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Abstract

This thesis investigates the nuanced di�erences in brain activity between genders dur-

ing the execution of varied tasks. Utilizing electroencephalography (EEG), we closely

analyzed the cognitive processes of male and female subjects across a range of activi-

ties. Our �ndings revealed distinct patterns of brain activity between genders, re
ective

of the di�ering anatomical structures and neural pathways in male and female brains.

Notably, our research demonstrates that these di�erences do not confer cognitive supe-

riority to one gender over the other. Instead, they highlight diverse cognitive strategies

emanating from gender-related anatomical di�erences. The exploration of these dispari-

ties can greatly enhance our understanding of the human brain and help foster strategies

for personalized learning and therapeutic approaches. Future research should continue

to investigate these di�erences in a larger and more diverse population, providing even

more comprehensive insights into the intricate interplay of gender, brain anatomy, and

cognitive function.

Keywords: Brain waves, Psychological signals, Alpha waves, Beta waves, Gender

Di�erences, Brain Activity, Cognitive Processes, EEG, Cognitive Strategies, Cognitive

Function
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Chapter 1

Introduction

Research has investigated the disparities between genders in the domain of mathemati-

cal problem solving. Several studies have have contended that no signi�cant di�erences

exist between gender and mathematical performance [46, 83]. Moreover, our under-

standing of the physiological changes that transpire during and after test-taking re-

mains limited. While no studies have speci�cally investigated the relationship between

physiological changes and gender di�erences during and after mathematical tests, there

have been some studies examining the functional organization of the brain for work-

ing memory using fMRI to shed light on gender di�erences [102]. These disparities in

brain functionality have been attributed to variations in problem-solving strategies or

neurodevelopment.

However, it is worth noting that historically, women have faced signi�cant challenges

and barriers in accessing education, exhibiting their work, and receiving recognition in

the art world. As a result, the visibility and acknowledgment of female artists have

often been limited compared to their male counterparts [63].

Fortunately, there has been progress in recent decades towards greater inclusivity

and gender equality in the arts. E�orts have been made to highlight the contributions

of women artists, promote their work, and create opportunities for their voices to be

heard [115].

It is crucial to move away from generalizations or comparisons based on gender

when discussing abilities. Instead, it is more productive and accurate to recognize the

immense talent and diverse perspectives that people bring to the artistic realm. The
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art world bene�ts from the contributions of artists of all genders, and it is through

celebrating this diversity that we can appreciate the full range of artistic abilities and

creativity.

E�orts are being made to address these issues and promote gender equality in STEM

�elds. Initiatives aimed at encouraging girls and women to pursue STEM education and

careers, providing mentorship and support networks, and raising awareness about the

achievements of women in STEM are helping to challenge the stereotypes and biases

that have limited female representation in these �elds [8].

It is crucial to recognize that gender should not be a determining factor in one's

ability or potential in any �elds. Encouraging equal opportunities, fostering inclusivity,

and challenging societal perceptions are essential steps toward achieving gender parity

in these areas [44].

To achieve this objective, we conducted an experiment that aimed to provide evi-

dence by equally assessing the diverse abilities of individuals across di�erent genders.



Chapter 2

Background

To analyze what is happening while a person thinks about an speci�c subject, di�erent

approaches can be considered:

ˆ Observation: Engage in active observation of the person's behavior, body lan-

guage, facial expressions, and any visible signs of cognitive processes. This can

provide clues about their thought patterns and emotional responses.

ˆ Self-reporting: Encourage the person to describe their thoughts and feelings re-

lated to the speci�c subject. Self-reporting can provide valuable insights into their

internal experiences and thought processes.

ˆ Interviews or questionnaires: Conduct interviews or administer questionnaires

speci�cally designed to gather information about the person's thoughts, percep-

tions, and cognitive processes regarding the subject. This can help in obtaining

more structured and detailed information.

ˆ Neuroimaging techniques: Utilize neuroimaging technologies such as functional

magnetic resonance imaging (fMRI), electroencephalography (EEG), or positron

emission tomography (PET) scans. These methods can provide information about

brain activity patterns and neural correlates associated with speci�c thoughts and

cognitive processes.

ˆ Psychological experiments: Design and conduct experiments that manipulate vari-

ables related to the speci�c subject. This can help in observing and measuring

3
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cognitive processes, decision-making, problem-solving, or memory recall associ-

ated with the subject under investigation.

ˆ Collaboration and discussion: Engage in open and thoughtful discussions with the

person to gain insights into their thought processes. This collaborative approach

allows for a deeper exploration of their ideas, reasoning, and perspectives.

However, understanding someone's thoughts and thought processes is inherently sub-

jective and can be in
uenced by various factors such as individual di�erences, context,

and biases. Therefore, it is essential to use a combination of methods and approaches to

gain a more comprehensive understanding of what is happening while a person thinks

about a speci�c subject.

In this research, a combination of the aforementioned methods has been employed

to conduct a scienti�c investigation, ensuring reliable and robust results.

The ultimate objective of this exploratory study is to compare brain activity during

the performance of various tasks. To achieve this, a comparative analysis of the brain's

electrical activity during a speci�c set of activities has been conducted.

2.1 Brain Waves

The brain's functional condition can be mainly deciphered from �ve distinct brain waves,

each characterized by their respective frequency bands [13].

1. Delta Waves (0.5 - 4 Hz) : These are the slowest brain waves and are pre-

dominantly seen during deep, dreamless sleep or when unconscious. They're also

associated with healing and regeneration, hence why deep sleep is so important

for health [13].

2. Theta Waves (4 - 8 Hz) : Theta waves are typically associated with light

sleep, deep relaxation, and are present during hypnagogic (transition to sleep)

and hypnopompic (transition from sleep) states. They can also occur during

meditation or when in a state of 
ow or deep concentration [13].

