)l DE GRUYTER
OPEN JAISCR, 2017, Vol. 7, No. 4, pp.287 — 299

@ 10.1515/jaiscr-2017-0020

AN INTEGRATIVE APPROACH TO ANALYZE EEG
SIGNALS AND HUMAN BRAIN DYNAMICS IN
DIFFERENT COGNITIVE STATES

Jeffrey Jonathan (Joshua) Davis!, Chin-Teng Lin2, Grant Gillett 3, and Robert Kozma*

YThe Embassy of Peace, Whitianga, New Zealand, e-mail: joshua_888@yahoo.com

2Centre of Artificial Intelligence, Faculty of Engineering and Information Technology
University of Technology Sydney, Australia, e-mail: chintenglin@ gmail.com

3Department of Bioethics, University of Otago, Dunedin, New Zealand,
e-mail: grant.gillett@stonebow.otago.ac.nz

4Department of Mathematical Sciences, University of Memphis, TN
and University of Massachusetts Amherst, MA, USA,
e-mail: rkozma @ cs.umass.edu

Submitted: 25th February 2017; accepted: 14th April 2017

Abstract

Electroencephalograph (EEG) data provide insight into the interconnections and relation-
ships between various cognitive states and their corresponding brain dynamics, by demon-
strating dynamic connections between brain regions at different frequency bands. While
sensory input tends to stimulate neural activity in different frequency bands, peaceful
states of being and self-induced meditation tend to produce activity in the mid-range (Al-
pha). These studies were conducted with the aim of: (a) testing different equipment in
order to assess two (2) different EEG technologies together with their benefits and limita-
tions and (b) having an initial impression of different brain states associated with different
experimental modalities and tasks, by analyzing the spatial and temporal power spectrum
and applying our movie making methodology to engage in qualitative exploration via the
art of encephalography. This study complements our previous study of measuring multi-
channel EEG brain dynamics using MINDO48 equipment associated with three experi-
mental modalities measured both in the laboratory and the natural environment. Together
with Hilbert analysis, we conjecture, the results will provide us with the tools to engage
in more complex brain dynamics and mental states, such as Meditation, Mathematical
Audio Lectures, Music Induced Meditation, and Mental Arithmetic Exercises. This paper
focuses on open eye and closed eye conditions, as well as meditation states in laboratory
conditions. We assess similarities and differences between experimental modalities and
their associated brain states as well as differences between the different tools for analysis
and equipment.

Keywords: cognition, EEG, analytic amplitude, analytic phase, Hilbert transform, visual
cortex, consciousness, meditation, emotions, awareness, intentionality, spiritual values
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1 Introduction

The human brain is a complex system that interacts
and communicates on a moment to moment basis
with a variety of other systems in the body, such
as the nervous, cardiovascular and respiratory sys-
tems, all of which combine to form an integrated
whole or a larger, integrated system — the human
body. The above suggests that any change that ap-
pears in one part of the body affects, either directly
or indirectly, all the other parts of the body. The
brain plays an essential role in evaluating, coordi-
nating and controlling human behavior and in par-
ticular, intentional action and decision making and
thus, the study of brain dynamics offers a valuable
approach to better understand and gain insight into
the possibility of generating peaceful and harmo-
nious states of being at will as is done in most med-
itation practices.

While sensory input tends to stimulate neural
activity in different frequency bands [1, 3], peace-
ful states of being and self-induced meditation tend
to produce activity in the mid-range (Alpha) [2, 6,
25, 26, 27, 28, 29]. In this study we aim at char-
acterizing different cognitive states mathematically,
statistically or geometrically, as an initial and pre-
liminary attempt to discriminate between them. In
the long term we aim at developing a methodology
and set of tools that would allow us to better un-
derstand the differences between stress-associated
cognitive states and peace-associated ones.

