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Listening to auditory stimuli during study can give positive and negative influence on
human cognitive processing. Thus, it has attracted researchers to conduct studies using
various types of auditory stimuli. Some researchers believe that Mozart music and white
noise are able to give positive influence on cognitive performance. However, most of the
past studies gave more attention towards spatial task. Very little studies have been made
on the effect of Mozart music and white noise towards memorizing task. Besides, the effect
of these auditory stimuli on task difficulty has also not been studied deeply. Hence, the aims
of this study were to investigate the effect of Mozart music and white noise on memory
performance with different task difficulty levels; and to propose an effective background
stimuli condition for memorization. Experiments have been conducted involving 60 healthy
adults that required them to memorize the visual memory task with two difficulty levels, i.e.
easy and difficult. Brain signal was recorded during memorization duration using 10-20
electrode placement system of electroencephalography (EEG) machine. EEG is a
neurological test for measuring and recording the electrical activity of the brain. The effect
of sound stimuli on memory performance was evaluated based on memorization test score
and brain activity. The wavelet approach was used in processing the EEG data. Based on
the memorizing test score result, the subjects are able to memorize better when listening to
white noise compared to Mozart music at different difficulty levels. Listening to auditory
stimuli can influence the electroencephalography pattern and brain activity. The level of
sensory processing and attention increases when listening to white noise which cause the
increase of relative gamma (easy level: p-value = 0.005; difficult level: p-value = 0.007)
and beta power (easy level: p-value = 0.001; difficult level: p-value = 0.003). Thus, in this
study, it is found that listening to white noise is far more effective in memorizing process
compared to Mozart music.

1. Introduction

to auditory stimuli. Auditory stimuli can be defined as events and
things that evoke a specific functional reaction in a tissue or organ

This paper is an extension of work originally presented in 2016
IEEE EMBS Conference on Biomedical Engineering and Sciences
[1]. Listening to background music/sound during performing
cognitive tasks can improve the brain functions, develop creative
thinking, make people relaxed, relieve mental stress, and increase
work efficiency [2]. Working and studying in silence condition for
a long time make people easily to feel sleepy, bored, stress, and
lost attention. This condition may affect their performance in
solving the tasks. Hence, one of the alternatives to make people
enjoyable and effective during doing their activities is by listening
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i.e., the sound that affects our auditory sensations. The auditory
stimuli are stimulated when sound cause pressure changes in air or
other elastic medium. Usually, the loudness of sound is measured
in decibels and travel to the ears as waves. Human ears can detect
any sounds within the range of 20 to 20 000 Hz. Then, the detected
sounds are converted into neural impulses as a result from
transduction process. Deafness and hearing loss can occur if the
disruptions happen during transduction process. The sounds can be
categorized into many types either comes from man-made or
natural. The examples of sounds are birdsong, bell sounds, musical
sounds, water sounds, and nightlife sounds. Some of the sounds
have a beneficial influence on human emotion, psychology, and
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congenital. Thus, many research has been carried out to investigate
the effect of sound on human cognition either for children or adult
[2-5]. Besides, the development of the biomedical equipment
especially the brain modalities i.e. electroencephalography (EEG),
magnetic resonance imaging (MRI), computed tomography (CT),
magnetoencephalography (MEG), and positron emission
tomography (PET) have facilitated the study.

In this globalization era, an education plays the important role
for produce a better, independent, successful and knowledgeable
people. The knowledge are important and powerful part of human
life. Knowledge is an understanding, awareness or information that
has been obtained by study or experience by learning, discovering
or perceiving, and that is either in a person’s mind or possessed by
people [6]. Focusing on students life, every day they are learning
and expose too much of new knowledge, such as information,
facts, descriptions or skills. Examples of student learning activities
are memorized the formula, facts, structure of the design, reading,
and drawing. All of this requires them to have a better and good
memory in order to process the input information. As we know,
education system enforced the students to undergo the test, quiz,
and examination to identify and evaluate their level of the learning
process. The performance of the students in answering the task has
depended on their memory ability to interpret the information and
knowledge that they have learned and obtained before.

