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s Fa G 012 &

WA L, 5 AR T Z A A A B gAY 285, BTRARE T REHAEA . L NEARE o
BRERHATAF T E, Y e THATHE., ARAREZ L —FHRAF TR RRET aHFT
P AR AR AR e TR AR, FERANIR A IRARE (o B W Aodn A% 0 BLE & ) 09 A5 Am T 49 40 22 AL
REIR ABWI; BRM; BtABNWIR; TiEML, HEBE AF Y Hins

DES B84
1 5]

UNCE PN 5 =YNe U780 v | ER e e L |
SR, P A T AR LAY A 2 A DG A
B e, BATERME 1845 F i (speech) {7 B (th A7
Y 2 AN A A% 338 ) FI RN 1 5 (paralinguistic)
R NBEE R AR IFZIRE) (Belin,
Bestelmeyer, Latinus, & Watson, 2011), k£
FRRIF ST i BRI T 5 ARG o T 1 el 2 AL A7 A
VFZ WML Z AL, FT LUA B 58 3 475 JCRRAE
“Wr 5 AN B 2 (Belin, 2017; Jiang, Chevillet,
Rauschecker, & Riesenhuber, 2018), A T i) #
ZHLHIR R T RERA MR, H KR AR
G AR AP 5 ) IE 38 2 B R A R S R R fin T
NIK, BRSS9 n T B A7 e 57 M (Besson et al.,
2017; Caharel et al., 2011; Kanwisher, McDermott,
& Chun, 1997; Navajas, Nitka, & Quiroga, 2017), iT
AR, WEETE AR FH D) e i 3 4R A4 (functional
magnetic resonance imaging, fMRI) . T £ /M5 B4
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BT (near-infrared spectroscopy, NIRS) ., ZH{4:AHKH
fii (event-related potential, ERP) . fii i &
(magnetoencephalography, MEG) . .41 Jitd ic 5%
(single cell recordings)%FH R E KT AN 2T H
17 76 4 5 A9 A in T 4% Bkt (Agus, Paquette,
Suied, Pressnitzer, & Belin, 2017; Belin, Bodin, &
Aglieri, 2018; Belin, Zatorre, Lafaille, Ahad, & Pike,
2000; Capilla, Belin, & Gross, 2013; Perrodin,
Kayser, Abel, Logothetis, & Petkov, 2015),

41, Bruce 1 Young (1986)%E 7 11 A 20
R L A 7 56 2 X AT 1) 45 4 R AR AT 4 B,
X AR EEER . FiREL . S0 E 25
HEAT AT . 5NN 260, WHoE 3 Kk B K AN AE
PUNIM AT Z G, & =40 203 8% o B 7R
TR EY . B0 BT RS 40 6 i
(Belin, Fecteau, & Bédard, 2004), XTF AFINT,
KRG FERR T AFHWFIEFERINT, M2
W TR R BN TR PR R (A0 R 2 N B
BHER) . #AO B R TR F R TE ALK
Loy b & R B i AR R (AR R
DL )BT AR TR Y, XS R O T 2
ML R 5 18I0 T AY4#1E (Fischer, 2017; Perrodin
et al., 2015; Schroeder, Kardas, & Epley, 2017),

FHtt, 30K 5 A H ARG T8
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MR eI . B, AT AR
SEPERRALE, SRS AR B F ik 15 4 A B s
ST = AT T R B3R NP N T 4 = e 0
Y& i RV SR WY MUK SR SN S 37 DN
FEB RN T K A A & 0 T A7 T, W RS AT
FEHATIRE,

2 AEMIBHSFUERR

2.1 BRI RAIERE

Belin 25£(2000)F] ] MR $ AR 1 ¥ & AT A+
PR N B A DX AV T 381 78] (superior temporal
sulcus, STS). TESLEG Y, MBI T A 75
W(FWBA T, M, JEFHESE, WA
S FNZ IR ) AR NS & (A FH AR & S

LB ), S5RFHIGIE AR B FIN,

NGEERLGAE G BOETE 2 0 X B, H AU F i
| % (upper bank of STS)XJ A A5 A8 #1242 52 b 5 55
B G, BFFEE A A A S (PR B T 5 B4
PO Uy P N YN 1PN ES PN OE T
A DR —BOW MR E HEAT T IR, R BN R L
HAt 7S # 5k STS 1 g DX R 19 38 (Belin
et al., 2000), T ¥k 5 AL AL 4
TE b BRI, BEFEE XL 11558 1 2hi & 5
AT B IR EE B, S5 SRR S A L s )k
FEXT STS HYHTHBA B 58 )84 5 (Fecteau, Armony,
Joanette, & Belin, 2004), LI FHRFSEARUEN] T
STS HAALE TS BYBEREME DB, (HZ 3 Fh A 1Y
TR SOV AT RE A B T STS X A i — S84
MRS R AT T IR SO . R E AT R
N LA 7 5 R 22 IR 5 B A R AR
ji%(Leaver & Rauschecker, 2010; Lewis et al., 2009),
P, A7 WIS 5 08 2 g RN TR AR 2 R AIE
(AN e o S L TEPIBE MR LU R R B ) b AT T
BCJ5, BB T AR A P AN 0 TG A, 45
St — 20 & B I [0 8¢ 4 (superior temporal gyru/
sulcus, STG/S)XF A5 A B IR FUAY L PEME )V (Agus
etal., 2017),

G UGB BT, R0 T L5 1 )22 ) A AR Tl
MK X (fuisform face areas, FFA), AZSUT4g )7 )2
Hh U A R 0 AR R AT R S N T A R A X
(temporal voice areas, TVA) (RIWT3& 57 )2 H X A2
FA A TR R IO A X ), WU STG/S 43 i
(Belin & Grosbras, 2010; Schirmer, 2018; Whitehead &

