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Abstract

Anatomical functionality is a major topic in brain research. Numerous investigations have shown
task dependent activation of focal brain areas, with most information based on time-averaged da-
ta due to methodological limitations. Ultra-fast quantitative EEG, especially in the newly devel-
oped combination with eye tracking (EnkephaloVision), is very suitable to follow activities of local
electric circuits. This investigation in 57 subjects revealed transient focal frequency changes
reaching up to more than 6000% of global median spectra power during cognitive and emotional
challenges at frontal electrode positions. Recording epochs of 364 ms uncovered coherences with
respect to focal brain areas and single frequencies, which are typically lost during averaged calcu-
lations. When averaging data over a whole scene, a least demanding challenge like viewing a bor-
ing animal video only activated the lateral frontal lobe, whereas solving brain-teasers and per-
formance of mathematical calculations led to delta (modulated by acetylcholine) and theta (mod-
ulated by norepinephrine) increases in all brain regions in a statistically significant manner. In
addition to delta and theta increases, performance of the Stroop test led to beta2 (related to GABA-
ergic transmission) increases in the temporal lobe. The higher the mental demand the more brain
regions were involved during 10 different challenges. There was no challenge which did not acti-
vate the lateral frontal brain in terms of increases of delta and theta spectral power. The results
are in line with the view that the lateral frontal lobe is involved primarily during cognitive and
emotional behavior related to activity changes of acetylcholine and norepinephrine.
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1. Introduction

There is a longstanding debate on anatomical functionality. Experimental studies based on use of Nuclear Mag-
netic Resonance (NMR) and Positrons Emission Tomography (PET) suggest that particular anatomical struc-
tures are more involved during cognitive (for example frontal lobe) and emotional behavior (for example amyg-
dala) than others. For example, the Anterior Temporal Lobe (ATL) has been implicated in numerous functional
domains, including language, semantic memory, social cognition, and facial identification and it was found that
the left lateral ATL is interconnected with hubs of the temporo-sylvian language network [1]. On the other hand,
there is ample evidence that cognitive and emotional processes relate to electric network activity involving sev-
eral anatomic regions of the brain. The communication structure between these regions is based on electro-
chemical processes. Neurotransmitter activity activates ionic channels leading to changes in electric behavior of
neurons. Indirect measurements of neuronal activity as achieved by NMR techniques only provide evidence of
more or less activation of particular Regions of Interest (ROI). Direct measurement of electric activity provides
much more information by use of frequency analysis obtained by Fast Fourier Transformation (FFT), since sin-
gle frequencies have been related to neurotransmitter activities. For example, slow delta waves seem to be under
the control of acetylcholine [2]. Spectral power of theta waves changes in the presence of norepinephrine alpha2
receptor agonists [3]. The question now arises, if single frequencies at ROI’s can be related not only to neuro-
transmitter activity but also to behavior. In order to find experimental evidence for involvement of different cor-
tical regions during cognitive and emotional challenges, two techniques were combined, namely fast quantitative
EEG analysis (Neurocode-Tracking) and Eye-Tracking [4]. The Eye-Tracking software served to present dif-
ferent cognitive and emotional challenges in form of tasks, pictures and video clips. Concomitant analysis of re-
gional spectral power within six frequency ranges should not only give new insight into anatomical functionality
with respect to cognition and emotion, but also provide information on particular neurotransmitters being in-
volved. This becomes feasible by analysis of ultra-short recording epochs of 364 ms duration in comparison to
time-averaged data on longer periods. These short periods of analysis have shown that the brain produces ultra-
short explosive focal voltage peaks within one particular frequency range containing up to 10-fold amplitudes
[5]. Therefore, it was hoped to get new insight into brain function with respect to neurotransmitters related to
behavior.