The developed tools help us to engage in more
complex and thorough analysis of brain dynamics
in different cognitive states, like Meditation, Math-
ematic Audio Lectures, Music Induced Meditation,
and Mental Arithmetic Exercises. This paper will
focus on the modalities of closed eye (CE), open
eye (OE), open eye with flashlight (OEFL) and
meditation (MED) in laboratory conditions in order
to assess similarities and differences between exper-
imental modalities and their associated brain states
as well as differences between the different tools for
analysis and equipment.

In the first study we used an electrode array pro-
totype MINDO-48S-001 AFF0900A7, produced by
BRC/NCTU, Hsinchu, Taiwan (Liao et al., 2012;
Kozma et al., 2013). MINDO-48S oversamples
EEG+EMG via 48 closely spaced spring-loaded dry
electrodes attached to a flexible curvilinear band

that could be quickly fixed on the scalp of a volun-
teer in any orientation. The electrodes had a length
of 3mm and diameter of 1mm, and they use a spe-
cial golden alloy. Also, MINDO-48S uses wire-
less transmission through Bluetooth to communi-
cate with a laptop computer, which serves as portal
with GUI and also saves the measured data.

In this research, brain activity of two (2) female
human volunteers was recorded using a Mitsar EEG
cap of 19 gel-electrodes [13]. While participants lay
comfortably in a relaxed mode, their brain activity
was measured in four different modalities: (1) with
closed eyes, (2) with open eyes, (3) with open eyes
and a visual stimuli (intermittent flashlight), and (4)
meditating with the intention of generating peace-
ful states of being. These were the same two (2)
participants of a previous study, where the same
modalities, apart from the one of meditation were
measured with a different equipment and technol-
ogy [11].

The main goal of these studies was to apply
signal processing techniques and a movie making
methodology similar to [23], that could support the
challenging task of distinguishing and differentiat-
ing between different brain dynamics and the four
above mentioned conditions, towards a deeper un-
derstanding of neural correlates of consciousness
(NCO) [8, 9, 10, 11, 12, 20, 22]. This initial re-
search, we hope, suggests a direction to approach
the exploration of questions in regards to conscious-
ness, mental activity and how it reflects in brain dy-
namics.

2 Description of Equipment

For a detailed description of the equipment used in
the first study, see [11]. Experiments have been
completed according IRB protocol #13.10.0020
(Liberty IRB, expiration: Oct. 8, 2015). For the
purpose of illustration and comparison, the reader
can observe a picture of the MINDO-48-S array
in Figure 1. For the second study, the electroen-
cephalograph (EEG) hardware used in these ex-
periments was the Mitsar 201 electro-cap contain-
ing 19 gel-electrodes. The cap is made from “an
elastic spandex-type fabric with recessed, pure tin
electrodes attached to the fabric.” The cap covers
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the whole scalp and “electrodes are positioned to
the International 10-20 method of electrode place-
ment.” [13]

123456789 48

Figure 1. MINDO-48-S headband on the forehead
of a participant with a graphical description of the
48 spring loaded set of dry electrodes. Top:
Participant’s forehead covered with the electrode
band, Middle left: headband view from the inside,
Middle right: headband placed with electrodes
towards the forehead, Bottom: rubber band with
electrodes detached from the headband.

Figure 2. Shows a picture of the cap side by side
with a map showing where the electrodes were
placed: Chl & Ch2 are labeled Prefrontal lobe

(Fp); Ch3-Ch7 Frontal lobe (F); Ch9-Ch11
Somatosensory Cortex (C); Ch8, Ch12-Chl3,
Ch17 Temporal lobe (T); Ch14-Ch15 Parietal lobe
(P); Ch18 & Ch19 Occipital lobe (O).

Experiments were performed with two (2) hu-
man participants and one (1) control object without
neural activity (a soccer ball), and were conducted
for duration of seven (7) minutes, each experiment
being performed twice. To ensure a clear reading of
the signal, participants were trained to minimize ar-
tifacts from blinking and other bodily movements as
the previous study explains. After measuring, notch
filters were applied to signals to remove the 60 Hz
frequency artifacts created by electrical influences.
The sampling frequency was 500 Hz as specified in
[24].