Armony, 2018), i, 0583 KA TIRERE LR A
FE N T X 3E A7 A BT B R (EMRI “voice localizer”)
Xt 200 22 83 TVA $EAT T P 5 T 5 (9 2
43T (Pernet et al., 2015), WFFT 45 S 26 1 K 2 50wk
R (94%) XU STG/S Xf AR F AR AL HH
BN B AR B . R 2T ik — 2 R B N U
AL BN STG/S HYTT . HHFE #R3

S PR BESER BRI T 5 TVA B30
HEFEVNXR, (HRIFARE UL MW #H 7B R
KFR NTHFEMENHERCR, Bestelmeyer,
Belin Fll Grosbras (2011)F1] 2 & 2 i il fll i H R
(repetitive transcranial magnetic stimulation, rTMS)
BB A A M TVA R AL & (2% - 5T
PEAT R 25 5 8 0 Y v TMS Hil s bl or a5 i, %
TR T AT 55 (B X AFS FEE AR 647 43 2%)
o g YU A 55 (B 0 7 o8 e ) v ) R K
SEFERIERT A B RN 2 rTMS HIE
A TVA B, B2 AP BENE 55 i R K-
BORNBCRTAG TR B, AR e B R I 55 i R
IR 5 AT SR B 284k . XTI 5E 1 IR 3R
B TVA 5 G5 IN T2Z MG ERKR, —5
UEW] TVA J2 A7 T AR S P Al X
2.2 HBABEFRAIER

B T M g o, AR B ST BRI T R
XF N2 E A R 5 M UM . Levy, Granot 1 Bentin
(2001)RJH oddball {85, 1EARTENT 13 F iRk #F47
SEZE R AR SR 4 245 IR 0 AR DL R
i, Hop B AR SRR (HE R 10%), EoR
BT SR A He B S R . ERP 45 SR & BUAH X
SREFEEN IR, WFIR A SR 675 5
M 320 ms EASFER BEWIERA ST, X—
TR N 7R R SR L4 (VSR, voice-specific
response), Charest Z£(2009)% &7/ . A7 FIFR
o E AR g A, ORI R AT
PR NE, FEABCE AH B SR B N, BFSE 45 R K
BAER B S 164~200 ms, A7 76571 HL bk
LA AP IS B P 5 R T R B IE Y s XA
FHL A3 AP Ay <91 —3831 X IE [m] FL {37 (fronto-temporal
positivity to voice, FTPV), T2 AJSH H G TVA
Jare AR AR S, BT P2 B4, T
FTPV 5 AR50 59 5491 i 73 N170 78 I ) i 72 1
—3, BB E A FTPV BN 59 N170.
X — B3 BB T R S S R i T, S



754 O B R 2 ot B

%28 %

%, Capilla (2013)%F1 il MEG H A S 3E 0] T
FTPVm (magnetic counterpart of the FTPV)[¥f7
TE o MBI Wy — FR G0 A W] 9 75 & 0, £
PN (RN EI =3 PNV E VNP
WEWERS . ARAE . NTERA ), JFEK
B 5E WA [V R R I AT 55 (B Sh e T AT 55
1-back fE:55 FIXf AP —4E N 2 K IAE 55 ). 45
FUTERI PG 150 ms, AR A6 X A A
JENFFHAT XY, IFE 220 ms A£47 FTPVm i5 %]
W o 7356, TE=FORTR S, AGHERREIS &
R A FTPVm ALY, FLIZ R IR T8I STG/S
g, K5 TVA 5.
2.3 RBEEILHIERE

4 ANAEANEILE L A 754 R 5 0
T o WA RAAT A MR T 3 S H AW
2L LAY VT 84 - (Vouloumanos, Hauser, Werker, &
Martin, 2010) 17 4 i 4315 22 38 A e s 22 L TR
WL UK BEOR % B S L AT R R AT, W R BB 22 3
RWmar R RSB . BE A REY 3 A~ H AW
BOLHE S WA & EWE AL T H LS. 5,
WEFEE RN A 1~5 RAHT A LR A oddball 152X
#HATT ERP S5, Z5R &AL T AE A 008,
N7 5 & R Y R DR E LR (mismatch
response, MMR), Tl HRVE | 158541 A5 L i 2% 1)
N5 EE K 8 KF) MMR (Cheng, Lee, Chen, Wang,
& Decety, 2012) . X BEHH A LA RE X 73 A il
AR, BEEXA AR %15 B o Grossmann,
Oberecker, Koch Fll Friederici %#(2010)% fH fNRIS
ZEE AN TAH B E LI N & G5 iR
RO AR 5 1 0 A0 AR N2 P 5 I A8 ORI 3 Bl
R, BFRES R R 74~ A BLRY I K 2 (superior
temporal cortex, STC)XF A 545 i 2 I BE B S b ;
T 4 A HRELMEEE B 2 B R B X AR 1Y
VEPEPERNL . —SE/5EF AN 4 DA T DH B
BELX N AR A R O AN ), AT R R
4 Grossmann 45 Y S5 50 H 396 A N P R OAE 7E 1)
@ (Lloyd-Fox, Blasi, Mercure, Elwell, & Johnson,
2012), BiJ5, Lloyd-Fox £5(2012) & Bk 515 A S
AN SRS | ST | R A ) R Al NS
PR | Br B py S My A AR, Xk
HEBR T B MY A TR, JR R T A &
A E S INRIS Z5 R 2 W] 4~7 7 %LU HT STC
ISOPNZR U QR NGRS v S U = N

VL 58 JEE A A U 1 T RS A 19 5 (Lloyd-Fox et al.,
2012), %F fNRIS [925 [0l PR AU fMRT &,
Blasi % FH fMRI $ AKX} 3~7 A BILEAT T 5%,
I3 S WL 380 B LRI ARARL, A 000 8 i3 [l o)
518 A A £ v (Blasi et al., 2011),
24 RBIEALHYBIIER

