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Introduction:-

Spaces and buildings are places where people spend most of their time, they grow up, study, work, meet friends,
making families, memories they are emotionally linked those buildings. Behaviors, choices, emotions, physical and
mental health can be influenced by spaces. Architects and environmental psychologists have long been aware of the
importance of understanding how spaces affect people. “It turns out people have multiple subconscious tendencies
and behaviors that govern their responses to build environments” [3]. Recent technologies, and research in
neuroscience can help understand physiological transformations in the brain that make changes in people behavior.
The neuroarchitecture field seeks to identify the emotional and cognitive impact of visual forms and incorporate it
into architectural design [1]. Until the late 20th century the relationship between the brain and the immune system
was found for health maintenance and the potential effects of architectural space on health were scientifically
explored. The research efforts have expanded the breadth of the studies on the methods of designing the physical
space inducing comfort or relaxation beyond psychological or observational surveys [25]. In the 1950s, architects
came to collaborate with behavioral scientists, later on the architecture teamed up with neuroscience, by launching
the Academy of Neuroscience for Architecture (ANFA) by neuroscientists and architects in San Diego in the U.S. in
2004. Invigorated the research on humans living in artificial architectural structures, engendering a new field of
‘neuroarchitecture’ [33, 28]. Largely, neuroarchitecture is based on two assumptions. One is ‘human cognitive
thinking process’ is directly and indirectly influenced by space, the other is ‘cognitive influence’ of space on
humans is physically observable and measurable [25]. To understand how people realize the characteristics of the
environments and design elements. The neuroscientists provided some new tools and methods for investigating the
relationship between environmental stimuli and human emotions and behaviors. Among the various methods, the
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electroencephalogram (EEG) has been used by researchers in the design and architectural environments since the
1980s. “It is now possible to collect physiological data such as heart rate, as well as brain activity data using
portable electroencephalogram (EEG), all of which can help generate a more complete understanding of a human’s
response to build environments,” says Vartanian [32].
Reading an EEG depends on measuring the brain waves that are emitted as a result of the electrical signals that
occur in the brain, Those waves are emitted as a result of external stimuli to which the brain is exposed, that stimuli
are reflected on the brain through the human senses (Visuals, hearing, touch, smell and taste), those senses activate
the relevant part of the brain. For example, each lobe in the brain is responsible for a specific function, if we look at
the occipital lobe, for example, is the center of visual processing and contains most of the anatomical area of the
visual cortex [42], and so the rest of the brain parts and contains. Therefore, it is necessary to know the anatomical
parts of the brain, and the waves that emanate from the brain which are measured by the EEG, learning how the
electroencephalogram (EEG) works and, accordingly, know the extent to how spaces and architectural elements
affect users, which subsequently affect their lifestyle and behavior in the environment.

The Nervous System:

The nervous system is one of the most important devices in the body and is found in all organisms.

The human nervous system consists of two main parts:

1. The Central Nervous System (CNS): It consists of the brain and spinal cord.

2. The Peripheral Nervous System (PNS): It consists of nerves that transmit the impulses between the central
nervous system and the rest of the body [29]

Human brain controls body function, such as heart rate, movement, speech, also controls thinking, memory and
emotion perception.So, what is the central nervous system consist of?

The Central Nervous System:

The CNS consists of the brain and spinal cord. The brain can be divided into three basic units: the forebrain, the
midbrain, and the hindbrain as in figure 1. The hindbrain includes the upper part of the spinal cord, the brain stem,
and the cerebellum, and it coordinates the main functions to survival, such as breathing, motor activity, sleep, and
wakefulness. The midbrainconsists of the colliculi, the tegmentum, and the cerebral peduncles, and it is associated
with vision, hearing, motor control, sleep and wake, arousal, and temperature regulation, it also acting as a sort of
shifting point for the auditory and visual information. The forebrainis the most developed part of the human brain, it
consists the cerebrum, thalamus, hypothalamus, pituitary gland, limbic system, and the olfactory bulb, it is
responsible for a variety of functions such as receiving and processing sensory information, thinking, perceiving,
language, and controlling motor function [43].

Forebrain

Midbrain

Figurel:- The three main parts of human brain: the forebrain, midbrain, and hindbrain. [43].
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Because of the complexity of the central nervous system, a parts of the brain will be clarified and the function of
each of them that affected by the human senses.