3. Alpha Waves (8 - 12 Hz) : These waves are associated with relaxed, wake-

ful states, such as those experienced during mindfulness, meditation, or creative
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thinking. When your eyes are closed and you're in a calm and relaxed state, your

brain is likely producing alpha waves [13].

4. Beta Waves (12 - 35 Hz) : Beta waves are associated with a normal wakeful

state, focused attention, problem-solving, decision making, and anxiety. These

waves are present when we are alert, attentive, engaged in problem solving, judg-

ment, decision making, or focused mental activity [13].

5. Gamma Waves (35 - 100+ Hz) : These are the fastest brain waves and are

associated with high-level cognitive processing, learning, memory formation, and

information processing. They're also thought to be involved in binding di�er-

ent elements of perception together (the so-called "binding problem" in cognitive

neuroscience) [13].

2.2 Brain Lobes

The human brain's cerebrum is divided into four distinct regions: the frontal lobe, the

parietal lobe, the occipital lobe, and the temporal lobe [17].

1. Frontal Lobe: Involved in reasoning, motor control, emotion, and language. It

contains the motor cortex, which is important for planning and implementing

movement [32].

2. Parietal Lobe: Mainly involved in processing sensory information from the body,

visual spatial processing, and number representation [66].

3. Occipital Lobe: Mainly involved in processing visual information [29].

4. Temporal Lobe: Involved in processing auditory information and encoding

memory [119].
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Figure 2.1: The Cerebellum [50]

2.3 Electroencephalogram (EEG)

Electroencephalography, is a technique used to record and measure the electrical activity

of the brain. It is a non-invasive method that involves placing electrodes on the scalp to

detect and amplify the electrical signals generated by the brain's neurons [12]. The brain

communicates through electrical impulses, and these electrical signals can be detected

using electrodes placed on the scalp. These signals are the result of the collective activity

of millions of neurons �ring in synchrony [14].

During an EEG recording, the electrodes pick up the electrical signals from the brain

and send them to an ampli�er [67]. The ampli�er ampli�es the signals to make them

easier to measure and record. The ampli�ed signals are then typically displayed on

a computer screen or recorded for further analysis [67]. The resulting EEG waveform

represents the patterns of electrical activity occurring in di�erent areas of the brain over

time [34]. It consists of a series of peaks and troughs called "brain waves," which re
ect

di�erent states of brain activity. The amplitude and frequency of these brain waves can

provide insights into the brain's functioning [14].

EEG is widely used in clinical and research settings to study various aspects of brain
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activity and function. It helps diagnose and monitor conditions such as epilepsy, sleep

disorders, brain tumors, and cognitive disorders [15]. EEG can also be used in neuro-

science research to study brain processes related to perception, attention, memory, and

other cognitive functions [93].

The analysis of EEG data involves techniques such as �ltering, spectral analysis, and

event-related potential analysis to identify speci�c brain wave patterns and understand

their signi�cance in relation to di�erent tasks or conditions [71]. Overall, EEG is a

valuable tool for studying brain activity and has been instrumental in advancing our

understanding of the brain and its functions.

In this study, OpenBCI [3] EEG device has been utilized to collect the EEG data. Open-

BCI is a company that designs and manufactures open-source brain-computer interface

(BCI) technologies, which include EEG devices. Their products allow researchers, hob-

byists, and makers to collect and analyze electrical signals from the brain (EEG), muscles

(EMG), and heart (ECG). These devices come with software for visualizing and analyz-

ing the collected data. In an EEG device, electrodes are the small, conductive sensors

that are used to detect electrical activity in the brain [31]. They are typically attached

to the scalp using a special adhesive or held in place with an EEG cap or headset.

The di�erent electrodes correspond to di�erent locations on the scalp and are usually

labelled based on the underlying area of the brain that they are closest to [99]. Here

are the labels commonly used:

1. F(Frontal) : These electrodes are placed on the forehead area and correspond to

the frontal lobe of the brain, which is associated with higher cognitive functions

like decision-making, problem-solving, and conscious thought [62].

2. C(Central) : These electrodes are placed on the top of the head, roughly in line

with the ears. They correspond to the central areas of the brain, including the

motor cortex which is involved in controlling voluntary muscle movements [62].

3. T(Temporal) : These electrodes are placed on the sides of the head, roughly in

line with the ears. They correspond to the temporal lobes, which are involved in

processing auditory information and are also key to the formation of memories [62].

4. P(Parietal) : These electrodes are placed on the top of the head, towards the
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back. They correspond to the parietal lobe, which is involved in processing sensory

information from various parts of the body and spatial orientation [62].

5. O(Occipital) : These electrodes are placed on the back of the head and corre-

spond to the occipital lobe, where visual information is processed [62].

In addition to these, the letters A (for Auricular, near the ears) and M (for Mas-

toid, the bone behind the ear) are sometimes used [113].

6. A(Auricular) : These electrodes are placed near the ear (auricle) or on the ear-

lobe. They're often used as reference electrodes because the earlobes are generally

a "quieter" area in terms of electrical brain activity. This means they're less likely

to pick up signals from active brain processes and can provide a stable reference

point. They can also be used to monitor eye movements and artifacts, which can

interfere with the interpretation of the EEG data [76].

7. M(Mastoid) : These electrodes are placed on the mastoid bones, which are

located behind the ears. Similar to the auricular electrodes, mastoid electrodes

are often used as reference points because the mastoid area is relatively inactive.

In some cases, mastoid electrodes can be used to measure brainstem auditory

evoked potentials [76].

The actual placement and use of these electrodes can vary depending on the speci�c

objectives of the EEG recording and the standards followed by the clinic or research lab

conducting the test.

Numbers or other symbols are also often added to these letters to indicate more speci�c

locations. In general, even numbers (2, 4, 6, 8) are used for electrodes on the right side

of the head, and odd numbers (1, 3, 5, 7) are used for electrodes on the left side. The

letter 'z' is often used to denote midline electrodes [98].

