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ABSTRACT

Study of Brain Activity Analysis of Deep Breathing was examined in sixteen
healthy participants on stress level, and each type of brainwaves related to deep breathing.
All brainwaves were recorded by electroencephalogram (EEG). Deep breathing rate was
at six breaths per minute: four seconds for inhalation, two seconds for holding the air, and
four seconds for exhalation, respectively. The study found that deep breathing induced
relaxation and improved mental health as confirmed by Thai Stress Test. In addition, deep
breathing affected to both Theta and Delta brainwaves during resting state as in eyes-
closed trial. The deep breathing at trial 2 and 3, ranging approximately four to six minutes
might be the most appropriate time for the participants to successfully accumulate alpha

brainwave.
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CHAPTER 1

INTRODUCTION

1.1 Problem Statement

Nowadays, people are in the midst of modern life and technology. Most people
are hardly able to avoid confronting frustrated situations; as it is inevitable to encounter
with stress. Stress is a response mechanism to stressor such as workload, lifestyle,
environment, physical, emotions and so on. Stress is categorized as one of the most toxic
substance to human body. It is one of the brain activities that is opposite to relaxation. It
greatly reduces overall quality of life and accelerates body aging processes. There are
many attempts to discover techniques to counter stress by invention of new products and
adaptation to the environment. Moreover, most techniques needed special equipment
which are costly and require time consuming procedure. Therefore, there is a need to look
back to the basic of life support that can be utilized from nothing. The vital activity which
humans have subconsciously done is “Breathing”. In fact, human will not be alive
without breathing. They need oxygen to provide all individual cell to carry out cellular
respiration, and to get rid of carbon dioxide. Breathing is special in several aspects. It is
the only function that can be performed consciously as well as unconsciously, and it can
be completely voluntary or involuntary. Breathing is the bridge between mind and body,
the connection between consciousness and unconsciousness. It is the key to health and
wellness, a function we can learn to regulate and develop in order to improve our
physical, mental and spiritual well-being. (Weil, 2012) The process of breathing is
divided into two phases, inspiration (inhalation) and expiration (exhalation) (David,
2012).



However, most people do not know that they can make use of breathing. They do
not recognize how to take full advantage of the nourishing, health-giving properties of
breathing. In fact, breathing is voluntary and controllable either with respect to rate or
type of respiration. Knowing how to perform simple breathing techniques can reduce
stress, lower blood pressure, calm a racing heart, and help many systems in the body
without taking drugs. Breathing has direct connections to emotional states and moods:
observe a person who is angry, afraid or upset, and it is clear that person that would
breathe rapidly, shallowly, noisily and irregularly. However, we can control or practice
our breathing to be deep, slow, quiet and consistent (Weil, 2012).

Diaphragmatic breathing, abdominal breathing, belly breathing are also known as
deep breathing. The diaphragm is a large muscle located between the chest and the
abdomen. When it contracts it is forced downward causing the abdomen to expand. This
causes a negative pressure within the chest forcing air into the lungs. The negative
pressure also pulls blood into the chest improving the venous return to the heart. This
leads to improved stamina in both disease and athletic activity. Like blood, the flow of
lymph, which is rich in immune cells, is also improved. By expanding the lung's air
pockets and improving the flow of blood and lymph, abdominal breathing also helps
prevent infection of the lung and other tissues. But most of all it is an excellent tool to
stimulate the relaxation response that results in less tension and overall sense of well-
being. (The Benefits of Abdominal breathing, n.d.) Deep breathing can effectively
counter stress, and is considered as one of relaxation techniques. This is because naturally
human body counters abnormal behaviors via parasympathetic system, and deep
breathing fully brings forth this mechanism. That is, deep breathing regulates heart rate,
blood pressure, and breathing frequency of the person with stress. It is considered by
some to be a healthier way to breathe, and also by others a useful form of complementary
and alternative treatment. There are many significant benefits of deep breathing, such as
reduction in the risk of heart disease, lower blood pressure, and pain reduction. (Abbey,
2011) Scientifically speaking, deep breathing breaks the cycle of stress and also promotes
alpha which is the band that is related to body and mind relaxation. Alpha is defined as
brainwaves that cycle between the frequencies of 8-12 Hz, which is classified as a state of
relaxation. Alpha is the dominant brainwave activity when the body and mind are relaxed.

Alpha wave activity is common among highly creative individuals who have a clear mind
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or are experiencing relaxation (Alpha Brain Waves, n.d.). Deep breathing can also
promote Theta, which occur during extreme mind relaxation, and Delta, the
deepest state of complete relaxation. It should be a great benefit if a person can integrate
all knowledge and demonstrate the correlation between deep breathing and relaxation.
Certainly, if deep breathing is to create Alpha, Theta, and Delta, it should be valuable to
human well-being. In terms of practice, deep breathing can be performed with no cost, no
equipment, no membership required — in fact, deep breathing can be done by anyone,
anywhere and at any time. Deep breathing definitely promotes health and is

acknowledged as one of the most effective anti-aging methods.

1.2 Objective

1.2.1 To study the effect of deep breathing on stress level.

1.2.2 To analyze brain activity resulting from deep breathing as a whole.

1.2.3 To analyze brain activity resulting from deep breathing particularly on
relaxation bands, (Alpha, Theta, and Delta)

1.3 Research Hypothesis

1.3.1 Deep breathing may improve mental health.
1.3.2 Deep breathing may induce relaxation.
1.3.3 Deep breathing may affect Alpha, Theta, and Delta.

1.4 Conceptual Framework

The study was to analyze brain activities resulting from deep breathing. The
expected results were relaxation and improvement of mental health leading to the anti-

aging process.
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CHAPTER 2

LITERATURE REVIEW

2.1 Breathing

2.1.1 Mechanism of breathing

Breathing is divided into two distinct categories. One is spontaneous involuntary
(autonomic) breathing, which maintains homeostasis of the arterial blood gases. The other
is voluntary breathing, which is involved in higher brain function. The former breathing is
performed mainly by diaphragmatic inspiratory activity that is controlled by the
respiratory center in the lower brainstem. The latter breathing is mainly exerted by the
abdominal expiratory activity that is governed by a higher brain system, the neocortex or
limbic system. (Fumoto, Sato-Suzuki, Seki, Mohri & Arita, 2004) The act of breathing
engages the diaphragm, a strong sheet of muscle that divides the chest from the abdomen.
As you breathe in, the diaphragm drops downward, pulling your lungs with it and
pressing against abdominal organs to make room for your lungs to expand as they fill
with air. As you breathe out, the diaphragm presses back upward against your lungs,

helping to expel carbon dioxide (Figure 2.1).
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Figure 2.1 Movement of diaphragm during inhalation and exhalation

Shallow breathing hobbles the diaphragm’s range of motion. The lowest portion
of the lungs, which is where many small blood vessels instrumental in carrying oxygen to
cells reside, never gets a full share of oxygenated air. That can make a person feel short of
breath and anxious. While deep abdominal breathing encourages full oxygen exchange -
that is, the beneficial trade of incoming oxygen for outgoing carbon dioxide. Not
surprisingly, this type of breathing slows the heartbeat and can lower or stabilize blood
pressure (“Take a Deep Breathing”, 2009).