Attention on the student’s problem which is some of them is
able to recall the required information during the examination,
while, some of them are unable to retrieve what they had learned.
This situation has relation with their memory capacity to store the
information. One of the suspected factors that resulted in this
condition is due to wrong chose of study environment. Usually, the
students are interested to study in silent or listening to auditory
stimuli condition. Thus, this present study aims to help the students
by proposing an effective study environment especially for
memorizing purpose. The effective study environment is the
condition that can give the positive influence on student
performance. According to Soderlund et al., 2010 the human
cognitive performance can be influenced by the auditory stimuli
but depends on the human population, types of auditory stimuli and
cognitive task involved [7]. They had done a study to investigate
the effect of white noise on inattentive and attentive children when
performing episodic verbal free recall test. The test assessment was
done in two different conditions: (1) low noise: no noise, and (2)
high noise: 78 dB of white noise. Difference influence has been
found between these two children groups which are the
performance of inattentive children was improved when listened
to white noise but not for attentive children. Based on the
Soderlund et al., 2010 [7] findings, we are inspired to discover the
effect of environmental factors on memory performance for the
normal adult population. Knowing from the previous research that
the Mozart music and white noise are able to give the positive
influence on people’s performance, thus, it’s were chosen as
auditory stimuli in this present study.
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Mozart music is a popular auditory stimulus among the
researcher because of its highly structured organization which has
potential to excite the same cortical firing patterns that used for
cognitive processing [8]. It was considered as a highly structured
for three different reasons. First, its harmony has approximately 8-
bar phrases that separated by definitive cadence points which are
easy to distinguish the differences of each section. Besides, the
beats were divided equally at a constant tempo. The last reason is
it used various types of equipment or voices but often combined
into a single. Shaw et al., 1985 reported that the effect of music can
be represented by Trion Model [9]. This model suggests that the
music has the ability to alter the synaptic weights of neurons in
specific patterns due to Hebbian learning principles [8]. In this
principle, the brain regions that involve for learning process was
explained. They believe that when listening to Mozart music or any
music, the neuron firing becomes stronger and each time the new
information coming to the memories it’s able to process the
information actively and decrease the losing of information. White
noise can be recognized by ‘sh’ sound. Some of the researchers
reported that listening to it during performing the task able to give
a positive influence on cognitive processing [10]. The explanation
on how the white noise, improves the cognitive processing
represented by the stochastic resonance concept [7]. The simple
example to describe this concept is when the weak signal (e.g.
visual stimulus) enters the sensory memory it becomes detectable
when white noise is added to the signal [7]. The white noise was
interacting with the weak stimulus and pushing it or in simple
word, it gives motivation to people to give more attention to the
required task. Thus, their performance is increase. Stochastic
resonance improves the touch, auditory, and visual sensory. The
previous works showed that the white noise has improved the
human performance in the verbal task, arithmetic task and the
spatial task [11-12].

Generally, the human memory can be categorized into three
types that are the sensory memory, working memory/short-term
memory and long-term memory [13]. The information or stimuli
were caught-up by sensory responsiveness and will be stored either
in working memory or long-term memory. The human memory
easily to be disturbed by external and internal factors such as
interference, storage failure, environmental condition, task
difficulty, and emotional factors [13-14]. These factors can lead to
losing of information. Discovering the effect of sound on memory
performance is an interesting work, thus has attracted some
researchers to conduct the study [2, 15-16]. The different style of
music/sound gives different influence on memory performance as
reported by them. In Boyle and Colheart, and Fu and Kuan, study,
the subject required to memorize the task under three different
condition; no music, listening to gentle music and heavy music.
They had found that the gentle music able to give a positive
influence on memory performance compare to the others two
conditions. The study by Zhang et al. in 2009 was purposely to
investigate the effect of music familiarity on memorizing task
under different difficulty level [2]. Their study used visual working
memory task with two difficulty level (easy and difficult) with four
different types of background condition (no music, Chinese,
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English, and French). The memorizing test score result revealed
that the subject had better performance under no noise/silence
condition compare to the others. In this present study, the same
task assessment as Zhang et al., with some modification was used.
A visual memory task that consisted image and number is used in
order to avoid the effect of language on subject’s performance. The
number of items that need to remember is reduce from 15 to 10
items only. The memorizing task was involved in the experiment
because it is one of the techniques that used during the learning
process. This present study preferred to use Mozart music and
white noise as auditory background stimuli because limited of the
study had investigate its effect on memory performance.