3 Description of Experiments

Following we define the four (4) modalities we con-
sidered for these experiments in general and the par-
ticularities for this new study.

Modality 1 - Closed Eyes (CE) - The objective
of this experiment was to measure brain activity in
different areas of the brain while the participant lay
on her back with eyes closed in a relaxed state for
duration of seven (7) minutes.

Modality 2 - Open Eyes (OE) - The objective
of this experiment was to measure brain activity in
different areas of the brain while the participant lay
on her back with eyes open and minimal blinking
for duration of seven (7) minutes.

Modality 3 - Open Eyes with Flash Light
(OEFL) -The objective of this experiment was to
measure brain activity in different regions of the
brain as the participant lay on her back with eyes
open and a flashlight was held about 60 cm from her
forehead. The light flashed intermittently at a rela-
tively high frequency throughout the duration of the
experiment (7 minutes). As in modality 2 the par-
ticipant intentionally aimed to blink minimally.

Modality 4 - Meditation (MED) - The objective
of this experiment was to measure brain activity in
different regions of the brain as the participant lay
on her back with closed eyes in a meditative state
for 7 minutes.

4 Experimental Procedures

For this new study, experiments took place in a lab
setting where the participant lay on a mattress cov-
ered by a duvet resting her head on a folded towel
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or pillow. The experiments were performed dur-
ing the day with no lights on and curtains were
drawn to create a minimal light atmosphere together
with a relatively stable room temperature. All elec-
trical devices in the lab were switched off or ran
on battery power. In addition to the EEG system,
other equipment used included a working table, lap-
top PC, iPhone and thermometer. The participant’s
pulse and the room temperature were recorded at
the start and finish of experiments. Morning or af-
ternoon sessions ran for approximately 2-3 hours
per participant with breaks between experiments to
provide proper rest to the participants. Sometimes
the participants had small to moderate food intakes
beforehand; most of the time they had none. Water
was taken intermittently throughout experiments.

The EEG cap was placed on the participant’s
head and gel was inserted into the electrodes to
activate their conductivity. After the impedance
of the electrodes was checked and the rest of the
equipment was tested, all electrical devices were
switched off and the participant lay down ready to
commence the experiment. At the end of the exper-
iment, the cap was washed with a special liquid and
dried properly before being used again. The avail-
ability of two caps allowed the experiments to run
smoothly and efficiently throughout the two weeks.
Participants used the same sized caps (medium)
though we conveniently had access to small and
large sized caps also.

5 Signal Processing Aproach

The EEG signal processing methodology and algo-
rithms are comprised of the following steps:

1 Importing and preprocessing the data.

2 Calculate temporal Nyquist sampling frequen-
cies.

3 Calculate the temporal power spectral densities
(PSDt), for each of the 19 channels in windows
of one (1) second.

4 Analyze the shape of the PSDt and derive quan-
titative measures based on the power of each
frequency band in order to associate them with
the participant’s cognitive states. The data ac-
quisition and spectral analysis software had spe-
cific parameters concerning sampling frequency,

Nyquist frequency, resolution and others. A
summary of the frequency bands analyzed is
provided in Table 1.

Table 1. Frequency Windows Analyzed

Frequency Band | Windows (Hz)
fL()w —fy igh

Theta 4-6
Alpha 8-12
Low Beta 14-18
High Beta 20-26
Low Gamma 28-36
High Gamma 38-48

We use the following frequency bands over the
PSDt functions to calculate the power of the sig-
nals in the specific ranges: Theta Power (TP: 4Hz
to 6Hz), Alpha Power (AP: 8Hz to 12Hz), Low
Beta Power (LBP: 14Hz to 18Hz), High Beta Power
(HBP: 20Hz to 26Hz), Low Gamma Power (LGP:
28Hz to 36Hz), and High Gamma Power (HGP:
38Hz to 48Hz). Using these quantities, we define
the maximum power and dominant power as fol-
lows