Modern technology has made us sedentary most of the day. There is less need to
breathe deeply, so we have developed a habit of shallow breathing. When we are in a
hurry and rushed, our breathing follows suit. When we are stressed, anxious or focused on
a problem, the body contract. We bend forward, head down, arms together, with muscles
tensed. All of these postures constrict breathing. This shallow breathing style becomes a
habit reinforced by our daily lifestyle (Davenport, 2010).

2.1.2 Types of breathing
2.1.2.1 Clavicular breathing is the most shallow and worst possible type. The
shoulders and collarbone are raised while the abdomen is contracted during inhalation.
Maximum effort is made, but a minimum amount of air is obtained. Overuse of upper-

body breathing can be a sign of anxiety, stress or a respiratory condition (Lorraine, 2010).



2.1.2.2 Shallow breathing, thoracic breathing, or chest breathing is done with
the rib muscles expanding the rib cage. This sort of breathing draws minimal breath into
the lungs, usually by drawing air into the chest area using the intercostal muscles rather
than throughout the lungs via the diaphragm. Shallow breathing can result in or be
symptomatic of rapid breathing and hyperventilation.

2.1.2.3 Deep breathing, diaphragmatic breathing, abdominal breathing or
belly breathing are categorized as voluntary breathing. It is done by contracting the
diaphragm, a muscle located horizontally between the chest cavity and stomach cavity.
Air enters the lungs and the belly expands during this type of breathing. This deep
breathing is marked by expansion of the abdomen rather than the chest when breathing.
Deep abdominal breathing is the best, for it brings air to the lowest and largest part of the
lungs. Breathing is slow and deep, and proper use is made of the diaphragm. It is
considered by some to be a healthier way to breathe, and is considered by some a useful

form of complementary and alternative treatment.

2.1.3 Benefits of deep breathing
Deep breathing benefits to systems, organs, functions of our body. Deep

breathing plays roles in relaxing mind and body, strengthening immune system,
improving cellular regeneration and so on. The studies have confirmed benefits of deep
breathing, as exemplified below:

The study of Sivakumar, Prabhu, Baliga, Pai, and Manjunatha (2011) revealed
that even a short duration of deep breathing (2-10 minutes) is also beneficial for the lung
functions Therefore, the researcher applied this short duration concept to the experimental
design.

The study of Heather Mason et al. (2013) demonstrated the positive cardiovascular
and respiratory effect of yogic slow breathing in the yoga beginner. As yogic slow
breathing instructions is quite similar to deep breathing.

The study of Fumoto et al. (2004) found that slow Voluntary Abdominal
Breathing (VAB) for 20 minutes in an eyes-closed condition showed that subjects had a
feeling of vigor-activity with a tendency of reduced anxiety during and/or after VAB, as

assessed by POMS and STAI questionnaire scores.
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Edwards (2006) published his personal experiences with various breathing

methods including deep breathing that confirmed the improving of quality of life.

2.2 Stress and Relaxation

The study of Fumoto et al. (2004) found that slow Voluntary Abdominal
Breathing (VAB) for twenty minutes in an eyes-closed condition caused considerable
changes in electroencephalogram (EEG) reading. The increase in high-frequency alpha
activities was linked to the state of vigor-activity with a tendency of reduced anxiety.

Stress is a state of overabundance of beta or higher activity, a type of anxiety.
Stress is a biological term which refers to the consequences of the failure of a human or
animal body to respond appropriately to emotional or physical threats to the organism,
whether actual or imagined. Stress makes a person age quickly and it also decreases
overall quality of life. Stress is opposite to relaxation, the theory is that voluntarily
creating to the relaxation response through regular use of relaxation techniques could
counteract the negative effects of stress (www.nccam.nih.gov).

Relaxation is more than a state of mind; it physically changes the way of human
functions. Relaxation response slows heart rate, lowers blood pressure, and decreases
levels of stress hormones and oxygen consumption. The oxygenation of the brain tends to
normalize brain function, reducing anxiety levels.

Relaxation techniques include a number of practices such as progressive
relaxation, guided imagery, biofeedback, self-hypnosis, and deep breathing exercises. The
goal is similar in all: to consciously produce the body’s natural relaxation response, lower
blood pressure, and a feeling of calm and well-being. Relaxation techniques often
combine breathing and focused attention to calm the mind and the body. To relax using
deep breathing or breathing exercises, a person consciously slow the breathing and focus
on taking regular and deep breaths. Slow, deep, rhythmic breathing reduces stress,
promotes relaxation of mind and body. Deep breathing can also increase brain's ability to
produce these brainwaves, allowing to better deal with stress.


http://www.nccam.nih.gov/

Deep breathing is one of the benefits of relaxing body and mind. This is because
when the breath is deep, it sends a message to the brain to calm down and relax. Deep
breathing for relaxation can also influence gene expression related to inflammation,
oxidative stress, and cellular metabolism. The longer a person practices deep breathing,
the more pronounced the benefits for any particular condition and for gene activity will
be. It is also the most powerful thing that can do to maintain the integrity of your

DNA. All anti-aging is based on this understanding.

2.3 Brainwave

There were many studies concerning the changing of brainwave and variety of
breathing. The study of Fumoto et al. (2004) found that slow Voluntary Abdominal
Breathing (VAB) for twenty minutes in an eyes-closed condition effected on the
electroencephalogram (EEG) changing. Since the eyes were closed, the rhythmical alpha
wave was dominant at the beginning of VAB. This rhythmical alpha wave came to appear
occasionally during the VAB. The lower amplitude and higher frequency replaced the
earlier rhythmical alpha wave. In preliminary of their study, they had the subjects do
VAB in an eyes-open condition (VAB-EO) and they found that alpha waves appeared
during VAB-EO.

The study of Yu (2011) revealed that Electroencephalography (EEG) detected
increased alpha band activity and decreased theta band activity during and after Focused
attention on Tanden breathing.

