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ABSTRACT

Emerging research have concentrated on determining differences in brain
oscillations in groups of subjects inclusive of patients with health and mental disorders.
At the moment, very few of such studies focus on gender differences. Our attempt is
to investigate gender differences in brain oscillations and the regions involved in
healthy subjects. Using pre-recorded resting-state EEG, we sought to compare the
similarities and differences of patterns of oscillations in male and female subjects.
Thus far, we have 14 EEG resting state recordings for males and 15 females. First,
pre-processing will be done on filtering which include high pass filter cut-off of 30 Hz
and low pass filter cut-off of 0.3 Hz. The low pass filter is used to get rid of baseline
drift while the high pass filter is to get rid of noise. For high pass filter, sodium chloride
(electrolyte) from sweating reacting with metals of the electrodes may produce a slow
baseline drift. After that, we down sample from 1000 to 250 Hz. Then, continued with
manual rejection for muscle artifact and proceed using ICA in EEGLab to reject
continuous data for eye/ocular artifacts. Next, the pre-processed data will be exported
and analyzed using Loreta. Our objectives are to determine the EEG oscillations
(frequency bands) that are significantly different between males and females and the
brain regions that are responsible for the difference. All the objectives have been

successfully achieved.
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ABSTRAK

Penyelidikan baru muncul telah tertumpu pada menentukan perbezaan dalam
ayunan otak dalam kumpulan mata pelajaran termasuk pesakit dengan kesihatan dan
gangguan mental. Pada masa ini, sangat sedikit daripada kajian tersebut menumpukan
kepada perbezaan jantina. Usaha kami adalah untuk menyiasat perbezaan jantina
dalam jangka ukuran otak dan kawasan-kawasan yang terlibat dalam subjek yang sihat.
Menggunakan pra-rakaman dalam keadaan rehat EEG, kami berusaha untuk
membandingkan persamaan dan perbezaan corak ukuran dalam subjek lelaki dan
perempuan. Setakat ini, kami mempunyai 14 EEG rakaman dalam keadaan rehat bagi
lelaki dan 15 perempuan. Pertama, pra-pemprosesan akan dilakukan pada penurasan
termasuk penurasan tinggi terhenti 30 Hz dan penurasan rendah terhenti 0.3 Hz.
Penurasan rendah digunakan untuk menghilangkan sudut gelincir asas manakala
penurasan tinggi adalah untuk menghilangkan bunyi bising. Untuk penurasan tinggi,
natrium klorida (elektrolit) dari berpeluh bertindak balas dengan logam elektrod boleh
menghasilkan sudut gelincir asas perlahan. Selepas itu, kami mengurangkan kadar
sampel 1000-250 Hz. Kemudian, diteruskan dengan penolakan manual untuk artifak
otot. Dan teruskan menggunakan ICA dalam EEGLab untuk menolak data berterusan
untuk mata / artifak okular. Seterusnya, data pra-diproses akan dieksport dan dianalisis
menggunakan Loreta. Objektif kami adalah untuk menentukan jangka ukur EEG (jalur
frekuensi) yang jauh berbeza antara lelaki dan perempuan dan kawasan otak yang

bertanggungjawab untuk perbezaan. Semua objektif telah berjaya dicapai.



X

TABLE OF CONTENTS

CHAPTER TITLE

PROJECT TITLE
DECLARATION
DEDICATION
ACKNOWLEDGEMENT
ABSTRACT

ABSTRAK

TABLE OF CONTENTS
LIST OF FIGURES

LIST OF TABLES

INTRODUCTION

1.1 Introduction of Project
1.2 Objectives

1.3 Motivation

1.4 Problem Statement

1.5 Scope of Project

1.6 Software

1.7  Project Significance

PAGE

|

ERROR! BOOKMARK NOT DEFINED.

A%

VI

vl

VIII

IX

XII

XV



1.8 Report Structure 4

LITERATURE REVIEW 6
2.1 Artifact Removal from EEG Signal 6
2.2 Resting Brain Activity: Differences Between Gender 6

2.3 Brain Oscillations are Highly Influenced by Gender Differences 7

2.4 Network Analysis of Resting State EEG in The Developing Young

Brain: Structure Comes With Maturation 8

2.5 Adjust: An Automatic EEG Artifact Detector Based on The Joint Use

of Spatial and Temporal Features 9
METHODOLOGY 16
3.1 Project Implementation 16
3.2 Flowchart 17
3.3 Pre-Processing 18
3.4 Analysis Data Using LORETA 20

3.4.1 sLORETA Utilities 20
3.4.2 sLORETA Statistics 24
343 sLORETA Viewer 28
RESULTS AND DISCUSSION 32
4.1 Result 32
4.1.2  Pre-processing of subjects 32
4.1.2  Threshold values 38
4.1.3  Brain oscillations and region involved for a specific
frequency bands (delta, theta, alpha and beta) 39
4.2 Discussions 45