The cerebrum: is the source of intellectual activities, memories, planning, imagination and thinking, andit can be
divided into two halves (called hemispheres) by a deep fissure, the two cerebral hemispheres communicate with
each other through a nerve fibers, the right half of the hemispheres is responsible for the creative process and the left
half is responsible for the analytical processes [39].

The Cerebral Cortex: The surface of the cerebrum and the cerebellum is covering by a vital layer of tissue, it called
the cortex [27, 45].

Cerebral hemisphere is divided into four lobes, frontal, parietal, temporal and occipital [43, 52], as it shown in figure
2 and figure 3, each lobe specializes in different functions.

Motor cortex Somatosensory cortex

Ternpocal Lobes
— e

Pic2
Figure2:- Left pic. The cerebral hemisphere lobes [43].

pic3
Figure 3:-Right pic. Shows what each lobe consist of.

The frontal lobe: It contains most of the dopamine-delicate neurons in the cerebral cortex. The dopamine system is
associated with reward, attention, short-term memory, planning, and motivation, the frontal lobe consists of the
prefrontal cortex, It is critical for one's working memory and executive control which helps keep goals and complex
tasks organized [29].

The parietal lobe: Involved in processing information from the body’s senses. It contains the somatosensory cortex,
which is essential for processing sensory information from across the body, such as touch, temperature, and pain.

The occipital lobe: located at the back of the brain and it is the visual processing center and containing most of the
anatomical region of the visual cortex.
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The temporal lobe: located on the side of the head, under the lateral fissure on both cerebral hemispheres. It is
associated with hearing, memory, emotion, and some aspects of language. In the temporal lobe there is an area of the
brain called the hippocampus which is associated with new memories formation and learning new things [45, 52]
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Figure 4:- The nervous system dividing as it explain above (the author).

The cerebral cortex consists of folds and groove as shown in figure 5, thatfolds and groove help to increase the area
of the cortex, the folds consist of many deep grooves called sulci and raised areas called gyri, It dividing the brain
into functional areas, so that each region is responsible for a specific function, which increases specialization and
accuracy in the work of the human brain [27, 52, 55]

This transmit us to the part of the gray and white matter in the brain, the part where the chemical massages are
exchanging in the brain.

Gray and white matter: The brain and the rest of the nervous system are consists of many different types of cells, but
the primary functional unit is a cell called the neuron. All sensations, movements, thoughts, memories, and feelings
are the result of signals that pass through neurons. Neurons consist of three parts: the cell body, dendrites, and the
axon. The white matter is contains many neurons that are covered in the white fatty insulating protein called myelin,
that helps connect nerve signals and protect the axons. The white matter can be found in the inner layer of the
cortex, the optic nerves, the central and lower areas of the brain or brainstem, and surrounding the central shaft of
gray matter in the spinal cord, White matter conducts, processes, and send nerve signals up and down the spinal
cord. [27, 29, 52]

Gray matter, is home to neural cell, axon terminals, and dendrites, as well as all nerve synapses. This brain tissue is
abundant in the cerebellum, cerebrum, and brain stem, this part, sends nerve signals governing motor activities to
your autonomic nerves [43]

M / Il [ sulcus
I B VT

Figure 5:- The folds and grooves shape [55].
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The Neurotransmitters.

Neurotransmitters, as shown in table 1, are chemical messengers in our body. Their task is to carry chemical signals
from one neuron to the next cell. The next cell can be another nerve cell, a muscle cell or a gland [50].
Communication between nerve cells occurs in a synaptic cleft, electrical signals that are transmitted along the axon

are converted into chemical signals through neurotransmitters [43,51]
Nerve cells are generally consist of three parts:
A cellbody, an axon, an axon terminal [43]
There are two types of neurotransmitters, as it shown in table I: I.LAmino acids neurotransmitters such as,
Glutamate. This is the most common excitatory neurotransmitter of nervous system. It plays a role in cognitive
functions like thinking, learning and memory.

Gamma-aminobutryic acid (GABA). Is the most common inhibitory neurotransmitter of the nervous system, it
organizes the brain activity to prevent problems of anxiety, irritability, concentration, sleep, seizures and depression.
[43,50,51]

I1. Monoamines neurotransmitters: it organizes consciousness, cognition, attention and emotion, such as,

Serotonin. An inhibitory neurotransmitter, it helps regulate mood, sleep patterns, sexuality, anxiety, appetite and
pain.