It's important to note that the exact positions can vary slightly depending on the speci�c

EEG system or the international standard being used. The most commonly followed

system is the 10-20 system, which places electrodes at 21 locations on the scalp based on

certain proportional distances [65]. There are also extended systems (like the 10-10 and

10-5 systems) that provide more electrodes for a more detailed view of brain activity.
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2.4 EEG Systems

EEG systems typically consist of an array of electrodes placed on the scalp, an ampli-

�er that increases the signal obtained from the electrodes, and a recording device or

computer that can store and display the ampli�ed signals. There are several di�erent

types of EEG systems used for a variety of purposes [67]. Here are a few:

1. Clinical EEG Systems : These are typically used in a medical setting, such

as a hospital or clinic. They're used for diagnosing and monitoring neurologi-

cal conditions like epilepsy, dementia, sleep disorders, and brain injuries. These

systems usually use the standard 10-20 electrode placement system, which is a

widely accepted method for locating the electrodes on the scalp. The 10 and 20

�gures denote distances between neighboring electrodes, signifying they're situ-

ated at intervals of either 10% or 20% on the cranial surface. This system involves

partitioning these cranial perimeters into segments representing 10% and 20%

distances [28].

Within this framework, 21 electrodes are strategically placed on the scalp's surface

to collect EEG signals generated by brain's electrical activity. Figure 2.2 demon-

strates the labeling of the internationally recognized 10-20 electrode placement

system.

2. Research EEG Systems : Research-grade EEG systems might be similar to

clinical systems, but often o�er more 
exibility and advanced features for experi-

mental research purposes. These can include more channels (i.e., more electrodes),

thus providing higher spatial resolution of the brain's electrical activity [108].
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Figure 2.2: The 10-20 international electrode placement system [14]

3. Ambulatory EEG Systems : These are portable EEG systems used for long-term

monitoring of the brain's electrical activity outside of the clinical or laboratory setting

[100]. Ambulatory EEG systems allow patients to go about their usual daily activities

while their brain activity is being recorded.

4. Quantitative EEG (QEEG) Systems : These systems provide a computerized anal-

ysis of EEG data. Quantitative EEG goes beyond the visual interpretation of brain

waves and involves numerical analysis of the EEG characteristics [41]. It's often used

in research and is increasingly being adopted in clinical practice.

5. Neurofeedback (EEG Biofeedback) Systems : These systems are used to provide

real-time feedback about brain activity to the user, with the aim of training the individ-

ual to self-regulate their brain function. Neurofeedback is being explored as a treatment

for a variety of conditions, including ADHD, anxiety, and depression [41].

6. Consumer EEG Systems : These are designed for home use and are typically simpler

and more a�ordable than clinical or research-grade systems. They're often used for
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purposes such as meditation, focus improvement, relaxation, and even gaming [89].

Each of these systems can provide valuable insights into brain function and brain health,

but they are not interchangeable. The appropriate system depends on the clinical or

research needs, and interpretation of the data requires specialized training and expertise.

OpenBCI's EEG systems typically o�er 8-channel or 16-channel versions, referring to

the number of electrodes that can be used to capture brainwave data simultaneously.

There some key di�erences in a device with more electrodes:

1. Spatial Resolution: The most signi�cant di�erence is spatial resolution. More

channels mean more electrodes placed on the scalp, which can provide a more

detailed spatial map of brain activity. Therefore, a 16-channel EEG device can

o�er �ner spatial resolution than an 8-channel system.

2. Coverage of Brain Regions: With a 16-channel system, you can cover a broader

range of brain regions or increase the density of coverage in a speci�c area. In

contrast, an 8-channel device would o�er less coverage, which may be su�cient

for applications focusing on speci�c brain regions.

3. Data Complexity: More channels result in more complex data. A 16-channel

device will collect twice as much data as an 8-channel device in the same amount of

time, which may require more computational power for analysis and more storage

space.

4. Cost: Generally, a 16-channel EEG device is more expensive than an 8-channel

device due to the increased hardware complexity and enhanced capabilities.

5. Setup Time: More channels can mean more setup time, as each electrode needs

to be accurately positioned and may require the application of conductive gel or

paste, depending on the type of electrodes used.

6. Use Case: The choice between an 8-channel and 16-channel device often depends

on the use case. For some clinical and most research purposes, the increased detail

from a 16-channel device may be necessary. For other uses, like neurofeedback

training or simpler research protocols, an 8-channel system may be more than

adequate.
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In conclusion, while a 16-channel EEG o�ers more detailed information about brain

activity, it may not always be necessary depending on the speci�c requirements of your

study or application.

For electrode placement, users have the 
exibility to follow the standard 10-20 system or

use custom con�gurations based on their speci�c needs. This makes OpenBCI devices

highly adaptable for di�erent research or personal projects. The device employed in

this study is a 16-channel variant, o�ering superior resolution when compared to its

8-channel counterpart. Here is a description of the device's electrodes.

ˆ F7: Near the center for rational activities. This would be located in the frontal

lobe, which is responsible for higher cognitive functions including reasoning,

problem-solving, and decision making. [14]

ˆ Fz: Near intentional and motivational centers. This is likely referring to the

prefrontal cortex, a part of the frontal lobe that is associated with planning,

personality, decision-making, and social behavior [86].

ˆ F8: Close to sources of emotional impulses. This could be referring to the prox-

imity of the frontal lobe to the limbic system, which includes the amygdala, an

area of the brain involved in emotional responses [88].

ˆ C3, C4, and Cz: Dealing with sensory and motor functions [42]. These locations

would be over or near the central sulcus, where the primary motor cortex and the

primary somatosensory cortex are located [55].

ˆ P3, P4, and Pz: Contribute to activity of perception and di�erentiation. These

are located over the parietal lobe, which plays a key role in sensory perception

and integration, including spatial sense and navigation [114].

ˆ T3 and T4: Near emotional processors. These locations are over the temporal

lobes, which house the amygdala and the hippocampus, both critical for emotion

and memory [12].