P* = max{TP,AP,LBP,HBP,LGP,HGP}

. )
Maximum Power

DFB = fBand(P")

Dominant Frequency Band

2

where P* is the maximum power between the pow-
ers associated with every frequency band (TP, AP,
LBP, HBP, LGP, HGP) and DFB is the Dominant
Frequency Band in terms of power and is equal to
fBand(P*) where fBand is the frequency band asso-
ciated with P*.

Once the dominant band is determined for each
window of duration 1 second, for each channel, then
we produce:

1 Spatio temporal movies based on the DFB for
each 1s window and channel.

2 Comprehensive graphs for the DFB for all 1s
windows for all channels.

3 Statistical comparative analysis between modal-

ities.
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For the first study we produced the spatial
power spectral densities (PSDx), as well as the
PSDt for the three modalities measured on the
frontal area only and the reader is encouraged to
review the results as described in detail in [11].

6 Experimental Results

The first set of graphs we present allows the evolu-
tion of the DFB per channel along a period of 400
seconds (6.66 minutes) to be seen. It is important
to note that the first 10 seconds of all data was re-
moved to eliminate the effects of the initialization
process of recording and only 400 consecutive sec-
onds after that were included for analysis.

Time (seconds)

Channels

Figure 3. Shows the 19 channels EEG Dominant
Frequency Band (DFB) for 400s for Participant
one (1) in modality OEFL.

Figure 4. Shows the 19 channels EEG Dominant
Frequency Band (DFB) for 400s for participant
one (1) and two (2) in all modalities. Above:
Participant 1 and Below: Participant 2 with CE,
MED, OE, OEFL left to right for both participants.

We observe in Figure 3 that in a visual stimulus
condition some channels like 3, 4, 8, 9 and 12, for
example, present abundant Low and High Gamma
Frequency, while channels 14 to 19 are more domi-
nated by Low and High Beta, together with Alpha.
We also observe that the system is very dynamic in
the way it shifts from frequency band to frequency
band. These dynamics can be very well appreciated
in the movies.

In Figure 4 we present the graphs for both par-
ticipants in all modalities where we observe that
there is a significant qualitative difference between
modalities for each participant, although each par-
ticipant shows different kinds of dynamics gener-
ally speaking. This is expected since every partici-
pant’s brain is unique in configuration and the way
it processes information about different cognitive
states. Also, we know a priori that participant one
(1) is a more advanced meditator than participant
two (2), something we can also observe reflected in
the graphs, since participant one has more of the Al-
pha frequencies present along time and modalities.

In general, the different modalities present the fol-
lowing characteristics concerning the dominant fre-
quency band (DFB):

For Participant 1

CE is predominantly in Alpha for all channels
with significant presence of Low Beta for most
channels at all times.

— OE is predominantly in Alpha though most
channels, apart from 18 and 19, show occasional
transitions into Beta and Gamma.

— OEFL is predominantly in High Beta, however,
it is still dominated by Alpha and Low Beta with
channels 4, 8, 9, and 10 showing abundant Low
and High Gamma Frequency, while the rest of
the channels are making frequent transitions be-
tween frequency bands mainly Alpha and Beta
and occasionally some Gamma.

— MED is predominantly in Alpha, though chan-
nels 8 and 12 around the ears are showing abun-
dant Gamma, presumably because of discomfort
near that area of the head or some sensitivity to
environmental noise. Apart from that, MED and
CE are very similar in brain dynamics, although
CE shows significant Low Beta for most chan-
nels at all times.
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For Participant 2

— CE is predominantly in High Beta for all chan-
nels with significant presence of Alpha and with
some Low Beta and Theta for a few channels at
different times.