AN HUR NZRAFTE XS NP A S P B 4 i X
(BN TVA), HEWRBAATE T2R0IT TVA BRI .
Petkov %5(2008)7E fMRI 52 45 Hh % 1L 175 R R A% 1)
X A A i P L HG Al S A% 7 A B R B R B
It HAT M RIS AT BES S TR R BRA A 75 iY
P XA SR E UE ] TR A R TN
TVA WRIGZJZE . B, WF5EHE R R 0 75 5 ik
PEIE XA T T A IC 5%, S5 T IX S fil
DXy S A7 X0 [R) W Aol 5 7 A e S 7 18 il 28 78
(Perrodin, Kayser, Logothetis, & Petkov, 2011), iX
SERIE 5 e W N P A0 S P T AT R R Al 1
Yo AR, Bl BT ST e BEA A4 O i v o A7
FERMLT TVA IR, 3% D06 i1 75 L A
7 A SRR B R, 37 WA R S i T
i X AT BEAE 800 JTAFAIELE £ B T (Andics &
Miklosi, 2018; Andics, Gécsi, Farago, Kis, & Miklosi,
2014),

3 AEMIBSHEHZHH

NPT RLLE IR . A2 IR
(e 359 %y P 7 ) AR 3 0 (e b 0 Yy 7 ) A AR
JH 7 4E B (Ghazanfar, & Rendall, 2008), % W
PN (o ) A2 L R R 0 ) 7 7 T 0 i
Vo AMRTEIE B K ol VR R BT 35 3] A 22 451 71
JEAH M TEIZ Y, AR A AR B S B AR 7 RN
Y RRAR, 40 55 M L e P N R TR R 1
BT L) 55 7 Y HE AT 5 (R (Latinus, & Belin, 2011),
W FB by B P TR AR — N IR A, SEARAE A IR Y
FERE AR b AR R (R O SRR ) o TR U5 T 3 i
TR TR ELSH, BT R E
K/M(Latinus et al., 2011), [K itk 24 & H [6]— >0,
BPE et N B B R SR R . R
o B SR AH B 25 R O E T ULTE IR R MR
P EREENE, BT IEW &S 0HEl
AR IS B A1, IRt BE & R R
B, R TR 2R

NG AR R R LA AR A 7 SRR
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[F] T HAD RN 75 ¥ 5 AR S 09 E A L,
AT Y — A b 2 RRAE SR R R 0 1 M0 3 2
P AL, LT B EN— BB D
— AL B E TR 1Y 25 £k (Moore, 2008), AJH
B o5 — A 0 B RRAE R TR R A, BV AR A B[R] AR
WL RZHF E LN EMAGR T R, X
AT DL 2 7 408 % M 7 L (harmonic-to-noise
ratio) . FEAHIL Gitter) FI YR IR H4L (shimmer) %48
Bk I 3, 9 3 Lo bR nl DL T 3t d 240 A
P 1) 4 I 43 (Latinus et al., 2011), 4k, A
THABFNASTE &, NG5 75 F R L 38
4t 2 H 2G5 B (Belin et al., 2004) o IEARIGE ST 1)
TAGBRE RSB R (LB TR, iG]
VIARSEAS W] 00k 1 UN)) . A 515 5 5 B
TEEHAREE . TEMEBNE LIER—F, 2
VLIEH B EELER,

T SR FH BT 25 R AR i T (1) 2 A ) 7 2
L. HEEEANT, B 4058 754 gl
o Wi 3k U 2 A A R AR AR S, SRS A RO R
AR i (Hilbert transform) i 2k — 2 40 i il A8 1k
TR 5 ) B[R] A 4 45 44 (emporal fine structure,
TFS) B A5 F1 A4S Ak 3 B 5818 1) 41 4% (envelope) B A7
(Moore, 2008), TFS 7ESEM . 7 15 M L) B 75 TR
FEREEEEM, AENFEENSE. 6
HI AT AR TR R T R 2R G, HLX R AN )
S3 TR TE BN 45 (what) 4 22538 fif 123 [8] (where)
2538 % 1 75 24 Ll (Apoux, Yoho, Youngdahl, &
Healy, 2013; Zeng et al., 2004), >k A [7]— 7/ & )4
2805 5 FORG A 45415 5 1T LLAE N 98 )2 11 4R 25
— X R T R A R E T AR, SR (AR T
H RS AE 52 7% 1Y T B PR T X0 AN [ 10037 5 ) B
1y B FURGE N 25

MR HEANAFMAR —HFEEEET
WL M EOE R, H =M E RN TR g
&Ry 47 B (Belin et al., 2004) , A8 SCH2 T RH [ iR
NFEFE . MBS0 E BN TR EHLH
3.1 ABFEEEEMIMHEE

T T AR B0 TR A A i W i
BZrEEn, BRRHETWESFER, IFREEX
f3d 72 o Belin 45(2004)45 5 i 25 20 ZAFRIESE 12
MR EAEETTIN T AS FIBMM i, B
HI, KA IEE AR A 0P 28 AR B 2 E
BT R A AR R TN 5 TR AR R 4R B

FEXF AN 2 AL T IR AT (Hickok & Poeppel,
2016; Leonard, Cai, Babiak, Ren, & Chang, 2016;
van der Burght, Goucha, Friederici, Kreitewolf, &
Hartwigsen, 2019),

