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ABSTRACT

An electroencephalogram (EEG)is a test that measures and records the
electrical activity of brain. Special sensors (electrodes ) are attached to the head and
hooked by wires to a computer. EEG measures voltage fluctuations resulting from
ionic current flows within the neurons of the brain. With technology growing every
day, and stereoscopic 3D televisions becoming commercially available, a question
arises: what kind of effect do 3D movies have on the brain activity and brain signals?
The objective of this project is fo have an attempt at answering this question as very
little research has been done in this field. An EEG study was conducted on 30 healthy
participants while watching a series of clips in 2D, stereoscopic 3D using active
glasses and stereoscopic 3D using passive glasses. Their brain activity was recorded,
and analyzed by writing a code in MATLAB to compare between the brain signals in
terms of power, coherence and phase. We focused on the éctiv-ity in theta and beta
frequency bands. This paper shows that the results revealed a decrease in
concentration in stereoscopic 3D compared to 2D, as well as higher leaming behavior
in 2D.
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CHAPTER 1
INTRODUCTION

1.1 Background of the study

EEG, short for Electroencephalogram, is a medical test that measures the brain
activity and records it while the subject is performing certain behaviour of concern.
Hans Berger, a neuro- psychiatrist, introduced the EEG machine in 1929. He was the
one who formulated the idea that the brain activity in the form of signals depends on
the function performed by the person, i.e. what the brain is doing. He described the
graphical representation of the electrical signals that represent the brain state using the
German term elektrenkephalogramm ""). Later on, this branch of science grabbed the
attention of a wide range of scientists, doctors, and engineers. Nowadays, EEG has
become a regular medical procedure to test for seizures, epilepsy, and other neural-
related problems where the brain signals recorded during the EEG test are analyzed
and interpreted by using special softwares that can give an accurate description of the
brain state and if there are any deficiencies present or not.

Living in the 21™ Century, more tasks are created for the brain daily due to the
great enhancement in technology. Watching stereoscopic 3D (three-dimensional)
movies is one of these new tasks that did not exist before. It all started in 1894,
when British film pioneer William Friese Greene filed a patent application for a mean
to watch 3D using a stereoscope that merges two images coming from two adjacent
screens. 2! A stereoscope is a device that creates the illusion of depth giving the 3D
effect out of two 2-dimensional images. This is done by having each eye see only one
of the two images and the brain processes this giving 3D effect. The film industry has
vastly grown over the past few years as creators have been trying to provide a better
experience while watching movies.

In this year, 2011, more than fifty stereoscopic 3D movies have been
announced for release "/, thus the need to study the effect of 3D on brain activity rises.



1.2 Problem Statement

EEG tests can be performed to explore the brain activity that corresponds to a
specific function carried out by the brain. As mentioned earlier, watching movies in
3D is becoming more and more popular and available. As 3D technologies is
relatively recent, almost none or very little research has been conducted on the brain
activity while watching stereoscopic 3D movies and comparing it to its counterpart
while watching a normal 2D movies. And here comes the significance of this project
as many questions are asked about how stereoscopic 3D affects the brain: does it
require more concentration than that required in 2D? Could it have negative effects on
the brain on the long run? These questions can only be answered by extensive

research.
1.3  Objectives & Scope of study

This project is concerned with doing a research on a group of participants to
study the effects of 3D movies on their brain signals using EEG.
The main objectives of this project are to:
1- Analysis of the collected data to compare between 2D and stereoscopic 3D using
active glasses.
2- Analysis of the collected data to compare between 2D and stereoscopic 3D using
passive glasses.
3- Comparing between the results obtained in 3D active and 3D passive to see the
difference between the effects of both on the brain.

1.4 The Relevancy of the project

It is believed that this project is directly related to engineering as it is
concerned with a field of engineering known as Biomedical engineering. Biomedical
engineering is a field of engineering that combines biology to study diseases and other
biology-related issues from the engineering point of view. This branch of science is
based on analysing experimental data that is collected in order to understand living
systems and to develop devices, methods and algorithms that advance biological



knowledge and can be extended further to help solve medical issues ' Here we are
using EEG experiments to see how the brain will behave in response to 3D movies.
Also, Brain activity is in the form of voltage pulses (signals), which is related to basic

engineering concepts.

1.5 Project Feasibility

This project was trusted to be feasible as the equipment needed is available in
the university laboratory. In addition, it is feasible with relevance to time as it is
carried out on two semesters. This is further elaborated in the Methodology section, in
chapter 3 sections 3.2 & 3.3.



CHAPTER 2
LITERATURE REVIEW

2.1 The Human Brain

The brain is the control centre of the human body. Any function that is done
by any part of the body such as eating, moving, breathing and other biological
functions, even thinking is done through the brain by transmitting and receiving a
numerous number of signals in the form of hormones, nerve pulses, and chemical
messengers. ) The number of functions that can be executed by the human brain is

countless; in fact they are in continuous increase.

2.1.1 Brain structure

Parietal lobe
\ Frontal lobe

Temporal lobe

Figure 2.1: The human brain

The limbic system is a word used to describe a group of connected cortical
structures that are involved in executing any sort of function done by the human.
Figure 2.1 gives a summary of the human limbic system which is divided into

1- Frontal Lobe: this part of the brain is responsible for cognitive functions

such as learning, creativity, responses, reasoning, emotions and problem

solving.



2- The Temporal Lobe: It is divided into right and left side; the right side
controls storing and retrieving memory, emotions, hearing, while the left
side is responsible for language.

3- The Parietal Lobe: It is related with bodily functions that are related to
senses such as temperature, taste in addition to calculating location and
speed of objects.

4- The Occipital Lobe: The visual information is transferred from the eyes to
the occipital lobe via the optical nerve where it is processed or transferred to

other parts for storage or identification.

More interpretation of these parts is provided later in section 2.4 with

relevancy to the project in hand.
2.1.2 Brain Signals

The neurons, or nerve cells, in the brain are constantly producing tiny
electrical signals. These neurons are made up of three main components: cell body,
dendrites (receivers) and axons (transmitter). A —70mV resting potential exists across
the cell membrane. On the cell membrane there are ionic channels that are permeable
to sodium (Na+) and potassium (K-+) ions. These ions can polarize the membrane and
fire an action potential that travels along the axon towards other neurons. The nerve

impulse travels between axon and dendrite. Thus, processes in other cells are affected.

Information is transmitted by nerve cells in the form of electric signals in the
body. Diffusion of ions as calcium, sodium, and potassium ions across the cell
membranes create these electric pulses. When a person is doing any function, the
concerned part of the brain is triggered. The electroencephalogram is a reflection of

the current flow associated with the summed activity of many neurons. v

In 1924, Hans Berger the German neuro-psychiatrist was credited with
recording the first human EEG. He formed elecirodes out of metal strips and attached
them to the scalp of his subjects. He used a sensitive galvanometer as the recording
instrument. He noticed that the waves are in the range of (50-100) £V, and they follow

certain periodicities, i.e. they are not random, but follow patterns and repetitions. [



Later in 1934 Adrian and Matthews published a paper verifying concept of
“human brain waves” and specifically defined a group of waves that followed a
certain pattern and named them “alpha rhythm”. These waves range from 10 to 12 Hz
[l The behaviour, of electrical activity recorded from the brain can be classified

according to amplitude and frequency of the brain wave, !

Band Voltage Range | Frequency | Comments

Delta (8) 2-100 pv 0.5-4Hz | dominant during deep sleep

Theta (6) 80 pv 4-8 Hz Dominant  during  drowsiness,
meditation, and pre-sleeping.

Alpha (o) 50 uv 8-13Hz | Dominant when person is awake,
relaxed, closed eyes.

Beta(B) 20 uV 13-3-Hz | Dominant when activity is being
carried out.

Table 2.1: a summary of EEG bands

2.2 EEG machine

An EEG machine set is used to collect data and store it for future display. The
main components of the system are: electrodes, connecting wires, amplifiers, a
computer for control, display and processing of the EEG data " The number of
channels that pick up the EEG signal is defined by the number of electrodes in the
head cap in machine set used. The EEG uses amplifiers to upscale the weak signals
from the brain into a readable signal for the output device. ['! After the experiment is
conducted, and data is recorded, it is processed by using computer softwares to be

able to study the brain signals and analyze them.