2. Review on Past Studies

This section discuss on the past research that investigate the
effect of Mozart music and white noise on human psychology and
cognitive performance.

2.1. Mozart music

Mozart music was introduced by Wolfgang Amadeus Mozart
in 18 centuries. It is classified as a classical music that played using
pianos as the major instrument. Although this music was famous
long time ago among the musicians and public, it did not attract
the researchers until this 20th century. Rausher is the first person
who interested to conduct an experiment to investigate the effect
of Mozart music on spatial tasks [17]. They reported that listening
to Mozart music for 10 minutes had enhanced the spatial reasoning
skills. Due to that, many researchers had conducted the study to
prove the findings. However, it’s become a controversial issue
when some of the researchers unable to prove Rausher et al.,
findings [17-21]. Nevertheless, the others confirmed that there was
a significant difference was found in spatial-temporal
performance, such as in pencil-and-paper maze tasks and paper-
cutting and folding procedures compare to other environmental
condition [22-24]. Up to now, the study on the Mozart effect is still
being conducted by researchers as summarized in Table 1. Some
of the researchers used the Mozart music as background music for
solving or performing certain tasks, whereas some of them used
the music alone without any task. Background music can be
defined as a condition which the music is played while the
listener’s primary attention is focused on another task [12] White
noise.

Generally, when we talk about the noisy condition, people will
imagine the irritating, distracting and uncomfortable sound. The
past research has reported that noise attenuates performance on
cognitive tasks involving memory, reasoning, vigilance, decision
making and vigilance [34-37]. They examine the effect of noise on
cognitive performance by using a high volume of noise (85 dB and
above). According to Broadbent’s listening to the high volume
(above 90 dB) of noise can lead to over-arousal, which causes an
increase in stress level [34]. They claimed that listening to high-
intensity background noise can irritate, disturbs and attenuates
vigilance performance [34].

Smith et al., 2003, stated that the effect of noise on cognitive
performance is based on three major factors, which is the type of
noise, duration, and intensity (loudness) [38]. As an example,
when people listening to moderate intensity of white noise (55 dB)
during performing a task, there is only a small effect on
performance, however, when the moderate intensity of irrelevant
speech is used, it disrupted the person’s performance [35-36].
Generally, noise can be divided into several types such as ambient
noise, pink noise, and white noise. In this study, the white noise is
selected as auditory background stimuli for memorizing the task.
White noise can be defined as a sound that is artificially created by
combining all audible frequencies in equal amounts [40].
According to new research, listening to the ‘sh’ sound or white
noise consistently could boost the memory [41]. The changes in
midbrain activity are examined when the people listening to white
noise. This brain part is linked to the learning process and reward
pathways. Table 2 shows the past research that uses white noise as
stimuli.

The gap of knowledge from previous study and contribution of
the present study is focused on three major criteria that are:

(i) Selection of auditory background stimuli

Most of the study focused on either one of the sounds,
whether using the Mozart music or white noise on
experiment except study by Bottiroli et al. that has been
discussed before [12]. The intensity of white noise
selected in previous research mostly around 70 dB and
above. Based on Zhang et al., (2009), they state that the
volume greater than 70 dB will increase the heart rate,
blood pressure and cause other responses, thus, it does not
suitable to listen for a long duration at this intensity level.

Table 1: Past research of Mozart effect on human

Study | Condition and intensity level Task Analysis
[25] Silent and listen to Mozart, 60 dB Visual oddball EEG signal
[26] Listen to Mozart music and Brahms Hungarian, 60-70 dB Spatio-temporal rotation task EEG signal and test scores

[27] Silent and listen to Mozart music (played normally and reversely)

Attentional blink task Test scores

[28] Experiment 1: Silent and listening to Mozart
Experiment 2: Silent and Chromatic scales

Visual oddball EEG signal

[29] Silent and listen to Mozart music

Trigonometry tests Test scores

[30] Mozart music

Psychological stress test, tinnitus handicap | Test scores

inventory and visual analog scale

[31] Listening to Mozart music and Koto music, 55 dB

Science quiz Test scores and hedonicity of music

[32] Silent and listen to Mozart music, 60-70 dB - EEG signal

[32] Listen to Mozart (pre-music, during music, Post-music), 60-70 dB - EEG signal and heart rate
variability