Dopamine. Plays a role in our body’s reward system, which includes feeling pleasure, achieving arousal and
learning, it also helps with focus, concentration, memory, sleep, mood and motivation.

Epinephrine. Also called adrenaline, is responsible for the “fight-or-flight response” to fear and stress. These
neurotransmitters stimulate the response of our body by increasing the heart rate, breathing, blood pressure, blood
sugar and blood flow to the muscles, as well as height attention and focus to allow us to act or react to different
stressors.

Norepinephrine. Called noradrenaline, increases blood pressure and heart rate. It’s known for its effects on alertness,
arousal, decision-making, attention and focus [43, 50, 51].

This lead us to the brain waves, which are measured by an electroencephalographic (EEG) device.

Table 1:- Show the types of the neurotransmitters and its functions (The Author).

The neurotransmitters name Function
Aminoacids Glutamate cognitive functions like thinking, learning and memory
neurotransmitters

Gamma-aminobutryic acid Prevent problems of anxiety, irritability, concentration, sleep,
seizures and depression.

Monoamines Serotonin Regulate mood, sleep patterns, sexuality, anxiety, appetite and
neurotransmitters pain.

Dopamine Reward system, feeling pleasure, achieving heightened arousal
and learning. Concentration, memory, sleep, mood and
motivation.

Epinephrine Responsible for so-called “fight-or-flight response” to fear and
stress.

Norepinephrine Alertness, arousal, decision-making, attention and focus.

The Brain Waves.

Brain is an electrochemical organ in our body, waves are the evidence of electrical activity produced by the brain.
When a group of neurons sends an explosion of electrical pulses to another group of neurons, it creates a wave like
pattern [20] these waves are measured in speed cycles per second, called Hertz (Hz). Depending on how awake and
alert we are, the waves be very fast, or very slow, they can do change, based on what and how we are doing and
feeling, Many action potentials combine to form bigger patterns of brain activity. These patterns become thoughts,
movements and more [38, 48]. for example, some nerve cells involved in vision blaze when the human eye sees
certain colors, others fire when the eye detects basic shapes, or edges of objects.
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Types of Brain Waves and Functions

There are five different types of brain waves:

Delta: (0.5-4 Hz) are the slower brainwaves, at this wave, healing and regeneration are stimulated, higher frequency
of delta rhythms are an radical property of thalamacortical cells and intracortical network interactions, delta may
also  reflect  general  neurotransmitter  activity,  specifically =~ dopamine  and  acetylcholine.
Theta: (4-8 Hz) involved in daydreaming and sleep. Too much theta in the left hemisphere is thought to result in
lack of organization, while too much theta on the right hemisphere results in impulsivity. It is associated with
working memory, episodic encoding and retrieval. It also appears during deep meditation.
Alpha: (8-12 Hz) appears on quiet thought, and meditative states. It helps overall mental coordination, calmness and
alertness, mind/body integration and learning. Alpha tends to be highest in the right hemisphere, and too few alpha
in the right hemisphere correlates with negative behaviours. It produced as a result of a resonance process between
the thalamus and the cortex.
Beta: (12-38 Hz) represent the normal waking state of consciousness when attention is directed at cognitive tasks
and the outside world. Beta is ‘fast wave* activity and control when we are alert, attentive and engages in problem-
solving, decision making and focussed mental activity. Beta waves tend to dominate in the left hemisphere, and too
much beta on the right can be correlated with mania. [10,31,35,36,38]
Gamma: the highest frequency of brain waves, between 30 to 100 Hz., associated with high concentration and high
levels of cognitive functioning. Low levels of gamma activity have been linked with difficulties of learning,
weakened mental processing and limited memory, while high gamma activity is correlated with a high 1Q,
compassion, excellent memory, and happiness. Gamma is currently of limited clinical value, as it is argued that it
cannot be effectively measured using current EEG [35]. Figure 6 below shows the five wave’stypes.

As we mentioned earlier, external stimuli affects some parts of the brain, thus a communication occurs between
neurons, the cells releases an electrical shock that results in the aforementioned waves. These brain waves are
measured through the electroencephalography (EEG). Which will be explained later in a simple method in terms of
the technique and montage reading. This part may seems more relevant to clinical professionals, but as an architects
must understand it to facilitate the research process.