EEG amplifier

impedance meter

Figure 2.2: example of EEG machine set

Brain activity can be changed by medications or exposure to certain drugs. It
has been proved that the brain activity of most of the patients with psychological
problems and taking drugs will be affected. There are also a lot of substances that
have an effect on the speed by which neurotransmitters fire as caffeine, heroin, and
other antidepressants, and sedatives. In addition, personal habits like lack of regular
sleeping habits, stress, body hormones can affect brainwave activity vastly. In
addition, stress, religious devotion, and even cultural background have all shown to

have some level of influence on how the brain functions. '



2.3

3D Technology

There are two aspects when talking about 3D; the first one is the device

showing 3D (TVs, PCs, etc.) and the viewer. High-definition cameras are used to
capture two different images instantaneously, the first camera focus on the left angle

of an image and the second one focus on the right angle of the image. Next step is the

image processing of both of the captured images, the processing makes the focus and

depth of the two images compatible, and then they are converted into one 3D image

via a processor.

Now coming to how the viewer can interpret the third dimension, this can be

achieved by three methods:

1-

Passive Glasses/ Anaglyph glasses: They use two different colours for each
lens, one blue the other is red. There will be two images on the screen with a
slight offset, one looking more "bluish" and the other more "reddish". The red
lens filters the "more reddish" image out leaving the eye behind it seeing only
the blue image and similarly the eye behind the blue lens sees only the red
image. This makes the brain feel that it is seeing the normal 3D object, and
gives the 3D effect. See figure below.

Active Glasses/ liquid-crystal glasses: These require synchronization with the
TV, where the left eye will see the left eye image and the right eye will see the
right eye image which are alternating at a very high speed giving 3D illusion.
No glasses/ auto stereoscopic: this requires integrating the lenses onto the
screen, like in Nintendo games.

Compared to existing (2D) TV services, stereoscopic 3D-TV stresses much

more the visual perception of human viewers. Indeed, technological choices made to

deploy 3D-TV are leading to some challenging consequences that the human visual
system (HVS) has to deal with. !

Figure 2.3 Passive Glasses Figure 2.4 Active Glasses




2.4 Previous Research

It has been shown that some films can exert a control over brain activity and
eye movements in a way that cannot be ignored. However, this cannot be generalized
to cover all different types of movies and films, as there are many factors that affect
the level of control over viewers’ brain activity. An example of these factors is: movie
content, editing, and directing style. '}

We are mainly interested in the behaviour of visual attention, working

memory and conceniration while watching stereoscopic 3D movies.

A paper showed that more eye movements are involved when a person is
watching a 3D movie. ['”) There are two types of eye movement:
- fixation: eye is looking at a single location of the scene.(Occipital lobe is
involved: information is gained)
- Saccades: eye is moving from one location to another. (Frontal Eye Field

located in frontal lobe is involved).

The understanding of this shows that the increase in eye movements is because
the person is trying to capture a lot of details in case of 3D compared to that in 2D or
in other words, the eye movements are directed towards a wider array of objects in
3D movie than in a 2D movie. If a person is entirely looking at the actor in 2D, the
same scene in 3D would include far more interesting details in 3D. The viewers’ eye
movements show them exploring these details.

This fact is supported by another research which pointed out that many non-gamers
lose focus while playing 3D video games , they are more distracted or they .don’t
pick up an important item because they don’t notice it. BT This implies the

hypothesis that concentration decreases in stereoscopic 3D.

Attention Researchers have described two different ways in which our brains
attend to items surrounding viewers !':
- Bottom-up processing: this is like a reflex action where one attends to the

items whether we want to or not. In other words, the attention is driven by a



certain stimulus. Example for that is a weird irregular shape, where one is

forced to attend to it. Parietal and Temporal cortices are involved.[*”

- This type of attention involves top-down processing: This is mostly powered
by frontal cortex. ' The viewer has the option to select what they want to
look at, or in other words, the viewer attends to the object because they want

to,

It has been shown that both bottom-up and top-down visual attention patterns exist
within 3D video games. ' Moreover, having previously discussed that there are far
more eye movements in 3D clips compared to their counterpart in 2D, it is illogical
to say that observations about visual attention made from the presentation of 2D

stimuli can be automatically generalized to 3D.!

Another point to consider is the working memory at which the information
that a person attends to is briefly stored for decision making and procession. The
working memory gives a definition of the degree of strength of the information
competing to access the memory. The parts of brain involved in working memory
are related to the type of information of interest, for example, tasks related to verbal
working memory activate the ventrolateral prefrontal cortex (PFC) and language
areas in the temporal and inferior parietal cortex on the left side, while tasks related
to visual working memory activate the dorsolateral PFC, inferior parietal cortex on
the right side, and high-order visual areas in the occipital cortex. {lé]lntegratin_g this
with the fact that there is more visual attention in 3D makes us expect more activity
in the prefrontal cortex as well as the occipital cortex, even more than the activity

present in case of 2D.

It was found that there will be an increase in theta activity with task difficulty,
which consequently suggests that this signal might be related to the mental load
allocated to task performance. However, alpha activity was found to decrease with

increased mental load. ['7)

Keeping in mind that theta waves are associated with pre-sleeping, learning, or
highly creative states, or in other words it is related to states of minimal

concentration, means that theta increases when concentration decreases. Considering

10



Beta waves, they are associated with high level of concentration, thinking, learning,
in other words, beta increases when a mental task is being carried out. "¥Since

concentration is expected to decrease in 3D, beta activity is expected to decrease.

Thus, to summarize our hypothesis:
1- Concentration is less in 3D therefore theta waves will be more in 3D
than in 2D,
2- Beta waves are expected to be higher in 2D than in 2D.
3- More activity is expected in the prefrontal cortex as well as the occipital

cortex in case of 3D.

It is worth mentioning that a study showed that people are pay more attention
by 12% when watching Blu-ray 3D compared to a regular Blu-ray disc and 29 per
cent more aitentive when that same 3D experience is up against a plain old DVD. [!*!
This study was assigned by the BDA (Blu-ray disk Association), which indicates
that the association is hoping for a result that shows that 3D is better than 2D and
that Blu-ray is better than DVD. 9] However, the fact that they used 24 participants
only does not really assert that.

More research needs to be done in these fields to provide a solid ground that
can be used to answer the question of whether 3D has negative effects on brain
activity or not. This project is concerned with that, where experiments will be
conducted using a template described in a research paper testing brain activity

during video game play. 17

11



CHAPTER 3
METHODOLOGY

31  Methodology

As elaborated earlier, in this project, we will be conducting experiments to
study how the brain behaves while watching 3D movies and compare it to 2D movies.

The project lifecycle is represented in the following simple flowchart:

Literature Experiment Recruiting

Review Design Participants

! Data
l Analysis

Figure 3.1: Methodology Flowchart

3.1.1 Data Gathering

1- Participants were recruited and those who do not match specific criteria
according to the questionnaire attached in the Appendix I were filtered out.
People who wear braces, take medications, or have any health problems
were excluded as according to literature these things have an effect on the
brain activity. People with skin allergies were excluded as we used using a
certain type of gel that enhances the skin conductivity which could cause
allergy. Healthy participants were included.

2- After recruitment, we proceeded with the experiments; we had two groups
of 15 participants each. Group A watched the clips in the following
sequence: 2D, 3D using active glasses, and then 3D using passive glasses,
The other group (group B) watched 2D, 3D using passive glasses and
finally 3D using active glasses. The purpose for that was to see whether
there will be any difference in the results between the 2 groups. The
duration for each type of viewing was 20 minutes, giving a total of 60
minutes, or one hour, which is approximately as long as a regular movie.

The sequence of the experiment conducted is as follows

12



1. Setting up the experiment, applying the cap to the participant, as
well as the electrodes and all sensors required. Participant is asked
to sign a consent form that has the detailed experiment procedures
in it as in appendix IV.

2. Eyes-closed Test. (for 5 minutes: the participant is asked to sit
straight, not move, try to remain as stationary as possible, and
close their eyes. The purpose of this is to see how the brain signals
of a certain participant look like when he/she is totally relaxed).

3. Eyes-open Test. (for 5 minutes: same conditions like eyes-closed
test with the exception that the participants are asked to open their
eyes and concentrate on a simple stimulus: a black circle on a
white board. This is to see how the brain looks like in a normal
eye-open condition.)

