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ABSTRACT 

Coherence, a measure of spectral similarity, may es- 
timate cortical coupling between two EEG signals as a 
function of frequency. The coherence between EEG 
signals from different brain areas depends on the struc- 
tural connection and functional coupling between two 
regions. The theory of hemispheric specialization pro- 
poses left hemisphere activation to positive emotions 
and right one to negative emotions. Other proposal is 
that right hemisphere activation occurs with emo- 
tional stimuli. In the present study EEG coherences 
were calculated during the presentation of the Inter- 
national Affective Pictures to 36 healthy male univer- 
sity students. The subjects’ task was to determine the 
valence of the stimuli. Base line recording were done 
with subjects observing the blank monitor. Our re- 
sults showed higher coherences during the emotional 
condition. No differences between negative and posi- 
tive emotions were obtained. Neutral pictures evoked 
the highest coherence values. These data suggest that 
coherences between functionally coupled brain areas 
do not reflect emotional recognition of the valence of 
stimuli, but they are internal indicators of different 
mental processes such as memory, mental effort and 
arousal. Our findings do not support the theory of 
hemispheric specialization, neither the theory of right 
hemisphere; rather they suggest a complex activation 
pattern that involves mostly frontal areas in connec- 
tion with the entire cortex. 
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1. INTRODUCTION 

Different brain areas process various aspects of infor- 
mation, as perception and recognition of positive and ne- 
gative emotions, in parallel. The way how is this emo- 

tional information integrated into perception or action is 
not known. However, we know that different cortical 
(frontal, parietal, occipital and temporal) and subcortical 
areas (especially the entire limbic system) participate in 
its production. Coherence, a measure of spectral simila- 
rity, may estimate cortical coupling, a correlation between 
two EEG signals as a function of frequency, hence it pro- 
vides a method for identifying frequency bands that con- 
tain inter‐channel synchronization [1]. The coherence be- 
tween EEG signals from different brain areas depends on 
the structural connection and functional coupling be- 
tween these regions [2]. Usually in EEG recordings the 
coherence is high between close electrodes and falls dra- 
matically with the growth of interelectrode distance that 
may be explained by volume conduction. Nevertheless, if 
rhythmic activities dominate in EEG, the degree of coop- 
erativity increases in a very significant way, and coherent 
activity can occur over larger extents of the cortical sur- 
face [3]. In some cases the dependence of coherence on 
distance may be not gradual: high coherence between spa- 
tially separated cortical areas is registered although their 
coherence with intermediate sites is low [4,5]. This evi- 
dences the fact that the EEG rhythms synchronization is 
not a result of direct volume conduction but is related to 
interaction of distant areas that participate in mutual func- 
tioning. 

Coherence analysis seems to be suitable for studying 
brain functions, because it measures a possible mecha- 
nism of integration. It offers promise in revealing neu- 
ronal correlates governing specific mental functions, as 
emotions among others. 

The literature about emotion is replete with different 
proposals regarding the interrelations among different 
forms of positive and negative affect. Various theories 
have been proposed on, but none have succeeded in ex- 
plaining more than a small part of empirical data. For ex- 
ample, Russell [6] proposed that there exists a single 
bivalent dimension that ranges from unpleasant to pleas- 
ant affect, with a second dimension that reflects arousal. 
This theory suggests that valence and intensity may ex-  *Corresponding author. 
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Based on the meta-analysis made by Wager et al. [13] 
we expect significant differences between emotional con- 
ditions at correlations between left prefrontal cortex and 
other cortical areas without hemispheric specialization 
according to valence. 

plain the identification of the different affective stimuli. 
In contrast, others sustain that different cortical areas 

(left and right frontal cortex) show special patters of 
brain electric activity reflecting differences in approach 
vs. withdrawal, or positive vs. negative emotions [7]. 

Coherence values are a convenient method to study 
emotion; nevertheless, there are few studies that relate 
EEG coherences to emotional valence identification. A 
study of Bos [8] reported that positive emotions resulted 
in higher frontal coherence in alpha, and higher right 
parietal beta, as compared to negative emotion. 

Miskovic & Miskovic [9] examined coherences during 
affective image presentation and found an increase in 
beta (14 - 40 Hz) and decrease in theta coherences. In the 
same sense, Güntekin & Basar [10] also reported higher 
beta response for unpleasant than for pleasant and neutral 
pictures. 

Putman [11] calculated correlation between slow (1 - 3 
Hz) and fast (13 - 30 Hz) activity (δ-β correlation) in 
order to find functional synchronization between limbic 
and cortical brain systems. The author states that delta- 
beta coherence may reflect emotion regulation processes 
and suggests that δ-β correlation may be a useful tool in 
the experimental study of affective processes. His results 
showed a negative association between δ-β coherence 
and in self-reported trait anxiety and attentional threat- 
avoidance, but no association with behavioral inhibition 
was found. 

