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0 8 o SSRGS T AR A 2T 5 4R SO TR OC 2 AT

AEJE T AR 1A 5 L Rl ROy o [RIE, 203
WEERMZESIESFRNEGREH, SR AES M TESEL, 7R MNA 50%E 5
Mr5E s TESR D, R H R 7% 14%EE, KR T EBCH IR0 TH B,

T 2544 53
AR ANE

H T REAATE LS I A, AR SE S RN TR By, T 2 R B A5 A R R A
FORFGE, WERGE, 2PN IReRE IR, o UL

B842; B845

g5

RS F e AR EA MR Z—, ]
HBIE A AL, AR LS, TR, O
H AL AR & o TEANTRI AR AR, & 2R
FE 5 AR H SO i B A 4y o H W AR v,
WATRFIE S RSB, 780, [FRFERITE
BT ROk RS, 51 &I IR IRE e
LSRRI DI RE AL, (AR AN [ SRk i A 5% o
XF 235 5 R BT RS 1R o ARBIFTERE R B A
AR 2R R, BRI SRS e T X
B L AT BEA7AE B HE R X 51

T SR FIE S R Tt A o E 2, it
P EREGE IR . S SO, B
2 G )2 (Syntax) FiT 45 #4) (Structure) il T, #B5%
Wi 25 A AT0F3 SR AN 5 B . O R G0 4 s ik
T RIS S E R, A UK IR SR AE 7 1)

e H #5: 2013-05-03

JEREER, AT B &, 8RS R MiES
R

DR R, it EH RIEEET, 4
iz B — S RN L 2GRk 1, YR Z S Hr
# % R 3E 47 0 T (Bharucha & Krumhansl, 1983;
Patel, 2003). + i (Pitch)#% B[R] (4L AT B T A
[H) A 5%, RN 5% 2 HES AR ¥ SUB L T A3 V8 I TiE e
AR, el T 4 2U8 B T s, T 2ead HE
SR AT B T B AR A o R AE S
1) 33 Ffr A S Al 1 20 21 5 X (Jackendoff & Lerdahl,
2006), M7~ —34 Al REAFTEIK &R o iR Koelsch S5 7E
2011 4 (Koelsch, 2011)4& % ¥ SR 106 fin AL A,
P ER Y AN, S — A TR B Xt
7 R AE ) HE U B (A uditory feature extraction).
SR AR N T L BRIRR L B A g
B 7 A o 6 P A R R RN 43 AT R 2 O 4y
Mg . . SR RIS IR A5 S 4R AR . 58 A

* E AL SRR 4 KT H (11&2D187) . [H K A SRR E 3 4 T 4E Rl 22 3 4 70 H (31100808) %% Bl .
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B s B BB iU B (Gestalt formation) ., It
BORE A B RN, AnAR I . B SRR, X
WAL . 5 22 R AAEE AR A R AT
Y, K 75 R IR A 2R HA R AR i A U R
Bt =B B SRR AT B Be (Interval analysis), R
TEA% B P B HE Al b 20 B 052 P4 750 s A P
T (Pitch) 5 E RS R AR, DIXTIEH A0 H R k73R
fiE o H J5 & R Ak 45 A 9 23 B (Music structure
analysis) . TEXANBTB, MR ¥ 1 2 G e 1
A5 S, 38 5 % 1 5% (Chord) B RE S H G & Y
34T, DNTIR & 2R 1Y e A fE B R AT ik — D 5
(Koelsch, 2011; Koelsch & Siebel, 2005)., Xt [t
Friederici % (Friederici, 2002, 2005) 4 H1 4 15 75 %019
I TRCRL, 5 F AR N T A] KRB S ia A By
B MBS E R, B R
BCH B, B A B B il s o A B B
(Phonological analysis), ¥ %1 35 ialiE1E T H ALK
RIS AL, 5 R R X R BOR U B
Lo 55 =B B IRE BB B (Lexical analysis),
B %} §i] i A9 i) 7 (Lexical form) Al i) X (Lexico-
semantic) 4740 Hr, JFHEATIRITRIE & X iFeHe .
J& R4 BT B B (Sentence analysis), R 7EiA]1E 43
B 5Ll b, 58 am) 504 ik b H ) SUfE i T
F1#% 4 (Friederici, 2002, 2005), Xt o35 Ak FITE 75 1
RN T AR B, & SR R AR A5 & RRAE Y
FEWOT 4R, a2 90m TR o8 o e ol il &
TN T o DA S s 5 R [R))J2 0 T3t 72 1
FE— WG R T & SR AIE S 0 BEAEAE N T R Y
KK

CA IR RM, EARZ RS I T o B
FAR)Z G SRR S Hr RN AT B, AR RIE
AT BEAFAE SN TALH A EH A o X & o i BIF o 4 B,
bR AT 5 E BT A R AT 55 I, 7R 9]
(superior temporal gyrus, STG) (Brown & Martinez,
2007; Foster & Zatorre, 2010; Wehrum et al., 2011) .
v Y1 [] (precentral gyrus, Prec) (Brown & Martinez,
2007; Foster & Zatorre, 2010; Wehrum et al., 2011) ,
T I8 1 = 8 & (pars triangularis of the inferior
frontal gyrus, IFGt) (Brown & Martinez, 2007;
Doeller et al., 2003; Schwenzer & Mathiak, 2011)F
Ji%i 5% (insular, Ins) (Foster & Zatorre, 2010; Schwenzer
& Mathiak, 2011; Wehrum et al., 2011)%% i X #f A
BB BOE o W, REOFER, XSERXBEY
5 N T.(Bitan, Lifshitz, Breznitz, & Booth, 2010;

