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FEETAERAEZRNIRFY, NEAMILELSERERGEL, RAMRERLEMH. SHMTENA, 77

FRBBF RGN EARET RO REREN, FERBFHREREAE., £RI A b H L33 LI
iR T e d REH LSRN ERAEMZ R, HRiEREM, RANA M TR AT, REFR IR & E
BEREBLEMBAFER, BRI BERAELSERNGT AR E, —FREETRETREBLEMM TG XER,

xR B R, BREM,; 0, BAH
HHEE B84

WEME RERN AL REENWANZRRLR,
EAREAAMERPIHE T EEZNER, BTiE
B SR R AN A B LS E A, X
HRXRAMEEZERAVRES| TEFEEEE . FA
BE¥R . BRFFEEMENRE, TBER
o 7E FAR A S0 Bk 22 T GE T X B BT 5T B
(Patel, 2010; Patel & Morgan, 2017; M-, J&IBEAk,
2006), Forr, JRGEE IR N FE SRR 1) —FhE
B A SURE

HE AR R SRS, SEBE. 5
% B NEETLRRE, BESMIERSE Y
43 BCRT B RUOBE A TR G 4544 BT, A IRIE . i
A BRI BB RIEAEAN, MY
5P B A A8 R B RO B R 454, K450
a5 Gk, BRI MR F 2 R 451 (Berwick,
Friederici, Chomsky, & Bolhuis, 2013), & sk [FIAf
WRM ., FAREZHSET, PREAEKAS
R R, MRREE RN AES T RIELNT
B U N kKR ed i s s N E & T EaR7S
LEMERIT . B ARAE S, A XX A vk S A BT
A S HESI B — D e B S i R G, 15 LR
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R RNAMRIBE RIE S, X450 BT AR ¥
AR RO EEAR R K, REEAEZIPL. SR . KA.
RBEEES BRI —EEEMTER, B Rk
JZ 2 45 (Lerdahl & Jackendoff, 1983),

BPREMEET . SRERTHIEEEEDY
i, 25T S RS N —Fh EE T
Bro MEaxs TG BN =, Wit YA
TN VR B ARB B AR BT, AR A BN B 2 R
F87 JRGL G5 o anAn] 5 ma FRATT 0 B 5 28 7
I SEAR SR AN SR ) T 5T AR T AR B A 2 5
WAL I T B, X UCJRIT T AR MR, A
5 B Be 3 P A [l 8, X iE T RN SR R W AH S F
FIATERR, A 30 B 7 3 % A R F 55 1 S
HHEE,

1 EREHBIR

FATTAE W S0 N3 B B ORI, AN
B AR T A — R, R R —
ANFE I T — AN B A RS2 BR i T
e, FRATH AR IR E MEARAR, TS
FEAE T U R R R S5 BT, He s 5 i U
oy IR AR, R E ARV B PL . AR
TIRIIR A RIS T A AR R 2 A [ Y
SR HATT, SR OC U RIS IR B — R R
1.1 B ERRERRREM

XSS R I TRE J1, B B AT RE T HE )
RNy AR BR T ARE TR X&RR, Hifh
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AR 2540 00 SR8 IR 2 PR B — SE R R, ik
FETE IR . RS R EE 4R A DA B
(van Petten & Bloom, 1999),

RENMNERFE T HIERF MM,
Steinhauer, Alter I Friederici (1999)%5 #% i W7 3¢ 2
Pl A, iE R ERPs (event-related brain
potentials)F7 AR 25 £ # 3 11 ALUnfa] 52 mi A7) 2k dksz L
POTF R o SR B, N TR % T I 12 B S )
T, AERRERT A B T, gt
XX KA T RN TS IR ) TR 22 5 AT
AEIER AT, ANEIE BRI AR 43 BN 23 38 B
CEFI AT X, R AR L IE ), B0AE
Je U KB N400 Al P600, S2Ie 4% B ) sk
FERENE RV 3 52 0 5 2 3 A id Bt o IXANFSE 53 40
—ANETEMER, BRMAEFGMHIRAGT, A
F BT TR A T T AL ER 2155 e — R Bk %) i v
g3 o IR R A3 B O AR 0 A 2 B T B
400~500 ms 7247, SRARALT Sk BRI, A
TE 1) v L, WE T E O 2 A4 o bk IR
(closure positive shift, CPS), 4218 I8 45 i i1 F
AT B, CPS IR EE, K] CPS #isk
W F 3 AN T, A2 B T R B AT
AR B A 1

