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A Study of EEG Characteristics by auditory stimuli of Emotional music
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Abstract The purpose of this study was to compare how three kinds of emotionally different music impacted on
the emotion and arousal by measuring EEG. The research method was to compare the measurement of the
background EEG on Fpl and Fp2 before, while and after listening using a 2-channel EEG device with various
experimental groups aging from 20s to 50s. The results were as follows. 1) At both Fpl and Fp2, the amplitude
of alpha(8-13Hz), SMR(12-15Hz), low beta, high beta, and o/-Bsignificantly increased in all music, while at Fp2 only,
theta and ??/SMR increased meaningfully.2) At right prefrontal cortex(Fp2), all bands of EEG predominated while
and after listening to all songs over Fpl except for the delta of funeral march which predominated while listening
to Fpl.3) The music with a noticeably high alpha value and increased activity was Prelude. These results suggested
that Prelude induced brain activity along with relaxation, and the emotionally heavy burden of funeral march
decreased the activity of the left brain. This research revealed that feeling emotional change by listening to music
was due to the fact that music influenced the brain activity inducing the change of emotion and arousal.

Keywords : emotional music, EEG, Alpha-wave, SMR-wave, arousal, attention
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Fugue no. 1 in C Major) 5 37FA¢lt}. 52 71
gsA oz wol 43zl HAS AR o= s
o] A =4S o W BYded 5 IS Azt
© 7H4 st destdnt o] 53 5T ol
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oPge] =S EEFem ool v I A
Malcolm Arnold7} 33t 4 glE& H7beiA Has)| o
st A AREE] X dskEots, vistel ZERE
Al =9l Fohie s AR YT AFTY A EA

= Fig.13} 2k

background | —» | funeral ‘ e
brain waves | march ) iniar
the river 5| white | relude |>| after
Kwai march noise P brain waves

Fig. 1. Music listening sequence
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Table 1. 7 ).

Table 1. Gender distribution

a group listening | Control group f group listening] Control

aee to music M M to music F | group F
20-29 4 1 2 1
30-39 1 1 2 1
40-49 4 0 9 3
50-59 5 3 4 0
total 14 5 17 5
23 g7 =7

231 Hjm 87|
2 qlpo] AbgE WREA Y] E TRz A A
3 A4A3S AF4F 2 channel Amaﬂ oz WE e

2 0] glo} Fplt Fp2ll A ¥ ohs Z4% & glom,
FpzE 125 A0, 35 '}’i%’q 7EHFOE AL
43= Aotk Al A" & dE A Qe Hak 27

Grass System(USA)¥9] &9 umi=o] <u} el

AEkat ghell ek daAT7E 916(p<.001) .5 LpERLE

AF =7 458 vk di16]. ¥ I AE HEe g 5
2]ol] MBHFFT: Fast Fourier Transform)®4]8- &3 5
Tl ZEo] A7 FEtdith H e H 9 S A
o G4 AElE BolFe $83% ARE /A glon,
AR A g2 ohdd AAFS FHAT9 FAARHL