Burman, Bitan, & Booth, 2008; Kurth, Zilles, Fox,
Laird, & Eickhoff, 2010; Mutschler et al., 2009;
Raettig, Frisch, Friederici, & Kotz, 2010; Shuster &
Lemieux, 2005; Vigneau et al., 2006, 2011), —LbH#E
PHEIRSIET RRW R — D e T H RS
B AREA A I TALHX — Wi AP R,
By 75 R F PR B AR 0% 4 E AR A0 A 1y K R
(Stevens, Keller, & Tyler, 2004), & F43Hr i 232 35
MIARTE, HORE & A N T 32 45 (Jiang, Hamm,
Lim, Kirk, & Yang, 2010); JfH, 4458 [RIr 52
U E A 5 AR i, 7R B m 3 [ (middle
temporal gyrus, MTG) . fixi & R T 015506 X, & 4k
()& B4 A 5 o R R SO B AR EL T 40 (Schon et
a., 2010), WALV, FEAR TR THAIRZ
Ky THr B, EARAEF I R T I E A0
THLH

JFHE, WP RBL, TR R G T B (454
AR o3 AT), AR S E W] RE AR AR Y
AU o A7 RS H 7 BT FIREFE R, e 2
¥ 43 B BT 38005 19 381 [9] (Foster & Zatorre, 2010;
Fujisawa & Cook, 2011; Koelsch, Fritz, V Cramon,
Miuller, & Friederici, 2005). %ji [#](middle frontal
gyrus, MFG) (Foster & Zatorre, 2010; Fujisawa &
Cook, 2011; Schmithorst, 2005). % | [A]f & 55 4
(pars opercularis of the inferior frontal gyrus, IFGo)
(Foss, Altschuler, & James, 2007; Fujisawa & Cook,
2011; Koelsch, Fritz, Schulze, Alsop, & Schlaug,
2005; Schmithorst, 2005; Tillmann et al., 2006;
Wehrum et al., 2011), 1 9eHif[al(Foss et al., 2007;
Foster & Zatorre, 2010; Fujisawa & Cook, 2011;
Koelsch, 2005; Schmithorst, 2005; Wehrum et al.,
2011). #it% (frontal pole, Fpole) (Foss et al., 2007;
Fujisawa & Cook, 2011; Janata, Birk, et al., 2002;
Koelsch, 2005; Schmithorst, 2005; Schulze, Mueller,
& Koelsch, 2011; Tillmann et al., 2006; Wehrum et
al., 2011)F1fii &% (Fujisawa & Cook, 2011; Tillmann
et al., 2006; Wehrum et al., 2011)%5fi X L5 51 5
f T (Binder, Desai, Graves, & Conant, 2009;
Bitan et al., 2010; Burman et al., 2008; Kurth et al.,
2010; Mutschler et al., 2009; Pinel & Dehaene, 2010;
Raettig et al., 2010; Shuster & Lemieux, 2005;
Vigneau et al., 2006, 2011). [AIAF, HEA:AY N T #40G
T HIEE BRI AR AR DT 8] X80 FgUR
Je s IX GHLE | IX ), XA X255 THES N
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AREINT, RPEANEZ W b, EARME S Wl hE
1716 354 19 fin T LI (Schmithorst, 2005)., 47 7 Al
ERP HFFE it — 20 3 TiX — Wi . F9E & 8L, [A)
RO A T B AR RIS BUAT 55 I, 1 S B9 AN
.45 % 335 SR A 0 T #) T P (Fedorenko, Patel,
Casasanto, Winawer, & Gibson, 2009; Koelsch,
2005), i F AEE N AR ) B2 0 L B H AR vk
T fBE 77t 32 345137 (Jentschke, Koelsch, Sallat,
& Friederici, 2008) . 5% # i it fi5i A ERP 5& iz & B
TE SR A A SR AT I B B, 7380 B IXCBE, SRR
EE AN T A E 45 (Sammler et al., 2009), 1A%,
AT R B, 4 259l ik R i 52 B0 e A 5 AR e
I /Y BE A 2 A B kR ) i n T (Poulin-
Charronnat, Bigand, Madurell, & Peereman, 2005).

SR, oA U 2 W 5 2R IR 5 A7 AE S B in
THLH . AR R BFFE R, RIERE R E S
T RE ) SZ A A R Ik e 1 58 4F (Polk & Kertesz,
1993), KL DX H XU 3 19 5 1 B RE ) S2 4 ik
TR AE S AR R 2Z % i (Mendez, 2001), 1SRk B
TEH R AN T RE ) 52 4 i e S5 e it Se AR R
1E% (Liu et a., 2012; Piccirilli, Sciarma, & Luzzi,
2000; Polk & Kertesz, 1993). Jf H., X 1EH #liki
i AR W K B, AR AR RS S AR AE N T
AR, HEHAESMWNXBARZE
(Rogalsky, Rong, Saberi, & Hickok, 2011), =+
SR WSS 53 BT TL-F- S BE 0TS AH . ) 43 A 1Y X3
(Fedorenko, Behr, & Kanwisher, 2011)., flf 57 % & 1t
IR, EHARFIEE R AR R, & H —&
R0 AL