WE T ML GIR. —SehTE R iE &
FOTE SN T B2 52 A0 B4 B 1Y (Demonet et al.,
1992; Okada, Matchin, & Hickok, 2018; Rong,
Isenberg, Sun, & Hickok, 2018; Vaden Jr, Muftuler,
& Hickok, 2010), F-7£ 20 142, Demonet %(1992)
o TR R SR T R sy e, L &
AR A BUIAT: 55 Rk % 2818 L, i B
) AR R UINE 55 R R T b
SRR 0l AT & R U 55 AR U 5%
IR 5 W 2 SRR W PR AT: 55 23 0TS A TR A X o 3
LR 7R TS N A SO P KA TR A Bk X
Wb, A 1 s A BB 5 ke BAT B O TR R Y
B PUNBE 2, H R TR OB BE ) SE 4
A 28 R 3 1 & 1 IR B8 ) 58 4, ELBRLR) i SL Y
PR BE /15281 (Dial & Martin, 2017), X iE—
VLW T8 R SR ] BE R A BN 1Y

TETR &IN5 T, W98 358 0 230l o i
AR T E N A S B, AR AR Y
FH4AR 15 & % FE (phonological neighborhood density)
(Okada & Hickok, 2006). H.ia] it A1 4151 27 2% & ]
P I R A A 2% 5 1) R L 4 B3 ) 5o (B 2 i
PATR] ) — A5 R 5 AT AR A B B R] A4 5 ) R A
Eb 0 BALIR] “rat” ) FH 41 1 5 2 B 95 = (cat | bat, hat,
ram. rag. rap 5§), IMELi]“orange” fHH S i & %
JE#IK, Okada Il Hickok (2006)7E fMRI SZ46H
R SR BE SRR L, e I T i 2 R L 1)
I, XU pSTS 27 R, Xtk pSTS
FEIL A8 & I Tl B el 5 AR . ROk,
Vaden 4 (2010) 1 4 2\ 5 35) 2 v R ] 35 2 9
(R E ) ISR F I TR M A5 .
SEE N 17 AR IR R EHE R
)RR S R, BOR WA F] STS 1 g
(middle STS, mSTS)H ¥ T B i Ay = &2 7 il &4 v,
B3 X da 2 I A o R O R Y i T S v
flfo X—45REH mSTS BB 5 TEF N, X
SEff 5 F B pSTS Al mSTS £EiH 3/ T Al 25 %
HEAPE

KFESON TR FATMRZ . Rodd, Davis Al
Johnsrude (2005)7F fMRI 5256 B SR 1 i I W 41,



756 O B R 2 ot B

%28 %

B e AN BT 1) ) ISR B3R 1 A7) o RE X
FARBOW BLR], (R ASTR B3] 9 0 T3 5 B R ik ke
T SCH OGRS AT I T IR B, AT AE R R
T AR BRLIR] LU ARCABEAN B 1) T R ST e MRS )2
M EH . XRPLEMB T & Z R+
3R] SO T o IRk, W 453493 9 N A A 5 B0 XL
B )P T UL R T R A 2 N 174 5 S R
[A]45 4555 | 2 (¥ (Bonilha et al., 2017), X S6HF 57 5 B
N —15 SO T 0] v & T Z M 52 2 0 s
R € el V4 1 O O 1 3 7 W 90 T 7 24
SRR, FiEi A (anterior temporal lobe, ATL)F
J2 i B 5 51 (Brennan & Pylkkanen, 2017; den Ouden
et al., 2019; Rice, Lambon Ralph, & Hoffman, 2015),
ik, ATL 7E5) B b & v g S5 A
TR — U 8 ATL 54075 # S A %,
W ATL Y4505 255 R 52 2% ) ¥ 445 1Ay %) AL fip dk o
(Brennan & Pylkkaenen, 2012; den Ouden et al., 2019),
SR, JR & UE AT M 2K 15 RE (primary  progressive
aphasia, PPA)IYAH SR ATL 54651 L
TN T B 015 £ (Wilson et al., 2014), £ b BTk,
Ze M F) v P 7SN TR S
X, ATL J&M)ikas i 4l & 18 SO 1Y #2845
P E NI,

SR, 18 SCRE 3 T3 2 I AN & 58 &l 5T
i (Dial et.al., 2017; Dial, Mcmurray, & Martin,
2019), BT & BLBUK JE 58 G TR £ 35 (0 38 3 SR
T U R AR AR AE B bE,  HLTE SCHE A B 65 1T fiE
2 FH T B Y BB BT S R Y, X 2R BE X
Jin TRl BEFE — xE A2 KO T35 % in T (Robson,
Pilkington, Evans, DeLuca, & Keidel, 2017), #iff5%
DN T RS SO T BT RO 04 I X AR 7T BE TR L
TRz e, R B S R T R T
(Hickok & Poeppel, 2007, 2016). Hickok %£(2007)
F2 00 00 B R AR G A R R T S TR N TR kAL
i o 7EXGE FEALAEL T, XU mSTS Al pSTS 1574
TR TR I TR RAE . M S, AR A
Sl . —AORIEOE B, TR TN R
FRAE WA B 2 ERAE L, BN (R B TR X
R, 7EIZE I, J5AMIET (posterior lateral
temporal lobe) 1 ¢ W7 5L H] #4 #¥ 38] JC — 18 X1 [A],
ATL Z 5EPEMEEGTH T, 55— F27H
38 %, 2 T 75 o 5 SRAE B B R i
HRAE b, HINBERAE N — DA STS 4l iy