Sutton et al. [12] carried out a PET study during the 
presentation of aversive or appetitive pictures. The au- 
thors reported significant left-sided metabolic increase to 
appetitive pictures in inferior and superior prefrontal cor- 
tex, premotor and motor regions and nucleus accumbens 
and to aversive pictures in the right prefrontal cortex and 
amygdala. 

Meanwhile, Wager et al. [13] in their meta-analysis 
examined 55 publications (43 PET and 12 fMRI) in 
search of specific regions associated with emotional ac- 
tivation in general, with specific emotions and different 
induction methods. In contrast with Sutton et al. the au- 
thors did not report valence related hemisphere speciali- 
zation. On the contrary, their revision yielded as results 
that left prefrontal cortex apparently has a general role in 
emotional processing across all categories and domains 
of interest, and temporal, parietal and occipital cortices 
(as well as limbic areas) also show important activations. 

2. EXPERIMENTAL PROCEDURE 

2.1. Participants 

The sample consisted of 36 healthy male volunteers 
within the age range of 20 - 25 years (mean age 22.31 
years). Only male subjects were selected due to gender 
determined EEG differences reported by various authors 
[14-16]. All participants were right-handed, with normal 
or corrected-to normal vision and were not under pre- 
scription medication. Subjects with head injury, history 
of nervous system diseases, convulsive disorders or ab- 
normal EEG with paroxistic activity do not participated 
in this experiment. The experimental procedure was con- 
ducted in accordance with the Declaration of Helsinki 
and was carried out with the adequate understanding and 
written consent of the subjects. 

2.2. Stimuli 

Three hundred previously validated images of the “In- 
ternational Affective Pictures” series were presented in a 
fully random order on the screen of a computer. Hundred 
of them were of positive valence (pleasant ones), the 
other hundred of negative valence (unpleasant ones) and 
100 were neutral. 

Provided that subject’s judgment on emotional content 
of the stimuli is widely variable and the original valida- 
tion was carried out with subjects of different cultural 
background, the picture series were categorized for the 
Mexican college population that took place with 40 
young male subjects (others than the experimental sub- 
jects) and in this study we included only those pictures 
that had at least 80% of coincidence in judging the emo- 
tional valence of the images. 

2.3. Procedure 

Subjects sat 80 cm from the monitor where the pictures 
appeared. Each trial started with a fixation point (a cross) 
in the centre of the screen during 200 ms. Then the image 
was presented during 2000 ms. When it disappeared a 
question mark asked for response. The subjects’ task was 
to determine the valence of the stimuli and to answer 
pressing “1” key on the number pad if the image was 
pleasant, the “2” key if it was unpleasant and the “3” key 
if it was neutral. The response interval lasted until the 
participant responded, upon which a new trial began. The 
participants were instructed that the speed of the re- 

As both theories and experimental results are often 
conflicting, the aim of this paper is to examine and de- 
scribe in detail the topography and frequency structure of 
EEG coherences during valence identification of posi- 
tive and negative images having as control situation the 
presentation of neutral pictures and baseline recording 
(open eye condition without task). 
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sponses was not important for the experiment and that 
they were welcome to take a small break, to blink or to 
adjust a more comfortable position, when the pictures 
were not present. Subjects were asked to avoid eye 
movement, withhold blinking or movements while the 
pictures were on the screen. 

At the beginning of every session, a 5 minutes base- 
line EEG was recorded, with subjects watching the blank 
screen of the computer. 

2.4. EEG Recording 

Each subject wore a fitted electrode cap using the 21- 
channel montage as specified according to the 10 - 20 
International system (FP1, FP2, FPZ, F7, F3, FZ, F4, F8, 
T7, C3, CZ, C4, T8, P7, P3, PZ, P4, P8, O1, OZ, O2) 
with linked earlobes as reference. Electrode impedances 
were always maintained below 5 K ohms. Electrooculo- 
gram (EOG) was recorded from electrodes placed supra- 
orbitally at the outer canthus of the eye. Data acquisition 
was continuous with a sampling rate of 512 Hz. The fil- 
ter was set to 70 Hz with a bandwidth of 1.5 Hz - 30 Hz. 
EEG and EOG signals were amplified with a Neuroscan 
SynAmps System. The segmentation and averaging of 
EEG signals were performed using ScanTM 4.3 software. 
The continuous EEG recordings were segmented in epochs 
of 1275 ms beginning with the stimulus onset. Segments 
containing eye blinks and artifacts were on and off-line 
rejected. At least 1 to 2 minutes of clean EEG was sub- 
jected to the Fast Fourier Transform. Band limits were 
defined as follows: delta (1.75 - 3.91 Hz), theta (3.91 - 
7.81 Hz), alpha (7.81 - 12.5 Hz) and beta (12.5 - 24.22 
Hz). The ongoing EEG tracings were constantly moni- 
tored during the experiment to keep the quality of record- 
ing and the subject’s wakefulness level under steady watch. 