[33] Silent, listening to Mozart music and Beethoven music - EEG signal
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Table 2: Past research of white noise effect on human

Study | Condition and intensity level Task Analysis
[42] Baseline, recorded ICU noise exposure, ICU noise - Measures of sleep architecture, total
and mixed-frequency white noise exposure numbers of arousals, arousal indices,
noise parameters and sleep quality
[43] Silent and listen to white noise Compound remote associates task, Hopkins verbal Test scores
learning test and Rey-Osterrieth complex figure test
[44] Listen to white noise, novel sound and high Pitch difference between the target and standard EEG signal
frequency tone stimuli (Easy and hard)
[45] Silent and listen to white noise Easy task: verbal task Test scores
Difficult task: self-performed mini tasks
[10] Experiment 1: Silent and listen to white noise Experiment 1: Dichotic listening Test scores
Experiment 2: Silent and listen to white noise at the | Experiment 2: Visuospatial working memory task
left, right and both ear sides
[7] Silent and listen to white noise Episodic verbal free recall test Test scores
[46] Silent, speech, white noise and Speech+white noise | Visuo-spatial working memory Test scores
[47] Silent and Listen to white noise (left side, right side | Verbal memory task and visuospatial working Test scores
and both sides) memory
[48] Silent, listen to continuous and short bursts of Oddball task Test scores
white noise
[ Listen to white noise Non-executive and executive function task Test scores

(i)

(ii1)

Contribution 1: The effectiveness between of Mozart
music and white noise on memory cognitive task are
investigated in this study. The sound intensity is control
at medium level (40 to 55 dB) which is safer for long-
term exposing to sound especially for study activity.

Type and difficulty of assessment task

Effect of listening to Mozart music and white noise on
task difficulty level (i.e. easy and difficult) does not
extremely discover by researchers. Furthermore, the
previous research mostly focused on the spatial task
ability compares to memorizing process.

Contribution 2: Different difficulty levels (i.e. easy and
difficult) of memory task are used in this present study.
Thus, the effect of sounds on subject’s performance can
be investigated either it gives same influence or not for
different difficulty level. The memory task is used instead
of spatial task because to help the student to find the
suitable sound to be listened during memorizing. As we
know, memorizing technique is always apply in the
study.

Measurement of memory performance

The effect of sound on memory performance mostly
based on cognitive test score. Less of research focused on
the effect of the brain activity. Besides, the relation
between the score results and activity of the brain was not
further discussed and explored.

Contribution 3: The findings of this study are discussed
based on two measurements that are memorizing score
result and pattern of EEG signal. The EEG machine was
used to record the electrical signal of the brain. The
activation of the brain rhythm during task-performing are
taken account for explaining on how it gives influence on
memory ability to store the input information.

WWwWw.astesj.com

3. Theoretical
3.1. Human Brain

Brain is one of the largest, unique and complex organ in the
human body that located in the head. The shape of the brain is like
a walnut and compose of blood vessels, glial cell and millions of
the neuron [49]. It is protected by the cranial bones and the cranial
meninges. The weight of the adult brain is approximately three
pounds or about 2% of total human’s body weight [49]. It is
responsible for processing the information, control our behavior,
the seat of intelligence and initiator body movement. When
receiving input information from the sensory organ, the brain will
process the information and then sends the output to muscle. The
five sensory responsiveness (touch, smell, visual, auditory, and
taste) catch up the stimuli from surrounding and send to the brain
to be interpreted before sending to the body for action. The brain
can be divided into four main regions that are cerebrum,
diencephalon, cerebellum, and brainstem [50]. Each of the regions
plays their own roles. The cerebellum can be found behind and
below the cerebrum. It is attached to the brain stem. It is
responsible for controls motor functions, maintain the body in
balance state and interpret the input information from sensory
organs [50].

