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EEG Asymmetry Analysis of the Left and Right
Brain Activities During Simple versus Complex
Arithmetic Learning

Hyungkyu Kwon, PhD
Jangsik Cho, PhD
Eunjung Lee, PhD

ABSTRACT. Introduction. Repeated practice of simple arithmetic such as addition, subtraction,
and multiplication has been widely used for effective math education. Brain activity patterns
during simple and complex arithmetic calculation have been explored by several research groups
using magnetic resonance images (MRI) and functional MRI (fMR1I), and some have reported
that the balanced whole brain (both left and right brain) activities during simple arithmetic in
contrast to the predominant left brain activities during complex arithmetic.

Methods. In this work, we have identified the characteristic brainwaves and asymmetric
activation patterns of the left and right brain during the process of simple and complex arith-
metic by measuring theta, alpha, Sensory Motor Response (SMR), and beta brainwaves of
24 participants from the location FP1 (left brain) and FP2 (right brain) using EEG.

Results. Simple statistics analysis showed the significantly different beta activities from the left
brain during complex arithmetic compared to simple arithmetic process, and through the asym-
metry analysis of the left and right brain activities, less symmetrical brain activation during com-
plex calculation, that is, specifically higher SMR, and beta brainwaves in the left hemisphere
more than right hemisphere was identified, which is consistent with recent fMRI findings.

Conclusion. The results imply that simple arithmetic process may improve the whole brain
activities in a balanced way while complex arithmetic induce unbalanced activities of the left
and right brain.

KEYWORDS. Asymmetry analysis, complex arithmetic, EEG, simple arithmetic

INTRODUCTION

Many educational materials including
repeated simple arithmetic such as addition,
subtraction, and multiplication have been
used for effective math education. Kumon
Inc., one of the companies publishing such
material, claims that repeating simple

arithmetic activates wider area of both left
and right brain, whereas complex arithmetic
mostly activates the left hemisphere
(Kawashima, 2003). They measured the
brain activities of five college students using
functional magnetic resonance images
(fMRI). This was supported by Delazer
et al. (2003), who suggest that the left

Hyungkyu Kwon is affiliated with the Department of Education, Kyungsung University, Busan, Korea.
Jangsik Cho is affiliated with the Department of Informational Statistics, Kyungsung University, Busan,

Korea.

Eunjung Lee is affiliated with KAIST, Daejeon, Korea.
Address correspondence to: Hyungkyu Kwon, PhD, Kyungsung University, Education Department, 110-1,
Daeyeon-3dong, Nam-gu, Busan 608-736, Korea (E-mail: alexhkwon@gmail.com).



110

hemisphere is predominantly triggered in the
learning processes of complex arithmetic.
Other research groups have investigated the
brain activity patterns during simple arith-
metic using fMRI (Tang et al., 2006; Zhou
et al., 2007).

Triggering balanced whole brain activation
of both left and right brain is considered
important to improve creativity (Hermann,
1991; McCallum & Glynn, 1982). Thus it is
worthwhile to explore the asymmetry of left
and right brain activation during the process
of simple versus complex arithmetic. Although
previous work have been performed using
fMRI, there has been little investigation com-
paring four characteristic brainwaves (0, o,
Sensory Motor Response [SMR], and f3) of left
and right brain during simple and complex
arithmetic.

In this work we compared the EEG during
simple versus complex arithmetic learning by
measuring four characteristic brainwaves (6,
o, SMR, and f5) from the location FP1 (left
brain) and FP2 (right brain) following the
international 10-20 system. The acquired
EEG signals from 24 participants were ana-
lyzed with an asymmetry index of the left
and right brain and canonical correlation
analysis.

METHODS

Twenty-four students (5 men and 19
women) volunteered to participate in the
study. Participants signed consent forms
prior to the experiment. To reduce artifacts,
they were taught to restrain from blinking.
An eye-closed baseline for 1 min and an eye-
open baseline for 1min were recorded
before task activity. In this work, we adop-
ted the eye-open stage, the similar condition
to the learning process to identify the differ-
ences. Two sessions of 1-min simple arith-
metic, and Imin of complex arithmetic
process alternated with 30 sec of a rest period
between each session. The problem set for
simple arithmetic consisted of simple 26
addition, 26 subtraction, and 26 multiplica-
tion problems, and the set of complex prob-
lems consists of 15 difficult subtraction, 15
serial subtraction (e.g., 7 — 1 — 54), and 15
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multiplication and division mixed problems
(e.g., 9 x 7/3). Participants solved problems
in mental arithmetic and were not required
to write the answers on paper. During arith-
metic sessions, the participants’ brainwave
responses in two EEG locations—
FP1 and FP2—were monitored with 256 Hz
sampling rate using Biotrace™ software
coming with Nexus 10 (Mindmedia BVTM,
Netherlands).