4. 2D clips. (20 minutes)

5. Break. (5-10 minutes: for the participant to relax, get comfortable
also fill up some forms as in Appendix).

6. Eyes-open test again. (5 minutes, this helps to minimize the
learning and memory effect).

7. 3D (20 minutes: First type of glasses).

8. Break. (5-10 minutes).

9. Eyes-open test again. (5 minutes)

10. 3D (20 minutes: second type of glasses).

3D
typel

Eves Eyes
closed opened

Eyes
opened %
(5 min.)

Eyes
opened.
(5 min.)

2D (20
min.) (20

min.)

(5 min.) (5 min.)

Figure 3.2: Data acquisition flowchart
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A set of instructions were given to the participants in a briefing held by
the research group as follows:

1) Participants were advised to have dry, freshly washed hair on the day of
experiment. It is recommended to use only basic shampoo while washing
the hair no conditioners, rinses, mousses, oils, hair sprays or any styling
products applied on it.

2) Participants were asked not to put on any makeup and to keep their body
free from any oils, lotions, and moisturizers.

3) Participants were advised to eat as normal, but avoid caffeine products,
such as coffee, tea, soda pop and chocolate.

4) Participants were asked not to wear any earrings, hair ties or clips.

After data gathering, data processing and analysis stage was proceeded

with in order to decide on an approach to achieve the mentioned objectives.

14



3.1.2 Data Analysis

The Data Analysis stage was divided into two sub-stages:

3.1.2.1 Pre-Processing/ Data Cleaning:

In this stage, the data obtained from the experiments is cleaned using
Neuroguide software. Data cleaning means removing the "undesired" signals
to obtain data that is noise-free. In brain signals, noise is defined to be signals
that result from the body performing other functions that are not desired or are
not of the study concern like eye-blinking, eye-rolling, clenched teeth, or any
other abnormal muscle ... etc. Another reason could be the electrode
impedance during EEG recording, which can be affected by skin conditions
like sweat or skin thickness. Also, another source of artefacts is the main

power supply when electrodes can pick up 50 Hz signals from the power

supply.

Figure 3.3: Eye-blinking artifact.

15
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Figure 3.4: Eye-movement artifact.
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Data cleaning is done by scrolling through the recorded data of each
participant and selecting parts that are free from artefacts and drowsiness. 1
minute of clean EEG data was selected in each of the 6 sessions in each type

of viewing.

The brain activity, in the form of signals, is categorized according to
their frequencies into the known EEG bands. Then, some terms are defined in
order to be able to describe the signals (activity) of the brain.

1. Absolute Power: is measured as P=V?/R, where V is the absolute voltage
measured at the electrode.

2. Coherence: It reflects the amount of shared information (connectivity)
between brain regions (any 2 electrodes). The brain regions could be
Hyper or Hypo active.

(i - D - 9)7)

Lxi =X)L (yi-y

2
COhxy = |ny (f)l =

17



3. Phase: It defines the speed of information sharing between regions (any 2
electrodes). Phase Lag means slow speed (compared to normal people)
and is assigned a red colour on the brain topo map. Phase lead means high
speed and is assigned blue colour on the brain topo map.

All these terms are defined relative to a normative data base (comparing the
participant with the scale of normal people to know how normal a person is) giving
z-scores that quantify how many standard deviations the measurement is far from
the mean. For example, Coherence compares the actual signal between 2 electrodes
with the original signal from the data base (how the signal should normally look
like) with respect to wavelength and whether they are in phase or not. The z-score
is then assigned a colour as shown in figure 4.3. Phase compares the signal with its
counterpart in the normative data base from the point of view of how shifted they
are from each other (lagging or leading).

measurement — mean
standard deviation

Z — score =

-

Figure 3.7: Normal Distribution curve.
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Z-score ranges:

e +/-1 sigma:
— Includes middle 68% of population
— From 16% to 84% points

e /-2 sigma:
— Includes middle 95% of population
— From 2% to 98% points

e +/-3 sigma:
— Includes middle 99.8% of population
— From .1% to 99.9% points

e +/-4 sigma:
— Very Abnormal

The Neuroguide software uses a normative data base that is based on 600++
normal people, with ages ranging from 2-82 and was approved by Food and Drug
Administration in United States of America. A report is produced for each
participant that contains the z-scores numbers and topo maps of the participant in
different EEG frequency bands.

35D -25D

0.1% 2% 16% 8|4% 98%, 999%
! }
.3139 -28D -150 Z=0 +1SD ozssn +38D
| - i 1 i 1

Z SCORES - STANDARD DEVIATIONS FROM THE NORM

Figure 3.8: colors assigned to z-score values in Neuroguide
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3.1.2.2 Analyzing the data:

Having cleaned the data, there are 6 minutes of clean EEG that was

recorded while the participant was watching 2D clips, 6 minutes of clean EEG

that was recorded while the participant was watching 3D clips using active

glasses, and 6 minutes of clean EEG that was recorded while the participant

was watching 3D clips using passive glasses. The analysis will be done as

follows in 4 steps:

L

Using The Neuroguide Report-generating tool, reports were generated for
each session (minute).

The z-scores of the 6 sessions in each type of viewing were averaged to get
one session, so now we have 3 sessions for each participant. Participants
are divided into 2 groups of 15 as mentioned earlier. Group A watched in
the sequence: 2D-3D Active- 3D Passive and Group B: 2d- 3D Passive-
3D Active. One participant's data was ignored from group A because the
data was very corrupt as there was an amplifier problem.
Because our analysis is concerned with seeing the difference between 2D
and 3D, Neuroguide reports only provide z-scores for each session type, so
it does not match with our requirements.

Due to the Neuroguide reports' limitations, we had to write some functions
in MATLAB, according to the tables below. As per the attached appendix
IV, the values of Absolute power, Coherence & Phase lag of 2D are
compared to those of 3D active and 3D passive to determine which has
more power, which is more hyperactive, and which requires faster
information sharing. A threshold of 0.3 in coherence and 0.7 in phase was
put based on trial and error, because we wanted to focus on the values that
showed really big deviation from normal as elaborated in tables 4.1 - 4.3 &
figures 4.8-4.12.
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+ + 3D-2D e [If + then 3D>2D, 3D is on the RHS of the
normal curve.
e [If - then 3D<2D, 3D is on the RHS of the

normal curve.

+ - 3D-2D e Always +, 3D>2D, 3D is on the RHS of the
normal curve.

- + 3D-2D e Always -, 3D<2D, 2D is on the RHS of the
normal curve.

- - 3D-2D e [If + then 3D>2D, 3D is on the LHS of the

normal curve.
e If - then 3D<2D, 3D is on the LHS of the

normal curve,

Table 3.1: Absolute Power Function Table

>0.3 >0.3 3D-2D e [If+ then 3D more hyper active than 2D
e If - then 2D is more hyper active than 3D
<0 >0.3 3D e 3D more hyperactive
>03 <0 -2D e 2D more hyperactive
<0 <0 0 e Both 3D & 2D are hypo active, we are not
interested in this case.

Table 3.2: Coherence Function Table
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>0.7 >0.7 3D-2D ¢ [If+ then information sharing in 2D is faster.
e [If- then 3D is faster.

<0.7 >0.7 2D e 3D is faster

>-0.7 <-0.7 -3D e 2D is faster

<0.7 <0.7 3D-2D e [If+ then Information sharing is faster in 2D
e If - then Information sharing is faster in 3D

else else 0 ¢ Not interested

Table 3.3: Phase Function Table

After obtaining the values for each participant in the 2 groups, the output

functions of absolute power, coherence and phase were plotted to see the results as
shown in chapter 4.
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3.3 Equipment & Tools

Equipment needed is available in the university Laboratory. We are using the
following:

1- 10-20 EEG system: where the metal electrodes are attached on the scalp in
specified positions. This is done by taking measurements between certain fixed
points on the head. The electrodes are then placed at points that are 10% and 20%
of these distances as shown in figure below. The electrodes are named using a
combination of a letter and a number; the letter corresponds to the area of brain
where the electrode is placed (F: Frontal lobe, T: Temporal lobe, O: Occipital
lobe, P: Parietal lobe) and the number corresponds to the side of the brain where
the electrode is put (even number: right side, odd numbers: the left side). This
system was called the "10" and "20" as the distances between adjacent electrodes
are either 10% or 20% of the total front-back or right-left distance of the skull.