CONCLUSION AND RECOMMENDATION 47



5.1 Conclusion

5.2 Recommendation

REFERENCES

X1

47

49

50



NO

2.1
2.2
23
24
3.1
3.2
33
34
3.5
3.6
3.7
3.8
3.9
3.10

3.11
3.12
3.13
3.14
3.15
3.16
3.17
3.18
3.19
3.20
3.21

LIST OF FIGURES

TITLE

Brain lobes

Mean age differences in SL for boys and girls

Mean age differences in clustering index for boys and girls
Scalp areas used in adjust spatial features computation
Flowchart of project work

Tools- filter data

Filtering high pass (30Hz) and low pass (0.3Hz)
Tools- change sampling rate

Plot- channel data (scroll): muscle artifacts rejection
Reject data using ICA

EEGs to cross-spectrum

Folder mode

File mask

Xii

PAGE

O O o0 ©

17
18
18
18
19
19
20
20
20

Number of electrodes, number of time frames per epoch and sampling

rate (Hz)

Type of frequencies

Male folder in *.txt

Cross spectra to SLORETA
Include subfolders

Folder “Male” and “Female” subjects
The transformation matrix file
Clear all data

Data type

Data normalization

Test type

Test details 1

21
21
21
22
22
22
23
24
24
25
25
25



3.22
3.23
3.24
3.25
3.26
3.27
3.28
3.29
3.30
3.31
3.32
3.33
3.34
3.35
4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10
4.11
4.12
4.13
4.14
4.15
4.16
4.17
4.18
4.19
4.20

Select files (Group A & B)

Test details 2

Statistics

Perform test

FemaleMinusMaleVigFratios folder

Change data type to LORETA

Change data type to LORETA time domain
Define frequency resolution (Hz)

Offset value (Hz)

sLORETA frequency domain

Find Max/Min

Example of voxel value representing part of the brain
EEG/ ERP signals

Color scale

ICA analysis map/ topography of 60 components
ADJUST’s tools

Component activation (scroll)

Xiii

26
26
27
27
28
28
29
29
29
30
30
30
31
31
33
33
34

ICA of 37 components by map/ topography after(component)rejection 34

ICA analysis by map/ topography of 60 components
ADJUST’s tool

Component activation (scroll)

35
36
36

ICA of 41 components by map/ topography after(component)rejection 37

Female’s threshold value

Male’s threshold value

Current density colour of delta band
Current density colour of theta band
Current density of alpha band
Current density of beta band

Delta band for female subjects
Delta band for male subjects

Theta band for female subjects
Theta band for male subjects

Alpha band for female subjects
Alpha band for male subjects

38
38
39
39
39
39
40
40
41
41
42
42



4.21
4.22
4.23

Beta band for female subjects
Beta band for male subjects

Alpha band and beta band

X1iv

43
43
46



XV

LIST OF TABLES
NO TITLE PAGE
1 GLM F-test and p values for power measures significant main effects
(gender) and interaction effects (gender x location) 7
2 Female and male subjects the mean, standard deviation and p values of
the maximum peak-to-peak amplitude values 7

3 Summarize of 15 journals 10



CHAPTER 1

INTRODUCTION

This chapter covers the introduction part of this Final Year Project which
includes sub-chapters of objectives, problem statements, scopes, software and

significant of the project.

2.1 Introduction of Project

Recently electroencephalogram (EEG) widely used in our world such as for
medical purpose and further study on expanding human understanding of brain
organization. History tells Hans Berger, a German psychiatrist was the first human
developed EEG. Berger was interested in the study of the relationship between mental
processes and the brain. Berger decided to measure the brain’s electrical activity in
belief the physiological record would provide insight into mental processes. At first
reaction of Berger’s work was one of disbelief. He did not achieve an international
reputation. At the end, it was then Edgar Douglas Adrian, a renowned English

neurophysiologist confirmed Berger’s findings.

EEG is a graphic (vivid) of the electrical activity of the brain. By placing
electrodes on the scalp of the subjects and connecting the electrode wires to a machine
known as an electroencephalograph. The machine then records the patterns of brain

waves (rhythmic changes in the electric pulse of the brain). EEGs are used to diagnose



epilepsy, brain tumors, strokes and other neurological conditions. These conditions are
categorized by abnormal patterns of brain waves. In addition, EEGs also used in

investigating psychiatric disorders such as schizophrenia.

The EEG diagnose can be performed at any age of the subjects. But this project
focused on resting-state EEG current source-density of neutral oscillation specifically
in gender comparison between male and female. The diagnosis also can be conducted
whether in resting-state opened-eyes or closed-eyes EEG. We are interested in closed-
eyes EEG for this project. If the project success, it could be used in neurology fields
in the future.