KT #E—H%E CPS AR X, Pannekamp,
Toepel, Alter, Hahne #l Friederici (2005)i% 245
TR R SC L ATTR RN A A B B AR
S BB ERE R, SRR RS R S
SRR T CPS, REIZM 5 & BF BT
K, PCMRADEE AR AU T s, AR E AR
FHEEE Z AN S AR, eanseds | DGE . EhiE
% (Hwang & Steinhauer, 2011; Li & Yang, 2009; Li
& Yang, 2010; Pauker, Itzhak, Baum, & Steinhauer,
2011), FEIEREIED AL LZBT CPS,

bR 7R R A, AATREA I T AR A [F)
JEGTEF A5 F Y87 Li Al Yang (2009)ff FH BT
WA FAE NS AR, A ERPs FARZ LA TH
E=AAFZE GG R L, GRS
PR R BB R A, O AP U 1]
PR A 2 ] B (T T VR R R AR A A
REM, GELFMMIL, NUEREIEL L
R T CPS, 1EZ2HEARMF LA L AWk
BT CPS, HAZJ5# BRI R, P sE /N,
X F R ARE R B R, BAR R R

RTTERIIER, HEAEST FIFRARENE
Ko BT RN R, RS R SE A
JEARTR VR Ry S g iR, 548 1 B R N i R

ERE-SUR D | I N & G R R R
A4 0] - 2Z [) 1) /e 0 RN ) i A (L &
Yang, 2010). Z5H BB L TEL KM, Gl
FOKFHEBETS A& CPS, JfH. CPS RUT K IBIBEH i
FIZRTr w4 RGN R . X ST A R 3
[, 7E5E T, ANTRE 88 BN A A )2 44
BT 45, TSI P R ERAE

TR 2, FATT Il An 40T B [+ B Acb 24 5 £ ik ] R
FEE AR M E S 450, BEAATIN TiE S B R4
P Bl 2 WL AT A7 — 2057 & B (Ding &
Simon, 2012; Luo & Poeppel, 2007; Peelle, Gross,
& Davis, 2012), iE#HRR T HLEF R, PHAKR
oG i 2 e 28 70 Y I 3 R e B i T R 2
PUATAR, DT A 32 S 08 Ut U0 0 AN ) 19 85, A
JLEERE 2 |, Ding, Melloni, Zhang, Tian F1 Poeppel
(2016) % 2T AT AE LY 435 L i A F =
AR Z R . S28rh, APl 2 ki
ANFAR A F, Bl kSRR,
BAFEI 250 ms, Qtk—k, F. WWE, AT
10 52 IR 53302 4 Hz . 2 Hz Fil 1 Hzo XTRRA 1Y
R BR T I AL R R, Bl L RE A
B A3k R il R 8 V) o o X MEG
(magnetoencephalography )W 5 A4 ZU i B 43 47,
R TAESr B 4 Hz, 2 Hz 1 1 Hz B4R
o U M A X AN R R T S TR
SRR, DT B AR i S 5 U U0 43 B [
RBEAR TR B8 5 SR A5

g5 bRk, WESEE A B R 2R R,
FE TR T BRI T R . S5 R LB,
NATREUE A B & B fl k& Be e R, # i Seibini &)
3 JRES (] RUBES [ 1Y) JR2 454, A8 R h B 1
JRRRAE . ARG 5 2 REEH 1 s 2 L,
A RE S o P IR 2B B TS T A5 R AR SR
1.2 BRBREHBIRA

A R, & R A — s g i 5
2428 2% (Lerdahl & Jackendoff, 1983), 25L& Al
FEXFR . AT, M EATSE IR . AR IR
RN AR EAENA . FE . IE E OS5I
T 2 A AR AR Ak, R ) 20 T A T S i
T B A .
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WFFEE R Al ERPs 5L %8 1 ARA1I0 5 i1 JEK
H3d 72 (Kndsche et al,, 2005; Nan, Kndsche, &
Friederici, 2009; Nan, Knosche, Zysset, & Friederici,
2008; Neuhaus, Knosche, & Friederici, 2006; Silva
et al.,, 2014), XLEEHFTE A E ARBBHEL & PIAS 2R ),
JERA B PIAS SR ) Z A B — MR A AR S A7 30
FLEAE, B R T AT BT AR S TR 30 S A i
FIXP IR ERPs 45K B, AHXTTI0 A 2 1F, 1
RS AT GL S E AN Z S 500 ms A2
AFERT — DA EEERK . i TES
B PR R A L A R 0 R T RS A A AL
BRI 10 A1k Kz 43 #ii (Steinhauer et al., 1999), Bt
PB4 M 5k CPS (Kndsche et al., 2005), AN[H]
2, &4k CPS MW TEM IS EAT FiCsi3 8], i
1B CPS MiC AL B e AR & 1Yo