Gamma Waves (30Hz-100Hz) Description
|r|'e ] "! !|J|III\I.'-IH||I . .
Nl ,’* Lol LA Motor Functions, higher mental
' [} 1K 1 g
p " 4 [ | !
00 02 04 06 08 10
Beta Waves (12Hz-30Hz)

¥

i mafl ,v A | (T RTINT Normal waking state, concentration,
TR | -,.Ix Jl '. LAY . .
vl V- yye Y focus, five physical sense, integrated

00 0. 2 04 0.6 08 1.0
Alpha Waves (7.5Hz-1 2Hz]
\ wf\ f Relaxed, light meditation, creative,
” [ VAl super learning, conscious
00 02 04 0.6 08 1.0
Theta Waves (4Hz-7.5Hz)

.A\/—-\_/\_/-x_/‘_\v /\ /ﬁ , nghif sleep, deep meditation,
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0.0 0.2 0.4 0.6 0.8 10
Figure 6:- The five wave frequencies shape and theirfunctions [49].

) Deep, dreamless sleep, non-REM

sleep, unconscious
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The Electroencephalogram (EEG).

People have different physiological reactions when they are in a different environments. So, measuring of brain
activity is an effective way of evaluate the physiological perception of spaces, environment, or other objects. EEG
technology has been applied to different fields, including environmental perception, EEG technology helped us
more to emotion recognition, object structure, color, and spaces impact on us [15,41].
An electroencephalogram (EEG) is a recording of brain activity. During this painless test, small sensors are attached
to the scalp to pick up the electrical signals produced by the brain. The charges are amplified and appear as a graph
on a computer screen, or as a recording that may be printed out on paper.
An EEG can be used to help diagnose and monitor a number of conditions affecting the brain. It may help identify
the cause of certain symptoms such as memory problems. Mainly EEG use to detect and examine epilepsy, but
recently EEG is using also for discovering the environment's impact on our brain and the brain waves activity
according to this impact, such as colors, sounds and shapes and in architectural researches [17].

There are several types of EEG: Routine EEG: scans take 23 minutes, may need to breathe differently or look at
flashing lights. Prolonged EEG: it usually takes one hour and 15 minutes, it gives more information than a routine
EEG. Video EEG: making a video recording during the EEG. Sleep EEG: it is a test while you sleep [37].

How does it work?

The EEG is recorded from the surface of the head. Measurable surface potentials are produce by neurons in the brain
in the top layer of the cortex, the cortex contains the outer information processes of the brain, the main EEG signals
are produced by pyramidal cells, these signals are oriented in a manner that produces measurable voltage [10, 35,
47]. The brains electrical sources are dipoles, it is a charged structure that had a positive and negative side (similar
to a battery). The EEG is an epiphenomenon (side effect) of the brain’s activity, but is not a direct measure of
information processing [46, 53].

The Techniqueof Recording EEG

In conventional scalp EEG, the recording is obtained by placing electrodes on the scalp with a conductive gel,
usually after preparing the scalp area by light scraping to reduce impedance due to dead skin cells. Many systems
use electrodes each of which is attached to an individual wire. Some systems use caps or nets into which electrodes
are embedded. Reading is done by 10-20 international system.Electrode locations and names are specified by the
International 1020 system, each electrode is connected to one input of a differential amplifier; during the recording,
a series of activation procedures may be used. These procedures include hyperventilation, photic stimulation, eye
closure, mental activity, using pictures. The representation of the EEG channels is referred to as a montage
[10,16,46,53].

The EEG montage

The first step to any EEG study is the placement of the electrodes, and this is most commonly done via the
international standardized 10-20 System. This system is so named because it divides the skull into increments of
10% or 20% to place the electrodes. It depends on four main points on the head, 1.Nasion is the front point of the
head, 2.Inion is the back point of the head and 3. and 4. are the Pre-auricular points, we connect the Nasion point to
Inion point, from there, we divide the head into consecutive percentage of 10% and 20% to find the placement of the
electrodes, as shown in figure 7, and the same between the Pre-auricular points, the appearing points are the
electrodes points, each electrode is identified with a letter and a number.
The letter corresponds to its region of the brain: F for frontal region, T for temporal, P for parietal, and O for
occipital, the only exception to this is that F7 and F8, they are actually over the anterior temporal region, the number
corresponds to the side of the brain, odds on the left and evens on the right. For the midline/central electrodes,
instead of a number their letters are clarified with a "z." [25,46,48,54], and table 2 explains the electrodes positions
in figure 7.
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Figure 7:- Division of the head according to the international 10-20 system for placing the electrodes of the