The brain stem is important for basic vital life functions such
as controlling and regulation of respiration, cranial nerves, blood
pressure, heart rate, breathing, and consciousness in the human
body [49]. Besides that, it also functions as a pathway for relaying
the information between the brain and the body. It consists of three
smaller areas; midbrain, medulla oblongata, and pons. It connects
the brain to the spinal cord. Small damage in brain stem areas can
cause death. The diencephalon can be found inside the cerebrum.
It consists of the thalamus and hypothalamus. It is responsible for
maintaining homeostatic balance, sleep cycle, and controlling the
motor activities, memories, and arousal. Other than that, it also acts
as a relay station for sensory impulses that reach the cerebral
cortex, which coming from the brainstem, spinal cord and parts of
the cerebral hemisphere. Lastly, the largest region of the brain is
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cerebrum or cerebral hemispheres that make up 85 % of human
brain weight [49]. The cerebrum separated into the left and right
hemisphere by longitudinal fissure. It can be divided into four
lobes that are frontal, parietal, temporal and occipital. Each of the
lobes represents their own roles. Table 3 describes the function of
each brain lobe.

Table 3: Brain lobe functions [49]

Region Descriptions

Frontal Controls voluntary muscular functions, aggression, moods,
motivation and smell reception

Parietal Evaluate sensory information of pain, touch, taste, temperature
and balance

Temporal | Center for abstract thoughts and judgment decisions, involve in
memory processes and evaluates hearing input and smell

Occipital | Receiving and interpreting visual input

In this present study, the cerebral region is interested in
evaluating the effect of mental task and sound stimuli on it. The
study of the brain has started a long time ago among the scientist
and philosophers in order to know deeply how does it work, factors
affecting and it functions. Due to the lack of advance and modern
modalities/equipment had limited the research. In 19 to 20
centuries, the brain imaging modalities are started introducing by
scientists. Thus, it attracts many researchers to conduct the study
of the brain.

3.2. Electroencephalography

Electroencephalography has been introduced by Hans Berger
in 1920. The scientist believes that human brain generates
electrical signal starting between the 17th and 23rd week of
prenatal development and throughout life [51]. When the central
nervous system is complete and functional there are approximately
10'! neurons developing at birth. This assumption has motivated
the researchers to apply various type of brain modality in order to
know deeply about the brain. Electroencephalography recorded the
brain activities by reading the signal that picks up using metal
electrode and conductive gel of the scalp. The electrical potential
(EEG signal) is generated by the nerve cell of the brain in the
cerebral cortex region.

The EEG comes from a combination of three words, which is
electro (referring to the registration of brain electrical activity),
encephalon (referring to emitting of signals from head) and
gram/graphy (referring to writing or drawing) [51]. In research
works, the electroencephalography is widely used by researchers
compare to other brain modalities due to its ability to record the
signal in a short time (milliseconds), low cost, non-invasive
technique, not harmless and painful to research subjects.

4. Experimental

The experiment has been conducted at the laboratory with
controlled temperature, lighting and auditory intensity level. All
equipment and materials such as Neurofax 9200 of EEG
acquisition machine, ECI electrode-cap, body harness, ear
electrodes, ECI electrode-gel, EEG electrode paste, blunted
needle, wet tissue, speaker, laptop, pen and answer sheets were
prepared and provided before the experiment started. When the
subject entered the laboratory room, they were asked to sit on the
chair and took a rested for 5 minutes. The instruction and flow of
the experiment was displayed on the laptop screen. Then, the
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subject was required to fill-up the consent form and survey
questionnaire. Subject was prepared with all the EEG equipment
and material for recording their brain signal. The simulation
program was started when the subject ready to take the experiment.
Subject need to undergo three different conditions while
memorizing the visual working memory task. The subjects were
divided equally into two groups to counterbalance the effect of
environmental condition on subject performance [2, 12, 26].
Groups 1 were memorized under silence, listened to Mozart music
and listened to white noise condition, whereas group 2 undergo
silence, listened to white noise and listened to Mozart music
condition. The sound intensity level was controlled at 40 to 55 dB
to reduce the effect of loudness on them [52]. Sixty healthy (40
females, 20 males) subjects from Universiti Teknologi Malaysia at
the age between 19 to 26 years old with no musical talents were
involved in this study. They were selected based on mini-mental
state examination (MMSE) to determine their mental conditions.
Only subjects that passed the MMSE test were undergo the
experiment. The flow of task require to be followed by subjects
were as stated below:

Condition 1: Silent

» Memorize easy level task for 2 minutes and brain signals
are record at this time.

