal et al. 1990). On
the other hand, increased occipital theta responses were
reported on presentation of emotional paradigms (Aftanas
et al. 2001, 2002; Basar et al. 2006; Giintekin and Basar
2009).

The present study showed that unpleasant pictures eli-
cited significantly higher theta coherence values than
pleasant and neutral pictures. On the contrary, Miskovic
and Schmidt (2010) showed decreased theta coherence for
pleasant and unpleasant compared to neutral picture
viewing. This controversy could be due to difference of the
time window in both studies. We have analyzed the first
800 ms after the picture viewing, while Miskovic and
Schmidt (2010) analyzed the 1-6 s time window. The
authors also mentioned this point in their study and com-
mented that theta synchronization could be occurring in the
initial stages of perception, which is the case in our study.
In the literature, increase of event-related theta power upon
application of emotional stimuli was reported for IAPS
pictures and for facial expression stimuli (Balconi and
Lucchiari 2009a, b; Knyazev et al. 2009; Aftanas et al.
2001; Sun et al. 2012; DelLaRosa et al. 2014). Aftanas et al.
(2001) analyzed power spectrum upon application of TAPS
pictures and showed greater left hemisphere theta power
for unpleasant pictures and greater left hemisphere theta
power for pleasant pictures. Sun et al. (2012) analyzed the
power spectrum of theta response during viewing of Chi-
nese Affective Picture System (CAPS). These authors
indicated that theta synchronization was stronger for
threatening cues than pleasant cues with significant effect
in posterior regions, suggesting that the posterior theta
synchronization reflects the evaluation of emotional

significance of stimuli. DeLaRosa et al. (2014) showed that
viewing an object that is perceived as either threatening or
nonthreatening results in an early (300—475 ms) increase in
theta-band EEG power over the occipital lobes, with the
greatest power changes for the threatening images. Fur-
thermore, these authors showed that there is a later
(600 ms) theta power increase over the frontal region for
both threatening and nonthreatening images, again with the
greatest theta increase for the threatening images. The
results of the mentioned studies showed that there were
increases in theta responses in early time windows during
emotional pictures. These studies analyzed event-related
power spectrum for single electrodes. Our study further
showed that connectivity in the brain increased in the theta
frequency range during perception of unpleasant pictures,
and this difference is mostly significant for female subjects.

Differentiation of alpha coherence between genders

In the spontaneous EEG analysis, increased left frontal
alpha activity was associated with greater positive affect,
and increased right frontal alpha activity was associated
with negative affect (Davidson et al. 1979; Fox 1991;
Hagemann et al. 2002; Harmon-Jones and Allen 1997;
Jaworska et al. 2012, 2013; Sutton and Davidson 1997).
Approach and withdrawal motivation were also reported to
be related with alpha oscillations (Fox 1991; Harmon-Jones
and Allen 1997; Sutton and Davidson 1997).

On the other hand, in the event-related potential studies,
there was a lack of evidence for alpha asymmetry. Har-
mon-Jones (2007) indicated that emotional pictures did not
evoke reliable shifts in asymmetrical cortical activation.
Ponkdnen and Hietanen (2012) also indicated that there
was no alpha asymmetry during perception of happy and
neutral facial expressions. In the present study, we did not
find any asymmetry in the alpha frequency range. The main
and interesting finding was that female subjects had higher
alpha coherence values in 7.8-9.8 Hz than males. On the
other hand, for the 10.7-12.7 Hz frequency band, there was
a stimulation x sex effect (p < 0.05). Male subjects had
higher 10.7-12.7 Hz alpha coherence values than females
upon presentation of pleasant stimulation. To our knowl-
edge, there was no previous study showing this frequency
difference between males and females. Accordingly, this
frequency difference between males and females should be
further analyzed with application of different paradigms by
trying to answer the question whether this difference is
specific to emotional paradigms or does it also exist in
different paradigms.

Previous studies showed that alpha responses were
related with emotional processes. In the facial expression
paradigms, increased alpha responses over temporal and
occipital areas were reported (Giintekin and Bagar 2007a).
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On the contrary, Balconi et al. (2009a, b) also found
decrease of alpha power. Application of IAPS pictures also
showed changes in alpha power. Aftanas et al. (2002)
showed that moderate and high arousing IAPS pictures
elicited higher alpha power than low arousing pictures.
Huster et al. (2009) reported decreased alpha power during
perception of negative IAPS pictures. Balconi et al. (2015)
did not find any significant results between picture groups
in the alpha power during perception of IAPS pictures. Up
to now, there are no consistent results in the literature for
either facial expression paradigms or for IAPS pictures as
we also indicated in our recent review article in more detail
(Giintekin and Bagar 2014). This could be the result of
different methodologies used in the experiments. More
research is needed to clarify how the alpha responses
change during application of IAPS pictures. The present
report did not find differences between picture groups in
long-range coherence values. However, we found signifi-
cant gender effects; gender effects were mostly neglected
in experiments in the literature.