2. Method

Sixty subjects aged 40 to 70 years were recruited within a clinical study aiming at the psychophysiological cha-
racterization of a food supplement during 7" of September to 8" of December 2015 by newspaper advertising.
The study gained full approval from Ethics committee, Landesarztekammer Hessen, Im Vogelsgesang 3, D-604-
88 Frankfurt, Germany from the final protocol on 14.07.2015. All subjects gave full informed consent. Estima-
tion of the number of subjects to be included into the study was performed by considering data from earlier ex-
perimental results obtained under a similar experimental design. Exclusion criteria were:

e Acute or chronic disease with an impact on the study, which becomes obvious by case history or clinical
examination.

e Clinically relevant pathological findings from clinical and laboratory findings.

e Clinically relevant allergic symptoms.

e Detection of alcohol at the time of initial examination or on study day (positive alcohol test). Detection of
drugs (positive drug test) at the time of initial examination.

e Consumption of clinically relevant medication during last fourteen days before and during the active study
period based on the notification of the subject or his case history.

e Consumption of medication with primarily central action (i.e. psychotropic drugs or centrally acting anti-
hypertensives). Known intolerance/hypersensitivity (allergy) to plant derived extracts or any of the ingredients
of the investigational product (anamnestic). Presence of a rare, genetic disease such as fructose intolerance, glu-
cose-galactose malabsorption or sucrase-isomaltase deficiency (anamnestic).

e BMI (Body Mass Index) < 18 or >32.

e Consumption of unusual quantities or misuse of coffee (more than 4 cups a day), tea (more than 4 cups a
day) or tobacco (more than 20 cigarettes per day).

e Participation in another clinical trial within the last 60 days.

e Positive pregnancy test (day A).
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e Lactation.

Only baseline recordings were processed in this paper in order to analyze the anatomical functionality of the
electric responses induced by different cognitive and emotional challenges. Full data sets, taken before the in-
take of the preparation, were available for 57 subjects. Subjects underwent EEG recording during presentation of
a video containing several cognitive tasks (fixation of a cross on the screen, picture comparison, Stroop test [6],
memory test, arithmetic calculation, brain-teaser) as well as emotional challenges (three emotional pictures, a
boring animal video, an exciting animal video and part of a horror video). Sequence of recordings is given in
Table 1.

Quantitative EEG recording was performed as published [5]. In short, 17 electrode positions according to the
so-called 10/20 system [7] were recorded from, and signals were assessed by Fast Fourier Transformation (FFT).
Spectral power was calculated and processed further to give current source density [8]. These values are ob-
tained by calculation of the second derivative after FFT. The software is commercially available from MEW-
ICON CATEEM-Tec GmbH, Schwarzenberg am Béhmerwald, Austria. Firstly, data are documented as single
representative epochs of 364 ms recording (bar graph and map (a)), directly cut out of the synchronized
EnkephaloVision video. Median power is calculated by summing up the spectral power from all electrode posi-
tions and division by 17 (recordings are from 17 electrodes!). This value is set to 100% and reflects local ana-
tomical distribution of spectral power. Secondly, time-averaged data (difference to data recorded for 1 minute
during the relaxed state) are calculated on each of the single scenes to give the median spectral power over that
time period of recording from each electrode position as bar graph (b). Electric maps of averaged data (differ-
ence to data recorded during the relaxed state) were constructed after transforming power values into spectral
colors and producing an additive color mixture in analogy to the RGB mode used in television providing a true
experimental result, not a so-called “false color coding”. Mathematically, the maps represent a 64 channel EEG
due to non-linear interpolation according to LaGrange (c). Statistical evaluation was performed by comparing
the spectral power during presentation of the challenges to spectral power during the recording condition “eyes
open during relaxation”. The non-parametric Sign Test, documented as statistical map for each brain region and
for each frequency range in separate, was used (d). The bigger the block size, the larger the statistical signific-
ance compared to the recording condition “eyes open” during relaxation. An overview on the technology used
has been published earlier [4] [9].

Table 1. Time line of cognitive and emotional challenges after the gong for synchronization purposes and reference time of
one minute in a relaxed state.