There are four types of brain waves frequencies to understand which each of them
has a different frequency range such as delta (1.5Hz to 6Hz), theta (6Hz to 8Hz), alpha
(8Hz to 12Hz) and beta (12Hz to 30Hz)

2.2 Objectives

1. To compare oscillatory activity in specific frequency bands (delta, theta, alpha,
beta) between male and female subjects.

2. To identify the EEG oscillations (frequency bands) that are significantly
different between male and female subjects.

3. To determine the brain regions that are responsible for the difference male and

female subjects.

2.3 Motivation

This study is to describe the differences between male and female healthy
subjects in oscillatory activity in brain oscillations and the region involved. Major
motivation of this study is to know about the behavior of EEG during a resting state.
Practically by doing this project, it shows the appropriate methods in conducting EEG
experiments and pre-processing using Matlab and analyze data using LORETA
software. It is also socially relevant since it can contribute to functional brain

organization for study use.



2.4 Problem statement

Gender is presumed to be one of the factor causing inter-individual variability in
the brain’s electrophysiological parameters. Emerging research have concentrated on
determining differences in brain oscillations in groups of subjects inclusive of patients
with health and mental disorders. At the moment, very few of such studies focus on
gender differences. Based on the previous specific studies in gender shown
inconsistencies in report findings. The question arise on what is exactly the truth EEG
oscillations and the brain regions between male and female. Thus, we attempt to
investigate gender differences in brain oscillations and the regions involved in healthy

subjects.

2.5 Scope of Project

The working principle of this project is to show differences EEG oscillations
between male and female subjects and the regions involved. The main function of this
project is to detect differences in brain oscillations between male and female groups.
At the beginning, the project starts working on literature study by referring journals,
articles and books. After doing some research, pre-processing is a next step. The pre-
processing begins with filtering high pass and low pass and following with down
sampling. Then, manual rejection of muscle artifacts caused by laughing, grinding
teeth, head movement etc. This proceed with rejecting continuous data by eye/ ocular
artifacts and heart rate using Independent Component Analysis (ICA). At the end of
this project is doing analysis (oscillatory), obtain results and discussion regarding the

current results and previous findings.

2.6 Software

As for the software used, the pre-processing is compatible with MATLAB software
by Mathworks© and EEGLab. All the analysis for the project will be done by using
LORETA.



2.7  Project Significance

The gender comparison study contributes to the ongoing research in brain function
and oscillation by disentangling the effects of fundamental biological factor such as
gender influence on the brain during a resting-state. Using pre-recorded resting-state
EEG, we sought to compare the similarities and differences of patterns of oscillations
in male and female subjects. Thus far, we have 14 EEG resting state recordings for
males and 15 females. First, pre-processing will be done on filtering which include
high pass filter cut-oft of 30 Hz and low pass filter cut-off of 0.3 Hz. The low pass
filter is used to get rid of baseline drift while the high pass filter is to get rid of noise.
For high pass filter, sodium chloride (electrolyte) from sweating reacting with metals
of the electrodes may produce a slow baseline drift. After that, we down sample from
1000 to 250 Hz. Then, continued with manual rejection for muscle artifact. And
proceed using ICA in EEGLab to reject continuous data for eye/ocular artifacts. Next,
the pre-processed data will be exported and analyzed using LORETA. This project is
beneficial for our society on understanding of which gender consistently perform and

for detection of mental activity to reliably identify.

2.8 Report Structure

The report consists of five chapters. Chapter 1 discusses the introduction of the
project which includes the objectives of the project, problem statements; scope of the

project, project significance and report structure.

Chapter 2 discuss about the Literature review. This chapter included literature
review on Artifact Removal from EEG Signal by A.GuruvaReddy and Srilatha Narava,
Resting brain activity: Differences between genders by Norbert Jau sovec and Ksenija
Jau“sovec, Brain oscillations are highly influenced by gender differences by Bahar
Giintekin, Erol Basar, Network Analysis of Resting State EEG in the Developing
Young Brain: Structure Comes With Maturation by Maria Boersma, Dirk J.A. Smit,
Henrica M. A. de Bie, G. Caroline M. Van Baal, Dorret I. Boomsma, Eco J.C. de Geus,
Henriette A. Delemarre-van deWaal, and Cornelis J. Stam and ADJUST: An automatic
EEG artifact detector based on the joint use of spatial and temporal features by Andrea

Mognon, Jorge Jovicich, Lorenzo Bruzzone and Marco Buiatti.



The next chapter discusses about methodology of the project. The methodology

which includes project implementation, pre-processing and a flowchart.

Chapter 4 discusses about result and discussion of the project. It is full decision

result after the completion of this project.