ˆ T5 and T6: Near certain memory functions. These locations are also over the

temporal lobes, near the areas involved in memory processing, including the hip-

pocampus [26].
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ˆ O1 and O2: Primary visual areas. These locations are over the occipital lobe,

which is primarily responsible for visual processing [94].

2.5 Gender Di�erences

To comprehend the outcomes of certain studies, it's necessary to clarify a few speci�c

terms.

ˆ Gray Matter : Gray matter is a major component of the central nervous system

and is found in the brain, spinal cord, and other parts of the body. It is primarily

composed of neuronal cell bodies, as opposed to white matter, which consists

largely of myelinated axon tracts. The gray matter gets its name from its pinkish-

gray color in the living brain. Gray matter includes regions of the brain involved

in muscle control and sensory perception such as seeing and hearing, memory,

emotions, speech, decision-making, and self-control [19]. For instance, the outer

layer of the brain, known as the cerebral cortex, is composed of gray matter

and plays a critical role in cognition and consciousness. Other areas, such as

the basal ganglia and the cerebellum, contain signi�cant amounts of gray matter

and are involved in movement and coordination. Diseases like Alzheimer's and

schizophrenia have been linked to abnormalities in the gray matter of the brain.

Research into the precise functions of gray matter continues to be a signi�cant

focus of neuroscience research [73].

ˆ White Matter : White matter is a key component of the central nervous system

and is found in the brain and spinal cord. It gets its name from the whitish color of

myelin, the fatty substance that insulates the nerve �bers or axons and aids in the

quick transmission of signals between neurons. In simpler terms, you can think of

white matter as the "communication cables" of the brain [52]. It consists largely

of bundles of myelinated axons, or nerve �bers, which connect various gray matter

areas (the locations of nerve cell bodies) of the brain to each other, and carry nerve

impulses between neurons. White matter is critical for e�cient communication

within the brain. It enables the di�erent parts of the brain to communicate and

work together, facilitating complex functions like thinking, learning, and memory.
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Abnormalities or damage to the white matter can disrupt normal brain signaling

and lead to neurological or mental disorders. Conditions such as multiple sclerosis,

Alzheimer's disease, and schizophrenia have all been associated with changes in

the structure or function of the brain's white matter [19].

2.5.1 Brain Structure and Function

Gray matter in the brain is involved in numerous critical brain functions. It primarily

consists of neuronal cell bodies (neurons), dendrites, glial cells (such as astrocytes and

oligodendrocytes), and capillaries [54]. Here are some of the roles of gray matter:

1. Processing Information: Gray matter areas in the brain are where the processing

of information takes place [70]. This includes sensory perception, such as seeing

and hearing, memory, emotions, speech, decision-making abilities, and self-control

[118].

2. Muscle Control: Some areas of gray matter are responsible for controlling muscles

[9]. For example, the primary motor cortex, which is a strip of brain tissue located

at the rear of the frontal lobe, sends signals to move muscles throughout the

body [23].

3. Sensory Perception: Other areas of gray matter interpret information from the

senses, allowing you to see, hear, and feel [121]. For example, the primary visual

cortex, located in the occipital lobe at the back of the brain, processes visual

information [27].

4. Learning and Memory: Gray matter in certain areas of the brain, such as the

hippocampus, plays a critical role in learning and memory [22].

The amount and distribution of gray matter in the brain can be in
uenced by various

factors, including age, genetics, sex, and environmental factors [110]. Changes in the

quantity or quality of gray matter can also be associated with certain neurological or

psychiatric conditions, such as schizophrenia, autism, and Alzheimer's disease [48].

Various studies have highlighted distinct di�erences between gender's brains. Some of

these di�erences are outlined as follows:
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1. A signi�cant number of earlier studies utilizing quantitative magnetic resonance

imaging (MRI) to analyze brain volume have demonstrated that women typi-

cally have smaller gray matter (GM), white matter (WM), and overall brain size

compared to men, even when adjusted for the di�erences in body size related to

gender [80,81,90]. However, when considering the relative proportions, the volume

of GM tissue was found to be higher in women [16,52].

2. Gender-based di�erences exist in the sizes of speci�c regions within the frontal

lobes, where the orbital frontal areas tend to be proportionally larger in women

compared to men [111]. Considering that women generally have proportionally

larger orbital frontal regions, it becomes essential to further study the potential

behavioral e�ects of this disparity. This is especially signi�cant when taking into

account the crucial role of the orbital frontal cortex in aspects such as social

behavior, emotional processing, and advanced cognitive skills like reasoning and

decision-making [111]. In healthy men, a smaller frontal lobe volume has been

linked with a higher propensity towards psychopathic tendencies [74], and in the

context of antisocial personality disorder [87] Moreover, the importance of larger

orbital volumes can be understood in relation to the volume of the amygdala, a re-

gion whose input is regulated by the orbital areas. [37,64,82,85,96] The researchers

discovered that women, when adjusting for cranial volume, have equivalent vol-

umes to men in temporo-limbic areas. Therefore, the higher orbital volume in

relation to the amygdala volume in women compared to men bolsters the hy-

pothesis that women have more tissue volume available for controlling amygdala

input [111].

3. After accounting for individual di�erences in brain size, the average cortical thick-

ness across the whole cortex, is signi�cantly di�erent between men and women.

Women exhibit a larger global cortical thickness in both hemispheres compared

to men. However, when examined in native space, these signi�cant di�erences in

mean cortical thickness in both hemispheres were not detected [56].

4. Mapping of cortical thickness also revealed that di�erences between genders were

more markedly and extensively identi�ed in the left hemisphere. When brain sizes

of both genders were kept constant, disparities in cortical thickness between men
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and women became noticeable in native space. Although some regions displayed

thicker cortex in men, the variations in thickness measured in millimeters were

minimal. In native space, statistical analyses didn't show any signi�cant local

increases in cortical thickness in men. However, there was a signi�cant increase in

thickness observed in women, even when the brain sizes of men and women were

not standardized [56].

