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Abstract: - In this age of distraction, achieving focus is a very difficult task. Yet focus in an important prerequisite
before we begin any learning process. When brain focuses, brain changes its state from beta dominant frequency state
to theta dominant frequency state. One can achieve focus state by practicing meditation. However, meditation training
takes a lot of time and effort. Mindec™ developed Teknologi Minda Pintar™ binaural beat audiophone to help one’s
brain achieving theta state quicker. In this paper, we showed how effective the brainwave changes from twenty five
subjects under 30 minutes exposure to Teknologi Minda Pintar™ audiophone. Brain EEG analysis is focused on
parietal and prefrontal cortex which are vital in learning process. We employed Event Related Synchronization (ERS)
method to get the index of the brainwave response to the binaural beat stimuli. The results showed that brainwave
frequency shifted toward the Theta state, with the most statistically significant entrainment detected on lead Pz.
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1. Introduction One of the early study of binaural beat on

Binaural beat is brain entrainment technique of playing ~ PSychological effect is conducted by Atwater [4]. He
slightly different tone to each ear. One ear will be found that binaural beat can be used for both relaxation
exposed to certain frequency and another ear will be  and stimulation, depending on the frequency used. Later
exposed to another frequency that differs from the first ~ Studies by Atwater have found that frequency following

frequency by 1-10 Hz. The brainstem will perceive the  Fesponse did occur to 7 Hz (theta) binaural beat [S].
frequency difference as the “third” beat [1]. Low Some res_earchers also repqrted increase in theta band
frequency tone gives better result for binaural beat ~ POWer using binaural beat stimulation [6, 7, 8].

effect. The best frequency to be used is 400 Hz with A study conducted by Lavallee et al concluded that
maximum frequency difference of 35 Hz [2]. To induce experienced meditators displayed more theta power. This
specific brainwave patterns, the tone difference of the ~ Means that the experienced meditators have developed
specified brainwave is used. For example, to induce  t€Chniques to counter hindering environmental stimuli
brain into alpha state,the frequency used is 400 and 410  [9]- Sara et al reported that meditation is associated with
Hz. To induce theta state of 6 Hz brainwave. one needs  structural changes in areas of brain that are important fot

to present frequency of 400 Hz to one ear and 406 Hz to ~ SENsory, cognitive, and emotional processing. She also
the other ear. suggested that meditation deccelerates age-related

Brain shows activities in wide band of frequency. decline in cortical structure [10]. Therefore, stimulation

However, the majority of the brain power lies in specific ~ atempt in theta brainwave, which helps intensify
frequency band. Brain state changes when the frequency ~ Meditation practice, is very important in learning.
dominant power also changes. Nowadays, the most I\/!ll_ler shows t_hat prefrontal cortex is very V|tgl in
widely researched brainwave and its various cognitive processing [11]. Prefrontal Cortex exhibits
psychological effects are: alpha (8-12 Hz), beta (12-30 several important role in cognitive control: sustained
Hz), theta (4-8 Hz), and delta (2-4 Hz) [3]. activity, multimodal convergence & integration,

feedback pathways, and ongoing plasticity. Another
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research by Sakai et al hints that both frontal and parietal
cortex are involved in visual motoric sequence learning
[12]. Bueti and Walsh pointed that parietal cortex is vital

This paper aims to investigate the effect of theta
binaural beat on prefrontal and parietal cortex EEG.
Entrainment effect in those two area will represent the
key for enhancing learning process. Main method used is
long range binaural beat entrainment followed by Event
Rate Synchronization (ERS) analysis. We hypothesized
that entrainment will occur as shown by decreased ERS
with theta music compared to without theta music
exposure.

2. Material and Method

2.1 Subjects

Twenty-Five UTM students were taken randomly as test
subjects. The students are comprised of master and PhD
students, with age range of 25-35 years old. All subjects
are healthy and non-smoker. They consume no alcohol
before the test. According to stress questionaire, they are
all in good mental condition.

2.2 Devices
The device used is Neuroconn™ Neuro Prax EEG.
Recording were done using 32 electrodes in 10-20
system. The EEG device specification is presented in
table 1 [14].