ARG E RS F— RIS E A, Z
Jr LA BB SR 45 SR N —3K, RTREZ TS E BT
KRR — 20T 8, W] RE 2 HoploA g =

FONTHSER, A0S A S i % e SR s 5 1)
TEAHTEE R, NI T 290 &, A RAE
FINTHSER, I BRI RS 5 e IRl
R,
2 ik
2.1 HURRENANHE A

H T & A W5 6 R T8 SR A i A 2
G, RIE R AR 2 G 25 R o3 BT RN s 2 R S5 49 0 A
(HAZE, #0, AREB, X5, 2013), LAKIE S R
= AN 29, BMRZHEET 0. BN RZ
1) A3 AT i s S22 4 ) 43 B (Vigneau et al., 20086,
2011), M T RN TTHAT, B, ABFT B
KA, TRt . s ha 240t
SYMT I SCHRIE R RS . AT A SCR AR 1 L SC
kK SEEG N 45 (Contrast) i &k | I 1E (Peaks)
SEIOR e 2 R 2645 B 1Y 7% (Cluster) S8 Bk ik 1
JT
22 THERBIATLE

1 T T a3 A i 45 2 5 4 19 O AR AR T AR R Y
b RO B Al 34 ok FH ) )2 MINIL (Montreal
Neurological Institute)2tbr &, I, i 7 IE R B4
T ARMNE 290 TR AT e, J—ATE
{4 Fi§ Caret %#ff:(van Essen et al., 2001)¥%f &5 54 ik
A RGN T A Y RO AR BRI Caret
HA7 A MNI SRR [, RIAS 805 AR R 5 45 )2 40
TRy O AR AR XS LE I (B 1)
23 EHERMESMIXEWMES

SR T R SR ORINE I ) R 2 R 2 [
KFR, WATHE—00 T 50 )8 & RN & & 290
TR 2 PR A ES . BRI, A
W B IR A R AT RNIE 45 2 G R A K

MHT R, BT, b RERVHE RS EERBAES. BEME, =EE0HrH T A
F1 BRMAEBESERRATAMHIERER
HRMB Sk it b 41 WA i3 BEMR ik X He A V(B 7%
R 8 15 63 12 b 45 86 344 19
b 10 19 217 29 1) S B 67 111 339 13
CIRR iy 36 65 218 18
Jel 16 34 280 41 Jel 148 262 901 50

T« F ARTTAM T BRI [R] Sy 1986~2011 4R, i LM A AR N (8] 1992~2004 4, — 3% 9 Be SRR ARMEZS AL, 35 LA B it
TEH AR TN TR G S0 L A, R WO W (B0 = Ak A bm, N0 Y8 8 IR AR B 1 B3 6L Y BT WA S b vt L
5 O M I PR E Tk 5 AT O R PR 7R A 5 SB[ A [ 45 DX W B . b, A SR TT A I B SR Y, A 2 R SRR S5 AR

Vi R &L AT
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Bl 1 & ARFIE 5 A RGO T AR hoC A s oo HE
T BRI TR

R, B, RIS 5iES&ZH0
PN P BENLIEATECXT, I F 5 A A 1 H e Ak b
AR IE B, I H A TR (I BE /N T 7 mm (29 34k
R LN BCRT o Bl S, FRATTRE G2 04 e o iy i
MERIIGEIR S, R K-means B Mk, 18
FERFHHE N K=2, HEAORE T=10. 77 EH LT,
PRI TR 5 7E— &, TR bR WX 15
FRTERI MG IX T RER EA . FK, M T NG Lk
— BB UFFCS R AR R AR E A, AT B
K-means S 217 vk H O B T 2000 2208, B
TR, FRATX AT PSR IR E X, Y L Z
J7 1) EAy AT T 250 25001 A B I R AE
XY Z 5w b 2 N W, W ATA Ok iX
WG T 7E 4 B X145 B 45 (Reich, Szwed, Cohen,
& Amedi, 2011) . 5 J5, h T iF— L aihS 5 E5# S
BrAE SN TR Z KRB EAES, AT55
W T HAGMMBEE SR, HRINE NGRS
e (A ) B 1) 5 R R B8 I DA 35 R T 2 (A ) i 1)
BB RIRE R R CR Ok SR A T 5 iR S 4
EHINTAHEAR MWK,

3 4%

e, IR S AR T A R GO T
FIT VS 04 DS R M B J2= BRI AT REA LA, AT
B 5 IR RITE 5 R 023 M 0 58 T 49 31 (9 4% rh 0 AR AR,
PRICTE Caret {7 HY MNI AR b 25 R A 1R,
FORMPIANZG, & M (206 Y 1) AE5 +4 73 Hr
(O BT EGE R, SIHE =R, 6
OIAT(ERER AR TR S A (B Y ) AR 123
(F G 0 TR BFE, 6 20 I A AR | 3350 - A0 T
M LA A M 0 20 A £ 45 X3, ) ORI,

TN E AR AR AT e AR AR SR S 0 2 A

g T M R A SR R T AR 1) 2
ZIPSEFR, FRATA3 0% 43 8 & AR R 5 45 2 90
TRRHEAT T A 50T -

BT, MFEfadr, B ®Es T 54
FEMEEE/NT 7 mm PR, 1 — 2543 31 6] i 25
Kl 5 AN K-means B30T, FofiTk B, x
5 ANECXT P FE R E TR G 7 —2, FRIIX 5 4 Rl
A REAE G BIR, BTG iP5 uE
X AR A A E A, AR H K-means R 2%
e Y 5 ANEXHE T 2000 200, dR AL,
X 5 AECXT RO ARBRTE XL YL Z 7 R4
(A 22 AN B2, W] T IX 5 DECX By P BIr 78
ARG XY A

B YRR A A0 A B AR B B BRI E 2 R,
BT FE A O AR AR L R HAE XL YL Z 5k
() FAES p (EARINE 2 Bk, Hih, 5%
Mrinig, 525185 A BYON TR, PR
EREG. i, B5EE IR EES W XL
A MR DR A2 v S iy [l ) SO T & A4 &
A 1 DX AN T 2 L [ R0 22 &R [ ) = £ 35
AT & AR A DA T A 0 g
BAAMMBEES RN, SRSV S5IET N THE
GRZ, FERMAAERMAM(B0%)AHKELES.