B RAEFE ¥ 0E 3 K (67 F 40T B G id 1) &
FZEIRIE . XMBIRE 2 WGERE T A 15
I R AL

BRUbZAh, J RS E R . iR A
TEHEHETNE, PAFTHIEENEHFEE. N
HEAGH A R UG, A 9T 5N TR B R
E NI A I L RE T h R R LR, PR
TEE VI K &R (Creel, & Bregman, 2011), HAf,
— BRI T I BN TREZ WM AT &0 19
P, BN, 5 SCAR B 5 2 B a6 B 1 A 5
FE AR IE U015 & 10 7 & 1R ) BE 71 8 3 (Perrachione,
Pierrehumbert, & Wong, 2009; Wester, 2012), i 45
P NBOBIESE & L5 E W MAR T, B2 Bl
(BB 0 T A2 458 SO0 132 i 7 e s 1 R0 3 ) % B
USRS S RUN R AT B WA B 055 (R IE
BN S A X A B R B A R U3
VAR E%ﬁ%(Perrachione, Del Tufo, & Gabrieli,
2011), SXELFFFEIUEH A HUIMRE TR S e .
FfiJ5, Fleming, Giordano, Caldara 11 Belin (2014)
HBIF 5 kB0 BV B0 T 2 Ok B 5 15 1915
SCEE, HXFERE R B U e i 2 iR TR
BB UG o X — 2B Ul IS 1 B R I AR
T 5 T I 2R AR SR T A 21 SR e
32 AFEBEE2MIAHET

EH W, AR R 22 R
PRMUE A5 2., HE MWL U0E T 2R3
T 5 181 455 B (speech prosody)BE & 1% 46 5
BXESEXNE, FF AR FEE TGS
W, HE R 4B TR IR S N R T Sk
B L (Belin et al., 2011), FrLL, B 5% &8 & 1F A
B & TR A & 0 T 5 SRR 2 i Al F TR ) T
SRR T AR (NS ARt P )R 5 4 N I 26 A
BN T/ 45 1E (Belin et al., 2011), Bestelmeyer,
Rouger, DeBruine il Belin (2010) 5 R HAEF i
NG RIE R R R T A GEE SN T 16 R 4R
ARSI R, KRS B w1 T X B 5
JRVCREAE AR B (R i AT B g o FF ST 8 R
T8 IO A B B IR 1 5 — ot 2 R R e 1 R,
AT 48 7% T2 i 28 B R G 4R S 108 S0 380U R A
N o FEIZRWEFEH, Bl R A 75 15 285 CRE B 1%
PR T A AR, H R 2N B 2 R R 4
R Ao NI I TR IV G AR S B - 32 [
(Bestelmeyer et al., 2010), W7 EFH NN AF B G
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SR I P BN ANAAS 2 7 2 R ) AERZ W 1 5 |
B, W H TGS 2RI &2 RIE
Lo 3R TP 4 0 AT BB B T — Rl ST
(R4 2238 % . J5 ok, Schirmer 1 Gunter (2017)7
H AR B R R BT NS I A 1 n T AR T R A ST
THABNFEAF BN T TR # e Wiy A T
PR 26 B9 R RIS AR NS R, ERPOZEIRER
HIAH L TAE AR R, A2 A RE N1 A
P2 B4, i A1 25 I R R OE 235 R TR R
We S IE R o WFFE A RN 285 N FaE
M2 EaN NE PR ERREITES
(Schirmer & Gunter, 2017),

P20 B RIESE R WA BRAZ 0 L A2 k2
ORI S 2 1 RE 1 4945 5 55 K (Guranski
& Podemski, 2015; Shamay-Tsoory, Tomer, Goldsher,
Berger, & Aharon-Peretz, 2004), 5 ER#1475 /9%
N TCHEH W m) 1 rh IR I 45 2 L, HIREIE )%
VR RS T 2 R A AT 9 N TG TR )
TN, ARERE U A7 rp B 15 25 VE R 3k (Patel
et al., 2018; Ross & Monnot, 2011), Itt7h, Kz
28 MUABWE T R N 15 2 8 e ) Rl 2 W 350
WAMET 2 A E L A0 STG 547
FK g [X. (Friederici & Alter, 2004; Sammler, Grosbras,
Anwander, Bestelmeyer, & Belin, 2015), [Htt, ¥
ZWFEE TN L 1T T TN 15 2505 2 A
LA T AR

SR ARk, K B 22 (14 fili AR AT 58 2 W1 155
RN AT REA LW KB BR, W &)z
B XU #4122 W 4% (Peg, Kotz, & Belin, 2017; Schirmer
& Kotz, 2006; Ethofer et al., 2012; Zhang, Zhou, &
Yuan, 2018), Friihholz Fl Grandjean (2013)IA N1%
25 75 5 RE IS BUI 45 T B2 JZ (inferior frontal cortex,
IFC), HZ:. £ IFC (ZIRETE shR I AHRLY
HIEBR AL o BEAb, TFC AN B 1 28 75 & 1Y
TR TR RN, 3885 KO 46 75 5 T
BT AABNT.. JFH IFC BASRDE X BA7 A
[F 2 RE, Sk o IE AT [ 35 260 545 465 5 1Y
AN T, TR N AT [ 3R RN A 4 S
B A ERAE {5 B (Frithholz et al., 2013), Ethofer %
(2012) AR FCHK B LG 5% (diffusion tensor imaging)
B IAENG & B AR, BN 1 [B1(STG) 5 3
R0 i) P A SR A2 (medial geniculate body, MGB) .
WU T3 R 1 (inferior parietal lobe, IPL)-5 H:[E iy

% F 7l (inferior frontal gyrus, IFG)E.-45 %35 1)1k
45, XU STG FH[FM MGB HYHRES F ik 7 A+
PSRRI B A, XU IPL 5 IFG
FOIBRES B e 1 R 7E S J2 I B N S 4515 R
F23 [6] 457 B A9 0 T.(Ethofer et al., 2012; Zhang et
al., 2018). IXULHAXUMI KN 2 B S5 T 1%
BRI