— OE is predominantly in High Beta with a signifi-
cant presence of Gamma in channels 2, 6, 8, and
12, and some Alpha and Low Beta for channels
16,17, 18, and 19.

— OEFL is predominantly in High Beta, with some
Gamma, particularly in channel 12.

— MED shows a good mixture of Alpha and High
Beta with some Gamma in channels 12.

In order to better appreciate the areas of the
brain measured on the scalp, together with its as-
sociated frequency and transitions, we created a set
of movies that gives great insight into the spatio-
temporal dynamics associated with the different
modalities and participant’s brain dynamics. Due
to the limitations of this paper we only display four
frames of 1 second each of the movies of partici-
pant one (1) in two (2) modalities, CE and OEFL.
The movies mimic the spatial brain map in Figure 1.

CE

Second | o Second & ’ Seeoed 3 - Secondd I
= ., Lol T S 2 ¥ . =1
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OEFL
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Figure 5. Shows the 19 channels EEG Dominant
Frequency Band (DFB) plot of a matrix of 5x5 for
four (4) consecutive seconds of participant one (1).

Some channels are anchored in zero to mimic the

brain map in Figure 1. Above: Modality CE and

Below: Modality OEFL.

We clearly observe the difference between the
two (2) modalities, which is very noticeable across
the four frames displayed of 1 second each. We also
observed different rotational and pulsation patterns,
as well as the areas of the brain that were more ac-
tive than others in the different modalities, which

we conjecture are related to the nature of the cogni-
tive states associated to them. This clearly requires
more research, though it looks very promising.

Finally, we produced a very preliminary statis-
tical analysis to show the difference between the
cognitive states associated to each modality, by first
calculating the difference between the matrices con-
taining the data associated to each modality and
then plotting the differences to compare them qual-
itatively. In Figure 5, we observe how close or far
apart the modalities are from one another for both
Participant 1 and 2, by observing how flat or bumpy
the plot is respectively when we look at it as a field.
We can easily tell that:

— CE is very similar to MED.

— MED is different than OE and this difference is
similar to the difference between CE and OE.

— OEFL is very different than CE, MED, and OE.

In order to have a quantitative measure for these dif-
ferences we calculated box plots in different modal-
ities as follows. First, we computed the mean for
each 1s window for all channels (subscript c) by
modalities and for each participant, MFAC(t), and
we applied the box plot analysis to these two sets of
data as shown in Figure 6.

19
DFB(t
MFAC(t):ZJ ;Y t=1,2,...400.

19
3)

We can appreciate some interesting differences be-
tween participants and between modalities. For Par-
ticipant 1, the CE modality shows a median with a
very small spread around 10 Hz indicating that the
Alpha frequency band is dominating.

c=1

The OE modality follows with a slightly higher
median also around 10 Hz and a larger spread.
Then the MED modality shows a bigger median
around 11.5 Hz with a slightly larger spread than
OE, and finally we observe the OEFL modality with
a median close to 12 Hz and a significantly greater
spread. This indicates that the probability distri-
butions for the mean of each modality are more
likely significantly different. Participant 2 shows
different results for each modality. For the modal-
ities of MED and CE we observe medians close
to 11 Hz with quite a large spread. For the OE
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and OEFL modalities the medians are significantly
larger, around 14 Hz, with an even larger spread.
This is definitely showing us a difference between
modalities where CE and MED states are different
than OEFL. OE deviates for Participant 1 to lower
values than MED, something that may be showing
us how well trained in embodying meditative states
this participant is, even with her eyes open. This is
further supported when we notice that overall, Par-
ticipant 1 presents lower values than Participant 2
for the median for all modalities.

Participant 1

MED vs OE

TV e
CE vs OEFL

Participant 2

CE vs OE OE vs OEFL
Figure 6. Shows a comparison between modalities
by participants. Above: A set of six (6) graphs for
Participant 1. Below: A set of six (6) graphs for
Participant 2. The order in which they are
displayed is from left to right showing the
comparison between: (1) MED vs. CE, MED vs.
OE, MED vs. OEFL for the upper row and (2) CE
vs OE, CE vs. OEFL and OE vs. OEFL for the

bottom row.