EnkephaloVision = Neurocode-Tracking in Combination with Eye-Tracking
Sequence of Audio-visual Presentations

Elements Time
1 Instructions of volunteers in the Neurocode-Tracking method 5min.00s
2 Gong (for synchronization Neurocode-Tracking (QEEG and Eye-Tracking) 21s
3 Black screen (eyes open) 1min.00s
4 Fix cross 1 min (eyes open) 1min.00s
5 Picture comparison (n = 1) with 8 errors including instructions. 1min.15s
6 Stroop test (n = 8 foils) including instructions. 1min.00s
7 Memory test (n = 4 tasks) including instructions. 1min.35s
8 CPT-Test (concentration performance test) (n = 4) including instructions 2min. 20 s
9 Brain-Teaser n = 10 including instructions. 5min. 155
10  Emotional Picturesn=3 1min.00s
11 Video “Animals” boring 52s
12 Video “Horror” 1min. 11s
13 Video “Animals” exciting 1min.10s
Total time excl. instructions of volunteers 17 min. 59 s
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3. Results

The results of the present investigation are documented in two different ways reflecting two different length of
recorded time periods. The first one shows representative recording epochs of 364 ms. The second one docu-
ments time-averaged recording periods of different lengths (one scene). Both are shown within one image in
order to compare single scenes with averaged data. Single scenes are cut out of a synchronized video clip
containing the eye track results in combination with the quantitative EEG data (Neurocode-Tracking) called
“EnkephaloVision.

3.1. Analysis of Short Recording Epochs of 364 ms Duration

The first processing of the data is documented as a bar graph and a map reflecting the so-called focal spectral
median values (s. methods) as calculated over all cortical regions represented by 17 electrode positions accord-
ing to the 10/20 system. Representative scenes are cut out of the synchronized EnkephaloVision videos as de-
picted in all figures under the heading of “a” representing the actual challenge with respect to the eye tracking
result as red spot on the screen and the calculated spectral median power as bar graph and as map. The docu-
mented pattern of frequency changes was observed repeatedly during a particular scene. Please note the different
scale on the ordinate of the bar graph in comparison to the averaged data! A short review of the last seconds of
the time line is given for all frequencies on the lower right bottom for electrode position F;. For example, con-
centration on a fixed cross on the screen served as control and is documented in Figure 1(a). No difference is
observed except for some increases of central alpha power (green within the map) during this moment of re-
cording (364 ms).

A completely different result emerges when subjects compared two images searching for differences (picture
comparison) as documented for a representative scene in Figure 2(a). Massive increases of delta and theta pow-
er at electrode positions F; and Fg are observed during a representative scene matching the observations seen
later within the averaged data. Within the time line reflecting seconds before this scene a large increase of theta
power has occurred at electrode positions F.

Next challenge consisted in the performance of the Stroop test. A representative scene taken during reading of
the instruction revealed enormous increases of delta and theta power at the frontal electrodes F; and Fg exceed-
ing 7000% and nearly 4000%, respectively, with respect to median spectral power (for definition see under me-
thods). There were also median power increases at electrode position T3 at this moment when looking at the
word “Farbe”. Details are given in Figure 3(a).

Increase of spectral power at lateral frontal areas represented by electrode positions F; and Fg were also ob-
served during performance of the arithmetic calculation test “CPT” reaching more than 2000% spectral median
power in combination with a considerable increase of betal power at electrode position F;. In addition, also the
central region at C, showed increases. Largest increase happened to emerge during this scene at position Fg with
respect to theta power in Figure 4(a).

The challenge of learning a sequence of 8 digits during performance of the memory test resulted in enormous
increases of median spectral delta and theta power (more than 5000%) in combination with a considerable in-
crease of betal power at electrode position F;. Increase of betal power also emerged at position Fz. Details are
given in Figure 5(a).

During presentation of brain-teasers again massive increases of lateral frontal delta and theta power were ob-
served in the range of 4000% - 5000%. On the left hemisphere at Fg also betal spectral power had increased.
Massive beta power was also visible at this moment at electrode position T3 in Figure 6(a).

Presentation of an emotional picture only induced minor increases of spectral delta and theta power in the lat-
eral frontal brain reaching about 1600% at the left side but considerably more on the right side, where also beta
power increases was observed. Massive beta power increase was seen also at electrode position Ts. Details are
given in Figure 7(a).

During watching a boring animal video, a single scene revealed nearly no increases of delta and theta power
at the left frontal electrode position but massive increases on the right hemisphere at position Fg, where also al-
phal, less alpha2 but a very large betal increase had emerged. Again beta spectral median power had increased
at electrode position Ts. Details are given in Figure 8(a).

