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ABSTRACT

Cognitive ability refers to the characteristic approach by the brain in processing information.
These can be observed through various aspects of cognition such as intelligence and
perceptual ability. Studies have shown that both mental constituents originate from the same
neurological substrate in the prefrontal cortex. Hence, the paper discusses the relationship
between intelligence and perceptual ability using electroencephalogram (EEG) features. The
study is based on resting brainwave of fifty samples and focused on the left and right
prefrontal cortex. The intelligence quotient (IQ) scores obtained are then used to establish the
control groups. Subsequently, the pattern of alpha and theta power ratio for each IQ level is
observed and successfully correlated with perceptual ability through the Neural Efficiency
Hypothesis of intelligence.
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1. INTRODUCTION

Cognitive ability, generally assessed in terms of intelligence is defined as the characteristic
approach by the brain in processing information [1]. It is defined as the ability to comprehend
complex ideas, efficiently adapt to the surroundings, involved in various forms of reasoning,
solve problems and learn from experience [2]. Individual differences in intelligence are
measured as intelligence quotient (IQ) [1]. It is the most robust observation in psychology and
has the highest estimation of hereditability of human behavioral characteristics [3]. Among
the various psychometric assessment schemes, Raven’s Progressive Matrices (RPM) provides
the optimum domain-independent measure of general intelligence [4]. Studies have also
shown a correlation between intelligence and brain activity through the Neural Efficiency
Hypothesis, which states that brighter individuals demonstrate efficient use of brain areas [1].
Meanwhile, perception is defined as the ability to interpret and process sensory information
from the surroundings [5]. The ability is highly associated with attentional mechanism [6]
which can be observed through the alpha band [7]. Hence, perceptual ability can be predicted
by the strength of neuronal synchronization; a behavior that is commonly observed in the
resting brain [8].

Evidences have strongly shown that cognitive ability is associated with attentional processes
through the neural-transmission error and cerebral arousability theories. Studies have
confirmed that subjects with higher IQ level demonstrate higher probability of error-less
transmissions due to the well-functioning excitatory and inhibitory neurotransmitters. The low
constant probability of transmission errors result in smaller deviation of rhythmic EEG [9]
and are reflected in higher alpha power [10]. Concurrently, intelligent individuals exhibit low
cerebral arousability due to inhibition of brainstem to external excitations. The low energy
expenditure is further demonstrated by lower glucose metabolic rate in intelligent individuals
[2]. Consequently, all these conform to the Neural Efficiency Hypothesis which states that the
brain of intelligent individuals is less active than the less gifted ones [1].

The alpha suppression theory further elaborates the role of alpha waves in sustaining attention.
Peak frequency of approximately 10 Hz is a setting state against which phasic changes occur.

The baseline condition sets an active mechanism that leads to inhibition of task-irrelevant
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cortical activity and maintaining attention [11]. Therefore, higher alpha power not only
reflects lower cortical noise but also increased perceptual limits [12]. These correlate to the
ability of brilliant individuals that have shorter reaction time compared to the less intelligent
ones [13]. However, synchronization of theta oscillations will lead to the de-synchronization
of alpha waves [14]. Hence, the lower alpha power reflects higher noise level in the cerebrum
which results in reduced perceptual limit and attentional state [15]. The behavior of both theta
and alpha oscillations forms a reciprocal relationship, in which higher alpha power leads to
lower theta power, and vice versa.

The executive functions of the brain; inclusive of cognitive abilities are performed by the
prefrontal cortex. The left side is specialized for sequential and logic processes. Meanwhile,
the right side of prefrontal cortex is more involved in emotion and social interaction
capabilities [16]. It has also been established that both intelligence and attentional mechanism
share a common neurological substrate in the prefrontal cortex. Hence, the paper elaborates
the inter-relationship between 1Q and perceptual ability based on brainwave patterns. The

study will focus on power ratio features in alpha and theta bands.

2. METHODOLOGY

The methods comprise of data collection and EEG acquisition, signal pre-processing, feature
extraction and evaluation of alpha and theta power ratio features for the high, medium and
low 1Q groups based on theories relating to perceptual ability. Fig. 1 shows the experimental
framework that has been adopted in this study.

2.1. Data Collection and EEG Acquisition

50 university students from various fields have volunteered for data collection. The age range
is between 18 to 40 years with mean age of 23.9 years and standard deviation of +3.5 years.
All subjects are right-handed, healthy and not under prescribed medications. Prior to data
collection, the participants are briefed on the procedures and have completed the consent form.
Subjects are required to seat in relaxed position with both eyes closed. Resting EEG is then
acquired using g.MOBIlab® from the left (Fpl) and right prefrontal cortex (Fp2). The

positioning of unipolar electrodes on the forehead conforms to the International 10-20 System
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for electrode placements. Each recording session lasts for approximately 3 minutes. The
sampling rate of the device is 256 Hz. Subsequently, the signal is analyzed offline in

MATLAB [17, 23].
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Fig.1. Framework of research methods
Subjects are then required to answer the online RPM. The 1Q scores range from 0 to 150.
Subsequently, samples are grouped into high, medium and low IQ levels based on mean and
standard deviation of the normally distributed scores. Table 1 summarizes the number of
samples for each IQ group that were obtained from a related study. The obtained mean is 96.9
with standard deviation of 24.8 [17].