Participant 1
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Figure 7. Boxplot analysis for the vectors of the
Mean Frequency for all channels calculated for
every 1s windows, MFAC(t), for all modalities for
each participant. Above: results for Participant 1.
Below: results for Participant 2.

The second analysis we performed was based on
the differences between modalities computed as fol-
lows

DIFF,= abs{DFB (t),,—DFB (t),..}, “4)

fork# jand ¥ ¢ =1,2,...19, where k and j are
the different modalities MED, CE, OE, OEFL and
therefore, k = 1,4 & j = 1,4.

Note that when k=1 and j=3, for example, that
DIFFc is the same as when k=3 and j=1, and there-
fore we use only one of the two alternatives.

After this calculation, we apply to DIFF(t). the
same treatment as in equation (4) and we obtain the
mean of the differences as follows
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' DIFF(t
MDIFF(t) =} 19()‘7

c=1

© YV t=1,2,...400.

&)

Next we apply the box plot analysis to MDIFF(t)
for each pair of modalities as follows (see Table 2):
MED vs. CE where k=1 and j=2; MED vs. OE
where k=1 and j=3; MED vs. OEFL where k=1 and
j=4; CE vs. OE where k=2 and j=3; CE vs. OEFL
where k=2 and j=4; and OE vs. OEFL where k=3
and j=4.

Table 2. Modalities to Compare

k 1 2 3 4
j MED | CE OE OEFL
1 MED | - VS. VS. VS.
2 CE - - VS. VS.
3 OE - - - Vs.
4 OEFL | - - - -

Following, in Figure 7 we observe the results for
the mean differences MDIFF(t) between modalities
when applying the box plots analysis. We can ob-
serve very similar results for Participant 1, as al-
ready mentioned above in the previous analysis, ba-
sically:

— MED, CE, and OE present very significant dif-
ferences from OEFL as expected since OEFL is
a very busy and perhaps uncomfortable visual
stimuli that could distract even the most master-
ful meditator.

— MED and CE show more similarities as ex-
pected since CE is a kind of meditative state.
The difference between the two is associated
with behavior of channels 8 and 12 near the ears,
as discussed above.

— OE and CE also show great similarities, some-
thing that we can only attribute to the fact that
Participant 1 is masterful enough to be in a med-
itative state while in OE.

— MED and OE present a slightly larger differ-
ence, something we attribute to the behavior of
channels 8 and 12 near the ears in the MED
modality.

For Participant 2 we also observe very similar re-
sults as already mentioned above in the previous
analysis, basically:

— Most of the modalities show significantly differ-
ent dynamics, apart from the modalities MED
and CE that are slightly different from one an-
other. All of the modalities are quite similar in
their differences, showing a large spread when
compared with one another and an associated
median of around 7 Hz of difference, apart from
the MED vs. CE comparison where the mean is
around 5 Hz difference.
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Figure 8. Boxplot analysis for the vectors of the
Mean Frequency of the differences between
modalities for all channels, calculated for every 1s
window, MDIFF (t), for each participant. Above:
results for Participant 1. Below: results for
Participant 2.

The last analysis we performed was a calcula-
tion of the norm or Euclidean distance (ED) on the
vector MDIFF(t) which gave us a measure for the
average distance between modalities. Following we
can observe the results in Figure 8.

These measures confirm what the analysis,
based on the box plots, has already shown. The
reader is encouraged to verify these results with the
above comments and analysis.

Unauthenticated
Download Date | 8/24/17 1:30 AM



AN INTEGRATIVE APPROACH TO ANALYZE EEG SIGNALS AND ... 295

ED of the mean of the differences betwesn modalities
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Illgon. cE MED vs. OF OF ve. OBFL

Figure 9. Euclidean Distance (ED) for the vectors

of the Mean Frequency of the differences between

modalities for all channels MDIFF (t), calculated
for every 1s window, for each participant.