JE SRR R MR T IO By, &4k CPS XL
by — 26y FAR AU, AR R E AT S
FZAE, I CPS MR AL SR T, A
A2 X 52T 4 J2% 1 (Neuhaus et al., 2006), Btz
Ak, Xt MEG #8589 53 Hr (Kndsche et al., 2005)
F1MRI A8 (Nan et al., 2008) &3, 7ERA]H
SRR T R B ANE AL BN T X, 1
CPS A f S BT i3 J2 R A AU T, A48 MR
SERM S — N IRARAETEICAZ 2, IR
P4 8] N — 58] Y0 T.(Neuhaus et al., 2006),

B TR AIZAb, TEARA)Z R AR ) Z E b AT
TEHAB R S5H, AATRE S I T AR & AR )2 2 254
B %7 Zhang, Jiang, Zhou Fll Yang (2016)RK J %
SREMAE B AR FE AR, AR E RAE NS
R, R BOE SRR A = AOR R 2
WA, JRHMRBN SR UGE IR AR
FURBGU A . 28 a3 P ok 2 X 26 R R
B, AT BIER OGN BT AR, TR 20% K
Pl B 58 I — R B FRAME 55 o ERPs £ 2Rk
W, HERFATA LSBT % T CPS, I
H CPS (i i i 1 542 TG o, R
SRRRES IR AR 2R S 5, B K
X &R JZRAE ML 2 HRAE . AEE SRR R TE
BRBFAFE R CPS, WAMEFTAHIRLIFELRT
HER3A BY S o 10 AL 1 B mT RE R B HE & AR
R UL A —Fh R W& 0 T34 5+ (Neuhaus et al., 2006),
R W TR Z e A 26 5, b AT] B AR
A LAR G YRR I AR I L IX 4 . IS 5

HZEW R, T LUE L2900 5 R AE /R 1 R
THE RN

TEWE W SR I, FRATT A M 2 A e b i 2R 1
SRR CER D RIFRX AT TR
1if, Doelling F1 Poeppel (201545 5k R MAEH 5
FENATE R B, BE R BER 137,
X6 IR i B R T ARG S, L T R
MR B R 8 M, HEEE R i Belg A 2
B 0.7 MAT . S2s b ikl o n o A
%, J MEG B 80 #0065 SR e L Tod /2 o 45
RRI, FEF M, Wra f R A X
IR TIE NGB B, H 23X Al Bl #5239 AR 48
BT o XF T A R A B AR, E AR
MR #2398 BUAR BT Al 28 8%, HL AN 8 Hz
0.7 Hz 19335, I HaxFis i #ERE G & AR
ZRAER ARG R A 98, S HCHXS, FEE SR E R
0 R 2B BEPR R T AR, TR AN REXTE T AR (1
BRI H AT 1 MBI ER . 0T
S48 5555 FIL A A0 00 0 A2 A I v 2 R T A
Nozaradan, Peretz, Missal Fll Mouraux (2011)|§JE€F
FE T RN AT A p L . Lk
P 8 ZA T RAR MK, AR S
26 & P51, R 2.4 41 ZOR AT X
gy, BRGNS A e
H AT AL T TR 2.4 Hz, K
WP IHmEE 1.2 Hz, =HF 050
R 0.8 Hz, X} EEG (electroencephalography)fs &
BEAT BT R B, = Z A R i v s B T
2.4 Hz fhma Ry, SO B R, SO & T
SRR MR AR, MR T HAMET
WAL T 1.2 Hz Rz, AR =407 R0
T 0.8 Hz M, SEE45 3R, FATr R minT LA
[i] I 3 4T 7~ AT A2 R R R A

PLEWFSERML, BR T ARA) 454, Wik e S
I JERRIR ) 2R MR ) 2 1 A S5 4, RO RE6S
B IR B AR, IF BLAE K i R R R
fiEo XF T & AR B R A BRI R OF5E, H e
15 B TEAR XS S Al AU AR R B B, Z 5 Al RLiE— 2P
B I 1 A S A RE 8 3 B T R B ) RUBE 1)
IR
1.3 S, BERBEREHBRAELER

i bk, RS S AR R R, A
PITT DS B a5 M AR &R, B R [E] 2 9 4



2046 DI = N S S

%27 %

PRI A, AT 52 B T S 75 5 S bl o it
o TEJRREE R ERAS R, WA
LA R 2L, X RBAE LA R A5 . 2
—, M TIE S MF RGN R, P4 T H 0
[ ERP &4y, RSk B2 v s 0 20 A3 1 1F 1 i Fia, 9%
CPS, %=, X FESIBERMFT RYI 5l fe, 46
R 3 R A R (S R S