EEG[46]
Table 2:- Illustration of the symbols and numbers in Figure 7 that show where the electrodes are placed on the head
(The Author).
Left Brain Area Right
Fpl Frontoporal Fp2
F3 Frontal F4
F7 Anterior Temporal F8
T3 Mid Temporal T4
T5 Posterior Temporal T6
C3 Central C4
P3 Parietal P4
01 Occipital 02

Bipolar Montages.

There are two primary types of display montages: bipolar and monopolar/referential, In a bipolar montage, which is
also called the “double banana,”, each electrode's voltage is linked to one or two neighboring electrodes and
compared to the next one to form a chain; so Fp2 is compared to F8, and F8 is compared to T4, and so on all the
electrodes points. There are two chains per side as in figure8, an outside temporal chain involving
Fp2—F8—T4—-T6—02, and then an inside parasagittal chain involving Fp2—F4—C4—P4—02. The "z"
electrodes Fz—Cz—Pz form a small central chain [41,46,53].The bipolar transverse montage links adjacent
electrodes in a chain, going from left to right.

F?s F 7 A
F7 75 vwars
T3 - T5 v
15 <0 v

L—CF+
[eapion |
Chon

Figure 8:- The bipolar montage or double banana [46].
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In each chain, an electrode’s voltage is compared to the electrode behind it, so, in bipolar if the first electrode in the
drawing line is more positive than the second one, we get a positive, downward deflection; if the second electrode is
more positive, we get a negative, upward deflection [46].

For example, as in figure 9, if Fp2 has a voltage of -5 and F8 has a voltage of -20, the Fp2-F8 drawing would show

(-5) - (-20) = +15 mV. (Down)
if T4 =-40 mV and T6 = -10 mV, so the T4-T6 drawing would show (-40) — (-10) = -30 mV (Up)

Fo2 - FE =~
§ - =20z &5

A A ;(J F?\/'

20 - =4D = +*20

-4
14 - To S T4 - T N
LJ_-KO>‘,O Tb~0)"\—

Figure 9:- Shows the voltage of electrodes that compared to the electrode behind and how it is drawn [46].
This same technique is used to give rise to all the tracings in all the chains.

Other type is Circumferential Montage, in which the electrodes are connected not in an anterior to posterior chain
but in a circle around the head, as in figure 10, it does not include much of the middle regions / parasagittal
electrodes, it only to clarify particular discharges.Nowadays, we aren't limited to a single montage, modern EEG
software allows to change montages quickly and easily during the reading process [48].In both figures 11 and 12,
shown the output of the EEG montage recording.In both figures 11 and 12, shown a samples of the final output of
recording montage.
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Figure 10:- The Circumferential Montage [46].
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Figure 11:-Sample of normal doub‘le banana Montage recording [46].
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Figure 12:- The Circumferential Montage recording [46].

The EEG and Architecture
Some examples will be presented of the results of researchs in which the electroencephalography (EEG) device was
integrated and used to know the impact of architectural spaces on users, and what was figured out.

Study 1:

In one of the studies about the effects of different architectural elements on users’ relaxation/arousal reply by
measuring the EEG, by creating a simulate room in virtual reality (V.R), three architectural elements are varied in
the VR space (aspect ratio of space, ceiling height, and window ratio), and analyze the ratio of alpha to beta waves
to determine the stimulation changes,

firstly, the study created the Visual Stimuli in VR Space by applied a fixed internal area of 13 to the private room
represented through the VR device by referring to the room sizes in M Postpartum Care Center in Busan [25], the
window was placed on the wall facing the entrance door, and the VR space was created using Revit Architecture,
and drew the floor plan, elevation, and ceiling plan before making the basic 3D model, the basic 3D model imported
into Twinmotion, to produce 3D images with 360 angles to be implemented on the VVR device, the daylight coming
through the window, and in total, 30 360 angles 3D images producted for the VR space of the room of experiment.
this is an important part in clarifying that it has become possible and easy to change spaces in a virtual reality that
simulates the real ones with spaces, shapes and proportions, and to play with data and architectural elements to reach
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the most appropriate and most comfortable for users. The study ran Experiment Center 4.0 to import the 30 preset
visual stimuli, and inserted the description of the experiment, the black screen between stimuli, and the white screen
for measuring the background EEG, 19 channels has been used to collect the EEG data, then analyzed the EEG data
from 8 lobes, prefrontal (Fpl and Fp2), frontal (F3 and F4), parietal (P3 and P4), and occipital lobes (O1 and O2).
The subjects’ EEG signals received from the 19 channels underwent the 16 bit AD (Analog-Digital) converter at 300
Hz sampling frequency, and was stored on the computer in the frequency passband of 0.003~150 Hz [25].