The human brain consists of billions of tiny nerve cells called neurons. For the
brain to work, these neurons transmit signals to each other every millisecond through
trillions of intersections called synapses. Each synapse consists of the ends of two
neurons separated by a very small gap that is measured in nanometers. When a neuron
receives a signal, it creates an electrical impulse that triggers the release of chemicals
called neurotransmitters. The neurotransmitters then travel across the gap and arrive at the
receiving end of another neuron where they bind to special molecules called receptors.

This process takes place at lightning speed as the signal is passed with tremendous
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accuracy from neuron to neuron. Nonetheless, it is extremely essential to all of the brain’s
function such as learning, memorizing, analyzing, planning, and calculating.

Since neurons communicate using electrical impulses, when millions of brain cells talk to
each other at the same time, they generate a significant amount of electrical activity that
can be detected using sensitive scientific instruments. This electrical activity in the brain
is known as a brainwave pattern. It's called a “brainwave” due to its wave-like
characteristics.

Brainwaves have been studied since the 1930’s after Hans Berger recorded the
first electroencephalograph (EEG) of the electrical activity of the human brain from the
surface of the head. EEG is a painless procedure that uses small, flat metal discs
(electrodes) attached to the scalp to detect electrical activity in your brain. Electrodes are
hooked by wires to a computer that records the electrical activity inside the brain. A
machine can show the activity as a series of wavy lines drawn by a row of pens on a
moving piece of paper or as an image on the computer screen. The brain produces four
main types of brainwave which are shown by EEG readings. Each type of brain wave
produces the listed effects at specific frequencies:

Gamma Brainwaves (over 30 Hz): Gamma brain waves are considered the brain’s
optimal frequency of functioning, increased levels of compassion, conscious awareness of
reality and increased mental abilities

Beta Brainwaves (13-30 Hz): The fastest, representing the most intense state of
alertness, high mental activity, maximum mind power, logical thinking, and normal
awake consciousness associated with busy tasks, relaxed and reflective state. Alertness,
good for inspiration, learning facts fast, meditative mind. (“Brain Wave States & How to
Access Them”, n.d.)

Alpha Brainwaves (8-12 Hz): Alpha brainwaves are common state for the brain
and occurs whenever a person is alert. Alpha band promotes mental resourcefulness, aids
in the ability to mentally coordinate, and enhances overall sense of relaxation.

Theta Brainwaves (4-7 Hz): a very relaxed state associated with meditation and
some sleep states. Extreme relaxation, creativity, as well as vibrant mental imagery.
(“Electroencephalogram (EEG)”. n.d.).
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Delta Brainwaves (0-3 Hz): the lowest brain frequencies, possibly indicating

subconscious thoughts and information, deep dreamless sleep, and deep relaxation. Deep

and refreshing sleep allows the body and brain to rest and repair.

Table 2.1 Types of Brainwave

Type Frequency (Hz) Brain Activity
Gamma Over 30 Increased levels of compassion, conscious awareness
of reality
Beta 13-30 Alertness and concentration
Alpha 8-12 Promotes mental resourcefulness, relaxation
Theta 4-7 Meditation, drowsiness, extreme relaxation
Delta 0-3 Subconscious thoughts and information, deep sleep,

deep relaxed

In summary, deep breathing grants many benefits to both physical and mental

health. It is also linked to changes in brain signals, as confirmed by many studies

discussed before; however, they are based on experienced practitioners such as Zen

meditation, or on the condition of twenty or more minutes of deep breathing. There was

no previous study on relations between shorter period of deep breathing and brain signals

on inexperienced participants or experienced but not regular practice. This independent

research pays attention to the effect of short periods, two minutes in this case, of deep

breathing in each interval on brain signals. If the results concur with the hypothesis, it will

prove to have many advantages to the practitioners, particularly both physical and mental

health.



CHAPTER 3

RESEARCH METHODOLOGY

This research is a prospective experimental study.

3.1 Participants

3.1.1 Sample size
Sixteen participants, age ranged from 25-55 years which were twelve females and
four males, volunteered for this study. All participants were healthy and carefully

screened according to the inclusion and exclusion criteria.

3.1.2 Inclusion criteria
3.1.2.1 Healthy Male or Female, aged range from 25-55 years
3.1.2.2 No smoking, alcohol and drugs
3.1.2.3 No psychiatric problem and convulsion or epilepsy

3.1.2.4 No meditation practicing within one month prior to the experiment

3.1.3 Exclusion Criteria
3.1.3.1 Present of cerebrovascular disorder
3.1.3.2 Present of systemic condition affected the brain wave
3.1.3.3 Pregnancy
3.1.3.4 Using medication affecting EEG
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3.1.4 Discontinuation Criteria
3.1.4.1 Denial of research continuation

3.1.4.2 Any complication during research

3.2 Research Instrumentations

3.2.1 Personal profiles recording
The personal profiles include gender, age, nationality, weight, height, and
personal health history.

3.2.2 EEG Recorder

The researcher used EEG Recorder namely Brain Actor (Figure 3.1) which is a 2-
channel EEG device recorder for analyzing and recording brain on 2 channels by
Learnmon program. This kind of instrument can detect brainwave and display as graph to
demonstrate frequency and power. (Brain Actor 2-channel EEG, n.d.) The International
10-20 System of Electrode Placement is the most widely used method to describe the
placement of electrodes at specific intervals along the head. Each electrode site has a
letter to identify the lobe, along with a number or another letter to identify the
hemispheric location. “The International 10-20 System of Electrode Placement”, n.d.).
(Figure 3.2)

Figure 3.1 Brain Actor
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Figure 3.2 International 10-20 System of Electrode Placement

3.2.3 Stress Level Evaluation

Thai Stress Test (TST) by Phatthaayuttawat (2000) was used to evaluate stress
level. The test is a two dimensional rating scales which each scale composed of twelve
index items. The total of both parts are composed of twenty four questions. The first
twelve questions represent negative feeling while the latter denote positive one. The test is

characterized in 3 levels as Likert.

Table 3.1 Matrix table of Thai Stress Test

Negative Scales Positive Scales score
score (Sum of Item (Sum of Item 13-24)
1-12) 12-36 9-11 6-8 3-5 0-2

0-1 1 2 3 4 5

2-3 2 3 4 5 6

4-5 3 4 5 6 7

6-7 4 5 6 7 8

8-36 5 6 7 8 9
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The sum of rating scale is grouped by the standard scale from the matrix table.
Participants answer questions in both negative and positive feelings by rating them on
computer by Super Lab Pro Version 2.0.4 before and after deep breathing.

Results of Thai Stress Test after grouping are interpreted into 4 levels: Excellent

mental health, normal mental health, mild stress, and stressful (Table 3.2).

