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ABSTRACT

This study aimed to determine the prevalence of anxiety, and investigate the effects
of superimposed binaural beats in reducing anxiety among university students and to
compare the effects of superimposed binaural beats to those of receptive music therapy
and relaxation treatment. The 134 participants with double-blind randomized controlled
trial were randomly selected from 539 students with anxiety. According to block
randomization, the participants were assigned to superimposed binaural beats (n = 45),
receptive music listening (n = 45), and blank audio (control, n = 44) groups. All three
groups received treatment in 20-minute daily sessions over a period of 5 consecutive days.
The prevalence was 43.29 %. The median differences in anxiety level were measured by
the State-Trait Anxiety Inventory form-Y before and after treatment for the superimposed
binaural beats, music listening, and control groups were -20.00, -16.00, and -15.00,
respectively. The differences between the superimposed binaural beats group and the
control (p = 0.04) and music listening (p = 0.02) groups were statistically significant.
Level of anxiety was effectively reduced in 100% of participants in the superimposed
binaural beats group, and higher than the control group (84.09%: p <0.01). Superimposed
binaural beats - based interventions may reduce anxiety in university students more than
music therapy and general relaxation. This findings are potentially beneficial for

policymakers to develope interventions for reducing anxiety in university students.
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1)

2)

STATEMENT OF ORIGINALITY

The use of Superimposed Binaural Beat to reduce anxiety in university students is
another option that is appropriate for the context of adolescent or early adulthood
population.

The Superimposed Binaural Beat is an alternative treatment option to reduce the rate
of drug use in the treatment of anxiety. Economic downturn and reduce the cost of
medication. It also reduces the side effects of anxiolytic drug, which has both

physical and psychological effects.



CHAPTER 1

INTRODUCTION

1.1 Background

From the epidemiological literature, anxiety is among the most common
psychopathologies in general population®. In persons with psychological problems, the
prevalence of anxiety has risen as well®. University students usually have a high level of
stress as they experience several stressors in studying, examinations, as well as pressure
from their peer, teachers or parents'®. The stressors also encompass study overload,
continuous pressure to success, competition with peers, financial problems and future
expectation®). Highly anxious students can experience academic failure, mental and
physical health issues®. Moreover, a prior study reported that university students dropped
out of university mainly due to psychological problems (®. Academic pressure further
exacerbates the anxiety problem(-®_ One - third of the students in the United States
revealed that their academic performance was badly affected by anxiety and stress!®. In
Egypt, students in the Faculty of Medicine reported that anxiety greatly influenced their
well-being related to their study and examinations'®. Such adverse impacts contribute to
physical and psychological problems with a rising number of university students coming
in for services at the university health center*% 12 Study pressure, such as graduation
expectation, academic attainment, and financial difficulties, led to anxiety among
students' ¥ . Additionally, approximately 11.40 % of university students sought
psychological help from the university counseling center and the number tended to
increase steadily*®. Approximately 40.00% of university students mentioned that they
needed assistance with their psychological health issues, which were predominantly
caused by anxiety. Interestingly, anxiety has also been a concern in medical profession®.
This indicates that mental health problems, particularly anxiety, are significant factors of

the attrition rates and well- being among university students.



In Thailand, anxiety has a negative impact on the medical student’s academic
performance and emotions'”. The corresponding rates among medical students in
Thailand are 57.0 - 61.47%5 19, respectively. The common anxiety treatment includes
medication that also has short and long-term side effects, both physically and
economically*”. Anxiety relieving medication is popularly used to help reduce anxiety.
There are also other treatments such as muscular relaxation, listening to the music, and
psychotherapy that requires specialists, so it may be inconvenient to access. Given the
widespread negative effects of anxiety, initiative techniques or interventions that are
feasible for a number of people, available, inexpensive and have minimal side effects
should be developed and implemented.

1.2 Rationale

Previous evidence demonstrated that music have considerable benefits including
a decrease in anxiety and activities of sympathetic nervous system and cardiovascular
system (i.e. blood pressure, heart rate and respiratory rate) as well as improvement of
sleep pattern and attention”. A study showed that music could actually reduce anxiety*®.
There has been the evolution in bringing the music with binaural beat. The 40 Hertz (Hz)
auditory steady- state response (ASSR) has firstly been described as the response to the
sinusoidal wave form of the ASSR with a periodicity corresponding to the stimulation
rate and amplitude at 40 Hz in electroencephalographic recording from the human
brain*®. The amplitude- modulated tones show the periodical amplitude fluctuations at
the modulation frequency. The corresponding ASSR follows the amplitude- modulated
tone envelop of the stimulation®®-??, Binaural beat (BB) is the beat perception of dichotic
presentation of two pure tones with different frequencies, which arise from interaction of
bilateral input at higher levels of the ascending auditory pathway(* 29, Mechanism of
action is two-way; one is the effect on the limbic system, which regulates mood, and the
other way is brainwave entrainment. The binaural beat (BB) is believed to be generated
within the brain. It is believed that the first nucleus receiving auditory information from
both ears and activated phase-sensitive neurons binaurally is the superior olivary complex
and the inferior colliculus. The difference in the two pure tones is balanced by the
fluctuation in frequency. A study found that 35 Hz was the maximum difference in the

two tones perceived as beat for humans. Listening to 7-10 Hz BB may be beneficial to



reduce mild anxiety and leads to greater self- report relaxation(?® . For clinical
intervention, BB has the potential to decrease acute pre-operative anxiety in the patient
undergoing general surgery®® and reduce moderately anxious emergency department
patients by 10.00% -15.00% >”). BB embedded in ML may have benefit over music
intervention alone in decreasing operative cataract surgery?® and may be useful in
reducing preoperative anxiety in dentistry(?®. However, a previous study reported that
BB had positive effects on anxiety among anxious population but it was not statistical

significant®.

The superimposed binaural beat (SBB) is the new technique of binaural beat.
Additional binaural beats are synthesized on the basis of frequency shifting of the sound
waves from each traditional Thai musical instrument except the drum sounds (due to their
extremely low frequency), apart from the original binaural beats which are created by the
standard method of pure-tone sine wave frequency differentiation. It is expected that the
quality and efficiency of SBB will be better than the traditional BB. Currently, traditional

BB are used to reduce anxiety in patients in clinical trials but there is none for SBB.

Thus, anxiety is an important health problem in university students, causing
significant negative consequences such as physical and mental impairments, decrease in
academic learning ability. Therefore, the use of binaural beat is another way to tackle this
situation without medication or using complicated methods. Although it is simple,
convenient and appropriate for the student's life, and can reduce costs, little is known
about coping with anxiety in students and about the treatment without medication.
Therefore, a simple and cost-effective alternative choice is needed to treat anxiety without
the use of drugs to increase the quality of life and quality of learning among university
students.

This study aimed to investigate the effect of SBB in reducing anxiety among
university students and to compare its effect with music listening (ML) and relaxation
treatment. The findings will contribute to cheap and safe treatment options for high

demands in the university setting.



1.3 Purposes of the study

1.3.1 To determine the prevalence of anxiety in university students.

1.3.2 To investigate the effects of music embedded with superimposed binaural
beat on anxiety in university health science students.

1.3.3 To compare the effects of music embedded with binaural beat and music

listening on anxiety in university health science students.
1.4 Literature review

1.4.1 Anxiety
Anxiety is the most prevailing psychological issue among people of all age groups,
and young adults are no exception. Excessive anxiety impacts their everyday life,

relationships, work, health and quality of life.

1.4.1.1 Definition of Anxiety

Anxiety, described as excessive worry or fear, manifests itself as a
disturbance in mood, thinking, behavior, and physiological activity*!). Barlow defined
anxiety as a state of chronic “helplessness because of a perceived inability to predict,
control, or obtain desired results or outcomes”®? Fogiel*? referred to anxiety as “a
crucial concept in the study of abnormal psychology because it is considered to be both a
symptom and a cause of varying neurotic disorders.” Horwitz, Horwitz, and Cope®®
defined anxiety as “the subjective feeling of tension, apprehension, nervousness, and
worry associated with an arousal of the autonomic nervous system”. Bootzin and Richard
described anxiety as “a feeling of dread, apprehension, or fear that is often accompanied
by increased heart rate, perspiration, muscle tension, and rapid breathing.” Hilgard,
Atkinson, and Atkinson®# viewed anxiety, commonly described by psychologists, as “a
state of apprehension, a vague fear that is only indirectly associated with an object”.

Anxiety has been given various definitions but there are similarities in that
anxiety can be referred to as feeling apprehended that involves and impacts both physical

well-being and the nervous system.



1.4.1.2 Broad Perspectives on Anxiety
Anxiety can be categorized as trait, situation-specific, and state anxiety as
follows:
1) Trait Anxiety
Trait anxiety can be described as a person’s personality contributing to
anxiety in a variety of situations® and being stable over time®®. A person who has high
levels of trait anxiety lacks emotional stability and is generally nervous while a person
who has little trait anxiety is generally calm, relaxed and emotionally stable.
2) Situation-Specific Anxiety
The situation- specific anxiety refers to individual’ s personality that
leads to anxiety in a specific situation or a single context over time such as stage fright,
and test anxiety. Although the situation-specific anxiety is stable as time passes, it is not
always consistent in different situations. According to Speilberger,3%) the situation-
specific anxiety refers to the possibility of feeling anxious in a specific type of situation.
3) State Anxiety
State anxiety is different from trait and situation- specific anxieties.
State anxiety is the present moment or particular moment experience of anxiety that can
vary as time goes by and differ with regard to intensity. Maclntyre®®*®) suggested that the
state anxiety could be used to predict the negative consequences of anxiety, including

physical symptoms and unpleasant emotions.

1.4.1.3 Bio-Behavioral Mechanism of Anxiety

Anxiety is a multifaceted phenomenon involving interplay between physical,
psychological and behavior. It can be explained with the hypothalamus-pituitary-adrenal
(HPA) axis, which is a regulatory feedback system between the brain, as well as
physiologic and behavioral responses to stressors. Once a person faces a stressful event,
the cerebral cortex perceives information about the event and appraises if this event is
stressful. After that, the cortex transmits messages to the hypothalamus, a brain part where
cognitive message becomes integrated with emotional content generated by the limbic
system. In case the event is appraised as a threat, the amygdale, a particular area in the
hypothalamus, releases the corticotropin-releasing hormone (CRH) that goes through the
portal blood vessels reaching the anterior pituitary gland in which it induces the secretion

of adrenocorticotropic hormone (ACTH). This hormone targets zonafasiculata and



reticularis cells in the adrenal cortex via the blood stream. The cortisol hormone is then
biosynthesized and secreted as a result®” 3.
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Figure 1.1 Anxiety mechanism

Source: http://www.encephalos.gr/48-3-07e.htm©®)

Cortisol receptors are in almost all body tissues. This hormone accelerates
numerous metabolism process: gluconeogenesis and carbohydrates glycolysis in the liver,
protolysis in the muscle tissues, and lypolysis in the fat tissues. In addition, it impacts the
immune system that causes immunosupression, and the circulatory system that causes
fluid and electrolyte retention, hypertension, and hypervolemia. This can be used to
explain physical symptoms usually associated with anxiety such as hyperglycemia,
infection, hypertension, tachycardia, flushing, and headache®®4Y_ In terms of chronic
anxiety, cortisol continues to release and then enhances lypolysis products and the risk
for atherosclerosis ultimately. Continuous increases in atherosclerosis, heart rate, blood
pressure might contributes to coronary heart disease’®”. Coronary heart disease is an

important clinical condition reported by several studies to be related to chronic anxiety?44).
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1.4.1.4 Anxiety in Young Adult College Students

Anxiety can be accelerated by substantial developmental and psychosocial
factors and often happens during or shortly before the college age®. Based on the theory
of psychosocial development, 18- 24- year- old or young adult college students are
considered as an adolescence stage which involves identity and identity confusion crisis.
The successful identity development and adaptation with the challenges in this stage can
give rise to successful and intimate relationships with others in the next stage®®. There
are certain tasks associated with young adult college students’ life and affecting their
identity formation. These include establishing identity, managing emotions, developing
essential life skills such as competence, autonomy and interdependence, mature
interpersonal relationships, purpose, and integrity®”). In addition, academic requirements,
financial issues, and relationships with other people, are determined as stressors in this
population group™® that negatively impact physical and psychological well-being®®, and
lead to depression®® and anxiety“®),

Although young adults should demonstrate development in their identity and
self-definition, most of them tend to postpone attainment in these tasks®2. They thus are
emerging adults, not adults yet®. In particular, persons in this age group in the United
States perform adult roles and responsibilities following their late teenage stage. During
their transition to adulthood, they probably encounter challenges to meet their
expectations for education, family, and relationships with others. This means the identity
formation task might not be a normal part of their development but might be a difficult
experience for them instead®.

Although there was a rise in the prevalence of anxiety in American young
adult university students from 7% in 2000®% to 13% in 2007, these people had the
smallest tendency to look for treatment®®. Longitudinal prospective research has
revealed that if adolescents and young adults receive no treatment for anxiety, it is likely
to cause considerable behavioral, physical, and psychological problems including
hypertension®”, coronary heart disease™, suicide, depression®®, substance use
disorders such as alcohol dependence®®, nicotine addiction, marijuana and hashish
use®. Moreover, pathological anxiety disorders®V tend to follow when anxiety is not
treated, resulting in US$ 47 billion annually, which accounts for 31% of the total costs of

mental illness care®?,



As there is strong evidence about anxiety and its negative consequences
among young adult college students, a number of interventions and techniques relieving
anxiety have been developed and implemented over the past two decades®. However,
the prevalence of anxiety steadily increases in this population®* 5% 4 This indicates a
theory-practice gap in this study field®. The main causes of this gap are 1) insufficient
empirical evidence to support implementation of theory- based interventions®®; 2)
unclear understanding of the mechanism of certain proposed and extensively adopted
interventions®; 3) limitation of implementation in practice®®; and 4) inconsistency in
the operational definitions of anxiety across studies that results from anxiety measures
such as using instruments for assessing the pathological conditions of anxiety (i.e. Beck
Anxiety Inventory)(®?) to measure anxiety in non-clinical population®, and the use of
instrument that imbricates depression assessment, such as the State- Trait Anxiety

Inventory.