Segments with erroneous identification of valence of 
the stimuli and subjects that had small number of correct 
and artifact free responses were eliminated from this 
study. 

2.5. Statistical Analysis 

After cleaning the EEG, coherence spectra values were 
calculated between all possible channel pairs on the 
scalp. 

Then, four series of repeated-measures ANOVA were 
performed separately for the four frequency bands be- 
tween the four conditions for every possible combination 
of the 21 electrodes (Statistica 8). Fisher’s Least Square 
Differences test was used as post-hoc analyses. Repeated 
calculation for each one of the four bands of rmANOVA 
is prone to Type I error therefore in the present paper the 
results will be reported only when it attains statistical 
significance higher than 0.01. 

3. RESULTS 

Behavioral data showed that negative stimuli elicited 93 % 
of hits, positive 70% of hits and neutral stimuli only 63% 
as they were often confounded with positive images. 
Given that we had to eliminate higher number of EEG 
segments to neutral stimuli, we assume higher difficulty 
in its identification. 

Significant differences in coherence values between 
positive (1) and negative (2) picture presentations were 
negligible, as the significance level of the results did not 
reach the required p < 0.01 level.  

Significant differences between EEG coherence to 
positive (1) and neutral (3) images are shown in Table 1. 
We can estimate that neutral pictures elicited higher co- 
herences than positive ones, in all bands. We have ob- 
tained more significant differences in the beta band. The 
interconnections of left prefrontal cortex were the most 
frequent, however in some cases midline and right pre- 
frontal, frontotemporal connections with central, parietal, 
temporal and occipital cortices were also significant. 

Table 2 shows the significant differences in coherence 
values between negative (2) and neutral (3) picture pres- 
entations. We can see that negative pictures elicited 
lower coherence values, than neutral ones, in all bands, 
similar to positive pictures, however in less abundant 
connections. In this case, the alpha band had more sig- 
nificant results in frontal, temporal, frontotemporal and 
parietal interconnections. 

Comparing baseline recordings with emotional condi- 
tions (1 vs 4, 2 vs 4 and 3 vs 4) nearly all comparisons 
were highly significant having generally baseline values 
with lower coherences than emotional or neutral condi- 
tions, with very few exceptions, in delta and alpha bands. 
In beta band there were no exceptions. The situation was 
different in the theta band where baseline recording had 
higher coherence values, than responses to positive and 
negative picture presentations. 

4. DISCUSSION 

EEG coherence, being the covariance of spectral activity 
at two electrode sites, is a measure of synchrony of neu- 
ronal activity and thus can be used as an indicator of ef- 
fective cortical connectivity. The induction of an inten- 
tional act is accompanied by changes in brain state and 
consequently in EEG recordings. In general, we could 
observe that when subjects had no task to accomplish 
(watching the blank screen), the coherence values were 
lower (with some negligible exceptions). This is a com- 
pletely understandable finding, as any task requires more 
collaboration of brain structures than more passive states. 
However, this relation was reversed in the theta band 
where positive and negative images evoked lower co- 
herences values than baseline recording. Therefore, we 
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Table 1. Significant differences in coherence values between positive (1) and neutral (3) picture presentations. (Asterisk marks sig-
nificance level p < 0.001). 