Table 3.2 Stress Level for Thai stress Test

Group Stress level
1 Excellent mental health
2,34 Normal mental health
5,6 Mild stress
7,89 Stressful

3.24 Deep breathing

Deep breathing was an inducer and independent variable in this study. It was done
by contracting the diaphragm, a muscle located horizontally between the chest cavity and
stomach cavity. Prior to the experimental trials, participants would be instructed to train
deep breathing as follow:

First, to confirm that a participant was doing deep breathing by asking the
participant placed one hand on the chest and the other on the abdomen. While taking a
deep breath in, the hand on the abdomen should rise higher than the one on the chest. This
insured that the diaphragm was pulling air into the bases of the lungs.

Second, taking a slow deep breath in through the nose imagining that all the air in
the room was sucked for a count of four ( four seconds). Holding the air that sucking in
for a count of two (two seconds)

Third, slowly exhaled through the mouth for a count of four (four seconds). As all
the air was released with relaxation, gently contracted the abdominal muscles to

completely evacuate the remaining air from the lungs.
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Last, repeated the cycle five more times for a total of six deep breaths and tried to
breathe at a rate of one breath every ten seconds (six breaths per minute). The participant
would be given a practice session for several times to become familiar with deep

breathing.

3.3 Methods

3.3.1 All volunteers which age ranged from 25 to 55 years who met the criteria
were selected as participants.

3.3.2 All personal health history of participants were interviewed and recorded.

3.3.3 All participants were not allowed to drink alcohol and caffeine at least 24
hours before experiment and had adequate sleeping.

3.3.4 Hair washing and drying must be performed at the night prior to
experiment. Made sure that the hair was clean and free of sprays, oils, creams, and lotions

3.3.5 Participant might sit and rest for 10 minutes before the experiment was started.

3.3.6 Electrodes which made with silver-silver chloride were fixed at two areas
of the brain, Mid-Frontal (Fz) and Vertex or Mid-Central (Cz). Frontal Pole (Fp) was
fixed to be a ground while the left and right ear lobe were used as references according to
the international 10/20 system and study of Fumoto et al. (2004).

3.3.7 Starting the experiment as guided by the experiment paradigm (Figure 5).

3.3.8 Figure 5 wholly illustrated experimental paradigm in this study. The
experiment consisted of three main sections — pre-test normal breathing, deep breathing,
and post-test normal breathing. In the first section, participant was asked to perform three
short trials, comprising one-minute normal breathing with eyes-open, one-minute normal
breathing with eyes-closed, and Thai Stress Test evaluation. The following section was
made up of five identical trials; in each trial, the participant was asked to perform deep
breathing for two minutes. The final trials were similar to the first except the order of the
tasks was reversed. After deep breathing trials, Thai Stress Test was taken followed by
one-minute eyes-closed normal breathing and one-minute eyes-open normal breathing.
During each trial, data were collected in separated files. The whole experiment was

expected to last about half an hour.



Brainwave

Record
1 min .
EO File#1
N 1
orma Pre-Test
Breathing 1 min
EC File#2
TST File#3
2 min
DBI File#4
g2 |2 File#ts
DB3 | 2min File#6
Deep
Breathing
2 min
DB4 > . —pp- | File#7
2 min
DBS |- 2 | Filers
TST [~ X File#9
Normal
Breathing Post-Test 1 min
EC r —)p| File#10
EO 1 min File#11

Note. There was 1-minute break between each trial in order to set the instruments.
Legend EO: Eyes-open condition EC: Eyes-closed condition
TST: Thai Stress Test DB1-5: Deep breathing trials

Figure 3.3 Experimental Paradigm
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3.4 Data Collection

The researcher collected brainwave data (11 files) and TST questionnaire.

3.4.1 Study Variables

The sole independent variable in this study was deep breathing. The variables
that would then be impacted from deep breathing were stress level, brain activity, and
brainwaves that were directly related to relaxation. These were the Alpha, Theta, and
Delta waves. The controlled environment ranged from the participant’s age, sex,

nationality, and individual underlying diseases.

3.4.2 Data Analysis

This study utilized descriptive analysis, namely sample size, mean, standard
deviation, and TST assessment to analyze the experiment data collected from each
participants. TST questionnaire and brain wave data were also statistically analyzed using

paired t-test. The confidential interval in the statistics were at 95% with p < 0.05.

3.5 Ethic Consideration

The research proposal will be sent to the Mae Fah Luang Ethical Committee for
approval. The information will then be confidentially collected and will not, in any
circumstance, be disclosed to the public. Presented information and illustrations will also
be in a generalized and anonymous manner. Participants fully have the right not to answer

any question and to withdraw from this research at any time.



CHAPTER 4

RESULT AND DISCUSSION

This study was a prospective experimental research which was designated to
analyze the impact of deep breathing on stress level, brain activity as a whole and brain
activity particularly on relaxation bands resulting from deep breathing. All procedures
were conducted in sixteen volunteered participants, aged 25-55 years (twelve women and
four men) step by step as guided in the experimental paradigm.

Data Analysis and Statistics

The data were analyzed and presented into 3 parts:

1. Personal profiles

2. Analyzing of deep breathing on Thai Stress Test
1) Behavior response (psychological reactions)
2) Stress level

3. Electrophysiological data
1) Comparison of trial pairs
2) Brainwave bands

This research used parametric statistics methods. Paired t-test was used to analyze
TST while paired t-test was used for analyzing Electrophysiological data. The results

were considered to be statistically significant when p-values were less than 0.05.
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Sixteen healthy volunteers, four males and twelve females, were categorized as

follow:

Table 4.1 Personal profiles of the participants

Variable n Variable n
Age (years) Weight (kg)
20-29 9 45-54 7
30-39 4 55 - 64 2
40 - 49 0 65 - 74 3
50-59 3 75-84 4

Occupation Height (cm)

Freelance 4 150 - 159 6
Self-employed 4 160 - 169 6
Office worker 3 170-179 4
Civil servant 1
Doctor 1 Total 16
Housewife 1
Teacher 1
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4.2 Analysis of Deep Breathing on Thai Stress Test (TST)

Thai Stress Test by Sucheera Phatthaayuttawat et al. (2000) was a tool in part of

the study. It was believed to be appropriate for testing behavior response and stress level.

4.2.1 Behavior response (psychological reactions)

Thai Stress Test was used to evaluate stress level. Behavior response was used to
evaluate negative and positive feelings in sixteen participants before and after deep
breathing trials. Analyzed by paired t-test, the study found the statistical results as
described below (Table 4.2).