. g

Fp1 I Fpz l Fp2

F7| F3| Fz| Fe| Fs|
cz| n\|
7 2]

]
15| P3| pPz| Pa| TE|

2 ]

/ral
5

o1| o2| o2

‘U
Figure 3.11: 10-20 EEG system

2- Laptops to record the signals during the session.
3- 23D TVs & PS3.
4- Neuroguide, Brain Master Discovery, & MATLAB softwares.

25



Power Difference

CHAPTER 4
RESULT & DISCUSSION

As mentioned in chapter 3 section 3.1.2.2, after obtaining the values for each
participant in the 2 groups for the output functions of absolute power, coherence and
phase, they were plotted. An example for one of the participant in group A is as
follows: the figures can be interpreted using the tables in section 3.1.2.2.

Figures 4.1 & 4.2 show difference between 2D and 3D Active. Positive values
indicate that 3D>2D while negative values show  that 2D is greater.

04—

02 “'F, e Dw;h.mmﬂﬂ‘*

Electrodes
Frequency

Figure 4.1: Absolute power difference between 2D & 3d Active
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Coherence

Alpha

Electrodes
Electrodes

Figure 4.2: Coherence difference between 2D & 3D Active in Alpha frequency band

Figure 4.3: Coherence difference
map between 2D & 3D Active in
Alpha frequency band.

Blue lines show values where 3D

coherence is  higher  between
electrodes while red lines show values
where 2D is higher.

27



Alpha

Electrodes Electrodes

Figure 4.4: Phase difference between 2D & 3D Active in Alpha frequency band

Figure 4.5: Phase difference map
between 2D & 3D Active in
Alpha frequency band.

Blue lines show values where
information sharing in 3D is faster

between electrodes while red lines

show values where 2D is faster.
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No. of Participants

Next step in interpreting the results was to focus on the electrodes that are
associated in viewing, memory and concentration which are Occipital, Frontal &
Parietal, as well as the basic frequency bands which are Delta, Theta, Alpha, and Beta.
We wanted to know how many times it was repeated in the two groups that these
electrodes in these frequency bands showed more power in 3D or in 2D. The outputs
of the functions of absolute power, coherence and phase for each participant were
imported into an excel sheet. The electrodes which are not of concern were removed.
In absolute power we focused on Occipital electrodes (O1, O2). In information
sharing or Coherence we focused on the connectivity between Occipital-Frontal,
Occipital-Parietal and Frontal-Parietal. The values of which 3D was greater were
counted in each participant as well as 2D, and then the total number of participants
was counted in each frequency band to see whether 2D or 3D was greater. See
Appendix V for more of the graphs for coherence and phase.

Absolute Power: groupA, 2D vs 3DA

12

10

8
®01-2D

6 = 02-2D

4 m01-3DA
= 02-3DA

2 -

0 - n—

Delta Theta Alpha Beta
Frequency Band

Figure 4.6: Absolute Power 2D vs 3DA in O1, O2
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Absolute Power: group B, 2D vs 3DP
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-
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Frequency Band

Figure 4.7: Absolute Power 2D vs 3D Passive in O1, O2

From the graphs, we could see that for the first two sessions (2D vs 3DA in
group A & 2D vs 3DP in group B) for absolute power:

2D

Delta 2D

Theta 3DA 3DP
Alpha 2D (1 participant difference) same
Beta 2D 2D

Table 4.1: Absolute Power in Bands
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For coherence:

f-o f-p p-o f-o f-p p-o
Delta | 3DA 3DA 3DA | 3DP 3DP 3DP
Theta | 3DA 3DA 3DA | 3DP same 3DP
Alpha | 2D 2D 3DA | same 2D 2D
Beta 2D 2D 3DA |2D same 2D
Table 4.2: Coherence in Bands
For phase:
f-o f-p |[p-o f-o f-p | p-o
Delta 2D(one participant
3DA 3DA | 2D 2D 2D | difference)
Theta 3DA 3DA | 3DA 2D 3DP | 3DP
Alpha 3DA 3DA | 3DA same 2D |3DP
Beta 2D 3DA (2D 3DP 2D |2D
Table 4.3: Phase in Bands
Delta 3DP 3DP 3DA delta 3DA 3DA 3DP
Theta 3DA 3DP 3DP theta 3DA 3DP 3DP
Alpha 3DA 3DP 3DA alpha | 3DA 3DA 3DA
Beta 3DA 3DA 3DA beta 3DP 3DP 3DA

Table 4.4: 3DA vs 3DP
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Knowing that delta is related to deep sleep, we will ignore it for time being.

However, looking at Theta we can see that more participants showed that power was
greater in 3D than in 2D in both groups, integrating this with the fact that theta
increases when concentration decreases, this shows that concentration was less in 3D.
Looking at alpha, they are almost the same.
Looking at beta, we can see that more participants showed that power was greater in
3D than in 2D in both groups, and knowing that beta is related to learning and
concentration, and since concentration is less in 3D, and since the participant was
seeing the clips for the first time in 2D, it shows that the first-exposure in 2D required
more power to learn at the occipital electrodes. Beta being higher in power in 2D in
Occipital regions could mean that the participant experiences more fixations than in
3D.

Considering Coherence, alpha being mostly higher in 2D could imply that the
brain is more relaxed in 2D, this doesn't contradict with the increased focus, the brain
is more relaxed because 2D is not something new to it.

Theta band showed higher connection in 3D which again could mean that the
concentration is less, that is why more electrodes are trying to communicate with each
other to process the large scale of information. 3DP mostly showed higher connection
than 3DA which might mean that concentration was less in 3DP than in 3DA. This
agrees with the participants' feedback -to the questionnaire in Appendix II shown in
table 4.11 and figure 4.15 below- that indicated that 25 participants out of 29 said they
prefer 3D passive to 3D active as the 3D effect is nicer in case of 3D passive, or in
other words there are more details to process.

Coherence in Beta again appeared to be mostly higher in 2D. Coherence in Beta and
Alpha being higher in 2D except in Parietal-Occipital electrodes in group A, and
having established the fact that tasks related to visual working memory activate the
dorsolateral PFC, inferior parietal cortex on the right side, and high-order visual areas
in the occipital cortex, could give an indication that 3D information has higher ability

to compete and gain access into working memory.

Moving to phase lag, again theta was mostly higher in 3D, which means slow
rate of information sharing or could assert the less concentration and beta mostly
higher in 2D.
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Recalling that for group A, 3DA was the 2™ session, and for group B 3DA
was the third session, and similarly for group B 3DP was the 2™ session while 3DA
was the third session, we did a comparison to see if there will be any deviation in the
results from the original (tables 4.5- 4.7). Similar tables were constructed for the
passive sessions. Very little deviation was found which does not contradict with the

conclusions mentioned previously.

Absolute Power

Delta 2D 2D
Theta 3DA 2D
Alpha 2D (1 participant difference) 2D
Beta 2D 2D

Table 4.5: Absolute power, 3DA 2nd session vs 3DA 3rd session

Coherence:
f-o f-p p-o f-o f-p p-o
Delta 3DA 3DA 2D 3DA 3DA 3DA
Theta 3DA 3DA 3DA 3DA 2D 3DA
Alpha 3DA 3DA 3DA 3DA 2D 2D
Beta 2D 3DA 2D 2D 2D 3DA
Table 4.6: Coherence, 3DA 2nd session vs 3DA 3rd session
Phase:
f-o f-p p-o f-o f-p p-0
Delta 3DA 3DA 2D 2D 3DA 2D
Theta 3DA 3DA 3DA 3DA 3DA 3DA
Alpha 3DA 3DA 3DA 2D 2D 3DA
Beta 2D 3DA 2D 2D 2D 2D

Table 4.7: Phase, 3DA 2nd session vs 3DA 3rd session




It was previously mentioned that 3DP mostly showed higher connection than
3DA which might mean that concentration was less in 3DP than in 3DA. This agrees
with the participants' feedback -to the questionnaire in Appendix II shown in table 4.8
and figure 4.8 below- that indicated that 25 participants out of 29 said they prefer 3D
passive to 3D active as the 3D effect is nicer in case of 3D passive, or in other words

there are more details to process.