1.4.1.5 Identifying Anxiety

The main criteria to distinguish anxiety from general worries include
perceived distress and function ability. Even though severe anxiety somehow often
interrupts functioning, mild or moderate anxiety may not be obvious without professional
elicitation for information about issues in life that are producing worries. Painfulness
and/or disparity of the fear and its associated perception of reality, as well as the actual
reality are indicators of pathological anxiety. The anxiety symptoms include physical
complaints such as chest pain and shortness of breath. Anxiety may cause some people
to eat too much in hopes of self-calm, resulting in weight gain. Some people may avoid
eating and then lose weight and subsequently gain weight, or they may skip meals and
lose weight. Some people may also experience sleep disturbance to avoid their fears, try
to be awake pondering about imaginations or exaggeration of dangers, or seek to avoid
nightmares. In addition, anxious people may enjoy fewer activities due to their fear,
causing them to stay home to be safe from fears, turn to alcohol or other substances to

feel less frightened, and isolate from society(?.



1.4.1.6 Measures of Anxiety

1) The State-Trait Anxiety Inventory (STAI)

The STAI® is a 40-item inventory consisting of two subscales with 20
items each that assess state (STAI-S) and trait (STAI-T)anxiety. Only the State subscale
was adopted in this study since current emotional distress was the main interest. The State
subscale was reported to be internally consistent and valid for its use among both younger
and older adults.

1.1) Purpose: To assess the presence and severity of current
symptoms of anxiety and a generalized propensity of anxiety using self-report.

1.2) Content: This instrument consists of two subscales. First, the
State Anxiety Scale (S- Anxiety) assesses the current state of anxiety by inquiring how
respondents are feeling “right now,” via items which evaluate subjective feelings of
apprehension, tension, nervousness, worry, and activation/ arousal of the autonomic
nervous system. Second, the Trait Anxiety Scale (T-Anxiety) assesses comparatively
stable aspects of “anxiety proneness,” namely normal states of calmness, confidence, and
security.

1.3) Number of items: The STAI comprises 40 items, with 20
items for the S- Anxiety subscale and 20 items for T- Anxiety subscale. For children,
STAIC has been developed, comprising 40 items as well. The scales also exist in short
versions that have been developed separately.

1.4) Response options/scale: Responses for the S- Anxietyscale
evaluate how intense current feelings are “at this moment”. Responses include 1) not at
all, 2) somewhat, 3) moderately so, and 4) very much so. In the T- Anxiety scale, the
respondents state how frequent their feelings are “in general” using: 1) almost never, 2)
sometimes, 3) often, and 4) almost always.

2) Beck Anxiety Inventory (BAI)

The self-report BAI®? consists of 21 items to measure how severe the
anxiety symptoms are with 14 items evaluating somatic symptoms, and 7 items evaluating
cognitive and affective symptoms of anxiety. Initial studies reported high internal
consistency (alpha =.92), as well as adequate convergent and discriminant validity for
this instrument®” . Preliminary research showed that this instrument had high internal
consistency (alpha =.87) and acceptable temporal stability (.78) in its use among older
adults.



2.1) Purpose: The BAI is a brief assessment for anxiety that
emphasizes somatic symptoms. It can effectively distinguish anxiety from depression("V),

2.2) Content: The BAI is a self-report that evaluates symptoms
of nervousness, dizziness, inability to relax, and so on.

2.3) Number of items: The BAI comprises 21 items in total.

As regards response options/scale, respondents state the extent to
which they have experienced the individual symptoms in the past week on a 4-point Likert
scale ranging from 0 (not at all) to 3 (severely).

3) Hospital Anxiety and Depression Scale-Anxiety (HADS-A)

3.1) Purpose: The HADS? has been designed as a brief
assessment of common symptoms of anxiety and fear. The HADS screens medically ill
patients for anxiety and depressive symptoms with clinical significance.

3.2) Content: The HADS-A includes specific items that assess
generalized anxiety including tension, worry, fear, panic, difficulties in relaxing, and
restlessness.

3.3) Number of items: The HADS-A consists of seven items.

3.4) Recall period/ response items: Respondents state their
current feeling using a 4-point Likert scale ranging from 0 to 3. There are different anchor
points for the Likert items, which are determined by the item (e.g., ““I can sit still and feel
relaxed” is scored as O for definitely and 3 for not at all; and “1 get sudden feelings of
panic” is scored as 0 for not at all and 3 for very much indeed).

4) Depression Anxiety Stress Scales (DASS)

The DASS, also referred to as the Self-Analysis Questionnaire (SAQ),
is a measure with three self- assessment scales developed to evaluate the negative
affection states of depression, anxiety and stress. Not only has the DASS been constructed
to assess traditionally defined affection states, but it also serves to enhance the process of
defining, understanding, and evaluating the prevalent and clinically significant emotional
states that are commonly referred to as depression, anxiety and stress?.

Each of the three DASS scales contains 14 items, which are further
divided into subscales with 2-5 items of related content. The depression scale measures
dysphoria, hopelessness, devaluation of life, self-deprecation, lack of interest or

involvement, anhedonia, and inertia. The Anxiety scale appraises autonomic arousal,

10



skeletal muscle effects, situational anxiety, and subjective experience of anxious affect.
The Stress scale deals with chronic non-specific arousal and evaluates problems with
relaxing, nervous arousal, and becoming easily upset/agitated, irritable/over-reactive and
impatient. The respondents rate the degree to which they have encountered each state in
the past week on a 4 -point severity/frequency scales. The calculation of the scores for
DASS is performed by summing the scores for the related items.

Besides the 42-item questionnaire, there is also a short version DASS21
with 7 items in each scale. Since the scales of the DASS have been reported with high
internal consistency and meaningful discriminations in various settings, the scales is
expected to be appropriate for research and clinical uses to assess the current state or
changes in state over time (e.g., in the course of treatment) on the three dimensions,
namely depression, anxiety and stress’?,

However, this research assessed anxiety using the STAI®® because the
STAI is a tool that can separate anxiety from both general anxiety and anxiety at that
time. In this study, the tool was used to identify the ways to reduce the currently occurring
anxiety. Therefore, the STAI Form Y was an appropriate measurement in this study as
aforementioned.

1.4.2 Supportive Interventions

Supportive interventions include dealing with a cause of anxiety such as
health problems, financial difficulties, and relationship problems. In addition, spiritual
experiences such as meditation can relieve anxiety.

1.4.3 Psychotherapies

Psychotherapy, or talk therapy, serves as a method to assist people who have
a wide range of mental and emotional problems. Psychotherapy can help reduce or control
problematic symptoms for improved function and well-being, and healing. Psychotherapy
can be used to deal with problems in coping with everyday life; the impact of trauma,
medical illness or loss (e.g., when a loved one passes away), and specific mental disorders
(e.g., depression or anxiety). Psychotherapy is available in many types that have different
effectiveness, depending on the problems. Psychotherapy can be adopted alongside
medication or other therapies’*). All of psychotherapies need specialized training. The
important therapies range from cognitive behavioral therapy, to problem-solving, and

interpersonal therapy, which incorporate verbal aspects, education and support to reduce
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anxiety in a systematic manner, such as sleep hygiene, deep breathing, and progressive
muscle relaxation. Psychotherapy is classified into five broad categories:

1.4.3.1 Psychoanalysis and psychodynamic therapies. These therapies
aim to change troublesome behaviors, feelings, and thoughts through the discovery of
their unconscious meanings and motivations. Psychoanalytical therapies involve a close
collaboration between the therapist and the patient. Patients gain an insight into
themselves by interacting with the therapist("®

1.4.3.2 Behavior therapy. This therapy emphasizes the learner’s role
in forming both normal and abnormal behaviors.

1.4.3.3 Cognitive therapy. This therapy focuses on persons’ thoughts
instead of their actions. It is believed that dysfunctional emotions or behaviors are the
results of dysfunctional thinking. Thus, people can change the way they think and behave
when they change their ideas.

1.4.3.4 Humanistic therapy. This approach believes that people can
make reasonable choices and develop to their full capability. It is also crucial to recognize
and respect other people.

1.4.3.5 Integrative or holistic therapy. Instead of confining themselves
to only one approach, several thrapists combine elements from different approaches and
customize their treatment based on each client's needs!’®).

1.4.4 Psychiatric Medications”

Anti-anxiety medications help reduce the symptoms of anxiety, such as panic
attacks, or extreme fear and worry. Benzodiazepines such as alprazolam (Xanax),
clonazepam (Klonopin), and lorazepam (Ativan) are antianxiety drugs with most frequent
prescription. They can be beneficial either alone or in combination with psychotherapy.
Side effects of psychiatric medication can develop after long-term use of a medication.
The brain is a responsive and adaptive system, and it adjusts to changes in its chemistry
in complex and sometimes unexpected ways. It can change its structure or reduce its
production of specific chemicals in response to the continued presence of certain
medications. Long-term impacts on the brain other than those intended for treatment can

occur.
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1.4.5 Keeping Active

A prior study showed that participation in leisure activities could help in
reducing depression and anxiety and could enhance well- being in participants'’®).
Additionally, taking part in physical activity and sport has been reported to have
beneficial effects on psychological health, especially in reducing anxiety, depression,
psychological distress and emotional disturbance, as well as making the youths healthy
and happy. However, strong evidence has reported that exercise is related to lower levels
of anxiety only in clinical settings, and little research has been conducted to investigate
how exercise affects anxiety in reality®. A systematic review of related randomized
controlled trials (RCTs) reported that exercise was effective when used with other
treatments such as cognitive behavioural therapy.

1.4.6 Cognitive Behavioral Therapy

Cognitive behavioral therapy (CBT) is the alternative treatment that is
effective in reducing the symptoms of almost all psychological problems, especially
anxiety and depression®® 8Y_ |t aims to enable the persons to understand the relationship
between their negative thoughts and mood and behavior, and the ways to modify behavior
toward better quality of life®?). Despite its effectiveness in children and young people,
CBT has not been proved whether it is more effective than other treatments or not®?,

1.4.7 Mindfulness

Mindfulness focuses on awareness of sensation, emotion and thoughts arising
in the present moment and accepting them as they are. Mindfulness techniques such as
meditation practice enable people to escape from the “automatic pilot mode” causing
negative thoughts and responses. For anxious persons, mindfulness helps them feel body
symptoms experienced and fully observe their reactions in a different way, instead of
avoidance or withdrawal from such feelings©®8%).

1.4.8 Music Therapy

Music therapy combines music and guidance given by a trained music
therapist. Even though a great deal of research has claimed that it is merely the influence
of listening to music, most experts believe that the key to the therapy also lies within the
process in which the therapist interacts with the client. “It is not merely the music, but the
intervention by the therapist that is crucial”®¥. This applies to the goal to reduce anxiety.
In only one of the aforementioned studies, music therapy was performed with a music

therapist.
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1.4.8.1 History of Music Therapy

For hundreds of years, music has served as a healing tool. The
beginning of the 20" century marked the development of music therapy modern’s
development in which traveling people played music for veterans across the country
during and following the World Wars I-11. Thanks to music, the veterans were relieved
from their injuries to the body, emotion, and mind. When the health care teams started to
be aware of the influence of music on the healing process, they called for decent training
of the musicians so that they could provide proper music therapy. In 1944, Michigan
State University finally began to include music therapy in its curriculum. Since then,
music therapy has flourished and, in 1998, the American Music Therapy Association was
established to raise awareness, train, educate and offer opportunity to people with an
interest in music therapy®®.

In the United States, music therapy started at the end of the 18" century.
Nevertheless, music has been used as a tool to heal people since the ancient times as
suggested by evidence found in the Bible, and the ancient Egyptian, Chinese, Indian,
Greek, and Roman Empires. In the modern times, music is still a powerful tool for healing
despite the difference in its use from the ancient times®®).

The development of the music therapist profession in the United States
started during the First and the Second World Wars when Veterans Administration
Hospitals adopted music as a tool to treat injuries from the wars. Both in active and
passive manners, veterans participated in music therapy that aimed to relieve the
perceived pain. Music was seen by many physicians and nurses as having power to heal
the veterans psychologically, physiologically, cognitively, and emotionally. From that
time on, music therapy programs have been created in universities and colleges. The year
1950 witnessed a foundation of a professional organization in collaboration of music
therapists working with veterans, and people with mental retardation, hearing/ visual
impairment, and psychiatric symptoms. This was the beginning of the National
Association for Music Therapy (NAMT). In 1998, NAMT was joined by another music
therapy organization and became American Music Therapy Association (AMTA)®7,

The idea of music as a power for healing on health and behavior dated
back in the times of Aristotle and Plato. The modern profession officially started after the

First and the Second World Wars when amateur and professional musicians played for
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veterans in hospitals nationwide, who were physically and emotionally injured from the
wars. When seeing the patients respond to music, the physicians and the nurses called for
the employment of musicians in the hospitals. However, the musicians had to be trained
before they could be hired by hospitals, which led to the development of curriculum for
music therapy®.

1.4.8.2 The definition of music therapy®®

American Music Therapy Association (AMTA) ®% has defined music
therapy as the use of music by professional music therapists for clinical healing based on
patient’s symptoms. Association of Professional Music Therapist (AMPT) of the United
Kingdom has referred to music therapy as a form of treatment that focuses on good
relationship between the therapists and the patients with the aim to improve the patients’
symptoms through the creative use of music in an arranged place where the music
therapists will employ their musical experience and activities toward the goal of healing
that is determined by the patients’ symptoms.

In summary, music therapy refers to the use of musical approaches to
healing toward better emotional, physical, and psychological development. The music
used must be approved by the professionals, including music therapists, physicians, social
workers, psychologists, patients, and patients’ family.

1.4.8.3 Components of music

1) Rhythm refers to the movement of sounds in a particular
period, or the duration of sounds such as drumming to produce different rhythms. Rhythm
is the art of managing accent and duration of sounds, which can be measured in
beat/ minute. It can activate the mechanisms of different systems in the body and
contribute to emotional responses. Rhythm is greatly influential on humans. It is believed
that rhythm is associated with the functions of the body such as heart beats, blood
pressure, digestion, and brain function. Rhythm motivates humans to respond or move
voluntarily. Fast rhythm arouse excitement while slow rhythm results in a sense of
security, peace, focus, and relaxation®.