We can clearly observe that the results of Participant
1 show significantly less distance between modal-
ities than Participant 2. For Participant 1 OEFL
is significantly different than MED, CE, and OE,
while for Participant 2 most modalities when com-
pared are similar in their differences, apart from
MED vs. CE modalities.

These are very interesting findings that when fur-
ther tested and complemented with Hilbert analysis
[23], may equip us with a very powerful method-
ology for future studies, when also complemented
with brain movies and better classification algo-
rithms, which can take in consideration the differ-
ent aspects of spatio-temporal brain dynamics for
different modalities.

At this stage, it is important to note that for the first
study we obtained similar results overall concerning
the differences between modalities and participants.

The following Figure 9 and Table 3 show some of
the results that were obtained in the first study and
the reader is again encouraged to revisit that study.

We can appreciate in Table 3 the values associated
to the average slope (o) and the standard deviation
(STD) of over all channels, for all windows and for
each modality and participant. Since, our database
is limited to only two (2) participants we are un-
able to do a systematic study with conclusive re-
sults. However, we can point out to some prelim-
inary yet important illustrative observations. The
CE modality seems to produce steeper slopes for
both participants, while the OE and OEFL modali-

ties show lower slopes. We observe more prominent
changes between different modalities for Partici-
pant 2, while the CE and OE experiments demon-
strate similar average slopes for Participant 1. We
also observed that the two (2) participants displayed
different levels of tolerance to keep their eyes open
for extended periods of time, as well as, the mastery
to minimize artifacts. This together with the level of
mastery in relaxation could be the cause for some of
the differences we observe.

urt

werh

Logld (Per

LoglD (Cycles'cm)

Figure 10. Top: Comparison of the spatial power
spectral density functions (PSDx) at various
experimental conditions averaged over the 48
electrodes. Bottom: temporal power spectral
densities (PSDt) averaged over the 48 electrodes;
experimental conditions: OE (minimal artifact),
OEFL (strong blinking artifact), and CE; for
participant 2.

7  Discussions

The results that we have presented show a diverse
set of tools and algorithms to understand brain dy-
namics both qualitatively and quantitatively. All of
the measures, graphs and movies, provide valuable
information concerning the dynamic transitions that
the cortex displays along time and space across
modalities for different participants. These results
are showing us a direction towards finding better
means in order to classify different brain cognitive
states, however the work at hand is vast and far from
complete.
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Table 3. Slope (o) and STD of the slope of PSDt*

Participant | Closed Eyes | CE | Open Eyes | OE | Open Eyes | OEFL
Mean STD Mean STD Mean STD
1 -1.61 0.42 -1.53 0.43 -1.55 0.40
2 -1.81 0.41 -1.59 0.37 -1.45 0.36

*Mean and standard deviation (STD) values were determined over 48 channels of the EEG array

There is a need to explore and apply new classi-
fication and pattern recognition methods for future
more robust evaluation [10].

We have obtained very good results in terms of
minimizing artifacts due to EMG, since the partic-
ipants have been trained in how to achieve relaxed
body states with minimal general body movement
[5, 11]. In the future we envision participants that
train by watching movies or graphs giving biofeed-
back through which they can learn about themselves
and their bodies. We also see the possibility of sup-
porting the design of better equipment for EEG sig-
nal monitoring and measurement as part of the new
technologies to appear concerning biofeedback sys-
tems.

We feel confident that this methodology will
continue to contribute in allowing us to understand
brain cognitive states subjectively and objectively,
since we already have managed to show, though
preliminary and only with two participants, the dif-
ference between modalities and participant’s brain
dynamics.