None Slight Moderate Severe

5 14 8 2

None Slight Moderate Severe

9 12 7 1

[ None  slight  Moderate Severe

7 9 10 3

2 5 12 L Table 4.8: Questionnaire (appendix IT) results
| No Maybe  Yes Definetly |
0 6 6 16
INatural Buildings people other |
18 3 8 1

| No Maybe  Yes Definetly |
2 6 9 12

No  Maybe Yes Definetly |
3 7 8 11

| Active  Passive |
4 25 0 0
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Active vs Passive | 2D vs 3D pereferance

Perefrance
® No
. = Maybe
= Active
: » Yes
W Passive ||
= Definetly
Discomfort due to 3D
4%
# None Figure 4.8: Questionnaire results
= Slight
* Moderate
M Severe
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CHAPTER 5

Conclusion & Recommendations

The main objective of this project is to study how the brain responds to 3D and
answer some questions associated with this kind of task that is done by the brain. How
is it different from watching a normal 2D movie? What parts of the brain are activated
during this task? The importance of this research comes from the fact that very little
research has been done in this area.

The data gathering phase is over, as well as data cleaning, and data analysis
using MATLAB and applying basic understanding of statistics using what has been
learnt in the EEG training. All over we can conclude that concentration in 3D was less
that in 2D as shown by the increased activity in Theta in case of 2D, the learning
effect might have caused the activity in Beta to drop in case of 3D as the participants
were watching the clips for the second time, that is why we suggest performing the
same experiment but interchanging the sequence i.e. watching 3D before 2D. All
these findings do not contradict with the fact that people seem to enjoy 3D more
especially 3D Passive.

Some problems were faced during performing the experiments such as
scheduling experiments with the participants; it is advised that this should be done at
an earlier stage. We already attended a course about EEG signal analysis; however
more reading and courses are required because this is a relatively new topic for those
who don’t come from biomedical engineering background and more knowledge is
required about this branch of engineering.
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Appendix 1
IMPORTANT NOTE: Filling this form does not mean that you are selected, You will be contacted

in case you are shortlisted as a volunteer.

Participant Personal Information

Name:

Contact Number: ‘ E-mail:
Gender: E:IMale D Female Race:
Dateof Birth: _ (DD) _ (MM)/__ (YY) Age:
Questionnaire

1. Have you ever experienced an EEG test before?

[] Yes [ ]No

2. Are you taking any daily medications?

I:I Yes D No

3. Do you have any current health problems of any sort (e.g.: diabetes, cancer, bed wetting, Ftc.)?

I—_—I Yes DNO

4. How many hours do you usually sleep? Please tick ONE box only.
L___l less than 6 hours |___| 6 to 8 hours D more than 10 hours

5. Do you smoke?

|:| Yes |:| No

6. How many hours per day (approximately) do you spend in front of a computer? Please tick ONE
box only.
D less than 3 hours D 3 to 6 hours D 7 to 10 hours D more than 10 hours

7. Do you wear glasses or contact lenses?

D If yes, please state your power: l___| No
8. Do you wear braces?

[ ] vES [ ]No

9. Have you ever experienced any form of severe head injury/ very high fever?

L] L]
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YES NO
10. Do you have skin allergy? D YES [ ] NO
10. How many have you watched times 3D movies before?

11. How many times per week do you see a movie?
11. Do you play video games? (Not at all, not active player, active player,

12. Have you played Nintendo DS before?

If yes, then please name the games that you have played.

13. Have you played Nintendo 3DS before?
If yes, then please name the games that you have played.

14. Have you played Sony Playstation before?

If yes, then please name the games that you have played.

15. Have you played 3D game using Sony Playstation 37

If yes, then please name the games that you have played.

16. Have you played any of the following games?
(i) Top gear

{(ii) Football

(iii) War craft

very active player)

IMPORTANT NOTE: Filling this form does not mean that you are selected. You will be contacted

in case you are shortlisted as a volunteer.
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Appendix 11

Participant Personal Information -

Name:

Contact Number:

Gender: DMale D Female

Date of Birth: _ (DD)  (MM)/_ (YY)

Answer by Y{yes) or N{no)

1-

None Slight

None

Stight

None Slight

Moderate

Moderate

Moderate

E-mail:
Race:
Age:

Did you feel energized because of 3D?

Severe

Do you have a general feeling of discomfort/ exhaustion because of 3D?

Severe

Did you feel better after watching the 3D movie?

Severe

4- Describe your experience with 3D movies by answering the following:

a. Do you like them better than 2D movies?
None  Slight Moderate Severe

b, Will you want to watch 3D movies again?
No May be Yes Definitely

¢. What were the best scenes that you saw?
Natural Buildings People
Other:

d. Would you encourage a learning technique that involves 3D?
No May be Yes Definitely

e. Wil you prefer D movie over 2D movie?
No May be Yes Definitely

5- Do you prefer active glasses or passive glasses? Please explain your feelings.

ACTIVE

PASSIVE
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Appendix 111

RESEARCH INFORMATION

Research Titie:

Researcher's Hame:

MMC Registration No. :

IKTRODUCTION
You e invited 1 wee patveluntanily in aresearchstugy of 20 vision: Games, Movies,

Yoot partigpation in his stodyis expectedis st up to 2howr. Up to 23 subjeats Wil be participatng ir this
s{udy. '

PURPOSE OF THE STUDY

The purpose of this study are (o o&termine how does you brain perosive iformstion presemed i 20
compaedtc 2D

QUALIFICATIOH TO PARTICIPATE
Requirments for catiggeion in this stugy
o Imerested inwatohing 20 movies
s Interested in plgying vides games.
You cannot participete in 8 study b
v Yoy have sty medical Ristory of head injury, epilepsy .' o any dther forms of psvohotic discrdens.

» You are unider 5ny type of Saity medicstion.
Yoo have 3ny type of s«in sllergy.
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STUDY PROCEDURES

Aryour @k sl 1T the expenimert room, you will be giventhat Fesearch information form i you agree 1o
;s’teapatc- Yeob will have tc sigr 3 corsent form, ‘Y"‘Ll’ mamd will o £ messred toselect spproprigte size of
elettrode oop. Two points will be mared oo your forshead st 13% of the tral gistance from yous anion o
rasicr. These mar<s are 1o loacte the position of gectrooss FFRY & FRIZ. The ressarcher in charge will
sxplain £ you sbostthese terms,

Tre cap will be out'ar your heso ans two sponge donuts will be aghersd or the marsen point, 3o thset the
slectr odes will D& oomnected 10 your =atlotes. To mase gocd connectivity, your ears will be aivaded with
Murep Paste ano the slecrodes will ke filled with Mureppeste ano the slectrodes will be filleg with electre
gel . Electrc Sl will sisc be injecten in Electrocap elechodes for the same purpose with your scelp

The mpedance of all the glectrudes will be messwed md Electrocsp slectrodes msy te shraded if they
show high impegarce. Tws EEG sensors will be applied onto the secord rib below the right and left
shoulder Sledes. The spclicaticn arse will be cleaneg and sbraded tc m3~:egsc-c.‘ contact

Two welors straps will be sticed srcund youwr fore fnger sng micdle finger o measure your 340k
sonductarce. The electrodes leptls will be connected with these straps.

A photopletlysmogram (PPGY will be spplied to your forefinger and will be fixed with 3 velorstrap

Trhe experiment includes the foliswing:

- Erminudes eyes-closed test,
> Eminutes eyes-opened test
2 20 mirutes ZD

4 Eminulgs syes-cpensd test
B 20 minutes 20

& £ minules syas-Cpened test

F-.0 20 miutes 30 [differert typed
RISKS

There exista the possikility of ris«< gne discomfort coouming during the st that oould include sain ifitstion,
allergy. or tears in syes. To mirimize these conditicrs, vou will be freguently ss<ed by the sxperimentsr if
you e expariendng ary discomfort and your electroenceph siogram will te closely monitcren

PARTICIPATION IH THE STUDY

Yourteding partin this stuay is entirely volumtary, You may refwe tc tsse part in the study o you may stop
catidpstion m the stugy 8 anytime, withcut = pemaif,- of fess of benefiis to which vou are otherwise
entitles. Your pcatticipation alb s may e stopped by the study 308 or spomscr without your scrsert,

GUESTIONS
If you Pave ary sussticn about this study o vour righl, glesse contact;

<liame of Researcher> & <No. MRMC >
“Department of =

< School>

<y SM_ Health Campus>

“Centact o, Office » <ContactHo. HP>

i vou have sny guestions regsrding the Ethical Approval o ary iBsue - problem relsteote this stugy, clesxse
comad,

Puan Mazilita Zainal Abidin

Secretary of Research Ethics Committee {Human)} U5
Clinical Sciences Research Platform

U Sht Health C ampus

Tel. Ho. : 09-T67 2355 /09.767 2362
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Email ; jepem@kk usm.my

CONFIDENTIALTTY

Your information will b= <t confioentisl £y the study sieff ara will nct te maoe putlichy availatle unless
seclosure i required By faw

Usts cttsires from ths stuoy that does not ioentfy you inctiguslly will be putblished for <niwleags
CUL0sES.