Rest for 30 seconds.
Recall the task for 2 minutes.

Rest for 1 minutes.

YV V V V

Memorize difficult level task for 2 minutes and brain
signals are record at this time.

Y

Rest for 30 seconds.
» Recall the task for 2 minutes.

» Rest while look up the scenery pictures for 3 minutes
before proceed to next environmental condition.

Condition 2 and 3: Listen to auditory stimuli

» Same flows as condition 1 are used for condition 2 and 3
except during the memorizing time the subjects require to
listen to the auditory stimuli.

5. Data Processing and Analysis

The brain signals were recorded during the memorizing period
using EEG machine. The raw EEG signals were saved in ASCII
format before processed via Matlab software. Usually, the raw
EEG signals were composed of the noise signals that come from
the muscle movement (high-frequency noise) and eyes blinking
noise (low-frequency noise). Thus, the raw EEG signal needs to be
pre-processed for filter the unwanted signal. This present study
preferred to use the stationary wavelet transform (SWT) method to
remove the high frequency and low frequency of noise. The db3
mother wavelet with 5 decomposition level was chosen to remove
the high-frequency noise and low-frequency noise from EEG
signals [53-55]. Before filtered the noises, there were 10 out of 20
EEG channels was selected to determine the effect of auditory
stimuli on visual memory. The selected channels were frontal: Fp1,
Fz, F8; temporal: T3, T4, TS, T6; parietal: Pz and occipital: O1;
0O2. The clean EEG signals were process again using db4 mother
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wavelet with 7 decomposition level of discrete wavelet transform
(DWT) method for obtained alpha, beta, theta, and gamma rhythm.
The relative power of each frequency band was calculated.

6. Result and Discussion

This part is discuss on the results obtain from the assessment
test and EEG pattern. The test scores are determine based on the
correct response that answer by the subject. Meanwhile, the EEG
features are extract using wavelet transform as mentioned earlier.
Statistical analysis of sign test and paired samples #-test are used to
determine the significant difference between control condition and
test condition. The results has been tabulated and graphed in the
following section.

6.1. Assessment test score

The answered from assessment test were only considered as
correct when the filled numbers on figure was same as those were
presented. The sign test with 0.05 of alpha (a) level was used to
compare the median differences of correct responded between
auditory stimuli condition relative to control condition. Two
hypothesis has been set as below:

Null hypothesis, Ho: p-value > a; the median value of test score
does not shows a significant different between the test condition
and control condition.

Alternative hypothesis, Hi: p-value < a; the median value of test
score shows a significant different between the test condition and
control condition.

According to Table 4 and Figure 1, the subjects were able to
memorize better when the white noise played for easy (mean:
8.561) and difficult (mean: 4.228) level of the task. A significant
difference have been found for median test score of white noise
(p-value: easy level = 0.009; difficult level = 0.01) relative to
control condition. Although listening to Mozart music also can
improve subject visual memory but it does not give bigger
influence on their test score when comparing with the control
condition, since no significant difference (p-value: easy level =
0.203; difficult level = 0.061) was found from the sign-test
analysis. Looking at these three conditions it revealed that the
subjects’ memory ability was improved when listening to auditory
stimuli compared to silence condition. This happened because of
the positive effect of auditory stimuli on subject’s mood, arousal,
attention and alertness level, and sensory input processing.
Bottiroli et al., 2014, has reported that listening to white noise and
Mozart music during performing the mental task will affect the
arousal (degree of physiological activation), mood (long lasting
emotions), and listener’s enjoyment which in turn influence the
memory performance [12].

Table 4: Mean and p-value of test score result

Easy Level Difficult Level
Condition Mean p-value Mean p-value
Control 7.281 2912
White Noise 8.561 0.009* 4228 0.010%*
Mozart Music 8.070 0.203 3.632 0.061
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Considering the effect of task difficulty level on subjects
performance, it showed that the increasing of items need to be
remember had degraded the ability to memorize. The easy level
of visual memory task gave better result compared to difficult task.
Subjects were able to memorize better in easy level compared to
the difficult level due to the number of items that need to be
remembered were different for each level. In easy levels, the
subjects were required to remember 2 digits number with pictures
only, but for difficult task, they need to memorize the pictures
with 4 digits number. In the control condition, the percentage
decreased of test score for easy level relative to difficult level was
about 60%. Meanwhile, 50.6% and 54.6% were found for white
noise and Mozart music. The higher percentage decreased was
showed by control condition compared to auditory stimuli
condition. From here, it indicated that the auditory stimuli were
also improved the memory performance when the difficulty level
was increased, especially the white noise.