During watching part of a horror video clip tremendous increases of frontal delta and theta power were ob-
served during a single scene at electrode position F;. Even larger increases are seen at Fg, where also alphal,
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Figure 1. Spectral power changes during concentration on a “fix cross” in com-
parison to the relaxed state. (a) Representative single epoch of 364 ms showing
electric map in the upper part and “fix cross” presentation in the lower middle
part. Left lower side bar graph depicts spectral power difference to relaxation with
ordinate up to 6000% with respect to median power (s. methods). Right lower
side: Time line of spectral power for electrode position F; in % of median power;
(b) Spectral power changes in comparison to relaxation for all electrode positions;
(c) Electric map showing difference to relaxation; (d) Statistical comparison to
data recorded during relaxation. Please note different scaling on ordinate in (a)

and (b).
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Figure 2. Spectral power changes during picture comparison in comparison to the
relaxed state. (a) Representative single epoch of 364 ms showing electric map in the
upper part and fix cross presentation in the lower middle part. Left lower side bar
graph depicts spectral power difference to relaxation with ordinate up to 6000% with
respect to median power (s. methods). Right lower side: Time line of spectral power
for electrode position F; in % of median power; (b) Spectral power changes in com-
parison to relaxation for all electrode positions; (c) Electric map showing difference
to relaxation; (d) Statistical comparison to data recorded during relaxation. Please

note different scaling on ordinate in (a) and (b).
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Figure 3. Spectral power changes during performance of the Stroop test in compari-
son to the relaxed state. (a) Representative single epoch of 364 ms showing electric
map in the upper part and fix cross presentation in the lower middle part. Left lower
side bar graph depicts spectral power difference to relaxation with ordinate up to
6000% with respect to median power (s. methods). Right lower side: Time line of
spectral power for electrode position F7 in % of median power; (b) Spectral power
changes in comparison to relaxation for all electrode positions; (c) Electric map
showing difference to relaxation; (d) Statistical comparison to data recorded during
relaxation. Please note different scaling on ordinate in (a) and (b).
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Figure 4. Spectral power changes during performance of the arithmetic concentra-
tion test in comparison to the relaxed state. (a) Representative single epoch of 364
ms showing electric map in the upper part and fix cross presentation in the lower
middle part. Left lower side bar graph depicts spectral power difference to relaxa-
tion with ordinate up to 6000% with respect to median power (s. methods). Right
lower side: Time line of spectral power for electrode position F; in % of median
power; (b) Spectral power changes in comparison to relaxation for all electrode
positions; (c) Electric map showing difference to relaxation; (d) Statistical com-
parison to data recorded during relaxation. Please note different scaling on ordi-
nate in (a) and (b).
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Figure 5. Spectral power changes during performance of the memory test in compar-
ison to the relaxed state. (a) Representative single epoch of 364 ms showing electric
map in the upper part and fix cross presentation in the lower middle part. Left lower
side bar graph depicts spectral power difference to relaxation with ordinate up to
6000% with respect to median power (s. methods). Right lower side: Time line of
spectral power for electrode position F; in % of median power; (b) Spectral power
changes in comparison to relaxation for all electrode positions; (c) Electric map
showing difference to relaxation; (d) Statistical comparison to data recorded during
relaxation. Please note different scaling on ordinate in (a) and (b).
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Brain-teaser / Eyes Open
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Figure 6. Spectral power changes during presentation of brain-teasers in comparison
to the relaxed state. (a) Representative single epoch of 364 ms showing electric map
in the upper part and fix cross presentation in the lower middle part. Left lower side
bar graph depicts spectral power difference to relaxation with ordinate up to 6000%
with respect to median power (s. methods). Right lower side: Time line of spectral
power for electrode position F; in % of median power; (b) Spectral power changes
in comparison to relaxation for all electrode positions; (c) Electric map showing dif-
ference to relaxation; (d) Statistical comparison to data recorded during relaxation.
Please note different scaling on ordinate in (a) and (b).
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Figure 7. Spectral power changes during presentation of 3 emotional pictures in
comparison to the relaxed state. (a) Representative single epoch of 364 ms showing
electric map in the upper part and fix cross presentation in the lower middle part. Left
lower side bar graph depicts spectral power difference to relaxation with ordinate up
to 6000% with respect to median power (s. methods). Right lower side: Time line of
spectral power for electrode position F7 in % of median power; (b) Spectral power
changes in comparison to relaxation for all electrode positions; (c) Electric map
showing difference to relaxation; (d) Statistical comparison to data recorded during
relaxation. Please note different scaling on ordinate in (a) and (b).
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N