The EEG signals obtained from each
learning process were transformed using
Fast Fourier Transform and analyzed to
identify  significant brainwave changes
between simple and complex arithmetic.
The difference in brainwaves from the left
and right brain (i.e., hemisphere asymmetry)
was calculated by the difference between the
relative power of signals from the left and
right brain (Equation 1). A positive asymme-
try index represents the signal from the left
brain is stronger than that from the right
brain, whereas a negative index means the
opposite case. The larger absolute value
means the stronger asymmetry in the left
and right brain.

asymmetry index = relative power of the
left brain — relative power of the right
brain

We calculated the mean and standard
deviation of four brainwave activities (0, o,
SMR, and f5) from the left and right brain
during simple and complex arithmetic pro-
cesses and performed canonical correlation
analysis to identify the relationship between
factors of simple arithmetic and complex
arithmetic processes. Canonical correlation
analysis is a statistical method to identify
and quantify the associations between two
sets of wvariables (Hotelling, 1935, 1936).
Canonical correlation analysis focuses on
the correlation between a linear combina-
tion of the variables in one set and a linear
combination of the variables in another set.
Canonical correlations measure the strength
of association between the two sets of
variables.

The effectiveness of this method is evident
because of the following facts. First, it is
practical to verify and investigate the level
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of interaction between the two variable
groups. Second, it is useful to verify the rela-
tive contribution of individual variables in
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FIGURE 1. Activities of the left and right brain from
simple versus complex arithmetic learning.

Left brainwave
the correlation between two variables and
estimate the other variable group by produc- %
ing a weight that maximizes the correlation i
between linear combinations in two variable -1.s —L.10 =11

groups. Third, method can be used to ana-
lyze several dependant variables compared
to the multiple regression analysis that uses
one dependant variable.

RESULTS

To identify characteristic differences of
brain activities during simple arithmetic
versus complex arithmetic processes, we per-
formed asymmetry analysis and canonical
correlation analysis using SPSSWIN 12.0 to
brainwave activity measurements from partic-
ipants while they were solving given arith-
metic problems. Table 1 and Figure 1 show
basic statistics including mean and standard
deviation of four brainwave activities (0, o,
SMR, and f) from left brain and right brain
during simple and complex arithmetic pro-
cesses. Among them, only f brainwave of
the left brain shows significant difference
(p <.05) for simple versus complex arith-
metic while no significant difference in right
brainwaves though they show similar
patterns with those of the right brain.

To investigate whether the given pro-
cess activates both the left and right brain
in a balanced manner, we calculated the
difference of relative powers from left and

=1.42% -1.4

thetaip=0.070¢ alphaip=0.06} SLIR{(p=0.0%3} beta~{p=0.04}

Right brainwave

—1.3%]_ 398

_n P
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right brain, called “asymmetry index.” Posi-
tive asymmetry indexes mean that brain-
waves from the left brain have higher
activity values than those from the right
brain, and negative indexes mean the oppo-
site case. Also, the larger magnitude of
asymmetry index implies the more asymmet-
ry of brainwaves from the left and right
brain. Figure 2 shows that complex arith-
metic process yields higher asymmetry index
than simple arithmetic for three of four
brainwaves, and especially f and SMR
brainwaves show significantly higher asym-
metry indexes during complex arithmetic

TABLE 1. Mean and standard deviation of the brainwave activities.

Left Brain Activities Right Brain Activities

Factor Variable M SD M SD
Simple 0 -1.82 3.5 —1.60 4.3
arithmetic o —1.43 1.3 —2.09 5.8
SMR -1.41 0.9 -1.35 1.8

p -3.08 23 —3.48 3.9

Complex 0 -0.71 4.4 —0.57 5.0
arithmetic o —-1.10 15 -1.79 5.9
SMR -1.14 1.1 -1.34 1.6

B —2.82 2.4 —3.58 3.8

Note. SMR = Sensory Motor Response.
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FIGURE 2. Asymmetry index for simple versus
complex arithmetic (*p <.05).
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process (p <.05). The results suggest that
complex arithmetic activates the brain in
more unbalanced way, specifically activates
the left brain more than right brain, which
is consistent with the previous work by
Kawashima (2003) and Delazer et al. (2003).

To identify the relationship between
factors of simple arithmetic and complex
arithmetic, we performed canonical correla-
tion analysis, and the results were summar-
ized in Table 2 and Table 3 for the left and
right brain, respectively. In the left brainwave
activities, canonical correlation coefficients
between brainwaves from simple arithmetic
and complex arithmetic are all significant
for the four canonical variates (0.995, 0.911,
0.904, and 0.683). Also, top three canonical
variates of the left brainwaves explain
65.9% and 66.2% of variance for simple and
complex arithmetic, respectively. For both
simple and complex arithmetic, SMR, and f§
brainwaves show the highest importance to
the first canonical variate showing higher
standardized canonical correlations and
canonical loadings.