PR 530, FRATIRGE BT 6 AR I FE /N
T 7 mm BT, SE— 24 B % R Y 6 BT
X K-means 25738, FATAI, X 6 HEIXT Y
BERIE(E RS E—, KU 6 AFEX A fEA =
o TR, N T MG bt — 25 50 F X o i w
RS A EA, TATXH K-means B0k H 1Y 6
AMECXH T 20077 22531 AR KB, BR T — X
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Bl 2 HRMES&ZHNTHES
. ZHEULHE R, Prec: precentral gyrus, " J&H([Fl; IFGo: pars opercularis of the inferior frontal gyrus, i T [ # 5 5%

B, IFGt:

insular, &y

pars triangularis of the inferior frontal gyrus, #fi T [Fl ) = ff1#R; STG: superior temporal gyrus, #_I-[fl; Ins:

*2 BERMWMMESZEAMIMESE. ESKXLIR. REEBR FRESKITHE

X X & Al AR ER(MNT) F (p)
¥ EAR X 0 MIBR EBAE ED
X y z (mm) X y z
e EEET —46.44 -5.72 38.20 0.14 0.02 1.84
Azshix Prec 5.8
HE ST -47 -6 44 0.72) (0.88) (0.19)
» BRI —47.75 22.75 5.54 0.64 0.17 0.15
mrgge o IFGt 5.7
= 0% 1) L -43 20 4 (0.43) (0.69) (0.7)
(1]
HFRAH -55.57 -9.92 -1.76 0 0.16 0.17
o STG 25
- WHE T -56 -12 -3 €)) 0.7) (0.68)
U .
E RS —-55.57 -9.92 -1.76 0 0.81 0.95
o STG 45
P& -56 -13 -5 (0.96) (0.37) (0.34)
o R 32.76 16.99 1.61 0.49 0.07 0.52
H 17% i 5 Ins 47
IR iy 37 19 1 (0.51) (0.80) (0.5)

¥ : Prec: precentral gyrus, "1 JtHi[Hl; IFGt: pars triangularis of the inferior frontal gyrus, %5~ [Hl ) = ffi#8; STG: superior temporal gyrus,

W Ins: Insular, i

XF, BOGSHE s TR, hOeETE, SiEE AT,
theET I, TR Y J5 1) b AR AR BR A W 2
4h(p=0.04), H:Ax 5 BT AR O ABARTE XL Y .
Z i LA RS AR E, K TX 5 AT
A A 7582 T 7 ) B X ) E

25 BLXT A FE R 43 AT S Ao B BRG] 2 B,
A BT R O AR BR DLHAE X YL Z Jrm) b
B FAES p (RN 3R, Hid, 545445
Wi, 525185 =ARBYON TR, MRE Y
fETEE G, H, & 5 00 4 B4 1 X8
T 2241 35 X (Rolandic operculum, RoL o) 145l fi%i

By 51 ST kAR B DAL T A I [
5 3 A MG 5 5] e b A A A Y DX
THRMGE o @A A R TR AR, 25
T SIS I T RSB, TR (7%) Mt
M(14%0) 2 RAF R ES

4 ifig

ARG 5 0 P 35 R G2 K, s
T E R L, Wit RAESH LR, BENiE,
ToTTR o CUA [ TC AT AT LG, T P
T R S AR R SERE],
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R3 HHIMNBESEEAMIMNESE. EERXELIR. ZEHEBSE FRIESKITE
#& F0 4 FR(MNI F
¥5 EAE  EH  MIRE EoE L AR (MND o (P)
X y z X y z
ZEF4) : -54.11 10.79 2.70 1.73 0.34 0.04
= % RHEEIK Eﬁﬁﬁ RoLo 6.7
AT -48 8 3 (0.2 (0.57)  (0.85)
. 2549 53t 49.05 14.33 25.65 0.02 0.05 2.1
RN IFGo 34
15 SLAyHT 49 15 29 (0.89) (0.83)  (0.17)
25 | 35.73 21.57 -3.56 4o 0.52 0.96 0.86
ns .
AT 37 20 -8 0.49 0.35 0.38
£ 14% WA (049 (0.35)  (0.38)
i 4k oy H | 3573 2157  -356 a8 0.52 0.56 0.14
K] L ns .
1) LA AT 39 23 -5 (0.49) (0.47)  (0.72)
259 53t | 35.73 21.57 -3.56 53 0.04 0.70 3.55
ns .
AT R 37 19 1 (0.85)  (0.43)  (0.09)

#£: RoLo: Rolandic operculum, i35 [X ; IFGo: pars opercularis of the inferior frontal gyrus, i F [| (1% 55 3%5; Ins: Insular, Jii %)

IR =G, H R Hr S, SiHEFE =
MR, WE N LA T b, RTE]
PIFFAE N T E A 0 Xk & e AT s 5 TS
W2, TR ZEMA 5 2 H 5 (500%), 1244 23 B
5O L A R, AR RN ZE ) (79%) A A
(14%) ¥ HA RS, WA T 7RSO RZ 9
T B, & AR AR AT RE A 7R S b 2 L
TAE S A e JE GBI TR B, & SR AR 5 A4 in T3
Z RPN A (S AR AT