Your medical infomation may £e reld 8n0 CroCEssEC on 3 SompUtEr

By signing thi porsent form you suthorce the recotd review, informaticn storsge and dsta tramsfer
Jes oibed sicve

SIGNATURES

Tc be enteeg inte the study, you of 8 legs! representative must sign 8nd dsts the sigrature page
[ATTACHMENT Sor ATTACHMENT G {for genetic sample only} or ATTACHMENT P

44



ATTACHMENT S

Subject Informaticn and Consent Form
(Signature Page)

Research Titie:

Researcher's Name:

Tc become 3 pat this study, you o yor legst representslive must sign this page By sigring this cage |

am cerfirming the follcwing:

« | kave ce3d all of the infcrmaticn in this Sutject Infocematicr anc
Fzoren including any information regarding the risk in this stud

havye ad time tc thirnd about it

= A zfomy sussticrs

s | volurtarily agres itz te £att 2
crocedures, ang to provide nece
cther staff members 33 reguss

# | mayfreely choose to stog bein

s | bk3ve receives 3 copy cof thiz

weeg for myself

hsve besn answeten to m
i

f this

ted.
irg sapart of thizs s

Ccrzernt
y arg |
atisfacticr.
stugy, to follow the ztudy
rtc the dootor, nutzes, o

oy 3t anytime,

Sukbject Imformseticr ars ZTonsent Forem otz

Subject Name (Frint o tyLe)

Subject |.C Mo IHiew:

Signature of Subject o Legsl Represertaive

Hame of individual
Zengucting Consent Discussion Brnto Tyoe)

Signature of individual
Zonducting Tomsert Dhawssion

Hame & Signature of Witness

Subject initials arnz Humber

Subject |.C ko ;Zia:

Date | aa Rkl
‘Ahddtime if acedicatiss

Date ' ac ML yyl

Date : og Lihlyy)
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ATTACHMENT G

Subject Subject inforrmation and Consent Form
(Signature Page)

Research Title:

Researcher's Hatie

To become a catt this 3tudy, you o7 your legsl representative muwst sigr this page. By sigring this cage, |
am coefirming the following:

~

| #3ve rean 8l of the informaticrn ir this Sukbject Informaticn 3n3d Zorsent
Form including any information regarding the risk in this study srd |
kave had time to thiro 3ksul it

Al of my guesticns n3ve been 3nswereg to my satisfacticr

| velurtarily 3gres tc be part of this resestch stugy, to follow the studsy
grocedures. 3rg i provide neceszary irformatior to the 3octoct, rurtzes, o7

cther staff maembers, a3 reguested
| may freely choose to stop being 3 part of this stuzy 3t arytime,
| have received a cooy cof this Subject Informaticer 3rg CTorsent Form iz
cesr for myseif
Subject Hame Frirtor type) Subject Initiais 3nd Humber
Subject I.C Mo (Hewd Subject LC Mo {OId!
Signature of subpct or Legal Pecresentative Date adbhihlyyl

c&oa time f agp plicatle;

tiame of individu al
soraucting Scemsent D cussicr (Frint or Type)

Sign ature of Individual Date ‘cdhihlye
Zorducting Corsent Discussion

tHame & Signature of Withess Date 3d MLy
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ATTACHMENT P

Subjects Material Publication ConsentForm
Signature Page

Research Titfe:

Reséarche"s HNane:

Tz become s partthis study, you o you” legsl representative must sigr this £age.

By osigring this gage. | sm ocofimir g the followving:

f lurgersisoo that my rame will not 3ppess or the matenisls gutlishen
there Ras feen sfforts to ma«e sure that the crivacy of my name s
confidertial slthough the confidentistity is not comgeletely guarantes
tz urexpected cirCcumstances

v | kB3ve reag the materizgls o genersl descripticr of what the material contair
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cutlismes

;h‘ w
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9
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=
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e
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*» Tre materigls will rot Ee ussed cut of cortex — i.2.0 Samgle gictures &l pot
te usen ir 30 article which is urrelsted subject 1o the picture
Subject Hame Frint o tyge) Subject Initials =~ Humber
Subject i.C Ho. Subject s Sigrsture Date iad hiklyy:
MHame and Signatﬁré of individual Date | oo ikl

Congucting CorsentDisoussicn
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Appendix IV
clear alil
close all

clc

AbsPowerMat = [];
CoherenceMat = []:

PhaseLagMat = [];

Path = 'Yin';

i
=2

NumSessions

Y et
M

for i = 1:NumSessions

[BbsPowerMat {:,:,i), ~, ~] = xlsread({[Path, "\ZD\sessicn

sprintf{'%d’, 1y, '.xisx'}, 1,

[CoherenceMat (:,:,1i)}, ~, ~] = xlsread{[Path, '\2D\session

'C366:L536') ;

sprintf('sd', i), '.xlsx'l, 1,

[PhaselLagMat{:,:,1), ~, ~1 = xlsread([Path, '\2D\seszsion

sprintf('%d’, i), xlsx'}, 1,

end

AbsPowr2D = mean {(AbsPowerMat, 3);
Coherence2D = mean (CoherenceMat, 3);

Phaselag?2D = mean(PhaselagMat, 3)};

Cren i

for i = l:NumSessions

[AbsPowerMat {(:,:,i), ~, ~1 = xlsread([Path, '\3D Active\session

sprintf('%sd’',1i), ".xisx'}, 1,

[CoherenceMat (:,:,1i), ~, ~] = xlsread([Path, '\3D Activel\session

sprintf('%d',i), '.xlsx'}, 1,

[PhaselagMat{:,:,1i}, ~, ~] = xlsread([Path, ' ''\3D Activelsession

sprintf('2d’', i), '.=zlsx'}, 1,

end

TREO:KT8') ;

"CHE44:1714%);

'BGO:KT78");

'C366:L536");

"C544:1.714");

AbsPowr3DActive = mean (AbsPowerMat, 3);

Coherence3DActive = mean {CoherenceMat,

3);

Phaselag3DActive = mean(PhaseLagMat, 3);

I

T

r
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for 1 = l:NumSessions
[AbsPowerMat (:,:,1), ~, ~] = xlsread([Path, '\3D Passivel\session ',
sprintf("%d’, i), '.xlsx'}, 1, 'BGO:KI8");
[{CoherenceMat (:,:,1), ~, ~] = xlsread([Path, "\3D Passive\session ',
sprintf('%d’', 1), ".=zlsx'], 1, 'C366:L536");
[PhaselagMat{:,:,i}, ~, ~] = xlsread([Path, '\30 Passive\szsession ',
sprintf('3d',i), '.=xlsx'], 1, 'C544:1.7147");
end
AbsPowr3DPassive = mean(AbsPowerMat, 3);

G S TR R N R A

PriEeci B A A P e s IO e S NG TN 8 M

Coherence3DPassive = mean{CoherenceMat, 3};

PhaseLag3DPassive = mean{PhaseLagMat, 3):

CondOneAPAc=0;
CondTwoAPAC=0;
CondThreeAPAc=0;
CondFourAPAc=0;
CondFiveAPAc=0;
CondSixAPAc=0;

AbsDiff3DActives={];
for 1 = 1:19
for § = 1:10
if {AbsPowr2D (i, 3} > 0)&& (AbsPowr3DActive (i, ) > 0) &&
(AbsPowr3DActive (i, j)> AbsPowr2D(i,3i)}
AbsDiff3DActive(i,]j)= AbsPowr3DActivel(i,]j) - AbsPowr2D(i,]): .
CondOneAPAc=CondOneAPAc+]1;

else

if {AbsPowr2D{i, ) > 0) && (AbsPowr3DActive (i, j) > 0) &&
{AbsPowr3DActive(i,]j}< AbsPowr2D{i,3))