(@)

Cz Fz F3 C3 P3 Pz P4 C4 F4

. 382,3
—— 9734
) e ] e e o 419.3
F7 T3 TS5 O1 02 T6 T4 F8

s 69,1
8 191,8

’I! ﬁ 2 12,1

Rl 1 ] e il ' © e el

(b) APC. AFF. ASFa ASCs ASPs AGFP. ABFa 48Ca L3Fa ASF7 ASTs ASTs A0, A%0z AdTe ART. AdFe mm

»p<0.20 =p<0.10 = p<0.05 m p<0.01 m p<0.005 Wp<0.001

Figure 8. Spectral power changes during watching a boring animal video in compari-
son to the relaxed state. (a) Representative single epoch of 364 ms showing electric
map in the upper part and fix cross presentation in the lower middle part. Left lower
side bar graph depicts spectral power difference to relaxation with ordinate up to
6000% with respect to median power (s. methods). Right lower side: Time line of
spectral power for electrode position F; in % of median power; (b) Spectral power
changes in comparison to relaxation for all electrode positions; (c) Electric map show-
ing difference to relaxation; (d) Statistical comparison to data recorded during relaxa-
tion. Please note different scaling on ordinate in (a) and (b).
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betal and beta2 have increased in a massive manner. Thus, the right hemisphere was predominantly involved
during that scene. Details are given in Figure 9(a).

During watching an exciting animal video, a single scene revealed increases of delta (about 1500%) and more
theta power (3300%) at the left frontal electrode position, but tremendous increases on the right hemisphere at
position Fg, where spectral theta power had increased massively to more than 6000%. In addition, spectral theta
power had increased at F3 during this single scene. Details are given in Figure 10(a).

3.2. Analysis of Time-Averaged Data with Respect to a Whole Challenge

Before presentation of the challenges, one minute of EEG was recorded under the condition of a relaxed state
(eyes open). Absolute spectral power within all six frequency ranges for every electrode position is documented
in Table 2.

With respect to baseline absolute values during relaxation one can see, that there is higher spectral power in
all frequency ranges at frontal electrode positions F; and Fg as observed in all earlier studies. Second highest
values are observed at positions T; and T,. These data were set to 100% and served as reference. All data col-
lected during the diverse cognitive and emotional challenges are given as difference to these reference values
recorded in the presence of the relaxed state and documented within a bar graph “b” in all figures. Average maps
calculated for each total challenge are documented under “c”. Statistical comparison between challenges and
these reference values in the relaxed state is calculated for all 102 parameters separately and documented as a
statistic map. Depending on the type of challenge different patterns of electric activation were observed as
shown in all figures under “d”.

During concentration on a fixed cross in the middle of the screen no electric response is observed after calcu-
lation of differences to the relaxed state.

Opposite to this, recording during a cognitive challenge like comparing two images for detection of differ-
ences (Picture comparison) revealed strong and statistically significant increases of delta with respect to all brain
regions and increases of theta spectral power except for the central area, whereas alpha power decreased in a
statistically significant manner in the central region. With respect to betal power a frontal increase and a central
decrease was observed. Beta2 power increased fronto-temporally (Figures 2(b)-(d)).

Another cognitive challenge, the Stroop test, also induced massive general increases in spectral delta and theta
power with respect to all brain areas, but hardly decreases in alpha spectral power. Betal spectra power only in-
creased in the right temporal lobe significantly. However, beta2 spectral power showed most statistically signif-
icant increases frontally and in the temporal lobe with some increases in the lateral parietal lobe besides increas-
es in the occipital lobe. Data are documented in Figures 3(b)-(d).