The mean of stress level in negative feeling after deep breathing was lower than
prior the task. This pair expressed a significant result with p-value = 0.010. On the other
hand, the mean stress level in positive feeling after was higher than prior to deep

breathing task. The paired t-test showed p-value = 0.045.

Table 4.2  Stress evaluation in negative and positive feeling before and after deep breathing

Stress Evaluation X SD d Sd t p

Negative feeling before deep breathing 6.0 53
) ) i 1.7 24 2941 0.010
Negative feeling after deep breathing 4.3 4.4

Positive feeling before deep breathing 27.2 4.6
. ) i -2.3 42 -2191 0.045
Positive feeling after deep breathing 29.5 4.8

There were statistical significances at the level 0.05 of questionnaire answering
both in negative and positive feelings before and after deep breathing. Negative feelings

had a trend to decrease while positive feelings possessed an increasing trend.
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4.2.2 Stress Level
Negative and positive feelings of sixteen participants were assessed into 4 stress
levels: Excellent mental health, normal mental health, mild stress, and stressful. Each
level was also demonstrated in number, as shown in Table 4.3.
4.2.2.1 Excellent mental health group
Before deep breathing, there were four participants grouped into excellent
mental health. This number rose from four to seven after the task. Table 4.3 showed the
numerical trend of better mental health after deep breathing.
4.2.2.2 Normal mental health group
Before and after deep breathing, there were five participants in normal mental
health. This number did not change.
4.2.2.3 Mild stress group
Before deep breathing, there were seven participants grouped into mild stress.
This number dropped from seven to four after the task. Table 4.3 showed the trend of
better mental health after deep breathing.
4.2.2.4 Stressful group
None of participants were grouped into stressful level both before and after
deep breathing.

Table 4.3  Stress level interpretation before and after deep breathing task in number

) Pre Post
Stress Level Interpretation
Number Number
Excellent mental health 4 7
Normal 5 5
Mild stress 7 4
Stressful 0 0

Total 16 16
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Stress Data Interpretation
Y% 50
40
30
20
10 -
0 -
Excellent mental
Normal Mild stress Stresstul
health
M Pre 25 313 43.7 0
I Post 437 313 25 0

Figure 4.1 Stress level interpretation in a form of bar chart

In conclusion of Thai Stress Test on behavior response and stress level, it could
explain that the participants felt more relaxed and less stressful. The number of excellent
mental health showed crucial signs of relaxation arising while mild stress number
decreased after deep breathing. This task was beneficial to the participants and could lead
them towards stress relieved. This finding could be supported by the study of Fumoto M.
et al., (2004); that was, the subjects had a feeling of vigor-activity with a tendency of
reduced anxiety during and/or after voluntary abdominal breathing as assessed by POMS
and STAI questionnaire scores.

We therefore conclude that deep breathing may potentially induce relaxation,

which is directly related to the research hypothesis.
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4.3 Electrophysiological Data

According to the study objectives analyzing brain activity, electrophysiological
data used parametric statistic methods and paired t-test for analyzing the experiment. The

results would be presented into comparison trial pair and brainwave bands.

4.3.1 Comparison of trial pairs

43.1.1 Eyes-open before and after deep breathing: There was no
significance in this comparison.

4.3.1.2 Eyes-closed before and after deep breathing: The statistic expressed
the significance at the level 0.05 of eyes-closed before and after deep breathing in Beta,
Theta, and Delta but not included Alpha.

4.3.1.3 Thai Stress Test before and after deep breathing: There was no
statistically significant difference in this trial pair.

In conclusion of the comparison between trial pairs, the results demonstrated the
significant changes in brainwave, notably in the pair of eyes-closed before and after deep
breathing in the second trial pair. The implication occurred in Beta, Theta and Delta.

These findings could be explained that deep breathing also affected the changing
of two relaxation bands, Theta and Delta but not included Alpha during resting after deep
breathing in eyes-closed trials. This finding could be supported by the study of Fumoto
M. et al., (2004); that is, during resting in the eyes-closed condition, the disappearance of
the low-frequency Alpha band was replaced by the occurrence of a Theta/Delta band.
This occurring related to the research hypothesis that was deep breathing may affect
relaxation brain wave bands.

Referring to Electrophysiological statistical data, the study did not find the
significant changes in brainwave in the first and the third trial pairs. These discoveries
might be affected from uncomfortable feeling during or after performing five trials of
deep breathing as guided in the paradigm. Moreover, some of the participants were not
familiar to the task since they had little or no experience practicing deep breathing.
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However, according to the study hypothesis focusing on Alpha, Theta and Delta,
the significant data of these three bands in this trial pair were also demonstrated in

Amplitude, Mindmirror and 3D landscape in the section of brainwave analysis.

4.3.2 Brainwave
The findings expressed the interesting significance on brainwave in the
experimental pairs. These would be classified into five categories: Gamma, Beta, Alpha,
Theta and Delta brainwaves
In terms of Beta, the data were tabulated showing the significance in the
experiment. The significant in the pair of eyes-closed before and after deep breathing had
also shown on the table. Moreover, the remaining brainwaves which are directly related
to relaxation will be analyzed in depth and presented in Amplitude, Mindmirror and 3D
landscape illustrations.
4.3.2.1 Gamma brainwave
There was no significance in comparison trial pair, eyes-closed before and
after deep breathing.
4.3.2.2 Beta brainwave
The study found the significance at level 0.05 in twelve trial pairs. The
outcome expressed in frequency and number of waves both in Fz and Cz electrode sites
(Table 4.4). There was significance in comparison trial pair, eyes-closed before and after

deep breathing.