2 o] g1 Y17,

2.4 X2 24 4y
ArelA Fh8 AvE BAe) S8 Az
e ggstel Mg siel AAE, S Hute] A
ekt Bagke Take] vlagh v, FAA S ol

Bl FY(data coding)¥S 71A, SPSS(Statistical

Package for Social Smence) 21.0 A H71A =221
HE o] &ato] B A= WESA B
HEEE t HSE alon, BE 2qe date] Hot
FEAE 1‘4%3}9}1 Ao SAH o FE
p<05, “p<01, p<.001= HAAsHC)
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3. 93 Ao} = (2),3)°M 27 STkttt AlRbe] AdE 98]
Y gAagon vkE=A BRI o) 3R A avt
3.1 th=ze| Zat = HES A giddoA] foust Aaw oA gl
Th& Table 2+ oI5 W Z7¢ djza" ¥3e] Ht
3} FFEAAL v BAEM 9 Rl foaE, o 3.2 ti=Z1} H|wst Mol Lm}
a1 24z} F7HA A4 ds Rl (s 29E veld Table 3> 2 A A w7 mke} H7kA] &< A3
thoo] AEe BE kg HeA] SAEG] Wl & F HHS Fpl, Fp29] ¥k ‘H—I(M)Jr XTHAKSD),
oS AHSHA G v A%E AFdE adzhIrt wmEEg BARA pry §95%, a8 UenE ¢
S7h 5 Ak b gl w9l WSS L 43 Aok e, 9 1) LR
Aok 3EelA ()~(6) AP HEE 205 F7] T dxdds g3 g2 235 B 5 ik EHE—E@]
Flall SA 4027 KA A AATEH A5 WA A dukg v S gRRe] Pt ghEo]l A Wt §l
o] yute] byl FEHAfelH FEbd WS4 £ U 4 v A9 Hakis §5EH 6744 Fpl, Fp2
s vehith $718 S gs Aolgal 7HR a0 o mE gioelA goke E7] A wiAM Fut gof 3
Table 2. Repeated-measures ANOVA (Control group)
ir:‘vn ()MSD) | () MSD) (3) MSD) | (4) M(SD) (5) MSD) | (6) M(SD) F Paired r-test
Fpl | 6.493.77) 6.50(2.92) 647(237) | 5.60(1.11) 6.11(2.23) 6.03(1.92) 327 No :ﬁgﬁcm
5 =
Fp2 |  8.08(4.25) 7.82(4.40) 7.63(293) | 6.76(139) 6.70(1.85) 6.82(2.02) 823 No ::i;icam
Fpl | 5.24(2.17) 5.18(1.94) 5241.64) | 483(122) 4.95(1.27) 5.13(138) 382 No :ﬁgﬁcm
0 —
Fp2|  6.16(1.83) 5.49(1.67) 629(1.61) | 5.54(137) 5.65(136) 5.75(1.60) 145 No f;fg;gcam
L | EeL| 405229) 4.18(2.46) 418(230) | 401234 3.78(1.96) 3.62(1.46) 881 No f;fg;gcam
Fp2|  4.40(1.92) 452(2.67) 4600248) | 437(2.50) 426(2.49) 4.09(1.66) 614 No f;fg;gcam
Fpl|  1.920.72) 1.85(0.69) 1.700.51) 1.96(0.78) 1.93(0.66) 1.92(0.57) 662 No f;fsl'icam
SMR =
Fp2|  1.97(0.65) 1.98(0.72) 2.00(0.55) 1.96(0.68) 2.06(0.74) 2.12(0.76) 270 No f;fsl'icam
Fpl | 1.40(047) 1.35(0.45) 131(0.33) 1.55(0.85) 1.41(0.56) 1.40(0.42) 498 No rs;fsl'icam
-B —
Fp2 | 1.40(0.15) 135(0.14) 131(0.10) | 1.55(0.27) 1.41(0.18) 1.40(0.13) 316 No :;fz;icam
Fpl | 0.61(0.20) 0.63(0.21) 0.60(0.17) | 0.63(0.26) 0.66(0.32) 0.65(0.17) 424 No :;fz;icam
+B3( —
Fp2 | 0.64(021) 0.66(0.20) 0.74(028) | 0.640.21) 0.65(0.25) 0.69(0.21) 608 No :;fz;icam
No significant
D
,/s| PP 279080 2.84(0.71) 313075 | 263069 | 2.6800.71) 2.71(036) 2.02 B
MR igni
Fp2 | 3.40(1.29) 2.90(0.73) 321(0.88) | 3.0000.94) 2.91(0.79) 2.80(0.53) 1.48 No :ﬁgﬁcm
Fpl | 1.73(0.63) 1.74(0.66) 1.75(0.65) | 1.68(0.65) 1.80(0.58) 1.81(0.68) 144 No :ﬁgﬁcm
da —
Fp2|  1.980.81) 1.99(1.00) 1.89(0.79) | 1.82(0.61) 1.83(0.56) 1.77(0.38) 486 No f;fg;gcam
Fpl| 2.87(125) 2.93(0.92) 3.13(0.86) | 2.67(0.90) 2.64(0.76) 2.53(0.45) 1394 No f;fg;gcam
/-8 —
Fp2|  3.04(1.06) 3.05(1.04) 3.1500.89) | 2.80(0.84) 2.80(0.88) 2.70(0.56) 1.072 No f;fg;gcam
Paired #-test=p<.05
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Table 3914 Fpl3} Fp2 & Blais] i 4453 Fplo
b Aol BE AT H3e sFH A EE
tjefel A Fp2gke]l o Mgk sghs Wlws) HE
Fpl¥ Fp2 A= &4l back ground 8.05 < 8.76,
funeral march 9.70 > 9.12 the river kwaimarch 9.37 <
10.03 prelude 9.47 < 11.02 after 8.19 < 9.11%)+=¢l]
%, funeral march FA] 3t Fploll A o $-AlsHI
LHEbstTh