BRI, SR 565 =M 2HNES X
Bl 32 A A E A AN L [T | e iz Bl DX
SR 2R (AT 1] ) = 00 A A A 5

) RIA A 55 (] 3) o 3 2 X3 ] R R 5 AR A S
T A JE GO T el 2 IR B A A A, BOR
T B ARV —is s R B | A0 PR I A —1 4
W LT REAAE BC R . R, FRADE AR R0
FIVE 75 000 10 Bl 28 IR B 0 6 R b, PEANER T SR A
HEHEMLR,
41 BRMEEMREWERE LEMNES
411 FEREEBSMNEWTR—EHNRE" F
EEETR

T IR, & B AT A 4 43 B 3 7 220y
W—is KIS S, RS AT A &
(Vigneau et al., 2006, 2011; #i%€%: 2013), A4h 4

SR AT SR E SRR ES K EZ A R, RIS ] fE S A e

ZEMIRTIZ S X (a5 X)) . A MG R MRS —is SRR RS A, AR, SR
ﬂﬁﬁﬁ\ Wi i BB B
i #
& 5+
%l v l
3 ﬂxﬁﬁi B ISTG )| #ESHT IPrec 3

IRoLo

a] %;Hﬁ rIFG

N R rIns

v

Bl 3 FARMET MR EE
T BEWE TR, BA&FREER, Prec: precentral gyrus, " JtRij[#l; STG: superior temporal gyrus, ¥i_I-[8l; IFGt: pars
triangularis of the inferior frontal gyrus, i  [8] %) =#f7; RoLo: Rolandic operculum, %% X ; IFGo: pars opercularis of
the inferior frontal gyrus, #i T [F11%) & 35 &8; Ins: insular, B%ii3; 1: left, Z2; riright, 45
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Right A Left Left S Right Right At Left
5. FG | | i BP0 5184 || STG, IFG. AG TG, PT, IFGY, | | i 4Hi Bt f PFC, HG, PT, || sy if 0555 || PFC, STG,
STG, IFG | | {f MRS || STG, IFG, AG ; it, | (iSO FRRE || HG, STG, Thoie v H AT B L BRI Toole, MG,
SMG 1FGo,MFG, SPL, OFG SPL, LG
Prec | W —i RS || Pre-SMA | Pree | RoS H W72 SR H Prec | Rolo | Prec " WA — i || Prec |

| Ins ” Ph £ g |

[ivm—tuzorss || ws | |

s, PCG || s || Acc |

B 4 FREH. SO SIET N R E IR R K
H. B FE/RIKER, STG: superior temporal gyrus, i I [9]; Prec: precentral gyrus, FFJHj[Al; pre-SMA: formerly
supplementary motor cortex, Biflilhiz s JZ; IFG: inferior frontal gyrus, #i I.[7]; AG: angular gyrus, falel; TG:
temporal gyrus, i [Fl; PT: planum temporal, #i3F; HG: Heschl's gyrus, 34 [F]; RoS: Rolandic sulcus, H 4t74); SMG:
supramarginal gyrus, % _I-[al; MFG: middle frontal gyrus, % [l; RoLo: Rolandic operculum, %35 X ; Tpole: temporal
pole, #itl; PFC: prefrontal cortex, Fij%fif; SPL: superior parietal lobule, T TiilH; OFG: occipital fusiform gyrus, I iH4%
BRIl LG: lingual gyrus, 7 [l; PCG: paracingulate gyrus, 254147 [l; ACC: anterior cingulate gyrus, F147Hi[Ml; Ins:

insular, fisi5%; t: parstriangularis, = fA70; o: pars opercularis, & 3%

55T 0 T H A e 3 A A A A N rh S ]
I 258 43 A7 5 18 8 0 L Y 25 s U S B 4 A A
Fe g s X (& 4).

BARW S, M FEfgatr, HS5HES 0L
M rb e i BIAAAE B A, R 35 AT BRI TE T i —iz
G EIRR . CAIRERY], A TH5s ) Kz
(8 H ST ] 5 AR RN W i —is s A A G
(Bangert et al., 2006; Hyde et al., 2009; Pulvermdller
& Fadiga, 2010; Vigneau et al., 2006), %17 37 I
& R %8 Ay iz 3h (Mohammadi et a., 2009
Pulvermiller et al., 2006; Schubotz, Anwander,
Knoésche, Von Cramon, & Tittgemeyer, 2010; Wong,
Dzemidzic, Talavage, Romito, & Byrd, 2011), &5
B R B R S B W 8 — a2 3 B K Y i
(Vigneau et al., 2006; ##19€4%, 2013), Kith, FKATIA
g, 2o eb SR I R]RE S 5 AR o A I 2 BT AT
w—is S A S TEE R B, e
ey [ E AR S R s S A XA, A
T RE—IZ SN T, LAY BY 2 AR R
S W T i@ A A0 T A A 8 R A T ek AR (o S
&, 2013); WIAER & A BB, Ze b ey ) 5=
BHTEE—B kA XA 6, BEIEE—z3)
AT, BB EE ACAZE SRR, Rk T iEE
T BT AR AR Y BR324 T 1 72 (Szenkovits, Peelle,
Norris, & Davis, 2012; Vigneau et al., 2006)

