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Fig. 1 Neural processing in the brain during listening to the music.
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FKla %11 %ICBTLEBEEE £ X — VO O root mean square (RMS) kb
Table 1-a Rate of the RMS (root mean square) during listening to the music and imaging the music compared with resting state of
eleven subjects

P 1 PRI A X = s 2 RIS 4 X =Ty
RMS It Pvalue RMS It P-value RMS [t P-value RMS [t P-value
Gy = B f) G = FEe ) Py + it fR72) Yy = el 7e)

Delta (1-4 Hz) 88.8+17.6  0.001* 93.8+54.8 0.002* 88.5+20.4  0.003* 121.0+92.3 0.2
Theta (4-8 Hz) 100.2+11.6  0.27 94.8+37.6 0.02* 94.6+125 0.1 103.9+36.6 0.48
Alpha (8-13 Hz) 95.00 = 16.1 0.04* 86.6+13.2 0.001* 884+166  0.005 90.1+22.6 0.02*
Beta (13-30 Hz) 88.1+9.2 0.01% 90.1+21.6 0.01% 88.3+95 0.001* 96.4+22.7 0.04*
Gamma (30-50 Hz) 838+=155  0.0006  101.1+49.9 0.41 87.6+141  0.0001"  104.1+39.0 0.3

RMS It @ 100 DL I3 22 & He T hn, 100 LFIZEA L Twb 2 & 2R,
Pvalue (%, Zeipe & 5580, 22 & 4 X — VB0 pairedt ED p liZRT, “p<0.05,

F1-b FHMIIBITD o GEE ¢ IEHO RMS & p i
Table 1-b Alterations of the rate of RMS of alpha activity and gamma activity of each area during listening to the music and imaging
the music compared with resting state, and P-value of eleven subjects

a 16

AL A AT ER2I L A AT

RMS i RMS It RMS It RMS H

Frontal-L 93.6+14.7 0.02* 86.7+109  0.0001*  88.8%17.9 0.03* 91.3+23.6 0.15
Frontal-R 94.4+179 0.03* 88.2+16.3 0.002* 88.3+18.1 0.02* 91.7+33.0 0.07
Central-L 94.8+14.9 0.04* 854+10.3  0.0007*  90.7+16.4 0.03* 91.8+17.8 0.08
Central-R 95.6+16.2 0.1 86.7+10.2  0.004" 91.0+16.7 0.04* 89.7+15.6 0.05
Parieto-occipital-L 93.4+16.3 0.03* 83.1+11.1  0.0008*  85.0+16.3 0.003* 85.6+16.4 0.009*
Parieto-occipital R 93.6+16.0 0.02* 84.4+102  0.0007*  85.7%155 0.003* 85.7+16.7 0.02*
Temporal-L 98.2+15.6 0.21 90.3+19.1  0.01" 90.8+14.6 0.17 93.5+20.3 0.13
Temporal-R 99.0+16.6 0.14 89.7+16.1  0.003* 89.4+17.0 0.007* 94.3+33.6 0.2
Midline 93.0+16.7 0.02* 854+11.7 0.0006*  86.1+16.9 0.01* 87.7+17.5 0.04*
y TG Eh

HE LI P-value 1A=l P-value R 2 IR P-value A A=l Pvalue

RMS It RMS lt RMS It RMS It

Frontal-L 76.9+20.6 0.005*  107.6+70.2 0.3 82.4+15.0 0.02* 96.6+35.9 0.4
Frontal-R 77.0+20.4 0.01* 113.7+70.6 0.2 77.7+19.5 0.01% 98.1+43.2 0.3
Central-L 85.4+16.1 0.005*  106.4+65.4 0.3 88.8+10.9 0.02* 104.3+38.3 0.3
Central-R 84.3+14.3 0.001*  103.7+51.3 0.3 87.3+12.1 0.06 104.0+32.9 0.4
Parieto-occipital-L 88.1+7.9 0.008* 98.7+29.4 0.4 92.5%9.9 0.01* 111.8+43.0 0.3
Parieto-occipital-R 87.0+7.9 0.002* 94.8+24.3 0.2 93.4+83 0.007*  106.9+33.4 0.3
Temporal-L 86.0+17.3 0.003* 92.1+26.6 0.13 89.4+13.8 0.005"  103.1+40.2 0.4
Temporal-R 84.1+13.8 0.0005%  87.1+24.9 0.02* 85.5+16.3 0.002*  105.1+46.3 0.4
Midline 86.5+11.2 0.004*  102.9+434 0.4 91.8+10.3 0.01* 108.0+36.6 0.3
mean square ¥ IR AE) HE L TRD, Ko HEK, R

HREANE HISOd 5 e, BYELOD S I
FLiE O3 AT) ATV, p<0.05 2 FEAEdH D & L
720 WML A4 X 70-80 Hz IC¥ — 27 3 5
TR ERPRT 572012, F7: EEG & MEG
EIART, By BT 0% (30-50 Hz) O
2T CHRTVB I EY 25, KB TIE y BP0
% 30-50 Hz 127k E L 720