Table 4.4 Beta brainwave experimental data at the Fz and Cz electrode sites

X SD d sd t p

Pairl  eyes-closed before deep breathing (Cz) 14.44 1.63 0.56 096 233 003
eyes-closed after deep breathing (Cz) 13.88 1.50

Pair 2 deep breathing trial 2 (Fz) 13.81 5.42 2.00 3.44 232 003
eyes-open before deep breathing (Fz) 1181 423

Pair3  deep breathing trial 3 (Fz) 13.69 4.56 1.88 292 257 002

eyes-open before deep breathing (Fz) 1181 423
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b SD d sd t p

Pair4  deep breathing trial 1 (Cz) 14.69 8.15 0.75 428 -2.88 0.01
eyes-open before deep breathing (Cz) 21.00 11.08

Pair5  deep breathing trial 2 (Cz) 16.00 10.13 2.06 530 -2.17 0.05
eyes-open before deep breathing (Cz) 21.00 11.08

Pair6  deep breathing trial 3 (Cz) 15.00 9.31 1.06 317 -258 0.02
eyes-open after deep breathing (Cz) 21.00 11.08

Pair 7 deep breathing trial 5 (Cz) 14.31 9.14 0.38 299 324 0.01
eyes-open after deep breathing (Cz) 21.00 11.08

Pair8  deep breathing trial 1 (Fz) 12.75 3.96 -0.19 425 -3.64 0.00
eyes-open after deep breathing (Fz) 16.94 6.57

Pair9  deep breathing trial 2 (Fz) 13.81 5.419 0.88 296 -2.658  0.018
eyes-open after deep breathing (Fz) 16.94 6.567

Pair 10  deep breathing trial 3 (Fz) 13.69 4557 0.75 315 -2719 0.016
eyes-open after deep breathing (Fz) 16.94 6.567

Pair 11  deep breathing trial 4 (Fz) 13.94 6.093 1.00 348 -2366  0.032
eyes-open after deep breathing (Fz) 16.94 6.567

Pair 12 deep breathing trial 5 (Fz) 13.38 4.897 0.44 348 -2950  0.010
eyes-open after deep breathing (Fz) 16.94 6.567

Cz electrode site, p = 0.034.

site, p = 0.035

site, p = 0.021

site, p=0.011

site, p = 0.047

Pair 1: Eyes-closed before deep breathing and eyes-closed after deep breathing at

Pair 2: Deep breathing trial 2 and eyes-open before deep breathing at Fz electrode

Pair 3: Deep breathing trial 3 and eyes-open before deep breathing at Fz electrode

Pair 4: Deep breathing trial 1 and eyes-open before deep breathing at Cz electrode

Pair 5: Deep breathing trial 2 and eyes-open before deep breathing Cz electrode
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Pair 6: Deep breathing trial 3 and eyes-open after deep breathing at Cz electrode
site, p = 0.021
Pair 7: Deep breathing trial 5 and eyes-open after deep breathing at Cz electrode
site, p = 0.005
Pair 8: Deep breathing trial 1 and eyes-open after deep breathing at Fz electrode
site, p =0.002
Pair 9: Deep breathing trial 2 and eyes-open after deep breathing at Fz electrode
site, p=0.018
Pair 10: Deep breathing trial 3 and eyes-open after deep breathing at Fz electrode
site, p=0.016
Pair 11: Deep breathing trial 4 and eyes-open after deep breathing at Fz electrode
site, p = 0.032
Pair 12: Deep breathing trial 5 and eyes-open after deep breathing at Fz electrode
site, p = 0.010
4.3.2.3 Alpha brainwave
Since Alpha brainwave is a state of relaxation band. The analysis found the
significance at 0.05 in four trial pairs. The result expressed in the number of waves at the
same area (Fz) and, as shown in the following table. There was no significance found in

all comparison trial pairs in this band.

Table 4.5 Alpha brainwave experimental data at Fz electrode site

X SD d sd t p

Pair1  deep breathing trial 2 14.88 8.48 2.50 3.72 2.69 0.017
eyes-open before deep breathing 12.38 7.17

Pair2  deep breathing trial 3 14.44 8.29 2.06 3.86 2.14 0.049
eyes-open before deep breathing 12.38 7.17

Pair3  deep breathing trial 2 14.88 8.48 3.31 3.57 3.71 0.002
eyes-open after deep breathing 11.56 6.398

Pair4  deep breathing trial 3 14.44 8.294 2.88 500 2298 0.036

eyes-open after deep breathing 11.56 6.398
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1. Pair 1: Eyes-open before deep breathing and deep breathing trial 2

The mean of number of wave in eyes-open before the task and the mean
after deep breathing trial 2 were at 12.38 and 14.88. The result demonstrated the
significant increase in number of waves with p = 0.017. The illustrations in Amplitude,

Mindmirror and 3D landscape were shown below:

00:02:03.062

(@) eyes-open before deep breathing (b) deep breathing trial 2

Figure 4.2 Amplitude representation of Alpha brainwave demonstrating the increasing

number of waves at Fz electrode

(a) eyes-open before deep breathing (b) deep breathing trial 2

Figure 4.3 Mindmirror representation of Alpha brainwave demonstrating the increasing

number of waves at Fz electrode site
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(@) eyes-open before deep breathing (b) deep breathing trial 2

Figure 4.4 3D landscape representation of Alpha brainwave demonstrating the increasing

number of waves at Fz electrode site

2. Pair 2: Eyes-open before deep breathing and deep breathing trial 3

The mean of eyes-open before deep breathing and the mean of deep
breathing trial 3 at Fz electrode site were found to be at 12.38 and 14.44. The result
demonstrated the significant increase in number of waves with p = 0.049. The

illustrations in Amplitude, Mindmirror and 3D landscape were shown below.

00:00:30.617 00:00:35.015 00:00:06.250 00:02:03.062 ) 00:00:06.250 00:00:06.515 00:00:06.250 00:01:00.437

(a) eyes-open before deep breathing (b) deep breathing trial 3

Figure 4.5 Amplitude representation of Alpha brainwave demonstrating the increasing

number of waves at Fz electrode site
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) (a) eyes-open before deep breathi.ng (b) deep breathing trial 3 |

Figure 4.6 Mindmirror representation of Alpha brainwave demonstrating the increasing
number of waves at Fz electrode site

(b) deep breathing trial 3

Figure 4.7 3D landscape representation of Alpha brainwave demonstrating the increasing

number of waves at Fz electrode site

3. Pair 3: Second deep breathing trial and eyes-open after deep breathing
The mean of the second deep breathing trial and the mean of eyes-open
after deep breathing at Fz electrode site were 14.88 and 11.56. The result demonstrated
the significant decrease in number of waves in percent with p = 0.002. The illustrations in

Amplitude, Mindmirror and 3D landscape were demonstrated below:
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00:01:43.000 00:01:46.429 00:00:06.250 00:02:03.062 = 00:00:47.000 00:00:06.164 00:00:06.250 00:01:00.453

(a) deep breathing trial 2 (b) eyes-open after deep breathing

Figure 4.8 Amplitude representation of Alpha brainwave demonstrating the decreasing

number of waves at Fz electrode site

Figure 4.9 Mindmirror representation of Alpha wave demonstrating the decreasing

number of waves at Fz electrode site
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(ai dneép brea“tr";ihg trial 2 (b) eyes-open after deep breathing