2) Tempo refers to the pace of beats in a song, which can be
measured in beat/ minute. In general, one beat has a tempo of 50-120 mn (Metronom
Measurement) which is a device that measures the beat within a minute, which can vary

depending on different beats. Generally, the standard beat is equivalent to human
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heartbeat that is 60-70 beats. When compared with the heartbeat, if the tempo is faster, it
will be marked as fast tempo and will be marked as slow if it is slower than the heartbeat.
The tempo that is faster than the heartbeat can cause stress while the tempo that is slower
than the heartbeat can result in a sense of insecurity or anxiety. The tempo that is
equivalent to the heartbeat will lead to a peaceful feeling®?.

3) Pitch refers to high or low sounds within a minute, which is
measured in Hertz. In general, the auditory ability of humans is in the frequency range of
20-20,000 Hertz (normal speaking sound has a frequency of 85-1,100 Hertz). Sounds
with high frequency have high pitch while those with low frequency have low pitch. Pitch
has both physical and psychological effects on humans. Very low pitch leads to a sense
of fear and lack of confidence, while low pitch generates a feeling of relaxation and
calmness®?. Moderately high pitch contributes to a comfortable feeling while extremely
high pitch leads to excitement, arousal, and exhaustion®!). Like beat, pitch influences
feelings due to its association with the nervous system.

4) Volume intensity refers to the measurable intensity of a
sound in decibel (db). Humans can bear a sound of 0-120 decibels (normal talk is
approximately 50-60 decibels). A sound of greater than 100 decibels is harmful to the
ears. Soft sounds give a feeling of happiness, peace, and mental comfort, while high-
volume sounds lead to emotional arousal, activating the endocrine system to cause muscle
constriction and twitching. Prolonged exposure to high-volume sounds can be disturbing
and cause fatigue®V.

5) Melody is generated through the arrangement and the
combination of sounds with different pitches, durations, volumes and qualities while
incorporating rhythms in an artistic manner and taking into account the harmony of the
duration of each sound. Melody is the component of a sound that is easy to memorize and
understand, allowing the listeners to be able to distinguish one song from another. Melody
is associated with humans’ feelings. Minor mode melody arouses sad feeling whereas
major mode melody can cause a sense of cheerfulness. Thus, melody is used as a medium
in psychological healing because it is associated with humans’ feelings. It can facilitate
the development of relationship and the reduction of anxiety, resulting in a sense of peace,

relaxation, and creativity®?.
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6) Harmony refers to the combination of various sounds with
different quality using harmonized rhythm and melody. Without harmony, it will result
in dissonance. In contrast, with harmony, there will be a sense of relief, comfort, warmth
and freedom®).

7) Tone color or sound quality refers to the quality of a sound
that originates from different sources. The diversity in tone color depends on various
factors such as the method through with the sound is produced (e.g., with stringed,
woodwind, percussion, and keyboard instruments), materials of musical instruments (e.g.,
bamboo, coconut shells, metal), and shape or size of musical instruments. These natural
differences result in different sounds and feelings. For instance, the sound produced from
a woodwind instrument like flute provokes an imagination of flying in the sky like birds
and a cheerful feeling. When hearing a violin sound, one usually thinks of the easy breeze
because violin is a stringed instrument that can produce beautiful melody; its clear high-
pitched sound can convey almost all types of feeling®".

8) Forms are equivalent to the frame that encompasses rhythm,
melody, harmony, tone color, and other components together, toward harmonized
direction®?_,

9) Direction depends on the direction of the source and the
medium. Musical sounds are subject to refraction like light, causing different volumes in
different locations. In addition, echo also plays a role®V.

10) Expression of music is the key that impresses the singer
and the listeners, allowing them to access the feeling of the songs®®®. It is the method to
express emotion, feeling, and ideas while playing a musical instrument or singing such as
comfort, sadness, frustration, and excitement®?.

1.4.8.4 Benefits of Music

Historically, music has been related to the learning process. Aristotles
believed that people became a certain quality in their characters on the account of
listening to music. Blooms believed that music was the center of education, for giving
passions and preparing the soul for peaceful reasoning. Research over several decades
has been carried out on possibilities of students benefitting from the presence of music.
Gardiner highlighted some ways that music could be beneficial to students and

institutions. Enhanced brain development, school attendance, and decreased drug abuse
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are outlined as some of the benefits of music to students. Music training has been linked
to mathematics and science achievement. According to Gardiner®, involvement in
music provides an extremely rich experience to individuals involving cognition, emotion
and aesthetics. It develops individual capabilities and performance skills. During the
process of learning music, individuals stretch themselves mentally in various ways and
the mental capability of the learner develops to learn other things such as academics. A
curriculum known as Learning through an Expanded Arts Program (LEAP) helps students
learn academic subjects by the method of hands-on experience with art and music. When
standardized evaluations of these projects were done, it was shown that of the students
that took part in the program, 93.4% understood subject matters better. According to the
report from their nine teachers, 93% of the students acquired self-discipline while 97%
showed an optimistic attitude toward school®.

1.4.8.5 Effects of music on brain, body, mind and mood

Music arouses emotional state and leads to satisfaction. Most people
have had experience in physical responses to music that is a natural response which is
free from control. In addition, music influences the function of the mind and other systems
of the body such as respiration, heartbeat, and blood pressure. These responses are
involuntory reflex®®. To date, more research has been conducted to investigate the effect
of music on transformations in people based on the premise that when music penetrates
through the hearing organs, it is carried by nerves to the thalamus and cortisol. In a
conscious state, music can change the mood and feeling in the cortisol which is the upper
brain, thus influencing emotional imagination, intelligence, and memory. In an
unconscious state, music can change mood and thoughts in the thalamus, which is a lower
and important part of the brain that transfers emotions and thoughts to the cerebral
hemisphere along the nervous pathway. The soundwaves can activate the automatic
nervous system and muscles®?. Therefore, music influences physiological changes of
humans, both physically and psychologically, as described below.

After entering the cochlea in the ears, resembling a shell and full of
auditory nerves that distinguish the frequency of the soundwaves, the sound will be sent
to the brainstem. It is also transmitted to the auditory cortex®”) and to the limbic system
which involves emotions and feelings®®. The soundwave sent there can influence the

function of parasympathetic nervous system and sympathetic nervous system.
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Parasympathetic nervous system is essential to the development of good mood such as
cheerfulness, satisfaction, and joy. When activated, this nervous system will restore the
body into the equilibrium or normal state, and decrease blood pressure, heartbeat and
metabolism, resulting in better sleep. In contrast, sympathetic nervous system is an
important part that causes negative or bad mood such as anger, fear, or disgust®®. In
addition, soundwaves influence the function of the immune system, endocrine system,
and neuropeptide, causing physical and psychological changes, alterations in thoughts
and mood based on the musical stimuli.

Music therapy contributes to relaxation with harmonized combination
of sounds, music, and rhythm. It affects the function of the central nervous system in the
limbic system, which is a center to control emotions, feelings, and perception. Music
affects the limbic system in that it induces mood alterations in which anxiety is reduced
while muscles are relaxed. The limbic system works with the cortex by transmitting
emotional responses, namely decreased anxiety and relaxation. Then, the limbic system
sends nervous signals to the hypothalamus, stimulating the release of CRH and reducing
the function of the sympathetic nervous system which then reduces the function of the
central nervous system and increases the perception while decreasing the function of the
nervous system and the muscles. This leads to physiological response by reducing the
function of the heart system, the respiratory system, the need for oxygen, the tension of
muscles, the level of epinephrine and blood pressure%?.

Regarding physiological effects, music therapy leads to changes in
respiratory rate, heart rate, blood pressure, blood circulation, pupillary response, muscle
tension, nervous system, and metabolic system. The changes in respiratory rate, heart
rate, blood pressure, and muscle tension are attributed to the volume, the pitch, and
rhythm of music. In soothing music, the rhythm is approximately 60 beats/minute, which
can decrease the respiration rate, heart rate, and blood pressure®®?, as well as reduce and
slower blood circulation in brain, and decrease oxygen consumption and metabolism. In
contrast, in lively music, the rhythm is more than 90 beats/ minute and can increase blood
circulation,

In addition, it has been suggested that human brainwaves move in
rhythm that is similar to that of music, and music rhythm deeply influences brain

function®®. Music transforms brainwaves into alpha and theta, which are brainwaves that
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occur when the body is in a deeply relaxed, as in meditation. These brainwaves activate
the limbic to release serotonin that further stimulates the forebrain to secrete
endorphin@?:1%4) that has similar properties to opium but 1,000 times stronger, causing
relaxation and happiness'!°%). Moreover, the sounds of music with similar frequency to
individual basic frequency can combine with the body’s frequency, leading to healing of
emotion, body, organs, enzymes, cells, and atoms. This is explained by heart rate and
pulse. When the heart beats, there is arterial vessel resonance that further affects atoms,
then molecules, cells, and organs%).

With regard to psychological changes, the impact of music therapy can
be measured in conjunction with physiological changes. In general, music stimulates
emotional state that results in pleasure. This may be explained by the belief that music
can free the imagination and emotions hidden deeply in the mind, rhythm, styles, melody,
harmony, and feeling serving as determinants of emotional responses. Biley claimed that
music could shape the mind, the body, and the emotion, and music can penetrate into the
listeners’ level of awareness that cannot be accessed with words or touches; listening to
music distracts a person from the current situation to a pleasurable feeling, so music can
relieve stress, anxiety, and fear:®”). Evidence suggests that lively music is associated with
a higher level of anxiety than soothing music, and soothing music is more effective in
reducing anxiety than non-instrumental music®.

1.4.8.6 Music and the brain

Music was stated as one of the seven intelligences. Musical Intelligence
was hence defined as the abilities to produce and appreciate rhythm, pitch, and timbre of
music and appreciation of musical forms of ex pressiveness. According to Gardner, since
music makes use of quite a number of attributes, it allows for flexible thinking®®®. Hence,
musical training is a way that effectively enhances the conceptual- holistic- creative
thinking process, while also assisting in the molding and integrating of the capabilities of
the mind. Musical capabilities appear to be represented first in the right hemisphere of
the brain. However, as one’s skills improve, capabilities that have been in the right
hemisphere can be increasingly found in the left. Apparently, with musical training, a
large proportion of skills travel across the corpus callosum and enter the left hemisphere
which is linguistically dominant®®. When subjects get engaged in spatial-temporal tasks,

such as the Stanford-Binet paper folding task, the same areas of the brain discussed earlier
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become activated®®®. The dorsolateral prefrontal cortex is important in coordination of
complex tasks in working memory. Interestingly, these areas are not necessarily activated
when listeners are made to listen to other musical pieces, such as Beethoven’s Fur
Elise19,

A study by Schmidt and colleagues on the development of infants’
regional electrocortical (EEG) and heart rate (ECG) responses to affective musical stimuli
during the first twelve months after birth yielded results showing that effective music
significantly stimulated activity in the brain during the first year of a human being’s life.
The effect of affective music stimuli during the first 12 months caused a clear
developmental change on the brain activity of infants. The authors found that affective
music significantly increased brain activity at three months of age and had a calming
effect afterwardsV),

Research by Azizi®'? showed that music enrichment triggered
stimulation of the formation of synapses and the development of dendrites in the brain.
Hence, training children in music at an early age activates higher brain functions,
including complex reasoning tasks. The pathways used for spatial reasoning are the same
as music pathways in the brain. Therefore, when an individual listens to music, the spatial
pathways are activated and ready to be used. New ones grow from neurons that are
activated frequently. Proteins known as neurotrophins are responsible for stimulation of
growth of dendrites. The concentration of neurotrophins in the brain is highest during 18
childhoods, when connecting cells in the brain are in the process of undergoing their
greatest growth and development. However, continued learning increases the level of
neurotrophic activity in the brain region charged with new learning and new memory
formation. Because of its plasticity, the brain is able to reshape itself and reorganize the
networks of dendrite-neuron connections as response to increase or decrease in use of the
pathways. Evidence of brain plasticity is seen in people who repeatedly practice activities
which are controlled by parts of their sensory, visual, coordination or motor systems for
specialized learned activities. Research carried out by Elbert and colleagues“*® showed
that stringed musical instruments players who used fingers of their left hands to perform
complex movements along the strings manifested increased somatosensory regions
(cortex representation) of the brain's parietal lobe which was associated with left- hand

fingers. In a report on research in neuroplasticity and changes in grey matter resulting
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from training, Draganski and colleagues“!* reported that people who learned the art of
juggling had an increased amount of gray matter in their occipital lobes. However, when
they discontinued practicing juggling, the new gray matter disappeared. The authors
explained that this took place due a process referred to as pruning, which involved the
decrease in the connecting dendrites and other connecting cells that were not used.

1.4.8.7 Positive effects of music listening

A repeated-measures design study of 30 undergraduate students by
Cockerton and colleagues® involving students completing two cognitive tests, one in
silence and one in the presence of background music revealed that suggested that music
facilitated cognitive performance more than the control condition. In their study, the
students who worked in the presence of background music completed more problems than
those that worked in silence and got more answers correct. Cockerton and colleagues
suggested that the improvement in performance while background music played could
have been associated with the type of music®'®. Another study conducted by Boltz and
colleagues showed that Music increased memory performance. In this research, different
effects of background music on the recall filmed events were studied. Results showed
that participants who were exposed to background music which could cause positive
affect had higher performance memory levels than those who were exposed to
background music that produced negative effect®!®. According to Jensen, priming is very
important in initiating, enhancing and directing attention to a class activity. Music can be
used to stimulate students’ attention in class. Music influences the process of
attentiveness, emotions and memory. In a study by Davidson and Powell®"), it was
shown that playing of background music in the classroom had a similar positive effect on
students’ attention span, or 31 on-task performance in the classroom. Music woke and
aroused the listener’s emotions, which modulated and controlled many cognitive
processes. An analysis of collected data on music listening practices in workplace settings
in the UK indicated that for best work performance by workers and their well-being,
respondents preferred music of their choice. Lesiuk carried out research on the
relationship between individual music listening (using earphones or headphones) for
computer programmers, and the corresponding effects on work quality, the time spent on
task and affect. Forty-one male and fifteen female workers participated in the research

for five weeks. The data of measurements for the impact of listening to music on state
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positive effect, work quality and time-on-task among developers of computer information
systems were collected. The research was carried out in the field instead of in a laboratory.
According to the results, the workers working in non-musical ambiance registered the
lowest state positive affect and quality-of-work. Under this condition, the time-on-task
was also found to be the longest™'®).