BANDS COHERENCES p MEANS 

Delta Fpz-P8 0.007407 3 > 1 

 F7-T7 0.002472 3 > 1 

 F8-O1 0.004266 3 > 1 

Theta Fp1-C3 0.005284 3 > 1 

 Fp1-P7 0.006338 3 > 1 

 Fp1-Pz 0.001539 3 > 1 

 Fp2-C3 0.000288* 3 > 1 

 Fpz-C3 0.008132 3 > 1 

Alpha F7-F8 0.007278 3 > 1 

 F7-T8 0.003511 3 > 1 

 T8-P7 0.007087 3 > 1 

Beta Fp1-P3 0.000963* 3 > 1 

 Fp1-Pz 0.002603 3 > 1 

 Fp1-P4 0.007310 3 > 1 

 Fp1-P8 0.005958 3 > 1 

 Fp1-O1 0.003563 3 > 1 

 FP1-O2 0.006766 3 > 1 

 Fp2-T7 0.000492* 3 > 1 

 Fp2-Pz 0.007670 3 > 1 

 Fp2-O1 0.003080 3 > 1 

 Fpz-T7 0.008599 3 > 1 

 F7-C4 0.004885 3 > 1 

 F7-P3 0.002146 3 > 1 

 F7-Pz 0.003526 3 > 1 

 F7-P4 0.001689 3 > 1 

 F7-O2 0.005344 3 > 1 

 F3-P3 0.001581 3 > 1 

 F3-Pz 0.004113 3 > 1 

 Fz-T7 0.000498* 3 > 1 

 F4-T7 0.009187 3 > 1 

 F8-T7 0.000562* 3 > 1 

 T7-C4 0.006135 3 > 1 

 T7-T8 0.004112 3 > 1 

 T7-P7 0.006319 3 > 1 

 
Table 2. Significant differences in coherence values between negative (2) and neutral (3) picture presentations. (Asterisk marks sig-
nificance level <0.001). 

BANDS COHERENCES p MEANS 

Delta F8-Cz 0.000773* 3 > 2 

Theta F4-C3 0.003370 3 > 2 

Alpha F7-F8 0.007425 3 > 2 

 Fz-T8 0.001119 3 > 2 

 F8-P7 0.004915 3 > 2 

 T7-P8 0.008359 3 > 2 

 Cz-O2 0.003932 3 > 2 

 T8-P7 0.003020 3 > 2 

 T8-O1 0.001434 3 > 2 

 P3-O2 0.001468 3 > 2 

 Pz-O2 0.005087 3 > 2 

Beta F7-F4 0.009539 3 > 2 
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can suppose that different processes could be represented 
by theta coherences. Sarnthein et al. [17] and Jensen & 
Lisman [18] postulated that the theta frequency band in 
human EEG reflects memory processes. Chorlian et al. 
[19] also observed that theta coherent activity involved 
distinct midline and temporal sources (the same in our 
case) showing anterior/posterior differentiation. We may 
assume that in our case, theta coherences mark the rec- 
ognition of the emotional valence of the stimuli. 

Comparing our significant differences by emotional 
conditions the following findings were obtained: 

Positive (1) and negative (2) pictures evoked very 
modest differences and at lower significance level than 
required for this study, consequently our data does not 
permit establish the strategies that brain uses in order to 
distinguish between the two types of stimuli. At the same 
time we can confirm, that there were no hemispheric 
differences according to valence. These results confirm 
the hypothesis and are in accordance with those reported 
in the meta-analysis of Wager et al. [13] In the same time, 
they are in open contradiction with the theory of David- 
son [7] proposing right frontal activation to negative and 
left frontal activation for positive stimuli. 

Distinguish between positive (1) and neutral (3) im- 
ages was the most complex task, where subjects com- 
mitted more mistakes, as neutral pictures are easily con- 
founded with positive ones, resulting in significantly 
increased coherence values in the neutral (control) situa- 
tion. Our results may reflect this increased resource using 
manifested by higher coherences in neutral condition, 
especially in the beta band. According to Petsche & Et- 
linger [20] beta coherences are sensitive to mental effort 
that possibly emerges from a coordinated strong co-op- 
eration of these cell assemblies. In our study, this func- 
tional coupling occurred mostly between specific frontal, 
temporal and posterior interhemispheric areas. 

When comparing neutral (3) and negative (2) images, 
we have obtained more significant differences in the al- 
pha band. According to Cantero et al. [21] an increase in 
alpha coherence reflects changes in arousal level having 
maximum values in relaxed states. It is possible that neu- 
tral pictures, in spite of the difficulty in identification, are 
promoting a more relaxed state than negative pictures, 
then this observation could explain why we found higher 
alpha coherences for neutral pictures. 

The inconsistency of findings in emotion research 
worth a mention, too. One possible reason for this is that 
although most studies assume that emotion-related acti- 
vation patterns will be similar across people, there may 
be important individual differences in the biological ba- 
sis of emotion and variation in the interpretation of affec- 
tive images due to personality [22]. In the same manner, 
methodological differences do not make easier to get a 
final resolution [13].  

5. CONCLUSION 

EEG coherences do not distinguish between the emo- 
tional valences of the stimuli; rather they are internal 
indicators of different mental processes such as memory, 
mental effort and arousal. Our findings do not support 
the theory of hemispheric specialization, neither the the- 
ory of right hemisphere; they reveal a complex activation 
pattern that involves mostly frontal areas in connection 
with the entire cortex. 
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