Figure 410 3D landscape representation of Alpha brainwave demonstrating the

decreasing number of waves at Fz electrode site

4. Pair 4: Deep breathing trial 3 and eyes-open after deep breathing

The mean of deep breathing trial 3 and the mean of eyes-open after deep
breathing at Fz electrode site were 14.44 and 11.56. The result demonstrated the
significant decrease in number of waves in percent with p = 0.036. The illustrations in

Amplitude, Mindmirror and 3D landscape were displayed below:

00:00:35.015 00:00:06.250 00:02:03.062

(a) deep breathing trial 3 ] (b) eyes-open after deep breathing

Figure 4.11 Amplitude representation of Alpha brainwave demonstrating the decreasing

number of waves at Fz electrode site



(a) deep breathing trial 3 (b) eyes-open after deep breathing

Figure 4.12 Mindmirror representation of Alpha brainwave demonstrating the decreasing

number of waves at Fz electrode site

(a) deep breathing trial 3 (b) eyes-open after deép breathing

Figure 4.13 3D landscape representation of Alpha brainwave demonstrating the

decreasing number of waves at Fz electrode site

The findings did not show the significant change in three comparison trial
pairs. The supporting might be that performing many (five) trials or had a little or no
experienced deep breathing, participants might obtain anxiety or uncomfortable feeling.

However, the study found the significance at the level 0.05 in four trial pairs
in number of waves at the same area (Fz). First pair was eyes-open before deep breathing
and deep breathing trial 2. The second pair was eyes-open before deep breathing and deep
breathing trial 3. The third was deep breathing trial 2 and eyes-open after deep breathing.
The last was deep breathing trial 3 and eyes-open after deep breathing. Since Alpha is a
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relaxation brainwave band which is the dominant brain wave activity when the body and
mind are relaxed. Therefore, the results were also analyzed in details according to the
study objective. The study demonstrated that deep breathing potentially affected the
changing of Alpha wave which showed the significant difference at the level 0.05. The
number of waves at Fz area increased in deep breathing trial 2 and 3 compared to eyes-
open before deep breathing. On the other hand, Alpha wave at Fz in eyes-open after deep
breathing compared to deep breathing trial 2 and 3, a decrease in the number of waves.

Therefore, we could explain this occurring that at deep breathing trial 2 and 3,
participants felt more relaxed and stress-relieved. This findings correlated to the study of
Fumoto M.et al, (2004) which reported that a neuronal system may operate to evoke the
Alpha bands in the EEG either in eyes-open or eyes-closed. The behavior of voluntary
abdominal breathing in eyes-open condition clearly induced a new development of Alpha
activity.

It might assume that in this experimental design, participants felt more relaxed
at deep breathing trial 2 and 3, comparing to eyes-open before and after deep breathing.
Therefore, performing deep breathing at trial 2 or 3, approximately four to six minutes
would be appropriate for brain developing Alpha, a state of relaxed wave in this sample
group.

4.3.2.4 Theta brainwave

The study found the significance at the level 0.05 in one trial pair in frequency
at Cz electrode site

Pair 1: eyes-closed before deep breathing and eyes-closed after deep
breathing

The mean of eyes-closed before deep breathing and the mean of eyes-closed
after deep breathing at Cz electrode site were 5.28 and 5.73. The results were
demonstrated the significant increase in frequency with p = 0.035. The illustrations in
Amplitude, Mindmirror and 3D landscape have shown below. This pair had significance
in comparison trial pair, eyes-closed before deep breathing and eyes-closed after deep

breathing.
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Table 4.6 Theta brainwave experimental data

X SD d sd t p
Pairl  eyes-closed before deep breathing 5.28 0.87
) -0.45 0.78 -2.32 0.035
eyes-closed after deep breathing 5.73 0.82

00:00:46.203 00:00:49.640 00:00:06.250 00:01:00.453 00:00:12.500 00:00:15.125 00:00:06,250 00:01:00,460

(@) eyes-closed before deep breathing (b) eyes-closed after deep breathing

Figure: 414 Amplitude representation of Theta brainwave demonstrating the
increasing frequency at Cz electrode site

(a) eyes-closed before deep breathing (b) eyes-closed after deep breathing

Figure 4.15 Mindmirror representation of Theta brainwave demonstrating the

increasing frequency at Cz electrode site
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(a) eyes-closed before deep bréathing ’(‘b) eyes—cldsed after déep breathing

Figure 4.16 3D landscape representation of Theta brainwave demonstrating the increasing

frequency at Cz electrode site

The comparison trial pair of eyes-closed before and after deep breathing, the
study found a significant at the level 0.05 in frequency at Cz electrode site. There was an
increasing of frequency after the task. This finding could be supported by the study of
Fumoto M. et al. (2004), that was during resting in the eye-closed condition, the
disappearance of the low-frequency Alpha band was replaced by the occurrence of a
Theta/Delta band. Theta wave, the band plays in state of relaxation. Theta wave usually
becomes apparent when a person was extremely relaxed or initially falling asleep. Theta
wave would also show up strongly in a state of deep meditation. It may promote
improved concentration, major reductions in stress, and improved memory retention.
Under the effect of Theta wave, blood pressure, breathing, and heart rate will all slow to a
much more restful and healthy level which in turn promotes natural healing. Both of the
study and existed theories supported the research hypothesis that was deep breathing may
induce relaxation.

4.3.2.5 Delta brain wave

The study found the significance at the level 0.05 in three trial pairs. The
result expressed in the number of waves and frequency at the same Cz electrode site
(Table 4.7). The illustrations in Amplitude, Mindmirror and 3D landscape in each pair
were shown below. There were two pairs that had significances in comparison trials

including eyes-closed before and after deep breathing.
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Table 4.7 Delta brain wave experimental data at Cz electrode site

X SD d sd t p
Pairl  eyes-closed before deep breathing 2.56 0.33 0.41 0.61 2.656 0.018
eyes-closed after deep breathing 2.16 0.57
Pair2  eyes-closed before deep breathing 6.19 2.07 -0.81 1.22 -2.657 0.018
eyes-closed after deep breathing 7.00 2.76
Pair3  deep breathing trial 1 2.38 0.38 0.37 0.64 2.299 0.036
eyes-open before deep breathing 2.01 0.68

Pair 1. Eyes-closed before deep breathing and eyes-closed after deep
breathing

The mean of frequency in eyes-closed before and the mean after deep
breathing at Cz electrode site were at 2.56 and 2.16. The result demonstrated the
significant decrease in frequency with p = 0.018. This pair had significance in the part of

comparison trial pair.