6.2. Electroencephalography pattern

The frequency domain features were extracted from the EEG
signal to determine its characteristics when induced by auditory
stimuli during memorizing test. The paired samples #-test analysis
with a = 0.05 was used to identify the significant different of the
relative rhythm power of auditory stimuli condition relative to
control condition. Besides, the increasing and decreasing trend of
the relative rhythm power of auditory stimuli condition toward
control condition also discussed. The hypothesis of paired
samples #-test is set as below:

Null hypothesis, Ho: p-value > a; the mean value of relative
rhythm power does not shows a significant different between the
test condition and control condition.

Alternative hypothesis, Hi: p-value < a; the mean value of relative
rhythm power shows a significant different between the test
condition and control condition.

Relative gamma power

Gamma rhythm (< 30 Hz) is associated with the movement,
sensory processing or solving high mental task [51]. In this case
study, we are focused on the role of gamma rhythm in activating
sensory processing in order to fulfill the study objectives. Sensory
processing is an ability of the brain to receive and response to the
coming information from sense organ. The sense organs are
connected to the human brain via the peripheral nervous system
which allowing us to process the input information. Generally,
human have five dominant sense organs which are eyes, ears, nose,
tongue and skin that use for see, hear, smell, taste and touch. This
sense organs contain receptor that transport the input information
through the sensory neurons to the nervous system. The ability of
the brain in processing the input information can be observed
through the relative gamma power value.

Based on Table 5 and Table 6, the white noise (easy level:
67.522 and 65.925) had the highest relative gamma power with
significance difference of easy level: p-value = 0.005; and
difficult level: p-value = 0.007) compared to Mozart music and
control condition. However, the Mozart music also showed
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significant difference on relative gamma power for difficult task
(p-value: 0.003). The relative gamma power was increased for
auditory stimuli condition because of the brain need to process
information that caught up by the eyes and ears. When listening
to Mozart music and white noise, the brain is not only process the
upcoming information from the visual but also the auditory
stimuli. Different from control condition which is no sound is
provided, thus the brain only need to process the information from
the visual only. That is the reason why the control condition had
lower relative gamma power compared to auditory stimuli
conditions.

Next, comparing on difficulty level, it showed that the relative
gamma power of control and white noise condition was decreased
for difficult task relative to control condition. Meanwhile, the
Mozart music showed the highest relative gamma power for a
difficult task (64.282) compared to easy task (63.628). So, it
indicated that the increases of task difficulty level for Mozart
music condition will increase the sensory processing. But, for
control and white noise condition, the sensory processing was
decreased when the task difficulty level increased.

Relative beta power

Beta rhythm (13-30 Hz) is associated with the
attention/concentration level, active thinking, focus on the outside
world or solving concrete problems [51]. This study focused on
the  relative  beta  power for  determining  the
attention/concentration and active thinking level of subjects

=)

Mean of correct response
w N W o -

S}

Silence

Mozart Music

during memorizing. Based on Table 5, it shows that the relative
beta power was the highest in white noise condition for easy
(117.318) and difficult (121.218) level of the task. It means that
the subjects attention/concentration and active thinking level were
significant improved when listening to the white noise during
remembering the items as indicated in Table 6 by paired samples
t-test analysis relative to control condition (easy level: p-value =
0.001; difficult level: p-value = 0.003). However, the
attention/concentration and thinking level was significantly
improve for the easy level (p-value = 0.004) but not for the
difficult task (p-value = 0.141) when listening to Mozart music
relative to control condition. Among these conditions, the
findings showed that listening to Mozart music and white noise
able to increase the attention/concentration and thinking level
compared to silence condition.