A mentally very demanding cognitive challenge is the arithmetic concentration test “CPT”. During perfor-
mance of this test a general increase of delta spectral power is observed at all electrode positions as already seen
in the image comparison and Stroop test. With respect to theta power central regions are spared from changes.
However, frontal, temporal and parietal areas show a highly significant increase of theta power. Alphal spectral
power decreases in central positions. Alpha2 spectral power decreases in general in a statistically significant
manner, too. Betal spectral power increases frontally (F; and Fg), but decreases centrally. Similar to betal power
beta2 power increases fronto-temporally significantly, but decreases centrally (Figures 4(b)-(d)).

Performance of the memory test led to highly significant increases of spectral delta power in frontal and tem-
poral regions. With respect to theta spectral power lateral frontal brain (F; and Fg) and the parietal lobe showed
highly significant increases. Within this region also alphal spectral power increased to some extent, whereas
other central areas showed a decrease. Whereas alpha2 power decreased on the left hemisphere, betal power
changes were similar to those observed with respect to alphal. Beta2 spectral power increases fronto-temporally,
but decreases centrally. Results are documented in Figures 5(b)-(d).

A very interesting cognitive challenge is obtained by presenting brain-teasers. This represents a rather high
mental load. During working on and solving the questions a general increase of delta power is observed on the
whole surface in a statistically significant manner. Theta power increased in the frontal, temporal and parietal
area in comparison to relaxation. Alphal power increased in the lateral frontal region represented by electrode
positions F; and Fg. Lateral frontal positions showed an increase of betal power, whereas in the central region
betal power decreased. Beta2 power increases in the lateral frontal, temporal and parietal lobe in a highly sig-
nificant manner. Results are depicted in Figures 6(b)-(d).
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Figure 9. Spectral power changes during watching scenes from a horror video in
comparison to the relaxed state. (a) Representative single epoch of 364 ms showing
electric map in the upper part and fix cross presentation in the lower middle part. Left
lower side bar graph depicts spectral power difference to relaxation with ordinate up to
6000% with respect to median power (s. methods). Right lower side: Time line of
spectral power for electrode position F; in % of median power; (b) Spectral power
changes in comparison to relaxation for all electrode positions; (c) Electric map
showing difference to relaxation; (d) Statistical comparison to data recorded during
relaxation. Please note different scaling on ordinate in (a) and (b).
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Animal Video Exciting / Eyes open
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Figure 10. Spectral power changes during watching an exciting animal video in
comparison to the relaxed state. (a) Representative single epoch of 364 ms showing
electric map in the upper part and fix cross presentation in the lower middle part.
Left lower side bar graph depicts spectral power difference to relaxation with ordi-
nate up to 6000% with respect to median power (s. methods). Right lower side: Time
line of spectral power for electrode position F; in % of median power; (b) Spectral
power changes in comparison to relaxation for all electrode positions; (c) Electric
map showing difference to relaxation; (d) Statistical comparison to data recorded
during relaxation. Please note different scaling on ordinate in (a) and (b).
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Table 2. Documentation of spectral power within each frequency range as uV? for every electrode position. Med = median
calculated over all electrode positions. Electrode positions are given according to the so-called 10/20 system.

Absolute values of “eyes open” 0 h

Delta Theta Alphal Alpha2 Betal
E n =57 n=>57 n=>57 n=>57 n=>57
Cz 0.96 0.76 0.54 0.45 0.52
Fz 1.65 1.08 0.97 0.64 0.68
F3 1.52 1.08 0.88 0.65 1.00
C3 0.85 0.68 0.79 0.77 1.21
P3 0.65 0.50 0.60 0.55 0.66
Pz 0.69 0.57 0.57 0.53 0.64
P4 0.54 0.41 0.42 0.53 0.57
Cc4 0.86 0.69 0.86 0.85 0.99
F4 1.24 0.87 0.80 0.59 0.70
F7 5.85 3.09 2.13 1.75 2.29
T3 2.36 1.63 1.76 1.46 2.72
T5 1.60 1.25 1.50 1.41 1.81
o1 1.71 1.04 1.01 0.81 111
02 1.76 112 111 0.87 1.01
T6 1.40 1.19 1.58 1.31 1.85
T4 212 1.57 1.64 1.68 2.10
F8 5.25 2.60 1.72 1.44 2.18
Med 1.46 1.03 0.94 0.84 111