[FIRE, 254853 BT 5 0 & o0 A e 20 O 8 o X A7 7R
HA, WRE T RAFEVT W —iz 385 B AR
F o LTS 3 X A0 55 XA 5 SR RIS 5 0 T

—iz s 5 X (Kell et al., 2009; Koelsch et al.,
2009; Szenkovits et al., 2012; Vigneau et al., 2006),
F B T 45 138 B 45 T (Brown, Ngan, & Liotti,
2008; Chang, Erickson, Ambrose, Hasegawa-Johnson,
& Ludlow, 2008; Jancke, Hanggi, & Steinmetz, 2004),
Z: 5 45K 43 e R & 23 A T s — a2 3 BR g T
(Vigneau et al., 2006; HiFE55, 2013), ik, FRATIA
g, ZEANE G DX AT BE R 45 A8 o3 A A e A L T
—IB IR R G S RS T T B, 2
X AT R —is S G X R (0, G iefd
—IB T WA AT B, 2o % s X )
FAEA S ]k, AR & —is S A DX £
o, BEiHE—zanynT,
412 FEREWAXSHE RO FEES
TR

CAWFFERM, AN S e A ml 2
HERSZ GBI T, A 0ET B2 5 45
I3 M AZ O B B AN T (O RE 25, 2013); X 28 X s 7
SO TR ORI Z —, B 0E SO Y v
Je (Friederici, 2012; Hickok & Poeppel, 2004;
Vigneau et al., 2006, 2011; #iFE4E, 2013) AW 55 45
RERM, E RIS 3 A 44 AT e 1) oA A
HE D BAFEE ST M. ANFRBE, FR S
1) SC A3 AT B B AR SR A A AE S M L [l 5 A2
MG B, iS5+ 5347 5 1) A BT E A R
SIAT LA AT [ (14 5).

AW, X T ER T, H 51 ST E A
M b AR A, R 3 Al REAAAE T s i 1Tk
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AYHR R o ZCMIFE - 5] A] BB A i 42 R O A A O I
FTR) SCA3 AT v SO B B A . TR R
BB, Al b ol 32 60 ST AR B . RN 5L e
R A AR I 0 B DL SR X R O AR RS AN oy BT (O
FE4F, 2013); MiTER LA Be, 2ol b [a] 3= %2
ARG RS . IR ] SOy e sl i f5, 755
A WG IR RE SUE R, B B )
REFIP IR et it WL X, IR & 15 B A
N T SCRAE, S AR 3R] 18 A AR & T RN s 22
4]0 T (Friederici, 2012; Houdé, Rossi, Lubin, &
Joliot, 2010; Pulvermuller & Fadiga, 2010; Vigneau
et a., 2006), LAk, & Feor ik 5 ia oA 2 Ze i
UR MAFTEE A, R ZFHISAATE ARSI T |
MR o ZEM%R T |1 ] 68 55 22 ] —ike, Hfa]
A Ry 8 42 8RR 4 B A% 0 BA % ] S 43 B 15 0 3 L
WEERT i TEE R AT R B, ZE AT [l 67 53 %
R LR B AT R S A, Sl b 0] 58 il
AT AT B4 HL Al O JE 4, 2013); 1111 7E 18] 43 Hr B
B, ZEMET [l 00 5 40 T Rl 0 dh e SGHEAT
FIWT . PR SRE, N IELLnyiE A KA BT
245 Fefl(Moss et al., 2005; Vigneau et al., 2006;
Whitney, Kirk, O'Sullivan, Ralph, & Jefferies,
2011).

[FRE, G544 5 BT 5 38) Lo 7E A A [BIAE7E
HA, R ZFH W] BEAAAE TAR IS T e
Fo ARV, AMET B 55585 AT
HE & % (Boehler, Appelbaum, Krebs, Hopf, &

Woldorff, 2010; Brown et al., 2012; Hampshire,
Chamberlain, Monti, Duncan, & Owen, 2010; Vigneau
et al., 2011), FEREHELSHFEIEIN 5% TAEICICH
KHAESS th A BOE, S 5850 TARCICH Y
JinT.(Janata, Tillmann, et al., 2002; ##iF&5%, 2013),
S BNE A E Y TTAEICIZ R B i T (Vigneau et
al., 2011). DA, FATIAN, AO0ET 181 fY 2 55 &8
AT RE Ay 3% e 45 R 40 AT A% U B 8 L ER) SC o3 B T 0 o
SUCABE B I T . TESSH BT B, AT 15
14 85 i 75055 A LA X R — e, 7 T X R L [
AR G B TR R S A, U
Wy T @ A ) ok 5 ) 1) A B S 9 AT 55 1Y) 7 ol (O €
S¢, 2013); MMAE AR B, AT Ry 5 55
TS U] = 1 TR A B T DR S A i AR,
LB T m) A IO S AT 55 1 52 il (Vigneau et al.,
2011).,
413 BEREAFHMECGANA—IBERE" =T
EEATR

DITEBFSERI, & R0 e RN 4 53 A 245 240
HM—IEE BRI Z 5, MAE ) o3 b d A ¥ 1
(Vigneau et al., 2006, 2011; ##i9E4%, 2013), A5
SERRB, E RO HT RS R o3 A ST RE S R o A
RN —I AP AR B S s, HEST Ry
At T4 DG 55 (P 6) o

EA IR, Joise & kM (Han, Rho,
Jun, & Hwang, 2010; Hugqg, Bello, & Rowe, 2010;
Kim et al., 2010; Omar et al., 2011; Yang, Lin, Su, &