Rt =z Ab, W58k IR 1417 45 n T ] BB IA
W R RS, st A% 55 (Bestelmeyer,
Maurage, Rouger, Latinus, & Belin, 2014; Friithholz,
Trost, & Kotz, 2016; Leitman, Edgar, Gamez, &
Roberts, 2016), Bestelmeyer 55(2014)fi 7= & 1
TE RN BRI STS A A% X i & - R 4R 34
S ) BHLPS AR IR 22 S S AORR, T A DX R
N 53 ) T 08 X A5 2% — R P 32 82 TR 1 155 2 R
2 AU XIBERRPIER T R, A
BOMETN S W25 7 AE R, K
% A0 T 53 A1 2 75 I RS AR, HITRR S £ TN
FH IR N HISRAE

Schirmer il Kotz (2006)32 H i) A5 25 i T
149 22 W BRG] 17 28 B P I I AT T AR G 1 i
BE, JESRIE 1 N5 4 0 A B T U e 22
W25 BIR IR AT o AR R P 15 4 0 T R
IR B B B BRI RN B B . 7E S &
BULPUS Y 100 ms 2247, WINPT 3 17 J2 %5
LA b GO Dk SR E/E d  INE INE- 7E  l  y
FEIFN AT . TG B 1 200 ms 247, R
A E 1A (aSTS/G)FIAT A A% % HA 15 26 5 LR
SRR (AN MRWE R E TS SRR AR AT R
FERI I 46 5 9 400 ms 2247, A7 IFG FTHE 45 2
J5i(orbitofrontal cortex, OFC) i 7% X} & 45 &) At it 47
TR GAINHEAN, Ao MR B2 558 m 1 i
s AR R .
33 ABESMHMERMIHEEIEH

HI TR Sk A5 R RS A B B S A R AR AETE
A2 S, BT LIRS AR (9 75 22 S 8 A7 7R
A 2257 o A WFIEE AN R BE XS A [] 182
PR R P 2 R AT R A BT, SRS R A BN
7 B SN A i A7 A2 < A R I B T (voice  recognition
units)” H I SRAESEAT XS LG, g IR S
£ {7y (Belin et al., 2004; Blank, Wieland, & von
Kriegstein, 2014; Ellis, Jones, & Mosdell, 1997), iX
Tl A2 8 WL DR R N B 3 4 5 R R e FR O B
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13 BB B 3 B 43 TR 50 B B Y AT 00 . AR

BB, AR X 40 AN (R BE A i35 2 &

M, ARG IE FA R BOR R A . AR,
T3 A BERIF T RO RS B 5y BN T R A R

OB AE BB AT I o AR R AT R B

Ji e KB 3 BB AE IR I AR B, FIOHE LA IX 3R

AN, X R 5 1Y D FE 24

A a0 IR B ad AR AT BE B 43 0 37 (Papagno,
Mattavelli, Casarotti, Bello, & Gainotti, 2017), Itt4h,
MEG 58 & ARG AE R Z) 200 ms (YT ] 55 FF 4R

X AN NS RN EAGE N R I R A T SO, X 4

R T ANFE =B B IEAURR AR [RI s 2R 4 T (Schall,
Kiebel, Maess, & von Kriegstein, 2015), iXLE4/F 57

Ui BT RS B 03 SRR o A AU 5 A T R 43 At

L HIFHFTE

ik B3 A3 A 5% & 3\ 7 2K IAE (phonagnosic)
HREE I A P WA TR S L, AN
AE I o 7 R By, X R WA By
BN TRl BEPE ) T A7 19 2838 % (Roswandowitz
et al., 2014), —EWFFH AR GO0 T A&
AR O NFE RS, X RS TS U ]
(heschl's gyrus, HG). ##i~F[fi(planum temporale,
PT) . a8 I 1] /74 9 i H f5 3 LA K3 43381 o [l /)
(Roswandowitz, Schelinski, &von Kriegstein, 2017;
Schelinski, Borowiak, & von Kriegstein, 2016), iX
6 IR AE NS — B O (5 2 BN T B v R A
TEMANFEAE R, JF HAEDREFNZ5He b A0 FL % 4 |
A HAEH (Roswandowitz et al., 2017).

D NFR R G, WU [l (heschl's gyrus,
HG). #iFifi(planum temporale, PT)FIJ5 3 I i4/[0]
(pSTS/G) 1 57 A — B3 175 2 RFAIE 43 Hr(Andermann,
Patterson, Vogt, Winterstetter, & Rupp, 2017; von
Kriegstein, Smith, Patterson, Kiebel, & Griffiths,
2010; Elmer, Hianggi, & Jancke, 2016; Zéaske, Hasan,
& Belin, 2017), 40, HG %A AR B4 0035 7
ARk U#% (Andermann et al., 2017); pSTS/G X} A
75 Y A AL T A AR (von Kriegstein et al., 2010);
PT Fl pSTS AAXXS AL N A B 03 BEHURE, 3B X
5 NTE G0 2 3= A & 0 B A AR 19 2R A0 B o sk
(Elmer et al., 2016), A7 T/ —A~EZ I RE 2
D N B N AN E= (N I PNZE = £t At ]
JERHURIN S B 03 (4 75 22 RRAE S A 25 DD AH G . Zidske
25(2017) K B pSTS/G 7E AR AK NG5 1 X 433 v

BT OCSVE ] . AT g2 2] — R A B
By, SR B R WA W S A A 2k B A= i
PSR AR S o B A RS pSTS/G
X B A P B BN AR S B ROV SRR A, A
7 R SRR B AR IR (A £ 46) RN DL N
AR BT REW N T AL R A X, B pSTS/G.