Table 1. EEG Device Specification

Application Bandwidth (Hz)
Channel 32 full-band DC
Input Impedance >10 GQ
Resolution 24 bit

Sampling Rate 32 to 4096 sample / seconds
0 to 1200 Hz @ 4096Hz

Sampling Rate

Frequency Range

2.3 Experiment

Before the experiment, subjects fill the stress
guestionaire to make sure they are in good mental
conditions. Then they sit on a chair. The subjects are told
to be relaxed with eyes closed. They were instructed to
think about happy things. First EEG recording were
done with only eyes closed. Then the subjects wear the
Teknologi Minda Pintar™ headphone. The headphone
would give theta frequency binaural beat music at 7 Hz.
Five minutes later, EEG is again recorded. Next
recording were taken on 5 minutes interval until subjects
exposed to binaural beat for 30 minutes. Now the
headphone is worn off, but subjects still sit with eyes
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in the representation of time, space, number, and other
magnitudes [13].

closed. Five minutes later, final EEG recording was
taken. Each EEG recording last for 30 seconds. The EEG
recording can be divided into three phases: before
exposure, exposure, after exposure. The control data is
taken for the five subjects with all the same process
above but without the subject using Teknologi Minda
Pintar™ audiophone. All date are saved in .eeg format

and then pre-processed wusing software from
Neuroconn™.

3. EEG Signal Processing

Signal preprocessing is done with Neuroconn™

software. First, signal artefacts are removed. Then
frequency transformation is applied to the signal. For
each electrode, we calculate the power in important EEG
bandwidth: delta, theta, alpha, and beta.

Next step of signal processing is done in Microsoft
Excel. For parietal and prefrontal cortex, EEG signal of
the five subjects were averaged. For each electrode, we
got the theta frequency mean and standard deviation of
five subjects” ERS. All ERS data then plotted over time
to see the trend visually. The mean then compared with
the control data, which represents the brainwave change
without music. The statistical test is used to check
whether te change induced by the Teknologi Minda
Pintar™ audiophone is statistically significant or not.

3.1 Event Rate Synchronization
One of emerging technique in EEG event analysis is
Event Related Synchronization (ERS), introduced by
Pfurtscheller [15]. ERS method calculate the rise or fall
of EEG power in specific band compared to baseline
power. Negative value in a lead means activation of the
brain area under that lead. Lower power also
corresponds to wider activation of brain cortex. Lopes da
Silva demonstrated that increasing number of coherently
activated neurons increase the amplitude of oscillations
but decrease the peak frequency [16]. Using ERS
method, activation in cortical area is characterized by
negative ERS or Event Rate Desynchronization (ERD).
ERS calculation goes by simple formula below,
where A is the EEG power in the Activity period (for
example while the brain is entrained using theta music)
and R is the EEG power in the Reference period.

ERS = x 100%

In this experiment data, the EEG recording in first 30
seconds of the experiment is chosen as reference value.
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3.2 Welch’s T-test

The statistical test used in this experiment is Welch’s t-
test [17]. Welch’s t-test is used when the two population
variances are not assumed to be equal. The t statistic is
calculated as follow.

X1 —X
t =
SX1-X7
Where
st | 3
T

And the degree of freedom (d.f.) calculation is
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Where s is standard deviation, X is mean, and n is
number of samples.

d.f.=

4, Results
4.1. ERS over time graph for prefrontal and
parietal leads in theta frequency
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Fig.1. Graph of EEG ERS from lead Fpl (above:
without music, below: with music)
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Fig. 2. Graph of EEG ERS from lead Fp2 (above:
without music, below: with music)
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Fig. 3. Graph of EEG ERS from lead Pz (above:

without music, below: with music)
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P3 Without music
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Fig. 4. Graph of EEG ERS from lead P3 (above:
without music, below: with music)
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Fig.5. Graph of EEG ERS from lead P4 (above:
without music, below: with music)

Using visual inspection, the entrainment effect is
very visible in lead FP1 and FP2. The ERS tends to
decrease and reaches its minimum peak in data 4 (min
20) of entrainment. Furthermore, the standard
deviation also becoming narrow, which mean brain
activities of all subjects converges in one EEG pattern.

From visual inspection alone, the entrainment
effect is also visible in lead P3 and P4, while in lead
Pz the subjects ERS is lower without music. In lead
P4, the entrainment effect is very significant. In data 4
(min 20) of entrainment the standard deviation
decreases very much, indicating that the subjects ERS
converges.
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4.2 T-test for each lead ERS theta power with
and without music

Table 2. One Tail T-Test for Theta Frequency ERS in
Prefrontal and Parietal Leads Over Time (* = marginally
significant, **= Statistically significant)

LEAD | 5 10 15 20 25 30 35
FP1 | ~* - - * - - -
FP2 | - - - * - - -
PZ *% _ *% * *% . _
P3 - - - - - - -
P4 - - - - - - -

In each box t-test is calculated for 25 subjects’ ERS
without and with music entrainment. From this data,
we see that statistically significant result is showed by
lead Pz. Entrainment effect occurs most significantly
on minute 20 of the training. The reason all other leads
dn’t give statistically significant result is the initial
data is too random. Although visually we can see the
entrainment effect by the narrowing of the standard
deviation, the random initial data makes the statistical
test fail to show significant results.