1.4.8.8 Music and anxiety

Many people claim that they are able to lower high anxiety feelings by
listening to relaxing music. This section reviews research associating music with anxiety.
Thompson and colleagues carried out a study to examine whether people would perform
better following listening to Mozart’s music. They investigated whether it might be a
consequence of differences in arousal and moods. The results collected here showed that
the best spatial task skills’ performance was observed in the group who listened to
Mozart’s compositions. They concluded that Mozart’s effect was an artifact of mood and
arousal!'”. Research carried out by Krout®?? showed that anxiety could be significantly
lowered by listening to music. Music was used widely to controlling anxiety in the
medical field. A study by Bolwerk on myocardial infarction patients showed that patients
who listened to music had their anxiety levels decrease greatly*?Y). Hardie assigned one
hundred and ninety students to two groups, one to sit for an intermediate algebra test in
the presence of background music while the second group (control group) sat for the test
in silence. The choice of music was Baroque, Classical and Romantic era music with
tempos between 72 and 88 beats per minute. The anxiety level in students without
background music increased significantly as opposed to the experimental group which
remained unchanged. Chlan and colleagues found that the group that listened to music

recorded lowest anxiety and discomfort than students in the control group®?2.

1.4.9 Binaural beat

With the blending of two pure sound signals with comparable frequency that
leads to phase interference in the waves, a composite signal is generated that has medium
frequency. Also, the amplitude is modulated when the frequency is equivalent to the
contrast between both of the initial frequencies. For instance, when 100 Hz and 110 Hz
sounds are blended, this will create a signal with 105 Hz that goes up and down in
amplitude with 10 Hz frequency. The modulation of signal amplitude is referred to as an

auditory beat!?®. Similarly, a person will hear the medium frequency and modulated
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amplitude when sound signals with resembling frequencies are perceived separately by
the each ear via headphones, regardless of the fact that only one of those frequencies is
heard by each ear and these signals are not physically seen. Termed “binaural auditory
beat” and recognized since 1839, this situation is caused when the brain processes two
different sound signals at the brainstem’s olivary nuclei level. A person will hear binaural
beat when the ears perceive two sound signals with dissimilar frequencies®?¥.

The frequency of binaural beat frequency is equivalent to the contrast
between the frequencies perceived by each ear’®). Foster carried out a study to examine
the effects of alpha-frequency binaural beat stimulation mixed with alpha neurofeedback
on alpha- frequency brainwave production. The results showed that the blending of
binaural-beat stimulation and alpha neurofeedback contributed to higher alpha generation
than only by neurofeedback with statistical significance. However, the group that was
presented with merely binaural- beat stimulation yielded significantly higher alpha
production. In a review to investigate the effects of Hemi- Sync tapes on electrocortical
activity®® music therapy was performed with binaural beats to relax the brain. The
music was generally soft and tranquilizing, and incorporated natural sounds (e.g.,
waterfalls, singing birds, the ocean). The result from the patients’ diary revealed that the
use of binaural beat could significantly decrease anxiety!!2%). Symptoms of anxiety can
appear in three areas: behavior changes (such as agitation and shunning), physiological
changes (e.qg., perspiration cardiac palpitation and respiratory change), and cognitive
changes (e.qg., negative and unrealistic though. Most current treatment for anxiety uses
psychopharmacology or anxiolytic medication, psychotherapy and/or relaxation therapy.
Binaural beat sound, if effective, would provide an easy, cost effective method to help
this population, and can be used at home in conjunction with existing therapies29).

Regarding sound localization, the hearing system of human performs analysis
of interaural differences in time perceived by the two ears in small-range frequency,
referred to as critical bands. If the frequency is under 1000-1500 Hz, interaural time
differences are assessed based on interaural phase differences in the two ears’ signals. In
addition, the heard sound is assessed based on the processing of the signals perceived by
two ears. If different pure tones (sinusoidal signals that have dissimilar frequencies) are
perceived by each ear, this will result in time-dependent phase as well as time difference
between the two ears. The perception of sound is determined by the disparity in the
frequency between the signals heard by each ear25126),
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In case the frequency difference between the signals heard by each ear is
under a few hertz, the hearing system can support the alterations in the interaural time
differences. Consequently, there is a perception of an auditory event that is traveling in
the head. The perception of direction will be consistent with the instantaneous interaural
time difference!20),

In case the frequency difference between the signals perceived by each ear is
more than 10 hertz, the hearing system will not be able to process the alterations in the
interaural parameters, contributing to an auditory diffusion event in which the sounds
become consistent with the overlapping of the signal perceived by the two ears. This is
when there is a rapid change in the amplitude and the loudness. If the frequency difference
between the signals perceived by each ear is more than 30 hertz, there will be a cocktail
party effect in which the hearing system can process the signals based on two different
origins in two dissimilar locations, leading to the perception of two different
signals25126),

A person can hear binaural beats regardless of headphones. These beats are
created when two distinct pure tones are produced via loudspeakers. The person will hear
a similar sound with auditory events that travels between rooms, in low- frequency
differences, and sound diffusion in marginally larger differences in frequency. When
there is larger differences in frequency, there will be obvious origins of localized
sound!?. Nevertheless, headphones yield better result than speakers.

1.4.9.1 History of brainwave entrainment

So far, people have not recognized binaural beats. It is merely known
that consistent rhythmic signals contribute to very effective therapy and spiritual well-
being. Melinda Maxfield carried out a study on the drumbeats employed in the
ceremonies of diverse cultures and reported that the beat at a constant rate of 4.5 beats in
a second stimulated a hypnotic state among the listeners. This was caused when the brain
shifted into a 4.5-beat-per-second brainwave frequency that was a low Theta brainwave
state. Binaural beats have been of great importance in therapy and spirituality in most
cultures for ages“?”. The Tibetan monks, Native American shamans, Hindu healers, and
mastered Yogis use repetitive beats and chanting to stimulate consciousness, therapy and

spiritual development.
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In 1839, Heinrich Wilhelm Dove found binaural beats and the science
started to recognize them. Despite constant scientific investigation, binaural beats were
relatively for 134 years'!2®). In 1973, Gerald Oster reviewed a number of binaural beat
studies since Dove and conducted a study on “Auditory Beats in the Brain” where he
provided extensive new knowledge and novel laboratory results for inquiry about binaural
beats. To Oster, binaural beats served as a great instrument for cognitive and neurological
research that could give insight into how animals could detect sounds in their three-
dimensional context and animals’ prominent ability to detect and concentrate on specific
sounds amid noises. He also regarded binaural beats as an effective method of medical
diagnosis for hearing impairment and common neurological problems. Not long after that,
Robert Monroe, with support from Thomas Campbell and Dennis Mennerich, initiated an
investigation on the effects of binaural beats on consciousness. Robert attempted to
recreate a subjective impression of 4Hz oscillation related to out-of-body experiences and
discovered that binaural beats were an effective method of accessing altered
consciousness states. Monroe began the binaural beat self-development industry and
established The Monroe Institute, which is a non- profit binaural beat research and
education organization today?®).

Investigating hearing phenomenon of binaural beating allows for an
understanding of the influence of rhythm on stimulation. A person hears binaural beats
when each of two consistent sounds with almost similar frequencies is presented via
stereo to each ear. Phase differences between these signals arouses a perceived vibrato or
wavering with the frequency of the difference between both (stereo left and right) auditory
inputs, referred to as the binaural beat. Binaural beating initiates in a pair of superior
olivary nuclei of brain stem?®), Beating-frequency input travels through the neuro system
to the reticular formation. This input is usually regarded as concurrently “volume
conducted” to the cortex and objectively assessed by EEG as a response to frequency.
This cortical assessment is called the “frequency-following response 2% because its
period (frequency in cycles per second) is consistent with the frequency of the beat stimuli
and the vibration occurring in the olivary nuclei and then the reticular formation3%

1.4.9.2 Binaural beat and physiology changes

The sensation of binaural beats is believed to originate in the superior

olivary nucleus, a part of the brain stem. They appear to be related to the brain's ability to

26



locate the sources of sounds in three dimensions and to track moving sounds, which also
involves inferior colliculus (IC) neurons'!*!). Regarding entrainment, the study of
rhythmicity provides insights into the understanding of temporal information processing
in the human brain. Auditory rhythms rapidly entrain motor responses into stable steady
synchronization states below and above conscious perception thresholds. Activated
regions include primary sensorimotor and cingulate areas, bilateral opercular premotor
areas, bilateral SllI, ventral prefrontal cortex, and, subcortically, anterior insula, putamen,
and thalamus. Within the cerebellum, vermal regions and anterior hemispheres ipsilateral
to the movement become significantly activated. Tracking temporal modulations
additionally activate predominantly right prefrontal, anterior cingulate, and intraparietal
regions as well as posterior cerebellar hemispheres®*?. A study of aphasic subjects who
had a severe stroke versus normal subjects showed that the aphasic subject could not hear
the binaural beats while the normal subjects could33),

Research has shown that the human brain is able to separate the sounds
that are heard from both ears due to the frequency, loudness, sound characteristics, and
different time periods. Nevertheless, if the frequency of the sound that hits two ears is
different than 30 Hz, the brain will interpret as a single sound with the origin within the
brain. Most listeners cannot hear the low frequency sounds of binaural beats because
binaural beats often have a lower frequency than the waves that human ears hear, but will
recognize that there are binaural beats by changing the focal point of the sound back and
forth within the brain. The sound that is synthesized to produce binaural beats should be
in the range of 1000 - 1500 Hz. Studies and research measuring EEG have shown that the
use of binaural beats can induce brain waves to a certain extent change?¥). Another level
is called brainwave entrainment. For example, to change brain waves from a state of alert
or brain wave frequency in the Beta phase or about 20 Hz to a relaxed state, or brainwave
frequency in the Alpha range, or about 10 Hz, the therapy starts with music or sound with
binaural beats of about 20 Hz at the beginning of the song and gradually changes the beat
frequency to 10 Hz at the end of the song to induce overall brain waves more orderly. The
maximum electrical activity is located in the upper part of the brain(!2%). Binaural beats
are useful in relieving symptoms and increasing the potential of the brain through brain

wave adjustments as follows:
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1.4.9.3 Effects on brain function

In addition to hearing, binaural beats can affect the brain’s functions.
This phenomenon is called " frequency-following response" in which when a person is
stimulated by a brain wave-frequency, the ruling brainwave frequency tends to shift in
accordance with the stimulus’s frequency (a process termed entrainment)!39. Moreover,
evidence has shown that binaural beats are associated with spatial perception as well as
stereo auditory recognition, and due to the frequency- following response, multiple
locations of the brain are activated: 15:16:135.136) “The stimulus is not necessarily related
to hearing but it can be related to seeing® or both*?® (such as Dreamachine).

The aural perception of humans is confined to the frequency ranging
from 20 Hz- 20,000 Hz. Nevertheless, in human brain, the wave frequency is
approximately under 40 Hz. Therefore, binaural beat frequencies are employed. A 40 Hz
beat frequency is generated by the brain using binaural sound and assessed in
experimentation’?). As there is the consistency of the perceived beat frequency with the
delta, theta, alpha, beta, or gamma range of the brainwave, the brainwaves entrain or shift
toward the frequency of the beat*®”). For instance, when the right ear is presented with a
wave with 315 Hz and the left ear with a 325 Hz wave, the brain shifts towards the
frequency of 10 Hz, in the alpha range. Because alpha range is linked to a relaxed feeling,
a person will feel relaxed but will be more active with beta range. In an investigation of
binaural sound stimulation with beta range and delta/theta range, participants exposed to
beta-range sounds were more alert and had better mood than others®® &),

Binaural beat stimulation is used relatively widely in an effort to
stimulate a wide range of conscious states, and some studies were conducted to examine
the influence of these stimuli on relaxation, concentration, attention, and conscious
states*®. Evidence has demonstrated that a repetitive training to differentiate similar
frequency signals that a plastic reorganization of the brain happens for the trained

frequencies®® will allow a person’s asymmetric hemispheric balancing®?.

28


http://en.wikipedia.org/wiki/Brainwave_synchronization
http://en.wikipedia.org/wiki/Beat_frequency
http://en.wikipedia.org/wiki/Delta_wave
http://en.wikipedia.org/wiki/Theta_wave
http://en.wikipedia.org/wiki/Alpha_waves
http://en.wikipedia.org/wiki/Beta_wave
http://en.wikipedia.org/wiki/Gamma_wave
http://en.wikipedia.org/wiki/Electroencephalography

Table 1.1 Brain wave frequency™

Frequency ) )
Wave  Usually associated with:

range
> 40 Hz Gamma Higher mental activity

Active, anxious thinking and active concentration, arousal,
13-39Hz Beta o )

cognition, or paranoia
7-13 Hz Alpha  Relaxation, pre-sleep and pre-wake drowsiness, REM sleep
8-12 Hz Mu Mu rhythm, Sensorimotor rhythm
4-7 Hz Theta Deep meditation/relaxation, NREM sleep

<4 Hz Delta Deep dreamless sleep, loss of body awareness

Source: Le Scouarnec RP. et al. (2001)

The predominant frequency dictates a person’s state. For instance, with
alpha waves in the brain, a person will be in the alpha state in which there is relaxation
but awakening. Nevertheless, there will be other frequencies as well, but with less
amplitude. The brain entrains better in case the entraining frequency is similar to the
person’ s initial predominant frequency. Thus, it is recommended to begin with a
frequency close to a person’s current predominant frequency (usually approximately 20
Hz or below in an awaken person) and then gradually turn it down or up towards the
intended frequency®Y.

To some persons, pure sine waves are undesirable. Therefore, a pink
noise or other natural backgrounds (e.g., sounds of stream) can be incorporated.
Moreover, as far as the person can hear the beat, the effectiveness is unlikely to be
improved by turning up the volume, so it is advised to use a soft volume. One theory
suggests reducing the volume until the beat is almost inaudible. However, this is
unlikely®b.