WFE AT e BN B B A U 2
STS/G Ril##f 2| H %% ) figi X £t 7% (Belin & Zatorre,
2003; Hasan, Valdessosa, Gross, & Belin, 2016;
Luzzi et al., 2018; Schelinski et al., 2016), Belin %
(2003) ] I P & 3 1o 9 =X K R e kA 3 7 ] — 15
W R G A TR] 5 5 (B I B35 & 1 B ),
aSTS/G J 5 B [k, i3l 2 W i X3k A7 B
By AT T TR R T 3 AN [R] U 1 R Y
) — 3 )5 (BGE N 5 1 J5), aSTS/G BN A
VS, X L — 2P SR W X BT R N A B
AT m T, WX AR B BCA RO S3Ah, B
FEAE MR W RV A NFFRREAS, e A
FHREAS B S A 1 DA M 1 O X D T O
(Latinus, McAleer, Bestelmeyer, & Belin, 2013), J&
BT B R TE — D =4\ 23 () ol 2 A i 2k
Jii(fundamental frequency). FL¥R 1% 4> HY (formant
dispersion) Fllif J§ B 7 t.(harmonics-to-noise ratio)
SRR AT P A R R Y . 45 2R R IR
) O 725 D R 4 7 bR B0 D AR ) 7 SRR TR
i mSTS/G. Wi, HF5EHE NN mSTS/G W HES
5T NG By R oURR 9 7 22 R A 23 A A B 03 3R
Z 1] i v ]380 72 (Latinus et al., 2013), #4]
AL, L R Y AT e AL NS B n T
ok A b (E] /3R B S R AR 2 E] ) BE i
(Roswandowitz, Kappes, Obrig, & von Kriegstein,
2017).

N T RS B E BRI ZHLH, Maguinness,
Roswandowitz Fll von Kriegstein (2018)#2 1} T2 &
BRGNS B (5 B TR I 2 T
T, X B (5 B AR R AT 3R S5 5
I (HD B FRAE 23 H7), FEZH 53 i/ E (pSTS/
G). #F- 1 (PT) TG S % [7] (anterolateral HG)
F5t. RN S P2 b, IRLE R B A
P RHIEREE STG/S iy Hha] X Sk b 5 CL A2 Y
N BT VO, T 5 1 i 5 N T L A
FAE. SRJS, aSTG/S Fll mSTS/G 43t it 5 (5 1E
ettt 2 ME AT R, IR mE 2z
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B, RIS MRIE A (d). AR S IRIE R A
NFE B IR A, LT aSTG/S. U AR i i[5 X
JERGVEHL, R ed™ I T 5058 B E (Th), ATk
7 — MR, BN -5 3 U] (Fontaine,
Love, & Latinus, 2017). USRPERILE, Afi1&
LB BB R S R bR, AR 2 A A
3. XAERIEHE T E SO FRE 2
MR LA i e, 2 BRI U 2k i %
AW RN e i

R W — P 50 3 5 AL, R I AR T
REHE LA N TRy Bt 2 7= A= 38 HAE FH (Maguinness
et al., 2018), X— M A ERN T — L5 L FF.
kA W AT R, MIILIER A, KR
P SR AN SBT3 5 A U3 B 1 e
i, AHXF T FE A A5 B 300 20 3R B IE F (Liu,
Corrow, Pancaroglu, Duchaine, & Barton, 2015; von
Kriegstein et al., 2008) . #1258 AR A 57 2 B 24 4 i
Xof RN R AT I, ARIR [l A P ] X
(FEA) A 51 X (STG/S) 23 A1 55tk 14 L flg 3 422
Fi4k #s ii?il%(Schall, & von Kriegstein, 2014; von
Kriegstein, Kleinschmidt, & Giraud, 2006; von
Kriegstein, Kleinschmidt, Sterzer, & Giraud, 2005),
e Ah, R T R0 2 e i H A XA 2 5 R
MInT.. N, Blank, Kiebel il von Kriegstein
(2015)f FI A — A I 3l =X % BRI i A B 3R
5 [X (occipital face area, OFA)XT A5 )4 BLRFAE
R O 455 L T R, R A TR X
(anterior temporal lobe face area, aTL-FA)#Fl FFA
REXT AT B B 3 5 B EAT AR . X SE 5 i WAL
SN TR GE 0T RETE NS B 0y U3 e 4 4
AIFE

4 HREE

B, A0 TR RS () A A R i — 2
Witt, B, WA AR SR AR XERA 2 A b i R
SRR, FHEEE TR S 2 = N T S
MR bR ifE 2 A5 A 18 3 2 (Pernet, Schyns, &
Demonet, 2007; Leech, & Saygin, 2011), PIFEAF5Y
SRGE WWNED) I BNy | M S I L SO
LGB RN BRI T (Pernet et al., 2007;
Leech, & Saygin, 2011), ANid, Pernet %5(2007)IA A
B0 SR — DX % — 5 2 ) 3 ) ol 2 g R AT B
TR, XA 9 SN TE R — g, R L H R

TA R A N T B P 96 1 (voice-preferential), i
AJE NP TR RS o A B AL G ik
R NP RS OB, HT AR R, ROk B £ A A
FER I LA F A 3 A P SRR 5
FURIRLRE, XF SR . BREEA SEAE AR A H A
0 51 A9 52N (Armony, Aubé, Angulo-Perkins, Peretz,
& Concha, 2015; Leaver et al., 2010; Leech, & Saygin,
2011). HE, AWFFEE N B3 DO A 5 21
WO S BRATAS S AP YRR S A T, T XA [
RSP AT B — R W s i T R, HOR
It Xof A 4 BURR AR 2 B 155 (Leech, & Saygin, 2011).
H¥K, Moerel, de Martino il Formisano (2012)1#/f
S8R BN S R 1 DX B AP AR IR AE A S 4
PERONE, X 3 BT 52 5 2% v i N A S DA
AE A BE g AR I T S AR, T A B
SRS — R AL Z ) T BEAE A IR
F 4k, Leaver 2£(2010) & BLNT 5 Bz JZ2 X AR FIdE A
A PR3 45 e R0 I TR] 308 ) e TR AT e R SN,
TR T 5 15 J22 FT R 2 M 408 75 5 P R S 1 AR
R (B ARR A X P R AT A0 . PR, A TR A
PR T R R IR X A R R A I A SR R AR B I
PEPEMEE R