INION
Figure 13:- Brain waves measuring area [25].

By the Statistical Analysis the result was, after the experience in the VR space, the lobes of the brain in the EEG
recording (F4 and P3 EEG channels) showed statistically significant differences in the relaxation-arousal responses,
both brain's regions are important to the visual spatial processing and known to be involved in the tasks of
processing the space, or the environment when users using the VR spaces, as P is denotes the parietal lobe in the
brain. The ratio of space may possibly exert a positive or negative result on users’ physiologically, can be known by
the space impact the changes in the brain waves (alpha and beta), which is measured by EEG.

This study is distinguished in that it succeeded in showing (actually) the difference of the effect of architectural
elements on users who have prior experience towards a specific place, and between the change of these architectural
elements for the same place, but in virtual reality.On the other hand, it succeeded in combining the use of both the
virtual reality programs and the electroencephalographic EEG device, both on users, and getting a statistical results.
This will facilitate in the future the architectural design process and save a lot of time and effort spent on studies of
user questionnaires and survey, as it used to be done previously.Research on this topic still needs a lot of research in
many different aspects, such as studying the effect of spaces and architectural elements in educational buildings,
sports areas, hospital, residential buildings, etc., as well as the effect of light, ventilation, colors, and others.

Study2:

In this study, an experimental method has been applied to the analysis of contemplative landscape to be compared to
non-contemplative landscapes, by twelve 3D fixed-angle videos recorded with a SonyTM HDR-TD30 camcorder
(20 s long), representing landscape images, six contemplative landscape and six non-contemplative landscapes, all
were shown while EEG was recorded.

According to the International Position System 10-20, The EEG data were collected using an eight-channel
electroencephalographic EEG amplifier, Enobio model with dry electrodes, placed on a neoprene headcap. The
device is wireless (operating with Bluetooth) with a Li-lon battery, and connected to a laptop through the NIC 1.2
software. The electrodes were read at the AF7, AF8, Fz, T7, Cz, T8, P3, and P4 in this case is referenced to an
electrode placed at the right mastoid (RM). The electrode is always located according to the areas of interest.
Whereas, AF= Anterior-frontal, F= Frontal, T= Temporal, P= Parital
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The 3D shutter glasses were used in the study without interfering with the cap, cables, or electrodes. The glasses
were connected to the PC and received the infrared signal by the IR 3D emitter. So, two devices are used, EEG and
3D shutter glasses [16].

The study focused on beta power in the right temporal lobe and frontal beta power, as the right temporal areas of the
brain are responsible for visual attention, visual information interpretation and memory of pictures, visual scenes,
and familiar faces.

Regarding frontal beta power, the reseachers found higher values of beta power on the baseline and no differences
between landscapes. Considering the temporal beta power asymmetry, the finding suggests a general activation of
the right temporal areas of the brain while watching both contemplative landscape and non-contemplative landscape
scenes when compared to the baseline [16].

Also indicated that exposure to landscapes shifts the brain from voluntary or directed attention (which includes all
the tasks requiring mental effort, and induces mental fatigue in people). By switching to involuntary attention, and
the pattern of brain activity elicited by viewing landscapes has been linked to the mechanism of involuntary
attention.

The results found increased power in the beta frequency band of the right temporal brain regions in the viewings of
contemplative landscapes compared to non-contemplative landscapes.So, the contemplative landscapes capture
more visual, stimuli-driven attention from the viewers and can be linked with switching attention systems, which is
compatible with a stress reduction mechanism.Using EEG was not limited to built-up spaces only, In this study, the
effect of landscapes on the human brain was studied as one of the elements of the built environment as well. The
methodology was well done and showed that the use of three-dimensional shutter glasses does not conflict with the
electroencephalography device, which demonstrates the ease of using more than one device with the
electroencephalographic device, as in case study 1 in using VR devices.