Besides cognitive challenges, four emotional challenges were also presented. The emotional part of the expe-
riment started with the presentation of 3 emotional pictures. Under this condition the time-averaged data re-
vealed a statistically highly significant increase of delta and theta spectral power at lateral frontal electrode posi-
tions (F; and Fg) as well as all parietal electrodes and temporal position Ts and Tg. Almost no changes were ob-
served with respect to alpha activity. However, betal spectral power increased at all frontal positions except for
F,, but also at temporal position Ts. With respect to beta2 spectral power all frontal positions showed statistically
significant increased power. In addition, also central regions C; and C, as well as P3 and P, likewise showed in-
crease of power. Finally, also at temporal positions T; and T, increases of beta2 power were statistically signifi-
cant (Figures 7(b)-(d)).

Watching a boring animal video led to selective statistically significant increases of lateral frontal delta and
theta power, but a general decrease of spectral power in the alpha range. Betal power is hardly affected, but be-
tal power increases in the fronto-temporal area within the left hemisphere (Figures 8(b)-(d)).

Watching scenes of a horror video induced increases of lateral frontal and parietal delta and theta spectral
power in comparison to relaxation in a statistically significant manner. Opposite to this, alpha power decreases
in general, leading in some cases to statistically significant differences to the relaxation state. Both beta ranges
showed statistically significant increases in the frontal and temporal lobe (Figures 9(b)-(d)).

In comparison to the changes observed during the boring animal video, the exciting animal video induced
some stronger effects, since now also the parietal lobe changed its activity in terms of producing increases of
delta and theta activity in addition to the lateral frontal lobe. Also stronger general decreases of alpha activity
were observed. Beta activity was only affected to a minor degree (Figures 10(b)-(d)).

4. Discussion

This investigation aimed at the detection of functional changes of electric activity with respect to 17 brain areas
during various cognitive and emotional challenges as presented by eye tracking software. This approach not on-
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ly allowed for collecting average data on single challenges but also allowed for documentation of electric pat-
terns during single scenes, where the position of the eyes was documented for a single epoch. Surprisingly, this
kind of concomitant analysis revealed tremendous transient increases of focal spectral power (up to more than
6000%), when calculated as % of median power. This has not been known before, since such short periods of
time have been analyzed by us for the first time and are restricted to the length of 364 ms [5]. This epoch length
corresponds quite well to the processing time of the brain during presentation of audio-visual information as
known from recording of the so-called P300, a wave emerging at about 300 ms after presentation of the stimulus
[10].

Lateral frontal brain was involved more or less during all challenges. With respect to memory, for example,
frontal and temporal lobe have been assigned as brain regions heavily involved [11]. Predominant changes were
observed first line in the delta frequency range, where increases were observed during all scenes. This implicates,
that cholinergic transmission is modulated throughout cognitive and emotional processing as for example docu-
mented in the right prefrontal lateral cortex within a single epoch together with theta and betal increase (Figure
8(a)). Interestingly, only occasionally other electrode positions were involved at the same time with respect to
single frequencies like beta2 at electrode position T; as can be seen from the averaged data. Other scenes
showed different patterns. The ones shown were selected as representative to be compared to the averaged data.
This result questions so-called coherence analysis on averaged data, since single epochs of activity show differ-
ent combinations of frequency changes. The ultrashort epochs of 364 ms duration show very clearly tremendous
transient increases of spectral power confined to local brain regions, very often only within one hemisphere.
This questions the interpretation of time-averaged data with respect to local involvement of electric circuits dur-
ing a cognitive or emotional reaction. Instead of measuring the so-called P300, serial analysis of the ultra-short
single epochs of 364 ms especially in combination with eye tracking provides much more insight into electric
active brain processes during cognitive or emotional challenges.

It is already well known, that there are hemispheric differences during mental processing. For example, with
respect to retrieval of information from the episodic memory and from the knowledge domain with the first be-
ing associated with the right and the second with the left hemisphere [12] [13]. According to a PET study it was
found that for encoding of episodic information the left prefrontal cortex was differentially activated, whereas
for retrieval the right prefrontal cortex was activated [14]. Thus, the present analysis also showed the involve-
ment of brain regions which had been previously recognized to play a role during cognitive processing.