In the present study, event-related beta and gamma
coherence values were not analyzed. Previous research
showed that both beta and gamma responses were involved
in the emotional picture processing in very early time
windows (0-300 ms); emotional pictures, especially neg-
ative emotional pictures (facial expressions or unpleasant
pictures of IAPS), elicited higher beta and gamma
responses. In a recent study, Basar et al. (2015) also con-
cluded that there were multiple frequency and time win-
dows in the gamma frequency range during application of
more complex paradigms. Accordingly, beta and gamma
oscillations should be investigated in multiple time and
frequency windows. This conclusion makes it difficult to
analyze the low and high frequencies together with same
methodology. Delta responses mostly occur in the 0—600 or
0-800 ms time period, changing according to the para-
digm. Theta responses also mostly occur in the 0-500 ms
time window. On the other hand, alpha responses could
occur in the early time window (0-400 ms), and there may
also be second discharge of alpha oscillations in the late
time windows. Therefore, in the present study in order to
successfully analyze delta, theta and alpha coherences, the
0-800 ms time window was chosen. Since beta and gamma
responses have more than one or two peaks in the
0-800 ms time window, analyzing beta and gamma
coherences in 0-800 ms would not give the right conclu-
sions. In the future, detailed analysis of beta and gamma
coherences in multiple time and frequency windows is
needed. This detailed analysis is strongly recommended
and could show important results on how emotional picture
processing is reflected in the high frequency connected
networks.
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Conclusions

Figure 7 represents a diagram of event related oscillatory
responses upon presentation of unpleasant pictures (Clair
diagrams, see Bagar et al. 2014; Basar and Diizgiin 2016;
for further information). The diagram was shaped accord-
ing to the results of previous studies (Balconi et al. 2009b;
Giintekin and Bagar 2014; Giintekin and Tiilay 2014;
Klados et al. 2009; Woodruff et al. 2011). In general
unpleasant pictures elicited higher delta, theta, beta and
gamma responses than neutral and/or pleasant pictures.
There are some contradictory results on alpha response
during presentation of IAPS pictures that is why diagram
does not include alpha responses elicited during perception
of unpleasant pictures. As we also mention in the previous
section Aftanas et al. (2002) showed that moderate and
high arousing TAPS pictures elicited higher alpha power
than low arousing pictures. Huster et al. (2009) reported
decreased alpha power during perception of negative IAPS
pictures. On the other hand Balconi et al. (2015) did not
find any significant results between picture groups in the
alpha power during perception of IAPS pictures. There are
also few studies analyzing theta responses during percep-
tion of IAPS pictures. Future studies are needed to
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Fig. 7 Diagrams for event related oscillatory responses (delta, theta,
alpha, beta and gamma) upon presentation of unpleasant pictures. The
diagram was shaped according to the results of previous studies
(Balconi et al. 2009b; Giintekin and Basar 2010a, b; Giintekin and
Tiilay 2014; Klados et al. 2009; Woodruff et al. 2011)
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complete the whole diagram including all frequency bands
in different time windows. The general increase of oscil-
latory responses during perception of unpleasant pictures
could be explained from a phylogenetic view point. There
could be a phylogenetic advantage associated with faster
processing of and heightened physiological response to
negative emotional stimuli.

Figure 8 represents the most important findings of the
present study schematically for unpleasant picture pro-
cessing. In general, unpleasant pictures elicited higher
coherence values than neutral and/or pleasant pictures.
Unpleasant pictures elicited higher delta coherence mostly
over fronto-parietal, centro-occipital, and fronto-occipital
electrode pairs. On the other hand, there were no specific
electrode pairs for the increase of theta coherences.
ANOVA results showed significant results for stimulation
(see “Results” section), which means that theta coherence
values were higher in general for unpleasant pictures than
for neutral and pleasant pictures.

The present study shows that:

1. Brain’s connectivity changes according to the emo-
tional pictures presented to the subjects.

2. Unpleasant pictures elicited higher delta and theta
coherence values than neutral pictures.

3. Furthermore, unpleasant pictures had increased theta
coherence than pleasant pictures.

4. Opverall, female subjects had higher delta and theta
coherence values than males.

Delta Coherence

Theta Coherence

Fig. 8 Schematic representation of results of delta and theta coher-
ence for the unpleasant picture processing

5. There was frequency differentiation between genders
in the alpha frequency.

In the present study, it was shown that the differentiation
of emotional pictures is manifested in delta, theta, and
alpha frequency ranges. According to this manifold of
results, we conclude that emotional signal processing and
differentiation of emotional pictures elicits a very com-
plicated selectivity in the brain. In future more detail
analysis could be performed by analyzing all frequency
bands in different time windows. The present study mostly
focused on early responses during presentation of emo-
tional pictures. Early and late time windows could be
analyzed to understand how the brain connectivity change
in different time windows during perception of emotional
pictures. The present study found significant gender dif-
ferences. Accordingly analysis of gender difference is
strongly recommended in the research of emotional
paradigms.

According to these results, we may comment that
increased valence and arousal caused increased brain
activity. It seems that not just single sources but functional
networks were also activated during perception of emo-
tional pictures (Aftanas et al. 1998a, b; Bornas et al. 2015;
Giintekin and Basar 2014; Yuvaraj and Murugappan 2016;
Yuvaraj et al. 2015, 2016). Perception of emotional pic-
tures is a notion of whole brain work.
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