1. & 11 BlOHFH

I ] O R X 2 TR 9 R D PR IR,
R LD ] IR, £ A=Y LCTWb D Fpz @y i
POFEPEKEEBLLZKTH DL (K2),

11 # 4 B o EIERE, 4 X — JkEo RMS
flil%, R E X THWINT 200, BAT2500%
KRES % 72912, FEBEEGI I LI\ ZER e Okt
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xK2 KEAITHIGT B 60 F ¥ >~ AL
Table 2 60-channel EEG for each resion
GIEER FP1 FP2 AF3 AF4 AF7 AF8 F3 F1 F2 F4 F5 F6 F7 F8
AERTHER (Frontal-1) FP1 AF3 AF7 F3 F5 F1 F7
FinrgEES (Frontal-R) FP2 AF4 AF8 F2 F4 F6 F8

HLLER
JEAOER (Central-L)
FH0ER (Central-R)

(R

FC1FC2 FC5FC6 C1 C3 C2 C4 C5 C6 CP3 CP1 CP2 CP4
FC1FC5C1 C3 C5CP1CP3
FC6 FC2 C2 C4 C6 CP2 CP4

FT9 FT7T9 T7 TP9 TP7 P7 P5 FT8 FT10 T8 T10 TP8 TP10 P6 P8

JEMIGEER (Temporal-L) FT9 FT7 T9 T7 TP9 TP7 P7 P5
FHMEEEE (Temporal-R) FT8 FT10 T8 T10 TP8 TP10 P6 P8
A0 S i 5 FT9 FT7 FT10 FT8
A0 BE H LR T7T8T9T10 C5 Co
(B TP7 CP5 TP8 CP6
ATH - 1R P3 P1 P2 P4 PO3 PO4 PO7 PO8 01 02
JEVHTE « $2UHES (Parieto-occipital-L) P1 P3 P5 P7 PO3 PO7 O1
FUATE - 255 (Parieto-occipital-R) P2 P4 P6 P8 PO4 PO8 O2
WEHHRRER (Midline) FPzFzCzPz0z1z

(100 BLF &84, 100 BLEk3h) # 8 H L7 (%
1-a), p HITZCHHRE & F IR, ZEiEE [ X —
RO RMS D t REDZ /R T, T4 1, 2 L HICHE
WIS, a, B, y IFENCA B2 A % 8%, RMS
e pEICHRDAEELREANRI 57201 Ey BT
Holee BHEL 2LBIIAA—TV L EITIEa, B
WHEAE B,y IEENIEEm L 72,

60 F ¥ ¥ A NVDOEIL (R2) IIBITDalfBiL y
B O LR & IR, 4 X — VRO RMS &
pIEZERT (R 1-b)

o0 TG B E T SR IRE \ 2 (TR« Hpo O - SR TE AR BEE -
IEFREBA BRI, SR 1E2A ATV L2E &2
AL CH B L7,

yIGENIE A 1 IO 120, AR, s 2
HURE & A5 D HULER LAY, 2L CH IR L7 (&
1b), HH1 24 A — VRIIZAME R THEZ WD
L= Z NN DEA TIRRAEE I o T, T
1, 2 BEECEEICIE, RTEEFRIE R o y I oA 31k
Fpz 73 Fz,Cz, IZHARTHEICKE L, WEKD ¥y D
WA #E T (FT, FC) 23HuL# (T7, T8, C5,
C6), # ) (TP7, CP5, TP8, CP6) IZHNTK X7
7= (B3),

2. BEREFEERD yFHDE

TRREEGTRROEEFWHOLICT L7201, £

i (£2) 2B 2y GBI OO R & 55 T,
R & 4 A — VKO RMSTHD t g, Q%I
BRI (F%2), BREEA AV LTWBHOD
RMS filiz 3 BEOREERN T & LT, FRREFETER
D2WHRBYEL DD 2 ICEE O 5B & AT -
72

B CTIIEERIEREZE ATV LA A=Y
e b1, TRTOEBTy HEOAE R % 720
720 JET IR TG SRPEIUR A B BE S CA 3 i
ZROTPMMOITAL CTIIHEZEE o7z, T2 T
1, EERRIEEAMEREY « 4 A —VRpE b, AN
ST, MUEEER, AGUHTE - fRUEEE, EHRARREE A B IR
DR RO Tz, IEERRNE G SENEIURE (V3 A5 10 9 - BE T -
BRI THERBRL 2 HD, 4 A— VHIZIZAHETE -
BRI CTHEIIWML 7 (R3),