00:00:18.750 00:00:21.320 00:00:06.250 00:01:00.460 00:00:50.000 00:00:51.242 00:00:06.250 00:01:00.460

(@) eyes-closed before deep breathing (b) eyes-closed after deep breathing

Figure 4.17 Amplitude representation of Delta brainwave demonstrating the decreasing

frequency at Cz electrode site
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(a) eyes-closed before deep breathing (b) eyes-closed after deep breathing

Figure 4.18 Mindmirror representation of Delta brainwave demonstrating the decreasing

frequency at Cz electrode site

Jpo:00:00.000

Figure 4.19 3D landscape representation of Delta brainwave demonstrating the decreasing

frequency at Cz electrode site

Pair 2: Eyes-closed before deep breathing and eyes-closed after deep
breathing

The mean of number of waves in eyes-closed before and after deep breathing
were found to be at 6.19 and 7.00. The result demonstrated the significant increase in

number of waves with p = 0.018. This pair had a significance in comparison trial pair.
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}(a) eyes-closed before deep breathing | >(Ib) eyes?éiosed afté:rlolleep breath'ing

Figure 4.20 Amplitude representation of Delta brainwave demonstrating the increasing

number of waves at Cz electrode site

(@) eyes-closed before deep breathing | (b) eyes;closed after deep breathing

Figure 4.21 Mindmirror representation of Delta brainwave demonstrating the decreasing

number of waves at Cz electrode site

(@) eyes-closed beforé deep breathlng (b) eyes-closed after deep breathing

Figure 4.22 3D landscape representation of Delta brainwave demonstrating the

increasing number of waves at Cz electrode site
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Pair 3: Eyes-open before deep breathing and deep breathing trial 1
The mean of frequency in eyes-open before deep breathing and deep
breathing trial 1 at Cz electrode site were 2.01 and 2.38. The result demonstrated the

significant increase in frequency with p = 0.036.

(a) eyes-open before deep breathing (b) deep breathing trial 1

Figure 4.23 Amplitude representation of Delta brainwave demonstrating the increasing

frequency at Cz electrode site

" (3) eyes-open before deep breathing (b) deep breathing trial 1

Figure 4.24 Mindmirror representation of Delta brainwave demonstrating the increasing

frequency at Cz electrode site
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| (@) eyeé-bpen befdre, deep brééthing (t;iwa"éep bregfﬁing trialwim

Figure 4.25 3D landscape representation of Delta brainwave demonstrating the

increasing number of waves at Cz electrode site

Statistical results showed the significance at the level 0.05 in Delta brainwave.
Three trial pairs demonstrated distinguished outcome; (a) the frequency in eyes-closed
after deep breathing decreased compared to before, (b) the number of waves in eyes-
closed after deep breathing increased compared to before, and (c) the frequency increased
in deep breathing trial 1 comparing to eyes-open before starting procedure. In three pairs,
there were two significant pairs in eyes-closed before and after deep breathing.

The occurrence of Delta wave complied with the study of Fumoto M. et al.,
(2004), which suggested that the occurrence of a Theta/Delta band replaced Alpha band
during resting in eyes-closed condition. Theoretically, Delta is the slowest brain waves
that human mind generates. It would dominate during deep sleep. Delta state is a
dreamless, completely unconscious sleep state that allows your body and brain to rest and
repair. It is during this deepest state of complete relaxation that the body heals itself, and
resets its internal clock. Therefore, it could conclude that after deep breathing, participants

created Delta as they were in the state of complete relaxation.



CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

This research was an experimental study which was designed in order to study the
effect of deep breathing on stress level. The study, in addition, was designed to analyze
brain activity, brain activity focusing on relaxation bands resulting from deep breathing.
Sixteen healthy participants, aged 25-55 years (twelve women and four men) volunteered
in the study and screened by inclusion and exclusion criteria. All of them had no
experienced deep breathing or refrained from meditation practicing within one month
prior to the experiment. No one denied or developed any complication during the
experiment. The experiment composed of eleven trials following the experimental
paradigm. Electroencephalogram (EEG) recorded brainwaves and divided the data into
eleven files. Eyes-open, eyes-closed, and Thai Stress Test were done before deep
breathing in order to be used for brain-wave data baseline and for stress level evaluation.
The induced task of this study or independent variable was deep breathing conducted in
five trials. Thai Stress Test, eyes-closed, and eyes-open trials were carried out again after
deep breathing. The dependent variables were stress level, brain activity and brain activity
focusing on Alpha, Theta and Delta.

The study after being analyzed by Thai Stress Test found that deep breathing
created relaxation and improved mental health. Deep breathing affected Theta and Delta
during resting in eyes-closed trial.

Therefore, it could be concluded that deep breathing may induce relaxation,
improve mental health and affect relaxation brain wave bands, which are Theta and Delta.

These findings considerably correlated to the research hypothesis. Moreover, the analysis
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found that deep breathing in trial 2 and 3 ranging from four to six minutes might be

appropriate time for the participants to create Alpha.

5.2 Recommendation

The study of brain activity analysis of deep breathing critically analyzed in
breadth different brain waves in various bands following the experimental paradigm of

the researcher. There are several advantages that are worth notable for:

5.2.1 Expected benefits and applications:

The results show that deep breathing could cause various changes in behavior of
the brain waves. These alterations could easily lead the practitioners to mental relaxation.
Deep breathing could healthily affect every function in human body which ultimately
could be concluded that it is one of the most effective and least costly anti-aging

processes.

5.2.2 Research contribution:
This study could truly serve as the fundamental case for future related studies.
They could vary in a number of ways:
5.2.2.1 Sample group
Age: the study would design to research in various ranges of age or specific
group such as students, young adults or elderly.
Sex: the research could be designed specifically for either male or female.
Occupation: different groups of occupation that are more exposed to stress
and negative health conditions could be selected to observe how effective deep breathing
can be.
Practitioner status: those with frequent or regular practitioners might be
selected to see if long term practice can stabilize the desirable health conditions arising

from deep breathing.
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5.2.2.2 Breathing methods

Type: different types of breathing, for example, Anapanasati, Pranayama or
Breathing in Zen, can be nominated.

Instruction: Various instructions of breathing could be chosen.

Duration of breathing: Different duration of deep breathing trial should be
considered for further study.

5.2.2.3 Electrophysiological data: future studies in brain waves may be
conducted to study the patterns and behavior of specific brainwave in depth.

Referring to the results from this study, there is no mistake that deep breathing
can be very beneficial and is no doubt the key to better-quality health. The researcher
strongly recommends that this practice be regularly applied in real life because of the fact
that it can be performed with no cost, no equipment, no membership required and can be
done by anyone, anywhere and at any time. And so, it can be said that, deep breathing
gives excellent benefits to human body and is undoubtedly the best practice in anti-aging.
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