1.4.9.4 Newly-Developed Superimposed Binaural Beat

Binaural beat employs the principle of separation of the left and right
frequencies in the same song. In previous studies, BB has been used to reduce anxiety in
patients and some are not significant. However, superimposed binaural beat produces
binaural beat by separating the left and right frequencies in all musical instruments and
bring together a music later. It is believed that it will be more effective in inducing brain

waves at a relaxed wave than the original BB@"/2®),
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In the present study, an acute anxiety was conducted using the State STAI

model to investigate. The way to reduce anxiety using the new SBB was called

superimposed binaural beat.
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Figure 1.2 The traditional binaural beat

The traditional binaural beat with separate left and right ear frequency
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Figure 1.3 The superimposed binaural beat
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The superimposed binaural beat with separate left and right ear
frequency in each musical instrument

1.4.10 Conceptual framework

Binaural Beat

Anxiety . Decrease in
2 4 = Anxiety
| :
1 |
1 1
Decrease in Increase in
Anxiety Anxiety
A A
Alcohol Treatment Acute Iliness Stressful event
use
| | Examination
Relaxation Anxiolytic Psychotherapy
drug . .
Relationship
Payment

E— means desired result
means causes

------ » means confounding factors
Figure 1.4 Conceptual framework

In a situation where people are anxious and the need for anxiety is reduced, the
use of binaural beat is believed to produce the desired result. That is, it can reduce anxiety

by brainwave induction to the frequency in the relaxed wave. In the planning of the study,
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the sample was randomly selected. However, during the trial period there were other
complications that increased or decreased anxiety level. Complications included the
following: relaxation training psychotherapy treatment, and medication including alcohol
to relieve anxiety. The level of anxiety was reduced but the occurrence of acute illness or
stressful events, such as conflicts, quarrels, economic problems, could increase anxiety
level. This could bring about a heightened level of anxiety. These variables had to be
controlled by random sampling. The therapy sessions have to take the smallest amount of
time. These variables need to be controlled by random sampling. The tools that take the
smallest amount of time can prevent time- dependent confounding variables. Other
variables were controlled using a questionnaire for screening out every day before getting

treatment.

1.5 Scope of the study

This study was a randomize control trial. The objective was to determine the
effectiveness of binaural beat on anxiety in university health science students who were

studying in health science program at University of Phayao in the academic year 2016.

1.6 Expected benefits from the study

The results of the study will contribute to new knowledge to serve as a basis for
providing care fore college students with anxiety and can be applied in the other samples

such as the elderly with anxiety in the future.

1.7 Operational Definitions

1.7.1 Binaual beat refers to Thai Lanna music whose frequencies between left and

right ears were adjusted to be 10 Hz different.

1.7.2 Superimposed binaural beat refers to Lanna music whose frequencies
between left and right ears in each musical instrument were adjusted to be 10 Hz different.

1.7.3 Music listening refers to Thai Lanna music that had been edited to last 20

minutes/session.
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1.7.4 General relaxation refers to relaxation with a relaxing chair.

1.7.5 Anxiety refers to the students who had anxiety symtom assessed by the STAI
test.

1.7.6 The university students refers to the university health science students in

University of Phayao in academic year 2016.
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CHAPTER 2

METHODOLOGY

This study was conducted using a cross-sectional study design to determine the
prevalence of anxiety in university health science students. A randomized control trial
(RCT) was used to find out the ways to reduce anxiety among university health science
students. The population consisted of 6,480 health sciences students. Of the 1,245
samples for investigating the prevalence of anxiety, simple random sampling was used to
recruit 45 students with high levels of anxiety for the SBB, 45 for music listening, and 45

for general relaxation groups.

34



\4

.

Health Science Students Population
N -=6,480
oot ST
------------------- | Stratified sampling 1
y 1 '
Sample Size | TR R EEOEEEEE
n-1,245 . Simple !
i Random i
' Sampling
---------------------------- 1‘__________:
v
Medical Pharm222)+nurse62)+ MedSci106) Allied
n-489 n=390 n-366
v
Pre-test
A 4 7 \
Anxiety Population=539 ' Simple |
________________________ ' Random |
\ ' samplina |

Sample size for RCT n-135

_______________

A
Control ML BB Control ML BB Control ML BB
-15 =15 =15 =15 =15 =15 -15 =15 =15
v
Exp#riment
Post-test | -,&r;a-l;z-e- )
I 1
1 1

e e o -

Figure 2.1 Subject recruitment procedures
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Medical  means students in the School of Medicine

Pharm means students in the School of Pharmacy

Nurse means students in the School of Nursing
MedScien means students in the School of Medical Science

AlliHS means students in the School of Allied Health Science

2.1 Part I: Cross-sectional study

2.1.1 Objective: To determine the prevalence of anxiety in university students

2.1.2 Study Design
The cross-sectional study was designed to determine the prevalence of anxiety stage
in students who were studying in six schools of health sciences win University of Phayao.

The STAI was used to assess the anxiety score.

Health Science Students Population
N -=6,480
ETA - NTY 22 ' Stratified sampling E
Sample Size | TTTTTTTTTTTTTTTOT '
n-1,245
' Simple :
------------------------- ! Random |
' Sampling
l l e |
Medical | Pharm (222) +nurse (62) AlliedHS
n= 489 +MedSci (105) n=390
STAI

Figure 2.2 Flow diagram of part | study
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2.1.3 Study Population
2.1.3.1 Participants for Anxiety Assessment
The data collection in this research was conducted on 1,245 out of 6,480
university students on stratification of faculty and academic year for a period of four
weeks from October to November, 2016. The acute anxiety prevalence was determined
among 1,245 health science students using the STAI form Y-1 (STATE Anxiety) with a
cut-off score of at least 40 or higher*3®_ Drawing lots was a random sequence of number
generated in excel used in each stratum simple random sampling. There were 539 out of
1,245 students who had anxiety score of at least 40 or higher (eligible for randomized
control trial [RCT]).
2.1.3.2 Population and Sample
1) Population
The population of this study was the students who were studying in
groups of Health Science schools in University of Phayao in 2016. The population
comprised approximately 6,480 students.
2) Sample
The population of this study was students who were studying in the
School of Medicine, School of Dentistry, School of Pharmacy, School of Nursing, School
of Medical Sciences and School of Allied Health Science in University of Phayao in the
academic year 2016.
An estimated sample size was examined using n4studies program¢!3?)

calculated based on the formula by Wayne W., D40,

Np(l-p)z? ,
d?(N —1) +p(1 — p)z?

_a
2

n =

The output of the sample size calculation from n4Studies: For
estimating the finite population proportion, Proportion (p) = 0.31, Error (d) = 0.03 Alpha
(o) = 0.05, Z (0.975) = 1.959964 Sample size (n) = 769 were needed. The appropriate
sample size of this study was 810. The stratified sampling by school, degree of program

and year, was used to recruit the sample.

2.1.4 Research Instruments
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The instrument for collecting data consisted of a questionnaire with two main
parts, as detailed below:

2.1.4.1 Personal data consisted of sex, age, marital status, education level,
personal health history, income and sufficiency of income.

2.1.4.2 Strait Trait Anxiety Inventory (STAI)

The State Trait Anxiety Inventory (STAI) form Y, created by Spillberger4Y,
has been translated into Thai by Darawan Tapinta®?. The Thai version is widely used
among Thai people. The STAI is a tool extensively adopted to assess trait and state
anxiety. This measure is appropriate for screening of anxiety and for differentiation
between anxiety and depressive syndromes. It is also generally employed in studies to
indicate distress in caregivers. Form Y, which is the most widely used version, comprises
of 20 items to assess trait anxiety and 20 to assess state anxiety. Sample items in state
anxiety are: “I am tense; | am worried” and “I feel calm; | feel secure.” The sample items
for trait anxiety are: “I worry too much over something that really doesn’t matter” and I
am content; | am a steady person.” All items are rated on a 4-point scale from “ Almost
Never” to “Almost Always”, with higher scores indicating greater anxiety. The STAI is
proper for people who have at least a sixth-grade reading level.

Internal consistency coefficients for the scale were between .86 and .95 with
test-retest reliability coefficients of between .65 and .75 in an interval of 2 months. Test-
retest coefficients in the present study was between .69 and .89. Substantial evidence has
established its construct and concurrent validity and suggested that this measure has
sensitivity in predicting distress in caregivers through time, varying based on alterations

in support and personal qualities.

2.1.5 Data Collection

This study was carried out in 6,480 Phayao University students in the academic
year 2016 who studied in health science faculties. The 810 sample size was calculated
from Wayne W.D®49 formula and the researcher recruited 1,245 participants by stratified
sampling. All subjects in each class represented the population. Then, the samples from
all groups by weight were divided by population. The samples were 489 Medicine
students, 222 Pharmacy students, 106 Medical Sciences students, 62 Nursing students
and 390 Allied Health Science students. The subjects, who were recruited with simple

random sampling, were asked to answer the questionnaire (STAI Form Y) to determine
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the prevalence of anxiety in the population.

2.1.6 Data Analysis

The percentage and frequency were used for analysis of the personal data.

2.2 Part Il1: Randomized Control Trial

2.2.1 Objectives
2.2.1.1 To investigate the effects of superimposed binaural beat on anxiety in
university student.
2.2.1.2 To compare the effects of superimposed binaural beat and music

listening on anxiety in university students.

2.2.2 Study Design

The randomized controlled trial (RCT) with three groups pretest-posttest was used
to examine the effectiveness of binaural beat on anxiety in university health sciences
students. The participants were randomly assigned into two experimental groups and one
control group.

2.2.3 Study Population

2.2.3.1 Population

The population of this study comprised of the students who were studying in
groups of Health Sciences schools in University of Phayao in academic year 2016 and
met the criteria of anxiety with a cut-off score of 40 or higher. The population consisted
of approximately 539 students.

2.2.3.2 Sample

The sample of this study consisted of students who were studying in School
of Medicine, School of Dentistry, School of Pharmacy, School of Nursing, School of
Medical Sciences and School of Allied Health Sciences in University of Phayao in
academic year 2016 and had a score on the Strait- Trait Anxiety Inventory (STAI) that
was higher than the mean score.

The sample size was calculated using n4studies program!3®) based on the
formula by Wayne W., D49,
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2

n

The output of the sample size calculation from n4Studies: Based on a
randomized controlled trial with continuous outcome, the mean in a binaural beat group
was 19.20 (SD = 14.55); the mean in a music listening group was 28.00 (SD = 14.33,;
Ratio (control/treatment) = 1.00 Alpha (a)) = 0.05, Z (0.975) = 1.959964 Beta () = 0.20,
Z (0.800) = 0.841621. The sample size was 43 for binaural beat group, and 43 for music
listening group.

The output of the sample size calculation from n4Studies: For a randomized
controlled trial with continuous outcome, the mean in a binaural beat group was 19.20
(SD = 14.55); the mean in a control group was 36.60 (SD = 13.09; Ratio
(control/treatment) = 1.00 Alpha (o)) = 0.05, Z (0.975) = 1.959964 Beta () = 0.20, Z
(0.800) = 0.841621). The sample size was 10 for binaural beat group, and 10 for control
group.

The output of the sample size calculation from n4Studies: For a randomized
controlled trial with continuous outcome, the mean in a music listening group was 28.00
(SD = 14.33); the mean in a control group was 36.60 (SD = 13.09; Ratio
(control/treatment) = 1.00 Alpha (a) = 0.05, Z (0.975) = 1.959964 Beta () = 0.20, Z
(0.800)=0.841621) The sample size was 40 for treatment group and 40 for control group.

Thus, the sample required was 43 participants. Total sample was 129
participants. With an additional 5% for the loss or denial of study of the sample, the
appropriate sample size of this study was 135, divided into 45 participants for the
experimental and 45 for the control groups. The block randomization was used to divide
the participants into three groups. The participants and the researcher were blinded from
the experimental (double-blind). After doing the anxiety test, there were 539 samples of
anxiety and 352 met the inclusion criteria for this study. Then, 135 participants were
randomly assigned to RCT and divided into 45 samples for each of the binaural beat
group, music listening group and control group. During the experiment, one sample in
the control group withdrew from study due to physical illness. Therefore, the number of

samples in the control group was 44.
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1) Inclusion criteria: In this study, the sample was selected according
to the following admission conditions.
1.1) Being students in Health Sciences Program and had anxiety
according to high STAL.
1.2) Aged over 18 years
1.3) Having no psychiatric condition such as depression
1.4) Not currently taking psychiatropic medications
1.5) Having no hearing problem
1.6) Willing to participate in the study
1.7) Able to participate until the completion of the trial
2) Exclusion criteria: In case of additional conditions after entering the
trial, the sample had to be eliminated.
2.1) Currently having loss and grief condition such as loss of
significant others
2.2) Having acute illness that required treatment by specialists
2.3) Consuming alcohol

2.4) Being under any treatment for anxiety
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Anxiety Population =539

Inclusion criteria

There were 539 samples of anxiety and 352 met the inclusion criteria for this
study. Then, 135 students were randomly recruited for RCT and divided into 45
participants for binaural beat group, 45 participants for music listening group and 45
participants for control group. During the experiment, one sample in the control group
withdrew from study due to physical illness. As a result, the number of sample in the
control group was 44. All of the sample students were assessed with STAI before and

1 n=352
1
Sample size‘;or RCT n-135 (I
Pre-Test for STAI [ !
! Block |
"""""""""""""" ' randomize |
l Vo]
BB =45 MT=45 Control-45
Treatment
| 1
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\ 4
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| 1
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1
Post-test for STAI

Figure 2.3 Flow diagram of phase Il study

after treatment each day.
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Randomization

Posttest

Pretest D1 D2 D3 D4
Binaural Beat x1 x2 x3 x4
Music listening yl y2 y3 y4 y5
Control group z1 z2 z3 z4

D1 = experiment in day 1
D2 =experiment in day 2
D3 = experiment in day 3
D4 = experiment in day 4
D5 = experiment in day 5