QIR E D BT O R TIE, Lk, 5% 1,
2 EIURE, FAA A=Y LT 5Dy O RMS
DOFIGMEIZ, EHHR LI RROME M I A E A=
D HNTDFEALAELTH - 720 Dl & LT,
TRFINT G AIERE & 4 A — VBT, AARTEERO
y WGBS B, FEE AR SR 2138,
A AXA—=TVRIZIZmL 72 (R 4,5,6), AfFEkHIC,
TR - FERERL DICHEE T b -7
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Fig. 2 A musician’s EEG of Fz and time-frequency analysis during listening to the From the new world.
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Fig. 3 Alterations of the root mean square (RMS) of gamma activity in the Frontal-midline area (Frontal pole Fpz, Fpl,
Fp2; Frontal Fz, F1, F2, Central Cz, C1, C2) and in the bilateral temporal area (left anterior-temporal FT9, FT7, left
mid-temporal T9, T7, left posterior-temporal TP9, TP7: right anterior-temporal FT10, FT8, right mid-temporal T10,
T8, right posterior-temporal TP10, TP8) during listening to the music of eleven subjects.
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£3 FTRRELIFEFERO G

Table 3 RMS of gamma activity of musicians and non-musicians

HHR IR HHR IR
BT REIURE A 2 — DB A LTI A 2 — DB 2 IR A A — DBE 2 IR A A — VW
P-value Pvalue Pvalue Pvalue Pvalue Pvalue Pvalue P-value
Frontal-L 0.006™ 0.02* 0.12 0.13 0.04* 0.04* 0.06 0.21
Frontal-R 0.006* 0.02* 0.12 0.12 0.04* 0.04* 0.05 0.2
Central-L 0.001* 0.004* 0.15 0.21 0.04* 0.08 0.14 0.17
Central-R 0.002* 0.01* 0.10 0.18 0.11 0.14 0.10 0.1
Parieto-occipital-L 0.01* 0.04* 0.20 0.16 0.06 0.36 0.06 0.17
Parieto-occipital-R 0.0003* 0.004* 0.18 0.14 0.04* 0.04* 0.04* 0.04*
Temporal-L 0.003* 0.01* 0.4 0.15 0.003 * 0.01% 0.4 0.15
Temporal-R 0.04* 0.001* 0.03 * 0.4 0.04* 0.001* 0.03* 0.4
Midline 0.0004* 0.005* 0.21 0.13 0.0004* 0.005* 0.21 0.13

FASIEIURE & 2R, A X — DR & RO RMS i % Helichiog (¢ i) L7z. pairedt BoE (Fp<0.05),
Paired-f test was performed between resting state and listening to the music, resting state and imaging the music.
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Fig. 4 ANOVA (analyses of variance) of the RMS of gamma activity between musicians and non-musicians during rest-
ing-state, listening to From the new world, imaging From the new world.
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Fig. 5 ANOVA of the RMS of gamma activity between musicians and non-musicians during resting-state, listening to

Requiem (Mozart), imaging Requiem.
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B2 ENbhoTERAY, induced B3I & fiF
MDERT %72, MihB X O FiEdS W F 7267
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DOEZW LA FE TIZIEE> TV RV,

FaMwZEBZ19ms 5B T 2 E0 KIS
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Fig. 6 Topograph of gamma activity and alpha activity during resting-state, listening to Requiem, imaging Requiem of

musicians and non-musicians.
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Music perception involves acoustic tone activity and scene (melody, harmony) analysis,
as well as its processing of musical syntax and semantics, that lead to the activation of the
prefrontal cortex (and active motor) actions. The present study aimed to clarify the
underlying neural networks during music perception in musicians and non-musicians. We
examined spontaneous brain activities in six musicians (five musically trained students and
one singer), and five non-musically trained students while listening to Dvorak’s “From the
new world” and Mozart’s “Requiem” for 150 seconds for each piece, imaging the music for
60 seconds thereafter, using 60-ch electroencephalography (EEG) . The data were analyzed
and compared with those of the resting state. We adopted Morlet wavelet time-frequency
analysis, and root mean square (RMS) was calculated in each frequency-band (Delta: 1-4
Hz, Theta: 4-8 Hz, Alpha: 8-13 Hz, Beta: 13-30 Hz, Gamma 30-50 Hz). During listening to
the music, gamma activity was significantly decreased in all of the regions. While imaging
the music, the musicians’ gamma activity was significantly decreased in the entire cortical
areas, whereas the non-musicians’ gamma activity increased in the frontal area. A gamma
activity decreased during perception of the music, especially in the prefrontal cortex in
musicians; it is strongly related to the integration of recognition and emotion which reflects
the processing of music in a highly integrated consciousness level. The frontal gamma
activity shown here may indicate that musicians image the music in the same or similar
condition as they are listening to the music that is, they do image and replay the music in
the implicit memory compiled from the explicit acoustic memory while listening to the
music. The differences as evidently shown in music perception between well-trained and
non-trained students may reflect the differences of their education in musical experiences
and expert skills obtained in their music carrier.

Key Words . music, electroencephalography, gamma activity, music perception, con-
sciousness
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