Table 1. 1Q levels and number of samples

1Q Level Number of Samples
High 6

Medium 39
Low 5

2.2. Signal Pre-Processing
The raw EEG is initially filtered from direct current offset using band-pass equiripple filters.
Signal epochs exceeding £100uV are considered as electrooculogram artefact ,and thus are

removed through automatic rejection method. The pre-processed signal is then limited to a
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standardized duration of 2 minutes 30 seconds. Subsequently, the artefact-free EEG is filtered
into alpha and theta waves using equiripple band-pass filters. The filtered signals are then
transformed into power spectral density (PSD) using Welch technique. Hamming window is
implemented with 50% overlapping epochs. Energy spectral density (ESD) for alpha and theta
bands is obtained as the area under the respective PSD curve [18]. Power ratio method is then
implemented to normalize the ESD between the related EEG [21] bands. The approach has
proven effective in several applications involving characterization of IQ [17] and learning
styles from brainwaves [19], as well as electrocardiogram in post-myocardial infarction
conditions [20]. Alpha and theta power ratio is each expressed by Equation (1) and (2), where
o is alpha ESD and @ is theta ESD.

Alpha Power Ratio = (1)

a+6

2)

Theta Power Ratio =

a+6

The features are segregated into the respective IQ groups and the pattern of median is

analyzed using IBM SPSS Statistics.

3. RESULTS AND DISCUSSION
3.1. Pattern of Alpha and Theta Power Ratio Features
Fig. 2 and Fig. 3 each show the box plot for alpha power ratio from locations Fpl and Fp2.

The pattern is similar for both sides of the prefrontal cortex.
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Fig.2. Box plot for alpha power ratio from the left prefrontal cortex
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Fig.3. Box plot for alpha power ratio from the right prefrontal cortex

Meanwhile, one outlier has been observed for the low IQ group. The increasing median of
alpha power ratio from low to high IQ group shows that the brain of gifted individuals is less
active than the less intelligent ones. This conforms to the Neural Efficiency Hypothesis which
states that brilliant individuals demonstrate efficient use of the cerebrum by disengaging it
from irrelevant cortical activities.

Conversely, Fig. 4 and Fig. 5 each show the box plot for theta power ratio from left and right
prefrontal cortex. Similar to the alpha power ratio feature; only one outlier has been identified
from the low IQ group and the pattern is similar for both Fpl and Fp2. The median of theta
power ratio decreases with increasing 1Q level. Hence, the results demonstrate an inversed

pattern to that of alpha power ratio.
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Fig.4. Box plot for theta power ratio from the left prefrontal cortex
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Fig.5. Box plot for theta power ratio from the right prefrontal cortex

The findings are considered valid as in tonic condition, the synchronization of alpha waves
de-synchronizes theta oscillation, and vice versa. Hence, alpha power is inversely correlated
with theta power.

3.2. Relationship between 1Q and Perceptual Ability based on Brainwave Pattern

The pattern of alpha power ratio suggests that the high 1Q group reveal smaller deviation of
rhythmic EEG [22] due to the well-functioning excitatory and inhibitory neurotransmitters.
Hence, intelligent individuals exhibit lower cerebral arousability due to the inhibition of
brainstem from external excitations. The higher alpha power serves as an active mechanism
that leads to inhibition of task-irrelevant cortical activity to sustain attention. Therefore, the
high 1Q group demonstrates higher level of perceptual ability, followed by medium and low
IQ groups. Conversely, the higher theta power ratio shown by the low IQ group suggests
higher cortical noise and reduced level of perceptual ability. These can also be correlated with

past findings where brilliant individuals demonstrate shorter reaction time compared to the

less intelligent ones.

4. CONCLUSION

The study has successfully shown that IQ and perceptual ability can be related via brainwave
pattern. Investigations through alpha and theta power ratio have provided conclusive evidence
in which 1Q and perceptual ability is positively correlated. While preliminary findings shows

conformity with the Neural Efficiency Hypothesis of intelligence, further investigation
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provides validation that intelligent individuals exhibit lower cortical noise and the
synchronized alpha oscillation inhibits task-irrelevant cortical activities which leads to

sustained attention and consequently, higher level of perceptual ability.
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