D5

X5

y6
z5

X1 = 1% measurement of STAI in Binaural Beatgroup

X6

Z6

X2 = 2" measurement of STAI in Binaural Beatgroup

X3 = 39 measurement of STAI in Binaural Beatgroup
X4 = 4" measurement of STAI in Binaural Beatgroup

X5 = 5" measurement of STAI in Binaural Beatgroup

X6 = 6" measurement of STAI in Binaural Beatgroup

yl1= 1 measurement of STAI in music listening group

y2= 2 "4 measurement of STAI in music listening group

y3= 3" measurement of STAI music listening group

y4= 4™ measurement of STAI in music listening group

y5= 5" measurement of STAI in music listening group

y6= 6" measurement of STAI music listening group

z1= 1 measurement of STAI in control group
z2= 2" measurement of STAI in control group
z3= 3" measurement of STAI in control group
z4= 4" measurement of STAI in control group
z5= 5" measurement of STAI in controlgroup

z6= 6" measurement of STAI in control group

Figure 2.4 The study design
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2.2.4 Research Instruments
2.2.4.1 The intervention consisted of three groups as follows:
1) Binaural beat group

1.1) Superimposed binaural beat creation

The superimposed binaural beat innovation in the present study
adopted Thai Lanna music such as Long Maeping and Soy Wiang Ping songs, which were
familiar to students in northern Thailand. Thai Lanna music was embedded with
superimposed binaural beats whose frequency of the sound waves of each instrument,
including Thai flutes, Sa-lor, Seung and electone, had been adjusted to have the left and
the right frequency difference of 10 Hz and supplemented with one track of pure binaural
beat tone of 10 Hz, produced by Jakkrit Klaphajone, which was licensed by the Copyright
Office on April 29", 2015. Lanna songs, including Long Mae Ping, and Soy Wiang Ping
were played with an MP3 player with a stereo headset using continuous loop recording
methods for 20 minutes of playing time. The song was pilot-tested to the preference of
students at University of Phayao, who were not included in the sample of 1,250 students.
The pilot study showed that 89.91% of the sample group preferred to listen to Lanna Thai
music. Therefore, the preference of listening to Thai Lanna music was not a limitation for
this study. The sample group and the researcher did not know the names of the songs or
the type of sound that were heard.

Additional binaural beats were synthesized on the basis of
frequency shifting of the sound waves from each traditional Thai musical instrument,
except the drum sounds (due to their extremely low frequency), apart from the original
binaural beat which was created by the standard method of pure-tone sine wave frequency
differentiation via a self- hypnosis and relaxation machine (S.H.A.R.M., Cyber Team
Ltd., USA) (Version 2.4). The continuous sounds, namely strings and organs, were also
arranged to be inserted into all songs in order to render continuous frequency difference
between the ears with the least interruption between the songs. All eligible tracks of each
musical instrument were set to produce 10 Hz differences between one ear with lower
carrier frequency and the other with higher carrier frequency. The therapeutic frequency
of 10 Hz was sustained for at least 20 minutes to ensure enough time to entrain the
brainwave at the alpha level (Chiang Mai University copyright on the synthesis of

superimposed binaural beats).
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Figure 2.5 Creation of superimposed binaural beat

The figure shows the difference between left and right frequency
in each instrument in Thai Lanna music, namely Thai-flute, Sa-lor, and Seung, and instant
frequency with 10-Hz difference for the whole 20 minute-song.

1.2) The participants of a binaural beat group received music
embedded with binaural beat with 10 Hz difference between left and right frequency in
each musical instrument. The music received has been made continuously for 20 minutes.
The samples were arranged to listen to music using stereo headphones under general
relaxation with relaxing chairs in a quiet room where the temperature was adjusted
appropriately. Every day after class, the participants participated in a 20- minute session
a day, for five days. The participants were assessed for anxiety score at the end of each
session using the STAI. Experimental instruments in this study were as follows:

1.2.1) Thai traditional music played with MP3 player and
headphones. This music was recommended for anxiety. The titles of the songs were
blinded from the participants and the researcher. Each session took 20 minutes.

1.2.2) Thai traditional music with binaural beat in alpha
electroencephalogram range (10 Hz), played with MP3 player and headphones. This
binaural beat was recommended for anxiety. The titles of the songs were blinded from

the participants and the researcher. Each session took 20 minutes.
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2) The music listening group

The participants of a music listening group received Thai Lanna music
that was played continuously for 20 minutes using stereo headphones under general
relaxation with relaxing chairs in a quiet room where the temperature was adjusted
appropriately. Each day after class, the participants participated in a 20-minute session a
day, for five days. The participants were assessed for anxiety score at the end of each
session using the STAI.

3) The control group

The participants in the control group were given MP3 player and stereo
headphones without any pre-loaded music under general relaxation with relaxing chairs
in a quiet room where the temperature was adjusted appropriately. Like the experimental
groups, they participated in one session a day for 5 days. The researcher met the control
group in order to explain the details of the research and request their cooperation. The
participants were assessed for anxiety score at the end of each session using the STAL.

All three groups received general relaxation treatment, which involved
resting in a relaxed chair in a room with a comfortable temperature and wearing stereo
headphones; this treatment was a basic therapy received by everyone and prevented
confounders. The superimposed binaural beat, music listening and control groups listened
to Thai Lanna music with superimposed binaural beat tones (with 10 Hz difference), Thai
Lanna music without the superimposed binaural beat and blank audio, respectively. They
received daily 20- minute treatments for five consecutive days. However, sleep during
treatment can affect the perception of music. The researcher therefore controlled the
sample’ s possibility of falling asleep during treatment by using a short period of time to
receive a treatment and request for cooperation in listening to music attentively.

2.2.4.2 The instrument for this research was The State- Trait Anxiety Inventory

(STAI). This questionnaire comprises 20 items to assess trait anxiety and 20 to assess
state anxiety. Assessments were conducted on Day 1 before getting treatment and Day 5

after getting treatment.
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2.2.5 Data collection
The steps of data collection were as follows:

2.2.5.1 The researcher contacted the teacher of Student Affairs Department
to describe the objectives and procedure of this research.

2.2.5.2 The researcher contacted the class teachers to make an appointment
to collect data every day after class, one session a day, for five days. Thus, there were
five 20-minute sessions in total.

2.2.5.3 The researcher contacted the participants to explain about the
purposes and benefits of the research, and ask for their informed consent to carry out the
research.

2.2.5.4 The researcher screened the students for epilepsy or severe heart
disease or depressive symptoms (exclusion criteria before sampling for RCT).

2.2.55 The students (134 of 352 students) were randomly selected (a
random sequence of numbers was generated in computer) to participate in the double-
blinded RCT ( neither the researcher nor the participants knew what treatment was
received).

2.2.5.6 According to block randomization, the subjects were assigned to one
of three of the following treatment groups: superimposed binaural beat ( SBB; 45
students), music listening (ML; 45 students), and blank audio (Control; 44 students).

2.2.5.7 The students’s anxiety levels were measured by self-administered
STAI form-Y (STAI-S) before treatment.

2.2.5.8 The students of a binaural beat group and music listening group
participated in a 20-minute session a day, for five days after class. There were five
sessions in total.

2.2.5.9 The participants in the control group were given MP3 player without
any pre-loaded music. Like the experimental group, they participated in one session a
day, for five days. There were five sessions in total.

2.2.5.10 All three groups received general relaxation treatment, which
involved resting in a relaxed chair in a room with comfortable temperature and wearing
stereo headphones; this treatment was a basic therapy received by everyone and prevented

confounders.
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2.2.5.11 The participants were excluded if any complications arose, including
anxiety events or other treatments.

2.2.5.12 The students in the three groups were assessed for anxiety score at
the end of each session using the STAI.

2.2.5.13 The students’ anxiety levels were measured using self-administered
STAI form-Y (STAI-S) after treatment.

2.2.5.14 The researchers prevented the interference of time- dependent
confounders (alcohol use, receipt of other treatments and taking anti-anxiety medication)
and major confounders (physical illness or tragic events causing anxiety) by notifying all
participants at the recruitment stage and monitoring using a daily guestionnaire. Every
day of study, the sample were screened for depression using the 2Q test tool, and for other
treatments with psychiatric drugs, drinking alcohol, coping with serious events that
caused anxiety to increase. If the sample has such factors, they were excluded from this

study.

2.2.6 Data Analysis

Descriptive analysis included proportion and median (range). Univariate analysis
included Fisher’s exact test, Chi square testing and Kruskal-Wallis testing, depending on
the data distribution. A p-value of below 0.05 was considered as statistically significant.
Data management and analyses were performed using Epi Info for Windows (Version
3.5.4) (Centers for Disease Control and Prevention, Atlanta, GA) and STATA version 11
(Statacorp LP. College Station, TX).

2.2.7 Human Ethical Approval

All methods were carried out in accordance with relevant guidelines and
regulations. All experimental protocols were approved by the Ethics Committee of the
Faculty of Medicine, Chiang Mai University, and cooperation was received in collecting
data from School of Health Science, University of Phayao (Study Code: COM-2559-
03951/Research ID: 3951, Ethics Approval Number 319/2016). The research assistants
asked each participant directly about their willingness to be a study sample, and then the
researcher informed every participant about the following six aspects of the study in order
to give them comprehensible information, which allowed them to make un- coerced

choices: (1) the purpose of study, the security, the confidentiality, and the content of the

48



program; (2) there would be no effect on them if they did not participate after being
informed, or if they wanted to withdraw from the program at any time; (3) the potential
benefits of participation in the study, such as receiving relaxation treatment for anxiety;
(4) the data collected would be presented as an overview without indicating who the
participants were during and after the study process; (5) they would receive money (100
baht) from participating in the program; and (6) the informed consent was taken after a
participant agreed to participate. If they did not agree, they would receive regular care

without unfair treatment.
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CHAPTER 3

RESULTS

This research was conducted to examine the effects of binaural beat on anxiety and
to compare effects of binaural beat and music listening on anxiety in university health
sciences students. The results were reported in two parts are as follows:

3.1 The prevalence of anxiety in university health sciences students

3.2 The effects of binaural beat on anxiety in university health sciences students

3.2.1 Baseline characteristics

3.2.2 Comparison of anxiety scores before and after the experiment

3.2.3 Comparison of the effects of binaural beat and music listening on
anxiety in university health sciences students

3.2.4 Anxiety level by treatments

50



3.1 Part 1: The prevalence of anxiety in university health sciences students

3.1.1 Baseline Characteristics of Population

The study population consisted of 6,480 students in the schools of health sciences.

The sample consisted of 1,245 students who were selected using stratified sampling and

simple random sampling methods. Table 1 shows the sample of 1,245 students in

University of Phayao who studied in the schools of health sciences. The result showed
that there were 174 males (13.98%) and 1,071females (86.02%). Classified by academic
year, there were 451 (36.22%), 462 (37.11%), 316 (25.38%), and 16 (1.29%) students in
the first, second, third, and fourth year respectively. Considering the schools of study,
489(39.28%), 222 (17.83%), 62 (4.98%), 106 (8.51%), and 366 (29.40%) students were

in School of Medicine, School of Pharmacy, School of Nursing, School of Medical

Science, and School of Allied Health Science.

Table 3.1 Baseline characteristics of population

Characteristics

Frequency (n=1,245)

Percent ages

Gender

Year

Faculty

male

female

total

yearl

year 2

year 3

year 4

total

Medicine
Phamacy
Nursing

Medical Sciences
Allied Health Science
Total

174
1071
1245
451
462
316
16
1245
489
222
62
106
366
1,245

13.98
86.02
100.00
36.22
37.11
25.38
1.29
100.00
39.28
17.83
4.98
8.51
29.40
100.00
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3.1.2 Prevalence of university health sciences student’s anxiety

Out of 1,245 students from the schools of health sciences, 539 students met the
anxiety criterion. The prevalence was 43.29%. Table 2 shows the prevalence of anxiety
in the sample of the population of approximately 1,245 University of Phayao students
who were studying in the schools of health sciences. The study demonstrated that the rate
of anxiety in females (43.42%) was higher than that of males (42.53%). Classified by
year, the highest anxiety level was observed among the second-year students (49.13%)
while students with the lowest anxiety level were the fourth-year students (6.25%). The
group with the highest level of anxiety was the students in School of Medical Sciences
(53.77%) and the students with the lowest anxiety level were those in School of Nursing

(19.35%).

Table 3.2 Prevalence of university health science student’s anxiety

Students Anxiety No anxiety
n n (%) n (%)
Gender Male 174 74 (42.53) 100 (57.47)
Female 1071 465 (43.42) 606 (56.58)
Year 1 451 164 (36.36) 287 (63.64)
2 462 227 (49.13)  235(50.87)
3 316 147 (46.52) 169 (53.48)
4 16 1 (6.25) 15 (93.75)
Faculty Medicine 489 240 (49.08) 249 (50.92)
Phamacy 222 75 (33.78) 147 (66.22)
Nursing 62 12 (19.35) 50 (80.65)
Medical Sciences 106 57 (53.77) 49 (46.23)
Allied Health Science 366 155 (42.35) 211 (57.65)

* anxiety=Stai>40
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3.2 Part 2: The effects of binaural beat on anxiety in university health sciences
students

3.2.1 Baseline characteristics

Of the 134 students with anxiety enrolled in the study, there were 45, 45, and 44
students with anxiety in SBB, ML, and control groups respectively. The majority of them
were females and studied in the first year (Table 3). They were similar based on
demographic characteristics (Table 3). The median trait anxiety scores of SBB, ML, and
control groups were 43.00 (Range: 34.00 to 69.00), 43.00 (Range: 35.00 to 62.00), and
43.50 (Range: 32.00 to 64.00) respectively.

