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Abstract—The attentional processing of the human brain
during the discrimination of supra-segmental features of Thai
phonemes related to working memory was investigated. The
electroencephalographic activities of accumulative dose of alcohol
were investigated while the measurement of brain function of the
cognitive task of discrimination of supra-segmental features of
Thai phonemes. The cognitive effort caused changes by the
difficulty in discriminating supra-segmental features of Thai
phonemes were reflected in specific electroencephalographic
signals. A 14-channels electroencephalogram (EMOTIV Inc.,
USA) was used to record the electrical activities. The electrode
array was placed according to the international 10-20 system.
Both earlobes were used as references. Electroencephalographic
activities were recorded in two different periods; resting period
and cognitive task. In the cognitive task, the participants were
asked to perform the cognitive task in order to measure their
brain function of discrimination of supra-segmental features of
Thai phonemes. The SuperLab program were used to deliver all
stimuli to the participants. The result showed that there was a
neuronal population related to the working memory activating
strongly at the right medial temporal gyrus.

Keywords—Acohol;  Brain;  Electroencephalogrm (EEG);
Standardized Electromagnetic Tomography (sLORETA)

L INTRODUCTION

The consumption of alcohol is generally known to effect on
human brain function, cognition, and performance. It has been
focused on the research attention and memory. Alcoholics have
also reduced cortical grey and white matter volumes when
compared to light drinkers. It is generally accepted that both
white and grey matter damages in relation to functional
connectivity between distinct brain regions may be disturbed in
alcoholics. Generally, in the social situations, alcohol is usually
consumed in the cumulative fashion. That means most of
people consume a number of less potent drinks over of several

* Corresponding author: Assist. Prof. Phakkharawat Sittiprapaporn, Ph.D.,
Brain Science and Engineering Innovation Research Unit (BSEI), School of
Anti-Aging and Regenerative Medicine (AARM), Mae Fah Luang University,
Bangkok, Thailand; Email: wichian.sit@mfu.ac.th

978-1-5386-3552-0/18/$31.00 ©2018 IEEE

185

Roungsan Chaisricharoen

Brain Science and Engineering Innovation Research Unit
School of Information Technology
Mae Fah Luang University, Chiang Rai, Thailand
Email: roungsan.cha@mfu.ac.th

hours rather than drinking a single dose of alcohol in a period
of 10-20 min [1]. These drinking behaviors have been reported
in previous studies. These previous studies investigated the
effects of alcohol on speech perception under realistic social
drinking situation [1-2].

Theoretically, Event-related Potentials (ERPs) components
are known to monitor the detection of consciousness with
several features of sounds. These features include the physical
feature, the semantic feature, and the syntactic deviation,
respectively. The ERP recordings have been used in
investigating the insight of the neuronal events especially in
relation to the auditory change detection of the human brain
function. The probing the neural processes preceding the
involvement of the attentional mechanisms were done by the
ERP recording [3]. The present study investigated the attention
and memory process in the human brain while discriminating
the cognitive tasks composing of the supra-segmental features
of monosyllabic Thai words. In order to locate the multiple
non-dipolar ~ sources, the standardized low-resolution
electromagnetic tomography (SLORETA) calculation were also
applied.

II. MATERIALS AND METHODS

A. Participants:

The experiment was done with five participants, aged
between 32-47 years old. All participants were in good health.
No congenital illness, no record of brain surgery, not taking
medicines or drugs that affect to nervous system were
personally reported. All participants were reported that they
regularly alcoholic drinker. The left handedness was set as the
exclusion criteria. Moreover, other criteria include history of
medical and neurologic diseases, psychiatric disorders, head
trauma or assumption of central nervous system active drugs
in the two weeks prior to study entry were strictly controlled.
However, if we found the presence of EEG abnormalities at
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the baseline recording occurring during the measurement, the
participants were excluded. Finally, the experimenter
explained the purposes of the present study as well as other
details before providing the informed consent to participants
to sign in. The written consents were collected from all
participants before participating in the study. The informed
consents were managed regarding the regulation of Helsinki
declaration.

B. Procedures:

Electroencephalographic  activities
accumulative does of alcohol was investigated with
participants who personally reported as accumulative
alcoholic drinkers. Four pairs of physically different supra-
segmental features of monosyllabic Thai words were included
in the cognitive task in which all participants kept doing. The
cognitive task of two blocks, 50 trails per block, were
randomly order to the participants to complete.

effected by the

C. Electroencephalographic recording:

The 14 channels EEG using EMOTIV system (EMOTIV,
Inc., USA) was used to record the electrical activities in the
human brain. Regarding to the international 10-20 system of
electrode placement, the electrode array was placed on the
participants’ heads. Both earlobes were used as the references.
The bandpass filtered was set at 0.05-100Hz. They were also
digitized at the 1,000 Hz in order to process the EEG signals.
The average frequency domains were obtained from those
presented stimuli. EEG activity was recorded during the
measurement of accumulative alcohol drinkers’ brain function
in the different supra-segmental features of monosyllabic Thai
words  discrimination.  SuperLab  software  (Cedrus
Corporation, San Pedro, USA) was used to deliver all stimuli
to the participants during the experiment (see Table 1.)

