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Statistical Analysis of Brain Activity by Musical Stimulation
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ABSTRACT

In this paper, we presented the results of analysis with data obtained through EEG measurements to confirm the
effect of musical stimulus when performing mathematical tasks. While the subject was solving a mathematical task,
favorite and unfavorite music classified according to the subject’s preference were presented as musical stimulus and
the tasks were divided into memorization task and procedure task. The data measured in the EEG experiments was
divided into theta waves, SMR waves and mid-beta waves which are the frequency bands related to concentration to
compare the relative power spectrum values. In our results, in the case of comparing no music with favorite music and
no music with unfavorite music, a significant difference was observed in the several channels, and the average
difference was shown in the channels 7 and £, of the frontal lobe. In that channels, the power was found to be
greater when the music was presented than the case where there was no music. Depending on the subject’s preference,
it was confirmed that favorite music showed greater brain activity than unfavorite music.
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Table 1. Wilcoxon signed rank test of relative power
when performing a memorization task
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site favorite no-music
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when performing a procedure task

i hal
glow, MAE ool Al w9gte] 2ok

Aoz ueytth [# 1]

Teta| M [ SD | M [SD| z | p
site unfavorite no-music
¢ | os | o006 | 9977 | oots || 2000 | oat
favorite no-music
Fy | 991 | 0004 | 9981 | .0014 || -2.275 | 023
F, 9991 | .0006 | 9977 | 0018 | 2197 | 028
F,o| 9987 | .0009 | 9968 | 0028 || -2.353 | .019
G| 991 | 0006 | 9977 | 0015 || -2746 | 006
C | 9990 | 0005 | 9979 | 0015 || -2.040 | .041
C, | 9990 | .0007 | 9976 | 0019 || 2353 | 019
SMR | M SD M SD Z p
site favorite no-music
F,o 9990 | 0006 | 9979 | 0013 || 2275 | 023
Fy | 9987 | 0006 | 9977 | 0015 || 2510 | 012
Mdbh | M SD M SD Z p
site unfavorite no-music
F,o| 9983 | .0008 | .9980 | .0013 || -2.040 | .041
Fy | 991 | 0008 | 9982 | 0014 || -1.961 | .050
[ 1olAM AA AR Aol 713 A=Al
9 4 s A 2 s 49 mE
Aol BANOR Folla AolS LA 23k
o a4, SMRIOIN Fgolnh HE gobg v
o A9 F AN BAHCE fofug XolE K
Hom, A3 Fotol A el grol F5eote A
9] el wlEA & AoE yEhgth [ 219 A%
Astl A AR s o g sl Feols
A5 §o+E vk 45 SMRTF 3 AlggteA &
AR felud sfolg molt Ado] HelHgle
W, A Fotel A s gkel Faote] Ad 9elgk
of vlajA & Aow vehskth LElar Feobat v
3 Fohs Hug 45 Aetstet SEEel A F
AHoz folrd Aolg wol AdS BT F
s
m

[ 219 A%he EYsH, FAHOR felud ol
§ Mol AR uend AREN AN 3o
o] HE got % WAHE Soke) Aol ) et
soorel A9 A HAntt B dehhs A%
o 4 olr. Eah FEoZ ATUL ofulaie £ Y
F, AN frolold RolE BEE 5 9

0
o3t WS gote] Aol vlwstel Fuo] 3

of gk P A &]J} 34

<
= E}\é
AEE dolugith 1Y 3 % 4= 47 £94
A9, P19 S FPse A

ERIEDE RIES RN
@2 AHgstel ol

Aletst, (b)= SMRT, (o) 7

<
@ = 0003
@ 0.002
2
" 0.001 é é
0

Fpl Fp2 F3 Fz

m unfavorite favorite

0.008
_ 0,007
2 0006
3
< 0.005
& 0.004
g

® 2 0003
£ 0002

&

0.001

b

o

Q

<]

o
DI
AN
AN
AN
AN

_H
'~
o}
w

0
N
0
£y

Fp2 F3

,
:
g

m unfavorite favorite

a2 3. 2718 M ™ Al ST 2MHE H|W
(a) MELZH (b) SMREF (c) 27t EFT}
Fig. 3 Comparison of EEG activity when
performing a memorization task (a) Theta wave,

(b) SMR wave, (c) Mid-beta wave



dlo
4
2

obd Aol oo » BYE] BAY A

0.003
0.0025

5
H
& 0002
@
g
£ 00015 7 7
2 % 2
@ & 0001 ) g Z
2 ? 7 4
£ 00005 ¢ 4 7
., O . ¢
Fpl Fp2 F3 Fz F4 C3 Cz C4
m unfavorite @ favorite
0,003
5 00025
2
8 0002
&
8 00015
® ¢
= 7
« 7
7

NI

0.001 7 7
7
00005 | -
U w U

Fpl Fp2 F3 Fz F4 C3 Cz C4
munfavorite & favorite
0.003
£ 0.0025
o
g8
% 0.002
2 00015
3
(© & 0001
: 7 7/M 7
2 0.0005 U U B
s 7 7
"L - .
Fpl Fp2 F3 Fz F4 C3 Cz C4

munfavorite @ favorite

a2 4 HXE oM £ A 2o 2ME H|W
(a) MELTL (b) SMRE}, (c) =7t Efmt
Fig. 4 Comparison of EEG activity when
performing a proceure task (a) Theta wave,
(b) SMR wave, (c) Mid-beta wave