Table 3.3 Baseline characteristics of the participants by treatment groups

Variables Treatment groups*
SBB ML Control
n=45 n=45 n=44

Gender (n (%))

Male 6 (13.33) 6 (13.33) 8 (18.18)
Female 39 (86.67) 39 (86.67) 36 (81.82)
Year
1 17 (37.78) 21 (46.67) 18 (40.91)
2 15 (33.33) 11 (24.44) 10 (22.73)
3 12 (26.67) 12 (26.67) 16 (36.36)
4 1(2.22) 1(2.22) 0 (0.00)
Faculty n (%)
Medicine 27 (60.00) 26 (57.77) 26 (59.09)
Pharmacy 2(4.44) 3(6.67) 4 (9.09)
Nursing 4 (8.89) 4 (8.89) 3(6.82)
Medical Science 2 (4.44) 3(6.67) 3(6.82)
Allied Health Science 10 (22.23) 9 (20.00) 8 (18.18)
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3.2.2 Comparison of anxiety scores before and after the experiment

The mean scores of anxiety before and after the experiment of the 45 samples of
binaural beat group who received music embedded with binaural beat were 44.00 and
25.56 (SD. = 6.37 and 4.35). Comparing before and after the experiment, it was found
that the mean score of anxiety after the experiment was significantly lower than before
the experiment (p <.01) as shown in Table 4.

Table 3.4 Differences in Anxiety Score Between at the Beginning and at the End of the
Program (BB) by Wilcoxon Signed — Rank Test

N At the baseline median At the end median Z P-value
(Q1-Q3) (Q1-Q3)
Anxiety 45 45.49 25.56 -5.845 <.0001
(41.00-46.00) (22.00-29.00)

3.2.3 Comparison of the effects of binaural beat and music listening on anxiety in
university health science students

During treatment period, there were no reports of alcohol use, receiving other
treatments, taking anti-anxiety medication, physical illness, and tragic events. The median
difference of STAI-S score between after and before treatments of SBB, ML, and control
were -20.00, -16.00, and -15.00, subsequently. When comparing the median differences
between groups, pairs of SBB versus control and SBB versus ML, there were statistically

significant differences (Table 5).

Table 3.5 Anxiety Levels Among Participants by Treatment Groups

Treatment groups Difference in STAI-S Scores* P-value

Median (Range)
Superimposed -20.00 (-3.00 to -40.00) SBB versus ML: 0.02**
binaural beat
ML -16.00 (1.00 to -32.00) ML versus Control: 0.81
Control -15.00 (0 to-50.00) Control versus SBB: 0.04**

* Difference in median STAI-S Scores between after and before treatment

** Statistically significant difference using Kruskal-Wallis test
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3.2.4 Reached anxiety level rate by treatments

The students were defined as having acute anxiety when their anxiety scores were
at least 40 scores or higher. Thus, the participants who had anxiety scores after treatment
lower than 40 were considered as normal. All participants (100.00%) in SBB group, 43
participants (95.56%) in ML group, and 37 participants (84.09%) in control group were
cured after completing 5-day treatment sessions, with statistical significance (Table 6).

Table 3.6 Comparison of anxiety normal rates after completed treatment of superimposed

binaural beat, ML, and control groups

Treatment Group n normal P-value*
n (%)

Superimposed binaural beat 45 45 (100.00) 0.045

ML 45 43 (95.56)

Control 44 37 (84.09)

* Statistical significance by Fisher’s exact test
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CHAPTER 4

DISCUSSION AND SUGGESTIONS

This study was conducted among the 6,480 university students who were studying
in Health Science program at University of Phayao in the academic year 2016. The
purposes were to determine the prevalence of anxiety in university students and to
investigate the effects of binaural beat on anxiety in university students and to compare
effects of binaural beat and music listening on anxiety in university students. Data were

collected between October and November, 2017.

The interventions were the binaural beat, music listening and general relaxation.
The measurement was the self-assessment STAI questionnaire that also included a
demographic questionnaire. Descriptive statistics were analyzed using percentage,
frequency, mean, and standard deviation. The comparison of effectiveness between the
interventions was determined by Chi-square, Independence t-test and one-way ANOVA.

The results were summarized as follows:
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4.1 Conclusion and Discussion

This study aimed to determine the prevalence of anxiety in university students, to
investigate the effects of binaural beat on anxiety, and to compare the effects of binaural
beat and music listening on anxiety in university students.

4.1.1 Prevalence of anxiety in university students

Population comprised 6,480 students who were studying in schools of health
sciences in University of Phayao, of whom 1,245 students were selected as the study
sample. The results showed that the prevalence of anxiety in university students was 43.29
% , which means that nearly half of all students in the university were anxious. In
particular, students in the field of health sciences had to study hard both about theory and
practice, as well as the aspects of patients. In addition, the teachers and people in the
society expected that the students would be the ones to help others in the future. This was
consistent with the study by Bundasak conducted to examine the influencing factors on
third- year nursing students’ anxiety while practicing in intensive care unit in
Boromarajonani College of Nursing Pha — Phutthabat, which found that 99% of the
nursing students had a moderate level of anxiety, and 32% had a high level of anxiety.
Female students were more anxious than male because in Thai society women could find
less anxiety-free sources than men. The second-year students were the most anxious since
it was a year required to study professional knowledge, which was difficult. Therefore,
the anxiety among the students is an urgent issue that needs to be solved. A very high
level of anxiety among nursing students was particularly in the period of work training or
practicum. These students were anxious while performing practice due to unfamiliarity
with the ward and fear of causing patient death, deficiency of caring knowledge, fear of

meeting teachers, and unfamiliarity with the ward equipment 43,

4.1.2 The effects of binaural beat on anxiety and comparison of effects of binaural
beat and music listening on anxiety in university students.

A study of the effects of SBB on anxiety in university students was conducted on a
group of students studying in the Faculty of Medical Science, Phayao University, who
had anxiety (Score of anxiety over 40 points). Of the 539 students, 352 met the inclusion
criteria; 135 were randomly selected and then divided into three groups of SBB group

(45 students), music listening group (45 minutes), and control group (45 students). In this
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study, the median were statistically analyzed because the data of anxiety score from the
samples were unevenly distributed, making it impossible to use mean statistical analysis.
The level of anxiety decreased with statistical significance of .05. It was believed that
SBB waves of 10 Hz could induce brain waves into alpha waves, which is a wave of
relaxation. Consistent with the study by Lane which reported that binaural auditory beats
could affect psychomotor activities and affective or mood.

The superimposed binaural beat by Thai Lanna music was suitable for university
students because almost all of the samples lived in the north of Thailand, and were
familiar and preferred to listen to Lanna Thai music. Therefore, the preference of listening
to Thai Lanna music was not a limitation for this study. From the comparison of the
anxiety reduction between SBB group and ML group as compared to control group, the
results showed that the SBB group had significantly lower anxiety than ML group and
control group at .05. For the anxiety curing rate, all of the participants receiving SBB had
a lower level of anxiety (100%) while anxiety was reduced by 95.56% and 84.09%,
respectively for ML and control group. The result showed that SBB could reduce anxiety
better than ML and regular relaxation.

Many studies have shown that BB has been used to reduce anxiety, with both
effective results in decreasing anxiety level®-2% and ineffective results®?. There has been
no study to use BB with music having adjusted frequency of the sound in each instrument,
10 Hz difference between the left and the right spectrum with pure binaural beat tone 1
track before. In the present study, the effect of combining the additional novelty created
with superimposed binaural beats (SBB) and the original binaural beat was believed to
enhance the power of brainwave entrainment in subjects who listened continuously to this
music. The results revealed that all participants of SBB group were cured, whereas other
groups were not. The STAI-S scores reduced quite dramatically in SBB group (Median -
20.00), which were statistically significantly different from those of the control group. In
contrast, STAI-S scores of ML group were not statistically significant when comparing
to those of control group. The explanation for ML’s effect is that when music composition
passes into the nervous system, neurotransmitter, and limbic system, it causes emotional
changes®” including the functioning of the parasympathetic nervous system such as
slowing the heart rate, dilating blood vessel and lowering blood pressure®”. Brain

responses to binaural beat were dynamic processes due to the exposure duration, and
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brainwave activity was entrained by binaural beat. SBB range of 10 Hz embedded in
music could entrain the human brain wave to the same wave length of SBB, which is the
same wave length of alpha®*4. Alpha wave length reflects the relaxation state. Like other
non-phamacotherapy therapy methods, meditation is the practice of calming the mind and
tuning down the number of random thoughts that pass through it. A regular meditation
practice has been shown to reduce stress and anxiety, slow down the rate of brain aging
and memory loss, promote emotional health, and lengthen attention span. Practicing
meditation regularly can be quite difficult, so people have looked to technology for help.
Binaural beats between 1 and 30 Hz are alleged to create the same brainwave pattern that
one would experience during meditation. When people listen to a sound with a certain
frequency, the brain waves will synchronize with that frequency. The theory is that
binaural beats can help create the frequency needed for the brain to create the same waves
commonly experienced during a meditation practice. The use of binaural beats in this way
is sometimes called brainwave entrainment technology.

A previous study used original BB produced from the same machine to investigate
the anxiolytic effects of BB among patients undergoing cataract operation. Patients were
divided into three groups via block randomization, which were BB, ML, and a control
group (blank audio). They received treatment during 20-minute operation. Their anxiety
was assessed using STAI-S before and after operation. Patients in the ML group and BB
group showed significant reduction of STAI-S scores compared with the control group.
However, the difference was not significant between the ML and BB groups. The STAI-
S score of ML group was -7.00 and that of BB group was - 9.00(2®. In contrast, in the
present study, SBB showed higher different scores (-20.00). The effect of combining the
additional novelty created with binaural beats (pitch shifting of the sound wave of each
instrumental music track) and the original BB was believed to enhance the power of
brainwave entrainment in the participants.

It is thus recommended that policy makers and potential interventions of reducing
anxiety in university students use the methods that are appropriate for adolescent’s
context. The SBB may reduce the use of anxiety-relieving medication, the cost and the
side effects of the medical treatment. It can also be performed on a large number of target
groups in the situation of limited numbers of student affair officers like almost all
universities in developing countries. It is worth exploring the possibility of using SBB in

other groups of population.
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In conclusion, this double-blinded RCT illustrated that the superimposed binaural
beats could reduce anxiety in university students and its effects were better than those of
ML and general relaxation methods. The findings of this study are useful for policy

makers and potential interventions for reducing anxiety in university students.

4.2 Limitations of the study

Regarding the limitation, since this study was conducted to examine anxiety among
specific students studying in the field of health sciences who had a high level of anxiety,
it may not be appropriate to generalize to other populations. In addition, in this study,
there was no restriction on the Lanna music preference of the sample group because the
sample group comprised students of Phayao University that is located in the north of
Thailand. Most students who were the study samples were living in the north, familiar
and usually listening to Lanna Thai music. However, if this tool is to be used in other
samples, the influence of preference factor of Thai Lanna songs in the sample in other
regions should be taken into account. The kind of music is important for the level of
anxiety. The advantages of this study were study design, large sample size and double-
blinded method. It was RCT with time-dependent confounder control to provide the
immediate intervention in the least amount of time that would be effective in reducing
anxiety levels. Thus, these dependent confounders had no effect on the anxiety levels.
The samples were recruited using simple random sampling technique, so that all of the
samples had similar characteristics. Double-blinding was performed on the researcher
and the participants to prevent the selection and the information biases. The major
confounding variables were monitored every day in the study period so it was believed

that the results of the experiments were based on the power of the SBB.
4.3 Suggestions

4.3.1 Suggestions for implementations

The findings of this study are useful for policy makers and potential intervention
for reducing anxiety in university students using the appropriate methods for an
adolescent context. The SBB may reduce the use of anxiety-relieving medication, the cost

and the side effects of the medical treatment. It can also be done at a large number of
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target groups in the situation with limited numbers of student affair officers like in most
universities in developing countries. It is worth exploring the potential of using SBB in
other groups of population.

4.3.2 Suggestions for the further study

The future research should: (a) be conducted across different university student
population segments such as social science students or science and technology students
to relieve anxiety or the other mental problems; (b) be carried out with a larger sample
size to conduct an intervention and control condition in different settings for a greater
apparent effectiveness of the intervention; (c)be conducted using SBB to treat other
mental health problems such as anxiety, depression, aggression, or even learning disorder
in adolescents and develop the intervention tools that are appropriate for other

populations, such as older adults and older adults.
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ABSTRACT

This study aimed to investigate the effects of superimposed binaural beat in reducing
anxiety among university students and to compare the effects of superimposed binaural
beat to those of receptive music listening and relaxation treatment. The 134 participants
who participated in the double-blind randomised controlled trial were randomly selected
from 539 students with anxiety. According to block randomisation, the participants were
assigned to superimposed binaural beat (n = 45), receptive music listening (n = 45), and
blank audio (Control, n = 44) groups. All three groups received general relaxation treatment
in 20-minute daily sessions over a period of 5 consecutive days. The median differences
in anxiety level were measured by the self-administered State-Trait Anxiety Inventory
form-Y before and after treatment for the superimposed binaural beat, music listening,
and control groups at -20.00, -16.00, and -1 5.00, respectively. The differences between the
superimposed binaural beat group and the control (P = 0.04) and music listening P=
0.02) groups were statistically significant. Anxiety levels were effectively reduced in 100%
of participants in the superimposed binaural beat group, which was higher than the rate in
the control group (84.09%: P<0.01). Superimposed binaural beat-based interventions may
reduce anxiety in university students more effectively than the music listening and general
relaxation methods. The research findings are potentially beneficial for policymakers and
for developing interventions aimed at reducing anxiety in university students.

Keywords: Anxiety, Student, Music listening, Superimposed binaural beat, Relaxation,

Randomised controlled trial, Effect
/
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INTRODUCTION

Anxiety problems in university students have been increasing due to academic pressure
such as graduation expectation, academic achievement and financial problems (Saipanich,
2003; Vaez et al., 2006; Shamsuddin et al., 2013; Yusoff et al., 2013). Study in the United
States found 12.00% of students to have experienced anxiety issues in the previous year. Over
50% of university students reported feeling hopeless and overwhelming anxiety over the past
12 months (Regehr et al., 2013). In Egypt, medical students have indicated that anxiety has
great impact on well-being in terms of studying for and participating in examinations (Yusoff
et al., 2013). These negative effects bring concern physical and mental problems as the data
claimed by the health care centre of each university, where increasing numbers of students are
requesting services (Alzahem et al., 2011; Galbraith and Brown, 2011). Moreover, 11.40%
of university students were found to require psychological help from university counselling
centres, and this number is likely to increase (Grasgreen, 2012). Approximately 40.00% of
university students have stated that their mental health problems required psychological help
beginning with anxiety, which is one of the main causes of mental health problems. Anxiety is
recognised by medical professionals as a causal factor of mental health problems (Grasgreen,
2011). In Thailand, anxiety has a negative impact on the academic performance and emotions
of medical students (Saipanich, 2003).