5, ARORIE T X IR AR N T Ay
WAIRIT . HHll, PUEE R & A% (autism spectrum
disorders, ASD)ETE 2 % LRGN, X%
ASD BRI Fi ok 7 RE . AR EATIAN
i KU, ASD HE MR T B P N 1) BF 50 A B T
HA ASD [1RYT T IE MR R ASD B9 HIECR
(Jones, Gliga, Bedford, Charman, & Johnson, 2014;
Sperdin & Schaer, 2016), EL A58 &3 ASD JL2
1 ASD JRAFRAS 22X NP AT et S, HOG
F A ASD 22 LB AHCHFFE fi /> (Bidet-Caulet
et al., 2017; Charpentier et al., 2018; Fusaroli,
Lambrechts, Bang, Bowler, & Gaigg, 2016). Blasi
45(2015) K BTG ASD Ze st i s AR XU 22 L g
XS AT PR SO, A ASD K it A% 52 1Y)
e AU 2 J LR AP AR R BN TN AE 35 2
St o XA HIBIEFE R BT S0 59 NI AR AR OR
I REICH ASD WYBfIZHE bR, (H AR T 0 I E AT
HE—25 B0IE . BRILZ b, ASD JLEEFI ASD B
W5 I T 28 G0 7 i R IR A T o T A R B B2
BT BE RIS A S . L, Edgar %£(2015)% 3
AR L F ILEM L, 6~14 2 ASD JLE W49 Wt
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B DX 2 B A K . Miron 45:(2016)
UEWY T S W M ik T S RE RS 0~3 S T ZE LN
1.5~3.5 X H LI KLUR 28028 ASD . RAMF
FEIE T LAARTE W5 28 G2 14 5401 T B B S e
SN [ ARE B E I F IR TR R

55 =, WESEEATR A IR ALHEAT T R R
g%, MR 3G P SGEMXT R D R H T
AT I 20 7 A & PR RR I s AR T
Aeil e S, (M2 ARA ENREELR T H
ABIM I  AUE T AR, BORBZ B K B
F sk WREA & A IR AUN, TF EHRT A A3 2458 Fl
A T R SR B T LR R, I LU
K Z BIRIETE A TFUG DG F 5 5 N A f 2L
ﬁi‘U(Pinheiro, Farinha-Fernandes, Roberto, & Kotz,
2019; van Veluw & Chance, 2014),{Hi24H 1k, #F
FEFATET 3 IR E I LR g LS #EAT TR
MR E, AR T X% L LA I 11 #E 47 AR
o B, MHRAM S AR SR, P&
A A ERRE S R BRI P3a (Graux et al.,
2013; Graux, Gomot, Roux, Bonnet-Brilhault, &
Bruneau, 2015). X & W H A & 191850 7 0] Gk
AT AR B R 2 (Graux et al.,2013,
2015), SR, AS[FRAERE B R & (g AN
B WAMEE . T T A A
BER R 8 BCE S IR R Y 7 ) AT RE S B R AN [H]
AU 23 3l (Graux et al., 2013), b THEBR AT A
B REJE TS AE T &, ARSRNE SN
H 3 B A [A] R AR B I A5 I I L #R i AT
A HLEL , HOUR, Graux 2£(2013; 2015) & BL7EA
RN, B E SRR A S A NS
A /N P3a 4y, T Conde, Goncalves Al
Pinheiro 2015) kK MUAEER KT, AFRA &Lk
H IR A & KR P3 R IE . X SEAF ST R H
PR FEE A 3R E N TS B T IR AR, R
R RAIR T T BB IR anfar i1 A 30 & Ak B
FAEEMT, S35, PHEE LB ARMIEA K
FR 5 T P BE AR A [ A 19 TR R R, A Ry
A LR A 3R IR AR T 2 A R
(Conde, Goncalves, & Pinheiro, 2018). iX L Z2H H
TN NN TR P22 ML 52 BT 55 M 5 AR R 2R Y
B, SR SR 5 W) X X L i AT . B,
Pinheiro 5(2016) & BU7E F B Tad fErf, HIRAN
Ay A o BRG] (14 38 SO 28N A S TRl (4 5 )

Bla, SR BAGAE AR E L, 2o U
F0F F FA R G TP 2 P A I (Pinheiro
et al., 2017), ARAH EAEL)Z W L HE—PHRSE
TEH N RURS 1 0 ZROAE R A A o T AN ) 15 45 26 1Y
i A AN

5% 3CHk
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Neural mechanisms for voice processing
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Abstract: The human voice is the most familiar and important sound in the human auditory environment,
conveying large amounts of socially relevant information. Similar to face processing, there is also a
functional specialization in brain for voice processing. Neuroimaging and electrophysiology studies have
demonstrated that the temporal voice areas (TVAs) showed specific response to human voices. In addition,
researchers have also observed the homologues of TVAs in non-human brain. Human voices can convey
speech, affective and identity information, which are extracted and further processed in three interacting but
partially dissociated neural pathways. To explicate these three functional pathways, researchers have
proposed three corresponding models including the dual-stream model of speech processing, multi-stage
model of vocal emotional processing and integrative model of voice-identity processing. In the future,
researchers should further investigate whether voice-selective activity can be explained by the selective
processing of specific acoustic features of voice and focus on neural mechanisms of voice processing in
special populations (e.g. schizophrenia and autism).

Key words: voice processing; specialization; the temporal voice areas (TVA); speech processing; emotional

prosody; voice-identity recognition