Right PP RS Left Left il 3Ly Right [ Right B Left
J1..5T6 1 » IFG | — p—
STG, IFG | | SFFRAMTELLINEE || IFG, AG FG TIMTG, AG, PLI || HF s SR LFh % - T1] PFCOHG. PT. || ek il g || PFC, STG,
o MEG Tpole, SMG, lp_n]e, SMCL
AG .'I'chl}’ltj U AL IR SPL, OFG SPL, LG
Prec | W — iz EhER g || Pre-SMA | Prec || BFF A — 32 2 Bh || Prec |
[ s [ vm—twssisn | | wmsngmonss [ s | | msece || wm—thgsis || acc |

B 5 EREAHT. ST 51 ST A P2 R B O R IE
W LR RIER ., STG: superior temporal gyrus, #i [+ [7l; Prec: precentral gyrus, H' 4 Hj[El; pre-SMA: formerly
supplementary motor cortex, Hiffilhiz 3 Z)Z; IFG: inferior frontal gyrus, #i [-[7]; AG: angular gyrus, filil; MTG:

middle temporal gyrus, #i9[Al; ITG: inferior temporal gyrus, i T [B]; Tpole: temporal pole, #Hitl; TF: temporal fusiform,
WHSIR [ PIL: precentral gyrus/ IFGo junction, = Sk i [l AR T [0 15 35 5534 4% 40, MFG: middle frontal gyrus, % [1l;
HG: Heschl's gyrus, #if# [0]; PT: planum temporal, i [; PFC: prefrontal cortex, Rii#ill; SMG: supramarginal gyrus,
%% I [|]; SPL: superior parietal lobule, T Tiil; OFG: occipital fusiform gyrus, ¥4k [El; LG: lingual gyrus, 7 [Hl; PCG:
paracingulate gyrus, %317 [i]; ACC: anterior cingulate gyrus, 14 Hi[l; Ins: insular, N5; t: pars triangularis, =f%K;

o: pars opercularis, &
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Chen, 2008), it J& i & Al 9 (Jones, Ward, &
Critchley, 2010; Mutschler et al., 2009), #4455 &4
G R R4, I HXAME SR in T K2
T B I i )2 5 (Boso, Politi, Barale, & Emanuele,
2006; Jones et al., 2010; Koelsch, 2010; Koelsch &
Siebel, 2005), X} ¥ 5k FE T HSE T kM|,
) 10 25 AN AN 2 5 5 2 0 BRI 45 A8 3 B 8 A R — 1
LEIN BN T (9 4, 2013), & 58] iA
HI—15 4 B 09N T (Kurth et al., 2010).

PRI, FRATTIA R, A 00 A &% AT 68 A v A2 43 A A
S5 A8 53 M 53 515 ) 1 o BT AR DA RN — 17 25 3A B Y 3
AR TE SRR T SR S T B B, i B 2 S e
4 AR 43 BT FIE A 45 48 43 BT 1 1 2 e L #R L i
FEA]F o BT B, I & 2 5 40 43 B 1 1 4 e i
U
42 BERMESHARTEWZINB LSS

SR, EORE AR AIE 3 MW TE M 2 I8 B A7 AR
HWHMT A, HEZEARGHWANTEL, =&
AN TR I 25 A MR AR A, TEP IR EAFETE
PATR = AN I T Y DO

B — . AROFNR T HIGE Y A 28 BA B AN IR A [
(Kl 4-6). fil4n, &5k 55 S AL & 3R
bk . BORE R AL o AT A% O BR B 5
18] SCAT AT A 5 SCER S A1 A e A T, H
NN HEAESW N AL L, ARER T4 H
JRR AN T AL

5 AR AR AIE T A A T A R A
ZRIR B, AHR T B i ik IX 4 K Z2 B0 AN )
(&l 4-6). JfH., BIEA ARG X 42 AR, (ERZAbA]
HAREAE—ER, TRESB T MATEDIRE LW
A —HE, Bilan, 25450415 a7 Ar &
HI—IE LB, (B LA 73 AT B I — 1 28 PR i 32 2L
(e I e N 2 1 T s N TR R R i
FEAREEG 5 58 B o AN AR AT RIS 3 43 AT T
W—IZ S PRI AL S A R AT, SR AR
(RS A (1l PTG B N SN S

B = MR BRI o3 B T 2 A A T R i R
RN THr B, XTSRS, SERRZHNE
FEOHTAH LG, 58 0 B eV s —iz sh IR . 03
BEFIANHI—IE 25 BN, ¥ 5105 I TAAE T 2 A8
A BHXTIEF I, SI290018 5 00
K RARIE TR LA AT A L, Ao A HAES M
AN —I5 25 A i 5 B AR e R AR S, TEA) 41
PO R B 5T R 5 5 SR N A AR HE S o X AT RE S

Wt 2R G 5 A BN T AR B AT RE A A
CibST=y s 3h)) I 1= a8

5 REH

A5 30 A 6 b F AR ANE T BT T A R, A
BN TZHH K, B R AR ATE 5 B 2 S
MG RFAT T At A, MM 7 g SRk S
TEPR LA Y S [H] o

AT Ry, FARFE S A 2 G A3
A R EE T A, o T 2 R (G E [T |
ZEM ATz B X (R SR [ FAR 55 X)) o U F A (2
AT [ B = A R S AT 1] B £ 5 ) A A )
W5y o I H, ¥ ARMIE S A By ph g S T nT B
TETHENRZ G TR B, i AE T Ry 29
THE, & ARANE T N T 2 MR B 45 [ 2lke
ARE L. SR, AR EE R HE T2 A & AR
W H U T A R L, T AR R AR 1Y
TS UE o ARAMFFEA L EEAE 6] — ol i
FEWBCE IRANE S A RO TRICR, B A PLEH
DR S T AR RIIE 5 R0 0E, MRS i D SR AR