From the results of the first canonical
variates, f and SMR brainwaves from
simple arithmetic are identified as the most
impacting waves to the brainwaves from
complex arithmetic showing their cross load-
ings —0.928 and —0.573, respectively. Also,
those two brainwaves are ranked at top
among brainwaves from complex arithmetic
in affecting simple arithmetic having cross-
loadings —0.916 and —0.555, respectively.
However, in the second canonical variates,
o and SMR waves take the important
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portion among brainwaves from both simple
and complex arithmetic, and they are the
most affecting brainwaves from simple arith-
metic to complex arithmetic and also in
reverse way.

The results of the right brain activities
show that canonical correlation coefficients
of the top four canonical variates of brain-
waves from simple arithmetic and complex
arithmetic are 0.994, 0.987, 0.924, and
0.674, which are all significant. Also, the first
two canonical variates of brainwaves from
both simple arithmetic and complex arith-
metic explain 67.4% and 63.3% of total
variance, respectively.

Among the brainwaves of the first canoni-
cal variates from both simple and complex
arithmetic, « waves take the largest contri-
bution showing the highest magnitude of
standardized canonical correlation coeffi-
cients and canonical loadings. From the
second canonical variates, , SMR, and f§
waves have the highest weights among the
brainwaves from both simple and complex
arithmetic.

From the cross loading analysis of the first
canonical variates, the most affected brain-
waves of simple computation to brainwaves
of complex computation are o, 6, and f, in
that order, and their cross loadings are
—0.969, —0.627, and —0.480, respectively.
They show the same pattern in reverse way
showing the cross loading —0.979, —0.606,
and —0.500, respectively. However, from the
second canonical variates, SMR and f waves
are shown to be the most affected brainwaves
across simple and complex arithmetic.

To understand characteristics of each par-
ticipant, we visualized each participant in a
plot where the x and p axis represent first
canonical scores of brainwaves from simple
arithmetic, and complex arithmetic, respec-
tively (Figure 3). In the plot for the left brain,
most participants were located in the first
quadrant, especially Participants 9, 12, 16,
17, and 19, who showed very high brainwave
activities during both simple and complex
arithmetic. On the other hand, the plot
for the right brain showed all participants
except one were near the origin implying that
brainwaves from both simple and complex
arithmetic are not highly active.
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FIGURE 3. Canonical score plot.
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CONCLUSION

We have explored the characteristic
brainwaves and asymmetric activation pat-
terns of the left and right brain during the
process of simple and complex arithmetic
by measuring 0, «, SMR, and f brainwaves
from the location FPI1 (left brain) and FP2
(right brain) using EEG. The simple statis-
tics of brainwaves shows that § brainwaves
of the left brain showed significantly higher
activities (p < .05) during the complex arith-
metic compared to the simple arithmetic
process while no significant difference has
been identified in the right brainwaves.
The higher f brainwaves in the left brain
during the complex arithmetic implicate
that the complex computation induces
more attention and activation in the left
brain. Also, asymmetry analysis of the left
and right brain activities suggests that
complex calculation activates the brain in
an unbalanced way, activating the left brain
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more than right brain, which is consistent
with Kawashima (2003) and Delazer et al.
(2003).

Brainwaves are manifestation of con-
trolled activities of neurons during thinking
and behavior (Nak, 1992; Paula, 2001). It
is important for learners to improve their
learning capability by using both the left
and right brains in a balanced way. Actually,
creativity appears to be a product of both
left and right hemispheres rather than super-
ior activation in one hemisphere (Torrance,
1982). Thus, more effective learning process
to use both the right and left brain in a
balanced way needs to be developed to
improve our learning capability and creativ-
ity (Christensen, 1991).

The results of this work imply that
practicing simple arithmetic periodically
may improve the whole brain activation
resolving the unbalanced left and right activ-
ity patterns. In addition, learners showing
seriously unbalanced left brain activation
induced by continuous complex arithmetic
considered important in current school
education can perform whole brain learning
by taking control of specific brainwaves
through neurofeedback training.

Although it is promising to have captured
characteristic brainwaves and asymmetric
behaviors of the left and right brain during
simple and complex arithmetic processes
among our four frequency bands, more
comprehensive analysis from multiple loca-
tions of the brain and further delineation of
frequency bands is needed to validate the effec-
tiveness and hemispheric effects of repeated
simple arithmetic learning (Kwon & Cho
2007). It also would be helpful in the future
to measure attention during the simple and
complex arithmetic processes and coregister
the changes with EEG activity changes.
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