Coming now to the averaged data. Even during one minute of relaxation a small mental activation takes place
in the lateral frontal cortex as represented by the electrode positions F; and Fg. Therefore, data recorded during
the cognitive and emotional challenges are documented by calculating the difference to the relaxed state with
open eyes in order to be able to better differentiate specific patterns of the challenges from each other. As ob-
served also in earlier studies using classic analysis of EEG fronto-temporal delta and theta spectral power in-
creases during mental loads like the d2-concentration endurance test, an arithmetic concentration test and a
memory test [15]. The present investigation confirms this result and shows that it depends on the type of chal-
lenge, how strong these increases of slow waves develop. According to the differences observed, it seems that
the stronger the psychic demand, the higher the increase of fronto-temporal-parietal spectral power. The results
clearly demonstrate that there is an anatomical functionality with respect to the involvement of the frontal cortex
and temporal lobe, and also the parietal lobe, during cognitive and emotional challenges. Interestingly, predo-
minant changes of spectral power are observed with respect to slow waves, which in the common textbooks are
exclusively related to sleep. On the other hand, decreases of alpha power are observed mainly in central areas as
already known from the literature [16]. Increases of frontal theta and central decreases of alpha spectral power
have been related to cognitive processes on the base of averaged data [17]. These results were confirmed now.
However, recording of the ultrafast transient spectral power peaks during cognitive and emotional processing
revealed that emotional challenges likewise led to similar changes of frequency power as observed during cog-
nitive challenges. This must be interpreted in a sense that the same electric circuits serve for both cognitive and
emotional processing.

During some challenges increases of beta power are observed in the frontal as well as temporal lobe. The re-
sults are in favor of the involvement of many brain areas during mental processing. Surprisingly, there are only
quantitative differences between cognitive and emotional challenges with respect to the involvement of several
brain regions. Common to all challenges is an increase of delta power at the frontal electrodes F; and Fg. After
deduction of the power values during the relaxed state, a decrease of delta power was never observed in any of
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the electrode positions. However, depending on the challenge more or less regions were involved. This increase
of spectral delta power indicates a major involvement of the cholinergic transmitter system during processing of
cognitive as well as emotional challenges not only confined to lateral prefrontal brain [2]. The same pattern was
seen with respect to theta power, where also only increases were documented during the different challenges.
Theta waves are under the control of norepinephrine. A different picture emerged with respect to alphal spectral
power. An increase of power was only observed at the lateral frontal electrode positions. Alphal waves are re-
lated to serotonergic transmission [18]. Otherwise, always either no effect or an attenuation was seen with re-
spect to all other electrode positions. No increases of alpha2 power have been detected at all. However, strongest
general attenuation was observed during arithmetic calculation and during watching the exciting animal movie.
Since this frequency range has been shown to reflect dopaminergic activity [19], this transmitter obviously plays
a major role during processing of cognitive as well as emotional challenges. With regard to betal and beta2
spectral power, representing glutamatergic and GABA-ergic transmission, respectively, increases emerged more
or less at frontal and temporal regions, whereas attenuation was seen centrally. Accordingly, strongest involve-
ment of GABA-ergic transmission was observed during performance of the Stroop test, solving brain teasers and
looking at emotional pictures.

5. Conclusion

In summary, the spectral power of frequencies from the different brain regions always reacted in the same direc-
tion during all challenges, if they responded at all. Depending on the type of challenge the frontal lobe respond-
ed first, followed by the parietal lobe and temporal lobe. Thus, particular neuronal circuits must exist, which
connect these areas with each other and which respond to the mental load of the particular challenge or task to
be performed. Obviously, in terms of functional anatomy local neuronal activation and information processing
depends strongly on the type of task or challenge and may involve more or less several brain areas. The advan-
tage of recording electric activity consists in taking a look at different frequencies representing neurotransmitter
activity and several brain regions at the same time during many audio-visual presentations, including for ultra-
short periods. The disadvantage might be seen in the fact that only cortical regions can be monitored. Finally,
since quantitative EEG recording revealed anatomical functionality with respect to particular brain regions re-
lated to different challenges, drug induced changes can also be monitored in a predictive way.
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