5. Discussion

Entrainment Effect is marked in decrease of ERS
signal. Decrease in power EEG signal means activated
cortical area and higher brain activities [15]. Visually,
all parietal and prefrontal lead showed decrease in
ERS signal, except lead Pz. However, in T-test Pz is
shown to have statistically significant changes.
Therefore, we conclude that theta binaural beat
entrainment is effective for all the lead. The most
entrained brain area is that under lead Pz in parietal
thinking region.

Further research shall increase the number of
participants to get more statistically established data.
Another research may be directed in investigation in
another frequency bands or another leads. Gender
analysis also need to be researched, as psychologists
usually differentiate mental response between men and
women subjects.

References:

[11 Oster G, “Auditory Beats in the Brain,” Journal of
Scientific American 229: 94-102, 1973.

(21 Khrishnan A, Xu Y, Gandour JT, Cariani PA,
“Human  Frequency  Following  Response:
Representation of Pitch Contours in Chinese
Tones,” Journal of Hearing and Sensation 189: 1-
12, 2004.




(3]

[4]

(5]

(6]

[7]

(8]

[]

Recent Advances on Biomedical Sciences

Niedermeyer E & Lopes Da Silva FH, editors,
“Electroencephalography: basic principles, clinical
applications and related fields 4™ ed,” Baltimore,
MD: William and Wilkins, 1998.

Atwater FH, “Inducing Altered States of
Consciousness with Binaural Beat Technology,”
Proceedings of the 8" International Symposium on
New Science: 11-15, 1997.

Atwater FH, “Binaural Beats and the Frequency-
Following Response: A Pilot Study,” Unpublished
Manuscript, 1996.

Brady B & Stevens L, “Binaural-beat Induced
Theta EEG Activity and Hypnotic Susceptibility:
Contradictory Results and Technical
Considerations,” American Journal of Clinical
Hypnosis 45: 295-309, 2000.

Karino S et al, “Neuromagnetic Responses to
Binaural Beat in Human Cerebral Cortex,” Journal
of Neurophysiology 96: 1927-1938, 2006.
Schwarz DWF & Taylor P, “Human Auditory
Steady State Responses To Binaural and Monaural
Beats,” Jornal of Clinical Neurphysiology 116:
658-668, 2005.

Christina F. Lavallee, Stanley A. Koren, and
Michael ~A.  Persinger, “A  Quantitative
Electroencephalographic Study of Meditation and

ISBN: 978-1-61804-334-4

129

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

Binaural Beat Entrainment,” The Journal of
Alternative and Complementary Medicine, 17(4):
351-355, April 2011.

Sara et al, “Meditation Experience is Associated
with Increased Cortical Thickness,” Neuroreport
16(17) : 1893-1897, Nov 2005.

Miller EK & Cohen JD, “An Integrative Theory of
Prefrontal Cortex Function,” Annual Review of
Neuroscience, Feb 2001.

Katsuyuki Sakai et al, “Transition of Brain
Activation from Frontal to Parietal Areas in
Visuomotor Sequence Learning,” Journal of
Neurosciences 18(5): 1827-1840, 1998.

Bueti D & Walsh V, “The Parietal Cortex and The
Representation of Time, Space, Number, and
Other Magnitudes,” Philosophical Transactions of
The Royal British Society 364: 1831-1840, 2009.
Neuro Prax EEG Brochure, Neuroconn™, 2007

G Pfurtscheller, “Functional Brain Imaging Based
on ERD/ERS,” Journal of Vision Research 41:
1257-1260, 2001

Lopes da Silva FH, “Dynamics of EEGs as Signals
of Neuronal Populations: Models and Theoretical
Considerations.” Book chapter in [3], 1998.
https://en.wikipedia.org/wiki/Student%27s_t-test.
Accessed 20/8/15. 15:15 pm China Time.



https://en.wikipedia.org/wiki/Student%27s_t-test