2.5.2 Hormonal In
uences

Numerous studies have documented signi�cant di�erences in brain structure and func-

tion between sexes. Hormones, speci�cally sex hormones such as estrogen, progesterone,

and testosterone, do contribute to gender-based di�erences in brain structure and func-

tion. These hormones can impact brain development, cognition, behavior, and risk for

certain neurological and psychiatric disorders [79]. Below are some �ndings extracted

from various studies.

1. Sex hormones play an integral role during prenatal and postnatal development of

brain. Testosterone and estrogen are known to in
uence the di�erentiation and

growth of neurons in many areas of the brain. For example, during fetal devel-

opment, testosterone promotes the growth of male-typical characteristics in the

brain, while a lack of testosterone results in female-typical brain development [109].

Compared to boys, girls have often been observed to excel in certain activities,

re
ecting behavioral and cognitive variations. Some of these notable di�erences

that have been studied include:

ˆ Participating in more prosocial interactions, which include social conversation

and personal revelation.

ˆ Place greater emphasis on the goal of creating connections

ˆ Exhibit increased sensitivity to others' distress and the state of their rela-

tionships and friendships

ˆ Experience a broader array of stressors in their peer group and friendships

ˆ Express their feelings, seek out support, and tend to dwell on stress

ˆ Reap more emotional bene�ts from their friendships [92]
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In contrast to girls, boys excel in the following aspects:

ˆ Usually socialize in larger groups with clear dominance hierarchies

ˆ Participate more in rough-and-tumble play and competition

ˆ Tend to prioritize self-interest and dominance

ˆ Experience more direct physical and verbal bullying by peers

ˆ More likely to use humor as a stress response

ˆ Gain fewer emotional bene�ts from their friendships [92]

Several of these gender-based di�erences become more pronounced as children

grow older. Female-associated relational behaviors may foster the development

of close relationships and prevent antisocial behavior, but might also increase the

likelihood of emotional challenges. Male-associated relational behaviors, on the

other hand, may hinder the development of intimate relationships and promote

behavioral problems, but may also support the development of group-based rela-

tionships and o�er some protection against emotional challenges [92].

2. Studies suggest that sex hormones can a�ect cognitive abilities and behaviors

di�erently in men and women. For instance, verbal memory and social cognition

are generally better in women, which could be associated with higher levels of

estrogen, whereas spatial cognition is typically better in men, potentially linked

with higher levels of testosterone. However, these observations can vary greatly

among individuals [25].

3. Hormonal di�erences could contribute to gender-based prevalence rates of cer-

tain neurological and psychiatric disorders. For example, men are more prone to

autism, ADHD, and schizophrenia, whereas women have higher rates of depression

and anxiety disorders [97]. These di�erences may partly be due to the e�ects of

sex hormones on brain development and function.

4. Research utilizing animal models has revealed that steroid hormones during spe-

ci�c, hormone-sensitive developmental stages induce these sex di�erences in the

brain and behavior. It's been demonstrated that testosterone, primarily acting

during perinatal development, in
uences the development of typical male neural
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and behavioral traits. On the other hand, typical female neural and behavioral

traits may develop under the in
uence of estradiol during a distinct prepubertal

period [20]. Clinical and neuroimaging data collected from patients with altered

androgen levels and actions, such as those with congenital adrenal hyperplasia

or complete androgen insensitivity syndrome (CAIS), suggest that (prenatal) an-

drogens play a crucial role in developing typical male neural and psychosexual

characteristics in humans. Unlike in rodents, estrogens don't seem to play an ob-

vious role in masculinizing the human brain. Moreover, data from CAIS patients

also hint at the involvement of sex chromosome genes in human brain develop-

ment. [20]

It's important to note that hormones are just one of many factors in
uencing brain

di�erences between genders. Genetic, environmental, and social factors also play sub-

stantial roles. Additionally, the relationship between hormones and brain function is

complex and not fully understood, making it a vibrant �eld of ongoing research.

2.5.3 Cognitive Abilities

1. The topic of gender di�erences in intelligence is one of the most controversial

subjects in contemporary psychology. While there's no absolute consensus, a syn-

thesis of various studies implies that females typically perform better on tasks

involving quick access to and the application of phonological and semantic infor-

mation from long-term memory, comprehension and production of complex text,

�ne motor skills, and speed of perception [53]. In contrast, males generally per-

form better on tasks that demand visual-spatial working memory transformations,

motor skills related to targeting, spatiotemporal responses, and 
uid reasoning,

particularly in abstract mathematical and scienti�c areas. However, males are

also disproportionately represented at the lower end of several aptitude distribu-

tions, including mental retardation, attention disorders, dyslexia, stuttering, and

delayed speech [53]. A psychobiosocial model is suggested as an alternative to

the binary nature-nurture perspective. This model emphasizes the inseparable

interconnection between the biological underpinnings of intelligence and environ-

mental in
uences. The potential societal implications of these �ndings, as well



19

as their application to teaching and learning, are also discussed [1, 51]. Several

studies have been conducted on gender di�erences in verbal and visual-spatial

functions, although it's important to remember that the �ndings often re
ect gen-

eral trends and do not apply to all individuals. Verbal abilities: Steve Strand et al.

found that females, on average, have slightly superior verbal abilities compared to

males. This includes verbal reasoning, language learning, reading comprehension,

and writing ability [104]. However, the di�erences are generally small and there

is a signi�cant overlap between the sexes. Moreover, cultural and environmen-

tal factors, including educational opportunities, can also play a signi�cant role in

these di�erences [5]. Elisabeth M. Weiss et al. [117] conducted a neuropsycho-

logical examination of 97 college students (51 women and 46 men), focusing on

verbal and visual-spatial abilities. Generally, the results indicated that women

tend to outperform men in most verbal tasks, while men typically perform bet-

ter in visual-spatial tasks. However, it's important to note that the e�ect sizes

were rather small, implying a larger overlap in male and female scores than the

di�erences between them. In a self-assessment, men rated their spatial abilities as

signi�cantly better than those of women, whereas women did not consider their

verbal abilities superior to men's. The signi�cance of socio-cultural in
uences,

education, and training on the emergence of these gender di�erences is underlined

, as these elements are recognized to signi�cantly contribute to the overall under-

standing of neuropsychological task performance. Visual-spatial abilities: On the

other hand, males, on average, tend to outperform females in visual-spatial tasks.