AbsDiff3DActive(i,j}* AbsPowr3DActive(i,j) - AbsPowr2D(i,j);
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CondTwoAPAc=CondTwoAPAc+1;

else

if  (AbsPowr2D(1,]) < 0)&&{AbsPowr3DActive(i,]) > 0)

AbsDiff3DActive(i,j)= AbsPowr3DActive (i, ]) -
BbsPowr2D(i, j);
CondThreeAPAc=CondThreeAPAc+1;

else
if {(AbsPowr2D{i,j)> 0)&& (AbsPowr3DActive(i,j) < 0)
AbsDiff3DActive (i, j)= AbsPowr3DActive{i,]j) - AbsPowr2D(i,3);:

CondFourAPAc=CondFourAPAc+1;

else
if(AbsPowr2D(i,dj} < 0)&&(AbsPowr3DActive(i,j) < 0) &&
{AbsPowr3DActive{i, j)> RAbsPowr2D(i,j))
BbsDiff3DActive{i,j)= AbsPowr3DActive(i,j) - AbsPowr2D{i,]j):
CondFiveAPAc=CondFiveAPAc+1;

else
if {AbsPowr2D{i,j) < 0)&&(AbsPowr3DActive(i,j) < ) &&
(AbsPowr3DActive (i,j)< AbsPowr2D{i,j))
AbsDiff3DActive (i, j)= AbsPowr3DActive (4, 3) -
BbsPowr2D{i,3);
CondSixAPAc=CondSixAPAc+1;

end
end
end
end
end
end
end
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end

save ([Path, '\AbsDiff3DActive.mat'], 'AbsDiff3DRActive');

TotalCondAPAc=CondCneAPAc+CondTwoAPAc+CondThreeAPAc+CondFourfAPAc+CondFiveAP
Ac+CondSixAPAc;
Plot3DbarChart (AbsDiff3DActive, 1);

FiguresCounter = 1;

CondOneAPPa=0;
CondTwoAPPa=0;
CondThreeAPPa=0;
CondFourAPPa=0;
CondFiveAPPa=0;
CondSixAPPa=0;

AbsDiff3DPassive=][];
for i = 1:19
for 3 = 1:10
af (AbsPowr2D (1, 3) > 0) && {AbsPowr3DPassive (i, ]) > 0) &&
{AbsPowr3DPassive (i, j)> AbsPowr2D(i,j})
AbsDiff3DPassive(i,j)= AbsPowr3DPassive(i,j) - AbsPowr2D(i,j};

CondOneAPPa=Ccond0OneAPPa+l;
else

if {AbsPowr2D(i, ) > 0) && (AbsPowr3DPassive (i, j} > O} &&
{AbsPowr3DPassive (i, j}< AbsPowr2D{i,j))

BbsDiff3DPassive(i,j})= AbsPowr3DPassive({i,]) - AbsPowr2D(i,]);
CondTwoAPPa=CondTwoRAPPa+l;

else

if ({(AbsPowr2D(i,]j) < 0)&&{BbsPowr3DPassive(i,j) > 0)
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AbsDiff3DPassive{i,j)= AbsPowr3DPassive{i, ) -
AbsPowr2D{i,j);
CondThreeAPPa=CondThreeAPPa+1;

else
if (AbsPowr2D{i,j)> 0)&& (AbsPowr3DPassive(i,j) < 0)
AbsDiff3DPassive(i,j)= AbsPowr3DPassive (i, ]J) -
AbsPowr2D{i, 3);

CondFourAPPa=CondFourAPPa+1;
else
if{AbsPowr2D(i,j) < 0)&&{AbsPowr3DPassive(i,j) < 0) &&
{AbsPowr3DPassive(i,])> AbsPowr2D(i,]))
BAbsDiff3DPassive (i, j)= AbsPowr3DPassive(i,j) - AbsPowr2D{i,j);
CondFiveAPPa=CondFiveAPPa+l;

else
1f(AbsPowr2D(i,3) < 0)&&{BAbsPowr3DPassive(i,j) < 0} &%
(AbsPowr3DPassive (i, )< AbsPowr2D(i,3j))
AbsDiff3DPassive (i, )= AbsPowr3DPassive (i, 3) -
BbsPowr2D(i,]);

CondSixAPPa=CondSixAPPa+1;

end
end
end
end
end
end
end

end

save{{Path, '\AbsDiff3DPassive.mat'], 'AbsDifif3DFassive');

TotalCondAPPa=CondOneAPPa+CondTwoAPPa+CondThreeAPPa+CondFourAPPa+CondFivenP
Pa+CondSixAFPPa;

52



Plot3DbarChart (AbsDiff3DPassive, 2};

FiguresCounter = FiguresCounter + 1;

ZondOneCohAc=0;
ZondTwoCohRAc=0;
CondThreeCohlc=0;
CondFourCohAc=0;

CohDiff3DActive=[];
for i = 1:171
for 3 = 1:10

if {(CoherenceZD(i,]j} > 0.3)&&(Coherence3DActive(i,j) > 0.3}

CohDiff3DActive(i,j)= Coherence3DActive (i, ]) -

Coherence2D (1,73}
CondOneCchic~=CondCneCohAc+l;

zlse

if (Coherence2D(i,j) < 0)&&{Coherence3DActive{i,i} > 0.3)

CohDiff3DActive(i,j)= Coherence3DActive{i, j);
CondTwoCohAc=CondTwoCohAc+];

1f (Coherence2D{i,j)> 0,3)&& (Coherence3DActive{i,j}) < 0}
CohDiff3DActive(i,j)= -Coherence2D(i,]);
CondThreeCohAc=CondThreelohBc + 1;
else

if{Coherence2D(i,j) < 0)&&{Coherence3dDActive(i,j) < Q)
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CohDiff3DActive{i,j)l= O0;
CondFourCchAc=CondFourCohAc + 1;

save([Path, '\CohDiff3DActive.mat'}, 'CohDiff3DActive'):
TotalCondCohAc = CondCneCohlc+CondTwolohAc+CondThreeCohAc+CondFourCohAc;

WO L SRR RO el I B LR ER ) L

CohDiff3DActivel = [1;
for 1 = 1:10
CohDiff3DActivel (:,:,1) = ConnectTranslDLoZD (ConDiff3DActive(:,1)};

ST Dy bihzsiineds

Plot3DChartConnectivity (CohDiff3DActivel (:,:,i), FiguresCounter, i};

PlotConnectivity (CohDiff3DActivel{:,:,1), FiguresCounter, 1i);
and

FiguresCounter = FiguresCounter + 32;

CondOneCohPa=0;
CondTwoCohPa=0;
CondThreeCchPa=0;
CondFourCchPa=0;

CohDiff3DPassive=[];
for i = 1:171
for 3 = 1:10
if ({Coherence2D(i,j) > 0.3)&&{Coherence3dbPassive(i,j} > 0.3)
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CohDiff3DPassive(i,])= Coherence3DPassive (i, ) -
Coherence2D({i,i};

CondOneCohPa= CondOneCohPa +1;

else

if {Coherence2D(i,j) < 0)&&(Coherence3DPassive(i,j) > 0.3)

CohDiff3DPassive{i,j)= Coherence3DPassive(i,3);

CondTwoCohPa= CondTwoCchPa +1;

else

if (CoherenceZD(1,j)> 0.3)&&{Coherence3DPassive(i,j) < 0)

CohDiff3DPassive(i,j)= - CoherencelD(i,j);
CondThreeCohPa= CondThreeCohPa +1;

else

if (Coherence2D{i,j) < 0)&&(Ccherence3DPassive(i,j) < 0)

CohDiff3DPassive(i,j)= 0:
CondFourCohPa= CondFourCohPa +1;

end
end
end
and
end
end
save{[Path, '\CohDiff3DPassive.mat'], 'ConDiff3DPassive'};
TotalCondCohPa =
CondOneCohPa+CondTwoCohPa+CondThreeCohPa+CondFourCohPa;
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CohDiff3DPassivel = [];
for 1 = 1:10
CohDiff£3DPassivel{:,:,1) =
ConnectTranslDto2D (CohDiff3DPassive(:,1)); .

plot 5L oy onart for ochsrmess

Plot3bChartConnectivity{CohDiff3DPassivel{:, :,1), FiguresCounter,

cect vty s for conberanos

PlotConnectivity{CohDiff3DPassivel{:,:,i}, FiguresCounter, i};

end

FiguresCounter = FiguresCounter + 32;