1% SHAle] e A 17 3l M= e
o A% F,o £, A9E Al BF A5 ¢
ol o] T BHET wE Ao vehuth 4%
g Aol e Asel 1

o
Lo
=
2
=
()
@
1o
oM
o
~

oM T BHEI e Ao e 3

FuS B, A A%

3 b gow dEdq,

¥ 3949 AnE FEeY, AANCD 9T
[e]

ob4 A5 37 A9 Aol

Aol drge) AdolA A5 ol
o 497} MAdE gote] ASur) ook 43 Al

v. 2 2

N o 4 e o rz
10 poh
42
o
2,
fu
ot
o
ol
ol
32

L |o

2
>
_0|L
o g
o
2

A N

A (o O o [ | T
o2 e
4 i
=
18
o
. fetl
-+ r
e
_O|L
2
ox
=
o
o
[
15

1
ol
fint)
o
fetl

>
>
oo
of
2
-,

ol
)
o
fetl
2
-
2,
A
i}
1o
:|N£
il
ro,
e
SE
)
1o
o,
M
oL

o do T
2
=

e

o B2 Lo

o
Mo 1o o O HE §2 [o Ho X ooft 2 rx & MR e XN

2 =z

o Mt
2
s
2
>

J:l’ﬁ
o,
\I>484r:u
L
m&?ﬂL =
oio*‘mﬂﬂ
5 o do T,
= IOL
B ok g £
do o e
mlmmlmiﬂ%
iFJlnq'ﬁ”

ol W
Y

=

NI
2
o2
N
. ofth
=
2
=
>
rir
©
o
3
=

=
X
fol
oo
52
1o,
K=
Ho,
o
o
oo
<
L
2
> ol
3
2o
50 1o
s
sy PR g
2L oM D] ol

N 2
>
N

4
J3ur} goto] FolAi

O
oo
=2
2
o
of
L)
o

N
-

torlr o o

o
rlr
2
Nl
4
o,
st
4
;O
o
=
Y
X
2
| g
oo N

491 a5 el @ How FAHE

w ArelM= AP daeg sl A
A7 A=t A oA o A el
S SAH R EAste] AAstad. &5l F
Ap=o] IZke] Aol wAl= v 29ls 1Hd)
of A7 A= AT dRdAE e F

93



JKIECS, vol. 16, no. 01, 89-94, 2021

References

[1] D. Kim and ]. Choi, Electroencephalogram Seoul:
Korea Medical Book Publishing Company,
2001.

[2] Y. Jang and Y. Son, "Analysis of EEG Signal
for Relativity between Musical Stimulus and
Concentration for Memorization," J of the
Korea Institute of Electronic Conmunication
Sciences, vol. 14, no. 3, June 2019, pp. 607-612.

[3] G. Lee, "The effect of musical stimuli on the
change in EEG signal of swimmers before the
competition," Master’s  Thesis, Changwon
National University Graduate school of Physical
FEducation, 2012.

[4] G. Choi, "The Correlation between Listening to
Classical Music and the Reading
Comprehension of Korean Texts -Using
Mozart as Background Music-," J o Kaean
Language and Literature Education, vol. 36, no.
0, Dec. 2015, pp. 309-335.

[5] Y. Jang and H. Yoon, "EEG Signal Analysis
for Relativity between Musical Stimulus and
Arithmetical Brain Activity," J of the Korea
Institute of Electronic Communication Sciences,
vol. 13, no. 2, Apr. 2018, pp. 481-486.

[6] J. Shim and I. Seung, '"Influences of Brain
Education Program on Concentration and
prefrontal EEG Activation of Children’s," /. of
the Karean Child Education, vol. 18, no. 3, Aug.
2009, pp. 19-36.

[71 S Jeong and D. Choi, "Analysis of
Interrelation Between EEG and Learning
Experience on Music," J. of the Karean Institute
of Electrical Engineers, vol. 2012, no. 10, Oct.
2012, pp. 125-126.

[8] E. Kim, "The effects of musical stimulus on
EEG spectra of listeners," [ of Korean Music
Therapy, vol. 7, no. 1, Jan. 2005, pp. 1-18.

[9] M. K. Stein, M. S. Smith, M. A. Henningsen,

94

and E. S. Silver, Implementing Standards-Based
Mathematics Instruction. Virginia: Reston, 2000.

[10] Y. Jung and Y. Jang, "EEG Signal Analysis on
Correlation between Mathematical Task Type
and Musical Stimuli," /. of the Korea Institute
of Electronic Communication Sciences, vol. 15,
no. 4, Aug. 2020, pp. 773-778.

KAp 24

HselYu-Ra Jung)
20199 F-74 g
FA(FIAD
20199 ~ Al g gigt
W)@ ek} AAba

P EEEEEL Nooe

Kibdics

Lo
ﬁ

o,

&M (Yun-Seok Jang)

198591 ke e
E(FAD)
1988 A gt oighel HdX
| 3ok} 2T

A3}

-

8
Aejshn 471g 83t

5
19963 ~& A H
2001 ~2002 YEAG ST AT 2HATY
20081 ~2009 "= Pennsylvania State University
IRAS

% A FofF ¢ EEG Signal Processing

y

(