This includes tasks that require the mental rotation of objects, spatial perception,

and spatial visualization. For example, males generally perform better on tasks

that involve aiming at targets, navigating through a spatial environment, or men-

tally manipulating 3D �gures. However, as with verbal abilities, these di�erences

are usually small, and there is a large degree of overlap between the sexes [5].

2. David C. Geary et al [46] found that in general, boys exhibited superior spatial

skills, more favorable attitudes towards mathematics, and less anxiety compared

to girls, yet there was no gender di�erence observed in mathematics achievement.

As students progressed through the grades, both boys and girls showed improve-

ments in their mathematics achievement, albeit with less positive attitudes and
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increased anxiety. Boys who demonstrated above-average growth in mathematics

achievement over the grades experienced less decline in their attitudes towards

mathematics and less increase in anxiety. On the other hand, girls with strong

spatial skills had lower mathematics anxiety. However, even when these girls made

substantial progress in mathematics achievement across grades, they consistently

experienced higher mathematics anxiety and less positive attitudes towards math-

ematics compared to boys. Their study underscored that while improvements in

mathematics achievement over time are linked with changes in attitudes and anx-

iety, the developmental patterns varied signi�cantly between boys and girls.

3. The prevalence and manifestation of certain neurological and psychiatric disor-

ders can di�er by sex. For example, autism spectrum disorder and ADHD are

more commonly diagnosed in males, while anxiety and depression are more com-

monly diagnosed in females. Girls with Autism Spectrum Disorder (ASD) are at

a higher risk of developing anxiety, depression, and suicidal thoughts, and have

an increased likelihood of requiring psychiatric hospitalization. Conversely, boys

with ASD are seemingly at a higher risk of having concurrent conditions such as

Attention De�cit Hyperactivity Disorder (ADHD), Obsessive-Compulsive Disor-

der (OCD), and tic disorders [95]. However, it's important to remember that there

is considerable overlap and variation within each sex, and the di�erences between

individuals of the same sex can be larger than the average di�erences between

sexes. Furthermore, brain structure and function can be in
uenced by a variety of

factors, including genetics, environment, and life experiences. It's also critical to

avoid making deterministic interpretations from these di�erences { brain plasticity

allows for signi�cant changes and adaptations throughout a person's life.

Lastly, it's worth noting that the gender division doesn't fully encompass the diversity

of human experiences, including the experiences of transgender and intersex individ-

uals [10]. These individuals may have unique neuroanatomical and neurofunctional

characteristics that need further exploration [11].



Chapter 3

Experiment

3.1 IRB Protocol

3.1.1 Study Endpoints/Events/Outcomes

The aim of this study involving healthy participants is to deepen our comprehension of

the gender-speci�c physiological shifts and brain activity that occur while engaging in

the following activities:

1. Solving a logic problem

2. Engaging in coding/programming tasks

3. Sketching an image

4. Coloring an image

5. Viewing a humorous video featuring a baby

The primary objective of this exploratory research is to analyze and compare the brain

activity that are elicited during various tasks. This study aims to conduct a comparative

investigation into the brain's electrical activity of participants while they engage in a

selected range of activities. Brain responses will be assessed across �ve distinct stages

with the help of a wearable sensor, speci�cally the OpenBCI EEG device. This user-

friendly device operates similarly to wearing a cap, ensuring participants can easily don

it without any hassle. Before beginning the data collection process, participants will be

21
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requested to �ll out a consent form. This step ensures they have a clear understanding

of the research procedures they're becoming a part of.

3.2 Study Design

3.2.1 Participants

Our experiment's participants, totaling 30, were healthful faculty members and students

aged between 25 and 40 years. This group included 15 women and 15 men, all of whom

were recruited for the study. Every procedure received the necessary approval from

the relevant Institutional Review Board (IRB). Additionally, each participant provided

their consent in written form.

3.2.2 Experimental Procedure

`

Row Activity Minutes

1 Participants �ll the consent form 3 : 00

2 EEG data collection 2 : 00

3 Participants perform a logical problem for 10 minutes 10 : 00

Break period 5 : 00

4 Participant perform a programming/coding problem in C++ 20 : 00

Break period 5 : 00

5 Participant draw the picture of a bird 10 : 00

Break period 5 : 00

6 Participant will be asked to color a picture in a coloring book 10 : 00

Break period 5 : 00

7 Participant will watch a funny baby video on YouTube 5 : 00

8 The data collection will continue and completing the survey 5 : 00

Total time 85 : 00

Table 3.1: Experiment Procedure
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As it is shown in Table 3.1 after the participant has taken their seat, they will be

requested to complete the consent form. Following this, they will be asked to remain

seated for roughly 2 minutes while the EEG device collects baseline data. For the

logical problem-solving component of the study, we will present the participants with a

series of questions similar to those commonly encountered in job interviews and tests.

After each activity, a �ve-minute break will be given to allow the participant's brain

to disengage from the previous task and prepare for the next one. When it comes to

the programming task, the challenge will be akin to basic coding problems typically

seen in introductory computer science courses, involving simple If statements and for

loops. During the picture drawing segment, participants will be provided with a basic

sketch of a bird, sourced from an open repository, to use as a reference. In the picture

coloring stage, participants will receive a set of colored pencils and will be asked to add

color to the image they previously sketched. For the �nal part of the study, participants

will view a collection of open-source, positively charged videos sourced from YouTube,

featuring babies and laughter to evoke positive emotions.