CondOnePLAC=0;
CondTwoPLAC=0;
CondThreePLAc=0;
CondFourPLAc=0;
CondFivePLAc=0;

PhaseDiff3DActive=[];
for i = 1:171
for § = 1:10
1L (PhaselLagZD(i,3}) > 0.7)&&(PhaseLag3DActive({i,j} > 0.7}

PhaseDiff3DActive (i, )= PhaseLag3DActive(i,]) -
PhaseLag2D(i,73):

CondOnePLAc=CondOnePLAc+1;

else

if (PhaselLag2D{i,3j) < -0.7)&&(Phaselag3DActive{i,j) > —0;7)

PhaseDiff3DActive(i,j}= Phaselag2D(i,j}:
CondTwoPLAc=CondTwoPLAC+]1;
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else

if (PhaseLag2D{i,Jj)> -0.7}&&{PhaseLag3DActive{i,j) < -0.7)

PhaseDiff3DActive(i,j)= - PhaselLag3DActive(i,]j);
CondThreePLAc=CondThreePLAc+]1;

else

if(PhaseLag2D(i,j) < -0.7)&& (PhaseLag3DActive(i,j) < -0.7)

PhaseDiff3DActive (1,])= PhaseLag3DActive(i,]J} -

PhaseLag2D(i,j):.
Cond¥ourPLAc=CondFocurPLAc+1;
else

PhaseDiff3DActive (i,3)=0;
CondFivePLAc=CondFivePLAc+1;

end
end
end
end
end
end
save ([Path, '\PhaseDiff3DActive.mat'], 'PhaseDif{3DActive’};
TotalCondPLAC =
CondOnePlLAc+CondTwoPLAc+CondThreePLAc+CondFourPLAc+CondFivePLAC;

PhaseDiff3DActive2 = {];

for i = 1:10
PhaseDiff3DActive2{:,:,1) =
ConnectTranslDto2D (PhaseDiff3DActive(:,1));
Sesl G Dmp orbiawn Zow oohionnsoo

Plot3DChartPhaselag{ PhaseDiff3DActive2(:,:,1), FiguresCounter, i);
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PlotConnectivity( PhaseDiff3DActive2(:,:,1}, FiguresCounter, 1i);

and

FiguresCounter = FiguresCounter + 32;

CondOnePLPa=0;
CondTwoPLPa=0;
CondThreePLPa=0;
CondFourPLPa=0;
CondrivePLPa=0;

PhaseDiff3DPassive=[];
for i = 1:171
for j = 1:10
if (PhaseLag2D{i,j)} > 0.7}&&(Phaselag3DPassive(i,j) > 0.7)

PhaseDiff3DPassive(i,j)= Phaselag3DPassive(i, j) -
Phaselag2D(i,j};
CondOnePLPa= CondCnePLPa +1;

else
if (PhaseLag2D{i,j) < -0.7)&&(Phasebag3DPassive(i,j) > -0.7)
PhaseDiff3DPassive{i,j)= Phaselag2D{i,3):
CondTwoPLPa= CondTwoPLPa +1;
else

if (PhaseLag2D({i,j)> -0.7)&&{PhaselLag3DPassive(i,j) < -0.7)

PhaseDiff3DPassive(i,j)= -Phaselag3DPassive(i,j);:
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CondThreePLPa= CondThreePLPa +1;

clse

1f (PhaseLag2D{i,j) < -0.7)&&(PhaselLag3DPassive(i,j) < -0.7)

PhaseDiff3DPassive(i,j)= PhaseLag3DPassive (i, ]) -
PhaseLag2D(i,j};
CondFourPLPa= CondFourPLPa +1;

else

PhaseDiff3DPassive (i, j}=0;
CondFivePLPa=CondFivePLPa+tl;

end
end
end
end
end
end
save | [Path, "\PhaseDiff3DPagsive.mat'}, 'PhaseDiff3DPassive’);
PhaseDiff3DPassive? = [];
TotalCondPLPa o=
CondOnePLPa+CondTwoPLPa+CondThreePLPa+CondrourPLPa+CondlFivePLPa;

for 1 = 1:10
PhaseDiff3DPassive2(:,:,1i} =
ConnectTranslDto2D (PhaseDiff3DPassive(:,1));

[ SR T, i ey . B T
sl st LoD Conoiniecs

Plot3DChartPhaselag( PhaseDiff3DPassivel(:,:,1i), FiguresCounter, 1i);

PlotConnectivity( PhaseDiff3DPassive2(:,:,1), FiguresCounter, i);

and

FiguresCounter = FiguresCounter + 32;

Oyt
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FregqBand = {'Delta’, "Theta', "Blpha’', "Beta', 'High Beta', 'Alpha
1", 'Alpha 2',
"Beta 17, 'Beta 27, 'Beta 3'}:;
hgsave (figure (1), {Path, "\AbsPowerDiff3DAcitve.fig']};
hgsave (figure (2}, [Path, '\AbsPowerDif£3DFassive.fig']};
for i=1:10

hgsave {figure (2+i), [Path, '\Cchernece Active map-harchart-',
FreqBand{i}, ".{ig']};

hgsave (figure(l2+i), [Path, '\Cohernece Retive bar chart-"',
FreqBand{i}, "-fig']l);

hgsave {figure (22+i}, [Path, '\Cohernece Active map-",

FregBand{i},'.fig']}:

end
ngsave (figure (33), [Path, '\Cohernece RActive bar chart.fig'l}:

hgsave (figure{34), [Path, '\Cohernece RActive map.fig']);

for i=1:10
hgsave (figure(34+1), {Path, '\Cohernece Passive map-barchart-",
FregBand{i}, ".Iig']};
hgsave (figure(44+i), [Path, '\Cohernece Passive bar chart—",
FreqBand{i}, ".Lig']};
hgsave {figure (54+i), [Path, '\Cohernece Passive map-"',

FregBandi{i}, ".fig'l};

end
hgsave (figure(65), [Fath, '\Cohernece Passive bar chart.fig']l);

hgsave (figure(66), [Path, '\Cohernece Passive map.fig'l}:

for i=1:10
hgsave (figure (66+1i}, [Path, '\Fhaselag Active map-barchart-',
FregBand{i}, '.Tig']};
hgsave {figure (76+1i}, [Path, '\PhaselLag ABctive bar chart-",

FregBand{i}, ".fig'l);
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hgsave {figure (86+1), [Path, "\Phaselag
FreqBand{i},'.fig'1l);

znd

agsave (figure (97}, [Path, '\FPhaselag Rctive bar chart.fig'}l):

Active

agsave {figure (98), [Path, "\Phaselag Active map.fig'l};

for i=1:10
hgsave (figure(98+1i), [Path, '\Phaselag
freqBand{i}, '.£ig']);
hgsave (figure (108+i), {Path, "\Phaselag
fregBand{i}, ' . fig']};
hgsave (figure (118+1i), [Path, '\PhaseLag
‘regBand{i}, '.Lig']);

and

Passive

Passive

Passive

map~',

map-barchart-*,

wgsave{figure(129), [Path, '\Phaselag Passive bar chart.fig']};

wgsave (figure (130), [Path, '\Phaselag Passive map.fig'i);

chart-"1,

map-"*,
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Figure 9: Group A Phase: Parietal - Occipital

EP3-01
W P3-02

P4-01
= P4-02
mO01-Pz
u02-Pz

01-02

mP3-01 |

mP3-02
“P4-01
®P4-02
®01-Pz
# 02-Pz

01-02

70



Group B: 2D Phaselag: Frontal-Occipital

®FP1-01
= FP1-02
» FP2-01
H FP2-02
®F3-01
" F3-02
B F4-01
¥ F4-02
01-F7

Frequency Bands % 01-F8

O = N WA U W

No. of Participants

Alpha Beta

Group B: 3D Passive Phaselag: Frontal-Occipital

mFP1-01
B FP1-02
® FP2-01
u FP2-02
®F3-01
" F3-02
mF4-01
® F4-02
01-F7
®01-F8

m01-Fz
Frequency Bands " 02-F7

No. of Participants
O = N W A& U OO0 N 0 W

Delta Theta Alpha Beta

Figure 4.10: Group B Phase: Frontal - Occipital
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Figure 4.12: Group B Phase: Parietal - Occipital
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