The higher and good attention/concentration level plays an
important role when working memory task was involved [56]. In
this case study, the subject was only given 2 minutes to memorize
all the items, so they need to give full attention on the task in order
to memorize it. If they unable to focus on the task during the
memorizing time, they will have problem to retrieve back the
information later. That is why it is really important to have high
beta rhythm during the memorizing process for getting a good test
score result. As seen from the result that listening to auditory
stimuli makes the subject more attentive and concentrate on the
task compared to the silent condition.

OEasy Task

| Difficult Task

White Noise

Conditions

Figure 1: Graph of mean test score at silence, Mozart music and white noise condition

Table 5: Relative power of thythms for easy and difficult task at silence, listen to Mozart music and white noise condition

Easy Level Difficult Level
Silence Mozart music ‘White noise Silence Mozart music ‘White noise
Gamma 60.449 63.628 67.522 59.193 64.282 65.925
Beta 111.032 115.640 117.318 113.166 115.842 121.218
Alpha 165.469 167.464 166.372 168.520 169.526 165.092
Theta 225.215 222.400 224511 227.440 224.280 226.487
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Table 6: The p-value of paired sample t-test analysis for relative rhythm power
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of auditory stimuli condition relative to control condition

Easy level Difficult level
Mozart music | White noise | Mozart music | White noise
Gamma 0.124 0.005* 0.014* 0.007*
Beta 0.004* 0.001* 0.141 0.003*
Alpha 0.257 0.607 0.597 0.068
Theta 0.385 0.820 0.371 0.738

The relative beta power was higher for difficult task compared
to easy task for all conditions. The reason was due to subject
require giving more attention/concentration level during
memorizing the difficult task which will increase the relative beta
power. It can be concluded that the more items need to remember,
the more attention/concentration level was required.

Relative alpha and theta power

Alpha and theta rhythm associated with the human emotion,
mood and arousal state [51]. The frequency of 8-13 Hz (alpha
rhythm) represents the relaxed awareness without attention and
concentration level. Meanwhile the frequency of 13-30 Hz (beta
rhythm) represents the deep meditation, access to unconscious
material, and creative inspiration. According to the paired
samples #-test result in Table 6, there was no significant difference
found for relative alpha and theta conditions of auditory stimuli
condition relative to control condition. It showed that no
significant influence was found on alpha and theta rhythm when
listening to white noise and Mozart music. However, the relative
alpha power was the highest when in Mozart music condition for
easy level (167.464) and difficult level (169.526) of task
compared to others (see Table 5). Listening to Mozart music gave
a little influence on subject relaxation state but does not give
bigger impact on them since the relative alpha rhythm does not
have much difference relative to control condition. The relative
theta power showed highest value for control condition for all
levels. It means that a little influence was found on theta rhythm
roles but not too much when compared to auditory stimuli
conditions. From the findings, it revealed that listening to the
white noise and Mozart music during memorizing does not makes
the subject to feel stress and distract.

7. Conclusion

The Mozart music and white noise has different influence on
memory performance due to the different types of harmony and
beats of the auditory stimuli. White noise has approximately
constant harmony and beat, whereas Mozart music has slow, fast,
low and high of harmony and beat. Listening to the auditory
background stimuli during memorizing the task is able to increase
the attention, concentration and thinking level due to the activation
of the brain neuron when exposed to it. Before selecting the
auditory stimuli to be listened during the learning process, the
volume intensity level, type of auditory stimuli, duration, and type
of cognitive task should be considered to get positive influence on
memory performance. Therefore, in conclusion, this study
suggested that the student should listen to white noise at a
moderate intensity (40 to 55 dB) of volume during the memorizing
time. The limitation of the previous study has been overcome in
this present works in terms of types of task and selection of sound.
It has been found that the white noise is more effective to be
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listened, compared to Mozart music for memory and recall ability
of visual task. Therefore, the findings in this study same as the
expected outcome and set in the objectives of the study.

a) The auditory background stimuli and task difficulty give
different influence on the ability of subject in memorizing
the visual task and electroencephalography pattern.

b) The increases of relative gamma and relative beta power
has increase the level of attention, thinking, and sensory
processing. No significant influence was found for relative
alpha and theta rhythm for auditory stimuli condition
relative to control condition.

¢) White noise is effective to listen during memorizing visual
working memory task due to it able to improve the
memory performance.
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