Table I. The discrimination of stimuli presented by the stimulus presentation

Stimuli Supra-Segmental Features of Monosyllabic Thai Words
oft ot same short vowel, different pitch
oot oo® same long vowel, different pitch

Remak : O represents short vowel; oo represents long vowel; o' represents
short vowel with high pitch; o* represents short vowel with low pitch; oo
represents long vowel with low pitch; oo® represents long vowel with rising
pitch.

D. Computation of power spectra:

sLORETA imaging program [11] was used to analyze and
display the three-dimensional distribution of the cortical
generators of all participants’ brain. According to Pascual-
Marqui et al. [11], sSLORETA calculates the current source
density distribution in the human brain. These current source
density distributions contribute to the electrical scalp field at
each of 2395 voxels in the gray matter and the hippocampus.
These references brains are adopted from the MNI 305, Brain
Imaging Centre, Montreal Neurological Institute. Importantly,
the sLORETA calculated the three-dimensional source
generator of the electrical activities. These sources of
electrical activities were contributed to the electrical scalp
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field of all participants. These contributions were defined by
the regions of interest (ROI) on the basis of local maxima of
the SLORETA distribution [11-12]. It is based on the linear
weighted sum of the scalp electric potentials [11].
Additionally, the applied version of SLORETA used a three-
shell spherical head model aligned to the Talairach space.
Based on SLORETA software, the SLORETA will choose the
smoothest of all possible current density configurations
throughout the human brain volume. The SLORETA will then
maximize the total squared Laplacian of source strengths.
However, the implication of the SLORETA method is only
shown that all neighboring voxels have a maximally similar
electrical activity [11-12].

E. Statistical analysis:

After logarithmic transformation, paired t-test statistics was
used to compared between SLORETA images showing
information of the cortical sources. Statistical tests at p < 0.05
(two-tailed) were set as significance level.

II. RESULTS AND DISCUSSOIN

EEG signals reflected by the discrimination of all stimuli
revealed changes in the cognitive effort using the supra-
segmental features of monosyllabic Thai words. The three-
dimensional distribution was calculated by sLORETA. The
representation of the cortical generators was also analyzed. It
revealed the changes of difficulty in discriminating supra-
segmental features of monosyllabic Thai words. These changes
showed strongly activated in the right medial temporal gyrus
(70, -20, -10; BA21) (see fig. 1-4).
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Fig.1 sLORETA was used to calculate the xyz-values in Talairach space of
the frequency domain window. The discrimination of stimuli showed strongly
activated in the right medial temporal gyrus (MTG) (70, -20, -10; BA21) for
/o%/ (Top; 5.16uV) and /o"/ (Bottom; 4.83uV), respectively.
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Fig. 2 sSLORETA was used to calculate the source generator of the frequency
domain window. The source generator of changes for /0" (Left) and /o%/
(Right) activated more strongly the right hemisphere (RH) (see description in
Fig. 1).

The attention and memory processes in the human brain
were previously reported that they were related to changes of
neural representation in the human brain. These changes of
neuronal representation were induced by new sensory inputs
[12-17]. In the present study, the discrimination ability
reflected by the cognitive task composing of the supra-
segmental features of monosyllabic Thai words was also
reflected in the attention and memory processes. These
processes were revealed by the power spectra of EEG
activities. The electrophysiological activities in temporal areas
in this study are stayed in the line with other previous studies
[18-19]. Several previous studies have been characterized the
human brain responses to different sets of novel stimuli
including the identifiable and non-identifiable sounds. In
addition, these previous studies also demonstrated the
activation of fronto-parietal areas and temporal network of the
human brain responses [18-19].
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Fig. 3 sSLORETA was used to calculate the xyz-values in Talairach space of
the frequency domain window. The discrimination of stimuli showed strongly
activated in the right medial temporal gyrus (MTG) (70, -20, -10; BA21) for
/oY (Top; 1.76uV) and /oo®/ (Bottom; 2.18uV), respectively.
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Fig. 4 sSLORETA was used to calculate the source generator of the frequency
domain window. The source generator of changes for /oo/ (Left) to /oo®/
(Right) activated more strongly the right hemisphere (RH) (see more
description in Fig. 3).

According to the SLORETA methodology, the SLORETA
source imaging restricts the localization of electrical
generators to cortical gray matter and hippocampus naming
the technically “blurred” spatial resolution [11-12]. Although
the exclusion of the involvement of subcortical structures in
the sSLORETA solution space, the possible involvement of
subcortical structures from the SLORETA solution space were
also investigated with the power spectra [19].

IV. CONCLUSION

The present study measured the electroencephalographic
activities in the accumulative alcoholic drinkers’ brain while
processing the cognitive tasks. The present study used the
supra-segmental features of monosyllabic Thai words
discrimination as the cognitive tasks. The result showed that it
reflected in specific electroencephalographic signals in the
accumulative alcoholic drinkers’ brain. The neuronal
populations might need for accumulative alcoholic drinkers’
working memory processing in the brain. Additionally, the
processing was taken place in the right medial temporal gyrus
accessed by the SLORETA.
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