Common anxiety treatments include medication, which is associated with both physical
and economic short- and long-term burdens (Department of Mental Health, 2013). Anxiety-
relief medication is commonly used to help reduce anxiety. Other treatments such as muscle
relaxation, listening to music, and psychotherapy, which requires specialist guidance, are
available, but might be inconvenient to access. One study indicated that music was able to
reduce anxiety (Shamsuddin et al., 2013) and there has been an evolution in the application of
music with a binaural beat.

Binaural beat arises from the interaction of bilateral input at higher levels of the
ascending auditory pathway (Tobias, 1963; Rutschmann and Rubinstein, 1965). The
mechanism of action is two-way with effects on the limbic system, which regulates mood,
and on brainwave entrainment. Binaural beat is reportedly generated within the brain. The
superior olivary complex is believed to be the first nucleus to receive auditory information
from both sides of the ears and binaurally activated phase-sensitive neurons are also found in
the inferior colliculus (Spitzer and Semple, 1998; Schwarz and Taylor, 2005). The fluctuation
in frequency equals the difference in the two pure tones presented. However, a classic study
reported that the maximum difference in two tones that humans can perceive as a beat is 35 Hz;
otherwise, two separate pure tones are perceived instead (Oster, 1973).

Listening to 7-10 Hz binaural beats may be beneficial in reducing mild anxiety (Le
Scouarnec etal., 2001; Wahbeh etal., 2007) and improving self-reported relaxation (McConnell
et al., 2014). For clinical interventions, binaural beat has the potential of decreasing acute
preoperative anxiety in patients undergoing general surgery (Padmanabhan et al., 2005) and
reducing anxiety in moderately-anxious patients in the emergency department by 10-15%
(Weiland et al., 2011). Binaural beat embedded in music listening may have benefits in music
interventions alone by decreasing anxiety in patients undergoing operative cataract surgery
(Wiwatwongwana et al., 2016) and may be useful in reducing preoperative anxiety in dental
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surgery (Isik et al., 2017). However, another study found that binaural beat showed positive
effects on anxiety among anxious populations, but the difference was statistically insignificant
(Le Scouarnec et al., 2001).

Superimposed binaural beat is a new binaural beat technique in which additional
binaural beats are synthesised on the basis of frequency shifting of the sound waves from
each traditional Thai musical instrument, except for drum sounds (due to their extremely low
frequency), in addition to the original binaural beats created by the standard method of pure-
tone sine wave-frequency differentiation. It is expected that superimposed binaural beat’s
quality and efficiency will be better than that of traditional binaural beat. Currently, traditional
binaural beats are used to reduce anxiety in patients in clinical trials, but none of these trials
have employed superimposed binaural beats.

This study aimed to investigate the effects of superimposed binaural beats on reducing
anxiety among university students and to compare the effects of superimposed binaural beat
to the effects of music listening and relaxation treatment.

METHODS

Participants for anxiety assessment

The data collection of this research was conducted with a sample of 1,245 from among
6,480 university students based on stratification of faculty and academic year over a 4-week
period from October to November 2016. The prevalence of acute anxiety was determined
among 1,245 health-science students using the State-Trait Anxiety Inventory (STAI) form Y-I
(state anxiety) with a cut-off score of 40 or higher (Kennedy et al., 2001). After drawing lots,
a random sequence of numbers was computer generated and used in each stratum of simple
random sampling. Overall, 539 of 1,245 students had anxiety scores of 40 or higher (eligible
for the randomised control trial (RCT)).

Participants for the RCT

No student had a history of epilepsy, severe heart disease, or depressive symptoms
(which were the exclusion criteria applied before sampling for the RCT) and 134 of 539
students were randomly selected (a random sequence of numbers was computer generated)
to participate in the double-blind RCT (neither the researcher nor the participants knew what
treatment was received). According to block randomisation, the participants were assigned
to one of three of the following treatment groups: superimposed binaural beat (45 students),
music listening (45 students), and blank audio (44 students). All three groups received general
relaxation treatment, which involved resting while sitting in a comfortable chair in a room at a
pleasant temperature and wearing stereo headphones; {his treatment is basic therapy received
by everyone and prevents confounders. :

The superimposed binaural beat, music listening, and control groups listened to Thfu
Lanna music with superimposed binaural beat tones (with 10 Hz difference), Thai Lanna n}usnc
without superimposed binaural beat, and blank audio, respectively. They received 20Tm1r.1ute
daily treatments for 5 consecutive days. The participants were excluded if any complications
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arose, including anxiety events or other treatments. Anxiety levels were measured by the self-
administered STAI Form-Y (STAI-S) before and after treatment. The STAI-S is a 20-item self-
reported measure of state or current anxiety; all items were rated on a 4-point scale. Internal
consistency coefficients for the scale range from 0.86 to 0.95; test-retest reliability coefficients
range from 0.65 to 0.75 over a 2-month interval (Spielberger et al., 1983; Julian, 201 1). The
researchers prevented the interference of time-dependent confounders (alcohol use, receipt of
other treatments, and use of anti-anxiety medication) and major confounders (physical illness
or tragic events causing anxiety) by notifying all participants at the recruitment stage and
monitoring using a daily questionnaire.

Superimposed binaural beat Creation

The superimposed binaural beat innovation in the present study used Thai Lanna
music, which is familiar to students in northern Thailand. Additional binaural beats were
synthesised on the basis of frequency shifting of the sound waves from each traditional Thai
musical instrument, except the drum sounds (due to their extremely low frequency), apart
from the original binaural beat, which was created by the standard method of pure-tone sine
wave frequency differentiation via a self-hypnosis and relaxation machine (SHARM, Cyber
Team Ltd., USA) (Version 2.4). The continuous sounds, namely, strings and organs, were also
arranged to be inserted into all songs in order to render continuous the frequency difference
between the ears with the least interruption between the songs. All eligible tracks of each
musical instrument were set to produce 10-Hz differences between one ear with a lower
carrier frequency and the other with a higher carrier frequency. The therapeutic frequency of
10 Hz was sustained for at least 20 minutes to ensure sufficient time to entrain the brainwaves
at the alpha level (Chiang Mai University copyright on the synthesis of superimposed binaural
beats).

Statistical analysis

Descriptive analysis included frequency, percentage and mean. Univariate analysis
included Fisher’s exact test and the chi-squared and and Kruskal-Wallis tests, depending on
the data distribution. A P-value of below 0.05 was considered statistically significant. Data
management and analyses were performed by using Epi Info for Windows (Version 3.5.4;
Centers for Disease Control and Prevention, Atlanta, GA) and STATA version 11 (Statacorp

LP. College Station, TX).

Ethical consideration

All methods were carried out in accordance with relevant guidelines and regulations.
All experimental protocols were approved by the Ethics Committee of the Faculty of
Medicine, Chiang Mai University, and cooperation was received in collecting information
from the School of Health Science, University of Phayao, (Study Code: COM-2559-03951/
Research ID: 3951 Ethics Approval Number 3 19/2016). Informed consent was obtained from

- all participants.
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RESULTS

Baseline characteristics

One hundred and thirty-four students with anxiety were enrolled in the study. The
participants were subsequently assigned to the superimposed binaural beat, music listening,
and control groups with 45, 45, and 44 students with anxiety in each group, respectively.
Most participants were first-year female students (Table 1). The participants were comparable
in terms of demographic characteristics (Table 1). The median trait anxiety scores of the
superimposed binaural beat, music listening, and control groups were 43.00 (range: 34.00 to
69.00), 43.00 (range: 35.00 to 62.00), and 43.50 (range: 32.00 to 64.00), respectively.

Table 1. Baseline characteristics of the participants by treatment group.

Group*
Variables SBB ML Control
n =45 n=45 n=44
Sex n (%)
Male 6(13.33) 6(13.33) 8 (18.18)
Female 39 (86.67) 39 (86.67) 36 (81.82)
Year
1 17 (37.78) 21 (46.67) 18 (40.91)
2 15 (33.33) 11 (24.44) 10 (22.73)
3 12 (26.67) 12 (26.67) 16 (36.36)
4 1(2.22) 1(2.22) 0 (0.00)
Faculty n (%)
Medical 27 (60.00) 26 (57.77) 26 (59.09)
Pharmaceutical 2 (4.44) 3(6.67) 4 (9.09)
Nursing 4(8.89) 4(8.89) 3 (6.82)
Medical Science 2 (4.44) 3 (6.67) 3(6.82)
Allied Health Science 10 (22.23) 9 (20.00) 8 (18.18)

Note: SBB = Superimposed Binaural Beat; ML = Busic Listening; Control = Blank audio.

Effects of treatment on anxiety levels
During the treatment period, there were no reports of alcohol use, receipt of other

treatments or anti-anxiety medication, physical illness, or tragic events. The median difference
in the STAI-S score between after and before treatments of the superimposed binaural beat,
music listening, and control groups was -20.00, -16.00, and -15.00, respectively. When
comparing the median differences among the groups, the superimposed binaural beat group
versus the control group and the superimposed binaural beat group versus the music listening
group had statistically significantly different scores (Table 2).
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Table 2. Anxiety levels among participants by treatment group.

Different STAI-S scores*

Groups e FREE) P-value

SBB -20.00 (-3.00 to -40.00) SBB versus ML: 0.02**
ML -16.00 (1.00 to -32.00) ML versus Control: 0.81
Control -15.00 (0 t0-50.00) Control versus SBB: 0.04**

Note: SBB = Superimposed Binaural Beat; ML = Music Listening; Control = Blank audio; * Different median
STAI-S pre- and post-test scores; ** Statistically significant difference using Kruskal-Walis test.

Ancxiety level rates reached by treatments

The students were considered to have acute anxiety when their anxiety scores were
40 points or higher. Thus, the participants who had anxiety scores lower than 40 points
after treatment were considered as normal. All participants (100.00%) in the superimposed
binaural beat group, 43 participants (95.56%) in the music listening group, and 37 participants
(84.09%) in the control group experienced reduced anxiety at the end of the 5-day treatment
period, (see Table 3).

Table 3. Comparison of anxiety normal rates after completed treatment in the SBB, ML, and
control Groups.

Groups n Normal P-value*
n (%)

SBB 45 45 (100.00) 0.045

ML 45 43 (95.56)

Control 44 37 (84.09)

Note: SBB = Superimposed Binaural Beat; ML = Music Listening; Control = Blank audio; * Statistical
significance by Kruskal-Wallis test.

DISCUSSION

Binaural beat has been used to reduce anxiety levels in numerous studies (Padmanabhan
et al., 2005; Weiland et al., 2011; Wiwatwongwana et al., 2016; Tsik et al., 2017), yielding
both effective and ineffective results (Le Scouarnec et al., 2001). No previous study has used
binaural beat with music by shifting the frequency of the sound of each instrument, using a 10-
Hz difference between the left and right spectrums with pure binaural beat tones on one track.
In the present study, combining the additional superimposed binaural beat innovation with
the original binaural beat was expected to enhance the power of brainwave entrainment in
participants who listened to this music continuously. The results revealed that all participants
in the superimposed binaural beat group experienced reduced anxiety, whereas fewer
participants improved in the other two groups. The STAI-S scores decreased dramatically in
the superimposed binaural beat group (median -20.00), and the difference was statistically
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significant compared to the control group scores. At the same time, the difference in STAI-S
scores between the music listening and the control groups was not statistically significant. The
reasons proposed for the effects of music listening include music composition passing into the
nervous system, neurotransmitters and limbic system resulting in both physical and emotional
changes (Weiland et al., 2011) including parasympathetic nervous-system activation such as
slowing the heart rate, dilating blood vessels, and lowering blood pressure (Wahbeh, et al.,
2007). The alpha wavelength reflects the relaxation state.

Original binaural beat produced by the machine mentioned in previous study, was
also used in this study to investigate the anxiolytic effects of binaural beat among patients
undergoing cataract operations. The patients in the music listening and binaural beat groups
showed significantly lower STAI-S scores compared with the control group. However, the
difference between the music listening and superimposed binaural beat groups was statistically
insignificant. The mean STAI-S score of the music listening group was -7.00 and that of the
superimposed binaural beat group was -9.00 (Wiwatwongwana et al., 2016). Although the
findings of the present study indicated that the superimposed binaural beat group showed higher
different scores was believed to enhance the power of brainwave entrainment. There are some
studies used superimposed binaural beat to reduce anxiety in some patients (Padmanabhan
et al., 2005; Wiwatwongwana et al., 2016). However there is no study in university student
before, the result of this study will be useful for decreasing anxiety in students population.

The limitation of this study might be that the study explored anxiety among a subgroup
of students studying in the field of health science with high anxiety. Therefore, it may not
be appropriate to generalise the findings to other populations. The advantages of this study
were the research design, large sample size, and double-blind methodology. The study was an
RCT with time-dependent confounder control to provide immediate interventions in the least
amount of time for effectively reducing anxiety levels. Thus, we contest that these dependent
confounders had no effect on the anxiety levels. The participants were selected by simple
random sampling to ensure highly homogenous characteristics. The RCT was double-blind to
prevent selection and information biases. The major confounding variables were monitored
daily during the study period. It is believed that the results of the experiments were due to the
power of the superimposed binaural beat.

The findings of this study are potentially useful for policymakers and for developing
interventions aimed at reducing anxiety in university students by tailoring the methodology to
an adolescent context. Superimposed binaural beat-based interventions may reduce anxiety-
relief medication use, as well as the cost and side effects of medical treatment. This type of
intervention can also be conducted in large numbers of target groups in settings with few
student-affair officers, as is the case in nearly all universities in developing countries. It
is worth exploring the possibility of using superimposed binaural beat paradigms in other
population groups.

In conclusion, the findings of this double-blind RCT illustrate that superimposed
binaural beat-based interventions may reduce anxiety in university students more effectively
than the music listening and general-relaxation methods. These findings will potentially
contribute to inexpensive and safe treatment options to address high demands in university

settings.
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