We have accomplished this work with the ex-
perience of previous studies in mind [7, 11, 20], in
order to understand and gain more experience about
the methodology and the difference between equip-
ment. This study can be regarded as the continu-
ation of previous studies showing consistency and
new vistas for analysis, adding to our knowledge of
brain dynamics and cognition. It would be appro-
priate, in future studies, to integrate this analysis to
new data about functional interaction between brain
areas. At this stage, we can state that for the condi-
tion where a flashlight was used as a visual stimu-
lus, we observe more activity in the Gamma range
in channels: (a) 3 and 4 associated with the frontal
lobe, (b) 9 associated to the somatosensory cortex
and (c) 8 and 12 associated to the temporal lobe.
Also, the channels that are showing mainly low and
high Beta together with some Alpha are: (a) 13 and

17 associated to the temporal lobe, (b) 14, 15 and
16 associated with the parietal lobe and (c) 18 and
19 associated with the occipital lobe.

All of this different activity is expected when
compared to the CE modality, since the process of
an intense visual stimulus involves two pathways
that encompass the areas of the brain already men-
tioned. Also, these results could need more deep
investigations in terms of artifact generation, even
though we feel that these events were minimal due
to training.

Generally speaking, the MINDO technologies
would allow a much granular and refined spatial
analysis and representation of brain dynamics with
movies, provided that they are extended to encom-
pass the whole scalp or at least larger areas via
square arrays. The Mitsar 201 technology provided
data collection for a larger area of the brain, how-
ever, unlike the MINDO technology, the spatial res-
olution was very poor for a more refined analysis
and movie display. Both technologies would bene-
fit with larger sample rates.

8 Conclusions

The results we present are in agreement with our
previous study [4, 7, 11, 20] concerning the use of
Power Spectrum Density (PSD) in order to discrim-
inate between modalities and participants. Also, the
brain movies created for this study, together with
other methods for preliminary analysis, were in-
spired by previous studies on brain signal analy-
sis towards a comprehensive methodology for the
study and understanding of brain dynamics in the
creation of knowledge and meaning [14, 15, 16, 17,
18, 19, 21, 23].

Our main conclusion can be summarized as follows:

— We successfully measured two (2) participants
in four (4) different modalities and gathered
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enough data to do a robust analysis in order to
compare brain dynamics in different cognitive
states associated to the different modalities.

— We developed new types of graphs and movies
that show spatio-temporal dynamics and tran-
sitions from and into different frequency bands
measured on nineteen (19) different areas of the
scalp. These movies allow us to better appre-
ciate the differences between participants and
modalities, and qualitatively discriminate with
very good subjective accuracy the difference be-
tween participants and modalities and their as-
sociated brain dynamics.

— We analyzed quantitatively the data applying
some mathematical transformations in order to
produce comparative boxplots based on Mean
Frequency Band per modality, per participant as
well as, the Euclidean Distance (ED) measure
calculated on the mean of the differences per
modality and participants based on the Domi-
nant Frequency Band per channel in every 1s
window.

— We observed some important differences be-
tween a trained meditator and a very advanced
one. Participant 2 is more diverse in frequency
band transitions than Participant 1, presumably
associated with different active and changing
cognitive states. Participant 1 is more stable than
Participant 2 in Alpha, across all modalities. All
of these observations were somehow reflected,
in both power spectrums (PSDt and PSDx) in
the previous study. The PSDx was only possible
to compute using the MINDO technology due to
spatial resolution.

— Differences in modalities are smaller in the oc-
cipital and parietal regions of the scalp, some-
thing we can clearly observe in the graphs and
particularly the movies. These movies were only
produced with the data collected with the Mitsar
201 technology since it covered the whole scalp
area regardless of poor spatial resolution

We foresee that this line of research could
potentially help in improving the understanding
of brain dynamics and therefore supporting to
better understand what constitutes mental health.
This could also lead to the development of better

biofeedback systems and software to aid in new ap-
proaches to cognitive therapies and meditative prac-
tices, in order to unlock our spiritual potential to-
wards a peaceful society.
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