3.2.3 Ethical issues addressed

The research protocol addressed the following ethical issues:

ˆ Consent Process: If the participant passes the inclusion and exclusion criteria,

the participant will be informed of the data collection process and will have the

opportunity to participate in the study by signing the consent form. Individuals

will be informed of all aspects of the study and experimentation procedure before

participation. Also, they will be made aware of any risks associated with data

collection and the identi�able data storage procedure.

ˆ Data Banking: The data that we collect for this activity would be anonymous

and would not be linked to the individuals. The data collected would be labeled

as the participant number corresponding to the sensor data.

ˆ Storage and Access: The data gathered would be stored for 1-2 years only,

on a password protected University owned or University approved laptop. The

data will also be backed up on University owned location, in accordance with

UMN data storage standards. The only people having access to the data would
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be the principal investigator and student investigator of this study. The only

people having access to the data would be the principal investigator and student

investigator of this study. The Data elements to be collected:

{ Participant ID

{ Electroencephalography data(EEG)

{ Questionnaire completed by participants

ˆ Release/Sharing: We do not anticipate any releasing of the data.

ˆ Sharing of Results with Participants: The results of the study would not

be shared with participants or others. However, the results would be sent for

publishing.

3.3 Equipment and Data Acquisition

3.3.1 EEG Signal Acquisition

The OpenBCI system is available in two formats: the standalone Cyton version, which

provides 8 recording channels, and the Cyton+Daisy version, which expands the ca-

pacity to 16 recording channels. When using the eight-channel setup, EEG data can

be collected at a sampling frequency of 250 Hz. However, when using the 16-channel

setup, the sampling frequency drops to 125 Hz due to constraints on the bandwidth for

wireless packet transmission. In this research, we utilized the 8-channel version of the

OpenBCI system as described in [61]. The arrangement of the electrodes on this device

adheres to the international 10-20 standard.
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Figure 3.1: EEG Electrode cap kit [2,4]

The process of injecting saline solution into the electrodes is part of the setup for the

OpenBCI EEG cap. The saline solution, often referred to as "salt water," is used in

EEG procedures for a speci�c purpose: it helps improve the conductivity of the scalp

electrodes. In an EEG test, electrical signals from the brain are recorded. However,

the skin, hair, and scalp naturally resist electrical currents. To overcome this, the salt

water solution is applied. Salt water is a good conductor of electricity, so when it is

applied, it helps the electrodes pick up the electrical signals from the brain more easily.

This ultimately results in a better, clearer EEG recording.
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Figure 3.2: OpenBCI GUI

The OpenBCI GUI, Figure 3.2, the software paired with this device, provides the ca-

pability to gather raw EEG data and store it in the form of a .csv �le. This software

o�ers 
exibility in de�ning the layout based on the required data. For our study, the

layout was con�gured to include time series, head plot, and band power components,

facilitating the collection of data for subsequent analysis.



Chapter 4

Data Analysis

4.1 EEG Data Analysis

As depicted in Figure 4.1, the preprocessing of EEG data entails two major tasks:

1. Noise Elimination: EEG data are contaminated with several types of noise [91].

Here are some common sources of noise in EEG data:

(a) Powerline Noise: This noise originates from the electrical power supply

and its frequency usually corresponds to the power system frequency (50 or

60 Hz) and its harmonics.

(b) Physiological Artifacts: These are unwanted signals originating from bi-

ological sources other than the brain. They include:

i. Eye Movement and Blink Artifacts (EOG): Movements and blinks of the

eyes generate electrical potentials that can in
uence EEG readings.

ii. Muscle Activity Artifacts (EMG): Electrical activity from muscle con-

tractions, such as those in the neck or face, can also cause interference.

iii. Cardiac Activity Artifacts (ECG/EKG): The electrical signals associated

with heart activity can propagate to the scalp and a�ect EEG readings.

(c) Electrode Pop or Jump: A sudden, large 
uctuation in the EEG signal,

typically due to movement or adjustment of the electrodes or cables [60].

(d) Electrode Drift: Slow changes in electrode potential over time, possibly

due to changes in impedance, can cause slow drifts in the EEG signal.

27
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(e) Environmental Noise: This can be from various sources like electrical

equipment in the vicinity, or even radio signals.

(f) System Noise: The electronics of the EEG system itself (like ampli�ers)

can introduce their own noise [57].

Figure 4.1: EEG Data Processing Steps

Artifacts in EEG recordings can signi�cantly impact the quality of the acquired data.

These artifacts, physiological or non-physiological, can be removed by several methods

[38]:

(a) Independent Component Analysis (ICA): ICA is a computational

method used to separate multivariate signals into additive subcomponents.
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This method has been used successfully to remove various types of artifacts

such as eye blinks and muscle artifacts. The challenge with ICA is that it can

sometimes be hard to distinguish between true brain signals and artifacts in

the decomposed components [6].

(b) Signal Filtering: Signal �ltering can be used to eliminate certain frequen-

cies that correspond to common sources of noise. For example, a bandpass

�lter can be applied to eliminate frequencies outside the typical EEG range

(approximately 0.5 { 50 Hz), thus removing power-line interference (usually

at 50 or 60 Hz) and other high-frequency noise [101].

(c) Regression and Signal Correction Methods: These methods use addi-

tional recorded signals such as EOG or ECG to correct the EEG signal. A

regression model is built to explain the EEG signal based on the additional

signals, and then the part of the EEG signal that can be explained by these

other signals is removed [116].

(d) Wavelet-Based Methods: Wavelet-based methods involve transforming

the EEG signal using a wavelet transform, then removing the artifacts in the

wavelet domain and �nally performing an inverse wavelet transform to get

the cleaned EEG signal [36,72].