2~ O
T

j]' ‘rr/]

f M Bl A0

3}o]

A felapA st s
tASOZE p< .05 F
149} Sopsh, )

149} 33

R AoEH,
Fp2ol|ARE p<.05 o2 foje Aart Ughe

FUu Uehbs g o4
o) o)

3.4 MEZ 2% H3 Huzt RoaFE gm  SHE AAE 2N, DR U0, @@, Oz 28
T}S Table 39] WHLZG AR Fpl, Fp29] Fat E@7} BFFE AL AZEA M 3t w) g =KD, &
Table 3. Repeated-measures ANOVA (Experimental group)
Brain @ back @ foeral | © tlﬁ.le river @ prelude ® after .
ground march kwaimarch M (SD) M (SD) F Paired #-test
wave M (SD) M (SD) M (SD)
Fpl | 8.05(639) | 9.70(8.63) | 9.37(G591) | 947(633) | 8.192.66) |1.140 No significant results
O TEm2 | 876(5.83) | 9.12(58%) | 10.035.98) | 11.02866) | 9113.07) |1253 No significant results
) LBl ] 592629 [ 686667 | 664265 | 692060 | 641170 [1561 No significant results
O Fp2 | 645291) | 7.082.56) | 7.592.78) | 8.153.80) | 7.28(1.67) |3.124" D<@, D<@, @<®, A<®
L || 3T | saseso) | se196) | 620630 | 6106.23) [15.405™ 81% <0, 00, O<6 @<®, @<6,
e (D<@, D<@, O<®,0.<6, @<@, @<06),
Fp2 | 425201) | 603624 | 620607 | 702352) | 685631 |190887 |7 0 o o
Fpl | 177625) | 2.13(551) | 213(589) | 232(691) | 231(759) |10.264" gig 0<G, O<B, O<6, <6, B<O,
SMR
we |(D<@, O<@), O<®, <G, @<®, @<,
Fp2 | 196(648) | 242(550) | 239(570) | 2.63(687) | 268(689) |16647 | " S o
Fpl 1.34(.459) 1.59(.361) 1.64(.496) 1.75(.610) 1.76(.637)  |8.867 |0<@, <@, <@, <G, @<@, @<O),
B _ —
Fp2 | 148(526) | 176(357) | 181(404) | 196(503) | 1.89(4s7) |12404 | U@ OO ®<g’<%<®’ <0, <6,
Fpl | .640(223) 800(.281) 843(362 856(.325) 832(364) [7.8247 | (0<@, D<@, D<@, D<®
B p | eor2ae) | ssociso) | s7232) | odo2s9) | 927277y |11s67 gig <@, O<®, <6, @<, @<6),
gSM| Fpl | 335(131) | 3.18(1.15) | 3.13(878) | 3.08(981) | 2.97(998) |1.017 No significant results
R | Fp2 | 330(905) | 2920665 | 292(875) | 3.08(822) | 2.82(672) |2.480° ®<D
jo | PRI 206845) [ 1o4129) | 19009 | 184126) [ L6x775) [2059 No significant results
¢ TFp2 | 209(749) | 174(110) | 1.84(1.06) | 1.54(134) | 1.59(876) |1.894 No significant results
Fpl | 2.82(888) | 339145 | 346(1.60) | 3.58(1.65) | 3.53(1.58) |5.899 D<@, D<), D<@, D<®
VB b | 205075 | 336141 | 338033) | 354146 | 359(140) 5419 D<@, H<@, D<@, D<@, @<G),

*p<.05, **p<.01, ***p<.001, Paired rtest=p<.05
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