So, in this study the sequence of results was as follows in figure 14, how started and end up to:

It stimulates
neurotransmi
tters that
compatible
with a stress
reduction
mechanism

The result

generates

beta wave
activity

Exposure to Clear effect

landscape on the right the ability of

EEG

(external temporal

stimulus) lobe EEEElg

Figure 14:- Arranging the sequence of reading the EEGsince of seeing the stimulus landscape (the author).

Studya3:

This study try to show the effect of buildings associated with religious beliefs on the human brain, by measuring the
brain waves. The experiment was carried out in both Sultan Hassan and St. Sergius groups in Egypt, a strong
correlations were found between frequency and the Theta/Beta ratios in both conditions.As mentioned in the study
-The increase Theta/Beta ratio increases tension and hyper activity

-The decrease in Theta/Beta ratio increases relaxation.

-The increase in Alpha brainwave increases relaxation level a person feels.

To determine the relationship between brain statuses of users using EEG, a test was calculated for the Theta to Beta
ratios, Alpha peak, and peak frequency values. The same statistics were used for comparing the brain performance
of those subjects before and after being subjected to the selected buildings [21].

Pro-Comp 5 EEG portable device was used in the recording step (a device used for diagnosis of brain waves
disorder) with a 4-channel Data acquisition system, A/D conversion of 24 bits, sampling frequency of 256 Hz,
inbuilt filter setting options and selfcalibration mechanism. SS2L leads having electrodes were connected to channel
1 of Pro-Comp 5 EEG portable device via BIOGRAPH software. Three electrodes were placed on the subjects scalp.
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The first electrode was placed on the ear lobe (ground), second on the occipital lobe (negative) and the third on the
parietal lobe (positive).

The analysis showed that is 63.64% of the subjects showed an increase while 36.36% of the participants showed a
decrease in alpha activity, the amplitude of theta/beta ratio showed a decrease, which accounts for 72.7% while
27.3% showed an increase. Thus, increases in the alpha and decrease in theta/beta parameters showed the suggestive
of relaxation and calm awareness after staying for 20 minutes inside the building [21].

The effect through the use and experience of buildings associated with religious beliefs lead to suggestive of
relaxation.

The relaxation is helping people with high blood pressure, helps the body fight against chronic diseases, like
arthritis, and cardiovascular diseases. It may also increase the lung capacity [21].
So, in this study the sequence of results was as follows in figure 15, how started and end up to:

stayingin reduction in

geometric shape Occipital (visual theta/beta
(e?(ternal processing
stimulus) center), Parietal

ratio, reduction the ability of EEG
in alpha recording

gives relaxation
and confort

(Dome, Vault, Lig _(process.ing
ht, Hight, Ventilat information)
ion)

Figure 15:- Arranging the sequence of reading the EEG since of staying in the timeless (the author).

Conclusion:-

People have different physiological reactions in a different environments, so, measuring of brain activity is an
effective way of evaluate the physiological perception of spaces, environment, or other objects. EEG technology has
been applied to different fields, including environmental perception, it is also helped us more to know and
understand emotion, object structure, color, textures of objects and spaces impact on us.
The electroencephalogram (EEG) recording method is distinguished from other methods such as Magnetic
resonance imaging (MRI) in knowing the functions of the brain, in that it is a simple device that is easy to use for
the participants or volunteers in the experiments.

Electroencephalography (EEG) is also distinguished for the field of architecture, in facilitating the possibility of
touching the results of the building’s impact on the behavior of users through knowledge of the aroused and active
brain waves, so studies on the design of spaces became statistically readable, unlike previous studies, which
measured users’ physiological behaviors and reactions to architectural space elements in a way that seems primitive
or dependent on survey and observation only.

It is also possible, during the use of the EEG, to insert other devices and modern technologies, such as virtual reality
(V.R), or heart rate monitors, and others, in this way, the scope of the studies expands in reading and understanding
people's reactions and behaviours towards architectural spaces.

It is noted that beta was the common wave in reading for the three study cases, and beta is the wave in which the
brain is in a state of alertness, attention and decision-making. Its ratio was compared with another wave, theta/beta
or alpha/beta, and this leads us to know the extent the degree of relaxation, well-being and a sense of comfort that
the brain has reached due to the space.
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