(e) Blind Source Separation (BSS) Methods: BSS methods involve de-

composing the EEG signal into a set of sources, some of which will be arti-

facts [58]. These can then be removed before reconstructing the EEG signal.

The best method to use often depends on the type of artifacts present and the speci�c

requirements of the EEG analysis to be performed. We've only touched upon a few of

the prevalent and tested techniques for artifact removal in movement studies, despite the

existence of various other methods. Each technique carries its own pros and cons. To

bypass some of these drawbacks, combination of several techniques have been suggested

[49]. It has been observed in many studies that the e�ciency of artifact removal is

higher when a combination of methods is applied rather than using a singular method

[33,68,69].

2. Channel Selection: Channel selection in EEG data is an important step in prepro-

cessing, as it involves choosing the most relevant electrodes for the analysis. The human
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brain is a complex system, and di�erent regions are responsible for di�erent functions.

Therefore, depending on the study or experiment, it might be more appropriate to focus

on data from certain electrodes placed over speci�c regions of the brain [40].

For example, if the study focuses on visual processing, it would be appropriate to select

channels over the occipital lobe, which is the part of the brain responsible for visual

processing. If the study is focused on attention or cognitive control, one might choose

to focus on the frontal and prefrontal regions [59].

Here are some methods that are often used for channel selection:

(a) Data-driven selection: In this method, channels are selected based on their

contribution to the overall signal. This could be done through examining

the power spectrum of the channels and selecting those with the highest

power [105].

(b) Brain region selection: Channels can also be selected based on their

anatomical location on the scalp. For instance, if the study is focused on

cognitive processes like attention, channels over frontal and parietal areas

could be selected [47].

(c) ICA based selection: ICA is a statistical technique that separates mixed

signals into independent components. It can be used to select channels in

EEG data based on the independent components that represent brain activity

versus those that represent noise [6].

(d) Common Average Reference (CAR): In this method, the mean of all

the channels is calculated and subtracted from each individual channel. This

can help to minimize the e�ects of noise and enhance the detection of the

signal of interest [112].

(e) Laplacian or Spatial Filter: These are used to increase spatial resolution

of the EEG signal. The Laplacian is a type of spatial �lter that calculates the

second spatial derivative of the potential distribution, e�ectively estimating

the local �eld potential [30,75,112].

The following sections will detail each of these two steps.
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4.1.1 Filtering

The collected EEG data often includes various types of noise. Among these, powerline

noise and low-frequency noise was e�ectively removed by applying a bandpass �lter.

This �lter only permits frequencies ranging from 0.5 to 60 Hz, thereby �ltering out

the unwanted noise [101]. Secondly, to remove physiological data, enhanced wavelet-

ICA(EAWICA) denoising technique has been utilized which is a method that leverages

both wavelet transform techniques and ICA for the purpose of artifact removal in EEG

data [72]. It's an enhanced version of the traditional wavelet-ICA method, aimed at

improving the accuracy of artifact identi�cation and removal. Wavelets are capable of

providing time-frequency information, thereby o�ering a high-resolution interpretation

of the data. This property is used to decompose EEG signals into di�erent frequency

bands. ICA is then applied to these decomposed signals. ICA is a computational

method for separating a multivariate signal into additive subcomponents, assuming

the mutual statistical independence of the non-Gaussian signals. Therefore, it's very

useful in identifying and isolating various artifacts present in EEG data. The enhanced

wavelet-ICA approach e�ectively eliminates nearly all disturbances such as eye blinks,

muscular movements, electrical shifts, and linear trends from the EEG data [101].

4.1.2 Channel Selection

The tasks in our study primarily revolve around logical and emotional processing.

Therefore, it's crucial that we identify and focus on the brain regions most relevant

to these cognitive and a�ective operations, respectively.

Logical Tasks

Logical tasks often involve the frontal and parietal lobes of the brain. More speci�cally:

ˆ Frontal Lobes: The frontal lobes, and speci�cally the prefrontal cortex, are in-

volved in executive functions such as planning, decision-making, problem-solving,

and logical thinking. Electrodes placed over these areas may be able to capture

brain activity related to these functions [32].

ˆ Parietal Lobes: The parietal lobes play a role in processing sensory information
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and are also involved in some aspects of logical reasoning, particularly when spatial

or mathematical information is involved [66].

In the standard 10-20 system of electrode placement, electrodes F3, F4, P3, and P4 are

over the frontal and parietal lobes. OpenBCI system is con�gured to capture data from

these areas, therefore it provides useful information for studying brain activity during

logical tasks.

Emotional Tasks

Emotional processing generally involves several regions of the brain, but the most com-

monly cited is the amygdala, which is part of the brain's limbic system as shown in

Figure 4.2. However, EEG electrodes cannot measure activity directly from the amyg-

dala because it's too deep within the brain.

Figure 4.2: Amygdala [7]

On the other hand, the prefrontal cortex (especially the orbitofrontal region depicted in

Figure 4.4) and the anterior cingulate cortex, Figure 4.3 are also critically involved in

emotional processing [39], and these areas can be captured by EEG.
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Figure 4.3: Anterior Cingulate Cortex [103]

Furthermore, J. R. Msonda et al. [78] found that among the top 8 selected channels, the

frontal (F8), parietal (P7), and temporal (T8 and T7) regions consistently demonstrated

activity during emotional processing.

For an OpenBCI 8-channel system, we consider electrodes over regions Fp1, Fp2 (part

of the prefrontal cortex), T7 and T8 (part of the temporal lobe), according to the 10-20

system of electrode placement.

Logical Tasks

Logical tasks typically involve brain areas associated with problem-solving, reason-

ing, and decision making. This generally includes areas in the frontal and parietal

lobes [21, 43]. Given that the OpenBCI EEG device with 8 channels that uses the in-

ternational 10-20 system for electrode placement, we consider selecting channels over

areas dorsolateral prefrontal cortex (covered by F3 and F4), which is often associated

with complex cognition like logical thinking and working memory [24].
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