TR, AR A AL Ky B el 2 B AL
LT SR ANE F A I — )2 9, [FIEE, BT
B R BT G A 53 A e — S AE ORI A T A
BRI BT T AR AR A R P R AE BN L
SR AT LS T ORBE R | B RN RN R S5 A A
FEMM T, Wik, MEMEX MR AF5E R 3m,
TEARR B TTA N, AR ZFH N T2 T
it —20 A4y, A H 515 T R T N R L,
SRR A0 LB AR 0 R S R AR

HeAh, X SRR T B IC AT A R R, A
ACE SR ANE 5 Y A J2 G ] A7 A AT 0 i 22 B0
WL, M HAEARFEY, HEA AR A A
7] o H T8 SR N GRoAR A8 T8 5 I 25 B {5, B ]
LA K B I8 SR I 2 T 4 v R i
fiE 71 (Jancke, 2012; Moreno & Besson, 2006; Moreno
et al., 2009; Paul, Sharda, & Singh, 2012; Schon &
Francois, 2011), DAk, AHFSANA N H AR AL T3
VO SCRE, T EL A 25 SR I R B8 A 30 s T
R TR, i, AR, EE
B 5 8 2 i A 40 A 18 W 5k — iz 3 IR s AE AE S A
R, B2 FAETE & I T 5 TH A7 AE B A A4, D)
] L3 Ao s SR RN EOE S5 I 25 hn s W e —is B A
REJT, WA ISR e T, SRS & AR
JTIRGE . SN, ARBFFEE B, SR A AR Sy
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K6 ERIHT. BN 50T A IR EROC R K], MEAFRIRIK R
1. STG: superior temporal gyrus, i [ [9]; Prec: precentral gyrus, 1 3:HijEl; pre-SMA: formerly supplementary motor
cortex, FifiBIiz 8l )Z; IFG: inferior frontal gyrus, #i I+ [Fl; AG: angular gyrus, fi[il; MTG: middle temporal gyrus, i
fr[Al; Tpole: temporal pole, #ith; MFG: middle frontal gyrus, %7 [ol; STS: superior temporal sulcus, i [-i4; HG:
Heschl's gyrus, #if#[l; PT: planum temporal, i°F1fi; PFC: prefrontal cortex, Bj%ilt:; SMG: supramarginal gyrus, % |-
[n]; SPL: superior parietal lobule, T Til; OFG: occipital fusiform gyrus, ®LH-#2IK [l LG: lingual gyrus, i [Al; PCG:
paracingulate gyrus, %4117 [8]; ACC: anterior cingulate gyrus, 7 HT[E; Ins: insular, & ; t: pars triangularis, = ff%6;

o: pars opercularis, &% &
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Abstract

Music and language are arguably the most characteristic traits of human beings. On one hand, previous
functional magnetic resonance imaging (fMRI) studies have identified multiple cortical regions that are involved
in the processing of both music and language, suggesting shared neural substrate for music and language. On the
other hand, neuropsychological studies on brain-lesioned patients show the double dissociation between music
and language, suggesting distinct neural substrates for music and language respectively. Here we used
meta-analysis to examine the relation of the neural basis underlying music and language.

First, we adopted the data from three meta-analysis studies on music and language respectively. Specifically,
for the neural substrate of music, we focused on two processing levels specific to music processing, which were
interval analysis (15 contrasts and 63 peaks) and structure analysis (19 contrasts and 217 peaks) (Lai, Xu, Song,
& Liu, 2013). For the neural substrate of language, three processing levels specific to language processing were
selected, which were phonological analysis (86 contrasts and 344 peaks), lexico-semantic analysis (111contrasts
and 339 peaks), and sentence analysis (65 contrasts and 218 peaks) (Vigneau et al., 2006; Vigneau et al., 2011).
Second, we projected these peak activation elicited by processing either music or language onto the MNI
(Montreal Neurological Institute) space to visualize the distribution of cortical regions involved in music and
language with Caret. Finally, to explore the relation of neural substrates underlying music and language, we
calculated whether pairs of peak activation were spatially overlapped or dissociated by K-means clustering and
multivariate analysis of variance (MANOVA). The overlapping rate was estimated to quantify the extent to
which music and language shared common neural substrates.

We finally found 11 pairs of overlapping clusters. Music and language shared neural substrates at all levels
of processing tested. Specially, the overlapped clusters from phonological processing of language and music
perception were mainly in the auditory-motor loop, the overlapped clusters from semantic processing and music
perception were in core loop, and the overlapped clusters of sentence processing and music were in
cognition-emotion loop. In addition, the neural substrate underlying interval analysis of music overlapped with
that underlying language processing as much as 50% in left hemisphere, which was mainly in the left superior
temporal gyrus, left precentral gyrus, left pars triangularis of the inferior frontal gyrus and right insular. The
neural substrate underlying structure analysis of music overlapped with that underlying language processing as
much as 7% and 14% in the left and right hemisphere respectively, which was mainly in left Rolandic operculum,
right pars opercularis of the inferior frontal gyrus and right insular.

In sum, our study illuminates the functionality of the distinct and shared neural substrates underlying music
and language. That is, for lower-level processes, such as interval analysis, phonological analysis and
lexico-semantic analysis, music and language are more likely to share the same neura substrate in auditory
analysis, auditory-motor integration and working memory. By contrast, for higher-level processes, especialy in
the structure analysis and sentence analysis, the neural substrate underlying music is more likely distinct from
that underlying language. Models were proposed to illustrate the distinct and shared neural mechanisms
underlying music and language, which invites future studies on the relation between music and language.
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