The final chapter is chapter 5 that explains about conclusion and

recommendation for future work related to this project.



CHAPTER 2

LITERATURE REVIEW

This chapter discusses the overview on the related topic and the background
study related to this project. This chapter covers research studies in previous

established works.

3.1 Artifact Removal from EEG Signal

By the artifacts itself not all the signals that display in the EEG record is
coming from brain. A bad electrodes location, unclean hairy leather, electrodes
impedance is caused the most common artifacts during the recording process.
Furthermore, there is also a finding of physiological artifacts that is bioelectrical
signals from other parts of the body (heart rate, muscle activity and eye movement)
that are recorded in the EEG [2]. There are various types of independent sources in
EEG recordings such as noise, muscle, eye activity and brain activity that should be

rejected to get a clear data.

2.2 Resting Brain Activity: Differences Between Gender

The research is about electrophysiological (EEG) and hemodynamic (near
infrared spectroscopy — NIRS) measures as a function of gender in healthy adult
individuals. The EEG data analysis depending the resting eyes closed brain activity of
300 respondents (160 females) while the NIRS analysis is depending 155 respondents



(88 females) [3]. By referring the results, it shows a higher power values in females

as compared with males in the gamma and beta bands [3].

Table 1: GLM F-test and p values for power measures significant main effects (gender)
and interaction effects (gender x location). Only significant gender related differences

are shown.

2.3 Brain Oscillations Are Highly Influenced by Gender Differences

Based on this paper, the EEG is recorded from F3, F4, Cz, C3, C4, T3, T4, TS,
T6, P3, P4, Ol and O2 locations according to the 10-20 system and used EOG
recordings. The data of 32 (16 males) healthy subjects is recorded from thirteen
different scalp locations (F3, F4, Cz, C3, C4, T3, T4, TS, T6, P3, P4, O1, O2). The
analysis is included the delta (0.5-3.5 Hz), theta (5-8.5 Hz), alpha (9—13 Hz), beta
(15-24 Hz), and gamma (28-48 Hz) frequency ranges [4]. The result shows that the
maximum peak-to-peak delta response amplitudes for women were significantly

higher than men over occipital, parietal, central and temporal electrode locations [4].

Table 2: For female and male subjects the mean, standard deviation and p values of
the maximum peak-to-peak amplitude values are shown for the delta, beta and gamma

frequency range at different locations.



Figure 2.1: Brain lobes

2.4  Network Analysis of Resting State EEG in the Developing Young Brain:

Structure Comes with Maturation

This paper mentioned the resting-state eyes-closed electroencephalography
(EEQ) is recorded (14 channels) from 227 children twice at 5 and7 years of age. Based
on the result, girls show higher synchronization for all frequency bands and a higher

mean clustering in alpha and beta bands [5].
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Figure 2.2: Mean SL over all epochs for boys and girls at 5 and 7 years of age in three
frequency bands. The variance in SL was significantly lower in children at 7 years of
age compared to that at 5 years of age in theta [F(1,225) % 30.116, P < 0.001], alpha
[F(1,225)"4 8.330, P % 0.004] and beta [F(1,225) 4 29.367, P <0.001] band. Boys had
significant lower SL in theta [F(1,225) ¥4 14.616, P <0.001], alpha [F(1,225) 4 8.025,
P %1 0.005] and beta [F(1,225) %4 16.796, P < 0.001] band. The beta frequency band
showed a significant interaction effect between time and gender [F(1,225) %4 5.116, P
%4 0.025].



Mean age differences in clustering index for boys and girls
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Figure 2.3: Mean normalized clustering index (Cw/Cw ? s) for boys and girls at 5 and
7 years of age in three frequency bands. The meanclustering index was significant
higher in children of 7 years of age compared to children at 5 years of age in the alpha
band (F% 7.087, P %4 0.008). Girls showed higher clustering in the alpha (F %4 10.966,
P % 0.001) and beta (F % 9.207, P /2 0.003) bands.

2.5 ADJUST: An Automatic EEG Artifact Detector Based on The Joint Use of

Spatial and Temporal Features.

Adjust is a successful method that can removed artifacts from
electroencephalogram (EEQG) recordings in Independent Component Analysis (ICA)
[19]. Removal of the artifacted components detected by ADJUST leads to neat
reconstruction of visual and auditory event-related potentials from massively
artifacted data. Based on the results obtained, ADJUST provided a fast, efficient and

automatic way to use ICA for artifact removal [19].

Figure 2.4: Scalp areas used in ADJUST spatial features computation. Left-hand
panel: Frontal area (in green) and Posterior area (in blue); Right-hand panel: Left-eye
area (in yellow) and Right-eye (in purple). Red dots indicate channel positions in the

validation dataset.