B T AL, ORI R )2 G A 0 R
T —EM S, B, BARAMNTRER
ST RZHRE, B RE B R0 41
AR (T AL, A1 P ek > Bar
X T R R EEMIE R RRAE; R RR T R
T, MR E R AT BE R T EAE B Ll
M AR S e AN, BRI TR & M SR 25430
REGER T CPS, 1HJ2 CPS M IRIAFETE2E R,
BT CPS YA FI & T AbA &, Wi# 4k CPS e/
FURE AN K . RN T AR 29t Fwt, B
BELEMZ R, 5T CPS LRI
MRSk, T & CPS F BN IR 1Y 72 i 44
Ko WL, EFMEFAR CPS AR X . LIRW
AN G235 A SR A DA R b 22 L A Rk — 2B L
BRI

2 HMEREAREBREHWTHNES

TR ZE RSz b, A1 ok
B ELTE E BUE R SRS B 2 R
MTF A5 B 22, WA RBIE % 53 ) 2 AE Fn
fitt o A, NEIZEHAE AR a3 [ & A4
B2 BRI TR o M B A T X S
T EA FU AR AE, R SR AE 22 08 7
21 AEEEERREHPNIBENES

W #HA EERAE BRI, B8 T
MNP A SR T Tk,
FEAEPI AN [R] B 0 0 o — B BB LA (Hagoort &
van Berkum, 2007), N[E]JZ9%1TE B A& R B}
AT, EFRATIE AR E B A, XEREEH
HiE A WA &R T o S, BB
KEFIIN N (Cutler & Clifton, 1999; Kintsch, 1998),
ANRBEHE AR SRR ETH, REHRE X
AR, TEILIER LA ST R R R U
Go Ma, NEJZEFE AT RS 5T
R A A 7 R B R R) 43 B R
ERPs $iAR, A58 110 XA ) 4T T SCIEmF

9% Zhou % A (2010)ff I m) FAE Ry SE g b1
ik A5 T A5 Z PR R R T SRS
R, SR, ARG e S — K
Kpg" o XA THATES, TP E R AT
S R o AR G i S dit 1) — 44 1R R B 44 1)
W, e DEBEH— 7 KB EIERN
i 552 B 1) — 24 TRl A B Bl R A B, L
PSR — R FAT o BRE, ANFEIZHREE
SER R T N400 WLy, Waltie AN Im 291 3L
AR AAE 400 ms 224 PR ENET N o SR FHAEEE
TR SER AR, IS E TR T — B s
(Zhang, Jiang, Saalbach, & Zhou, 2011), X FIifff
REDVRY, LT 2ZN, AEZEHEHENEE
id PR B A A Y o

— SR H N R A SR bR, BT
TR R G R . Sckh s e dn sk
WT 56 4% B — A 1 O 5 5, #ilin“ As agreed upon,
Jane was to wake her sister and her brother at five
o'clock in the morning. But the sister had already
washed herself, and the brother had even got
dressed” . #R J5 il % (van Berkum, Hagoort, &
Brown, 1999)m{# W% (van Berkum, Zwitserlood,
Hagoort, & Brown, 2003)% ¥l —~/%]F, “ Jane told
the brother that he was exceptionally quick/slow”,
5 — AN s . R S RS — T2
[B] ) # G 2 BARZ R ) TR A, SR S iE R
HRWESERZHYERES. SRS, W
RAF IR IRSG — ), AR R quick i
2 slow FRIZIE LA BR . AR CHER 2 slow B
POREE B i S, — RO O R G B
BHMERERZT T . SR EKM|, TikRHW
B ECE L B IR SR — ), R SRR
BRI & T B N400, RHIAATRESS #4711
LAY I A B S BRI R T R 2,
I H B B, TR N400 5] 7 N400 74 .
PRI Sk oA EEANAETE S v, R TRE
B RS 2 RN R A, AR SEIR 208

AN Z 9 101 SCR S TE N T HERE B A X
STSRAFTE L, —SE SR 2 R S I 22 57
130 van Berkum %5 A (1999, 2003) & B, JCit &
JNTSA S RN, 2SR B iR S T E )
FECE B RE ik ), #R2xE K N40O &N, JF
H N400 7E R BaiE . Sk Beor A BRI X
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B, F AT IR PR G E A AT
EXERE 225 . (HUE )b —28 ERPs AR I LG
BTG SCE A RAMEEE R, BN, Zhou A
(2010) & B, RENFEZRWIE EREFEL T
AHLEY N400 RLn7, {H 2 AH L FIR)2 9 4 380 4
Wi, HEEHN S =TGR R R T Sk K
Jii FB A3 A BRI TE B oY, R W] B E SO AR
Je W BERE T 2 N R IR

B T TR R A T X, BF5E &8 A MRI
BT ARET )RR AIX, LR,
F 5% 3846 3 A e o S e BRDE | A ek B TR
A, SRIEBEPLHES, TE R = Fh bR AR AR (Lerner,
Honey, Silbert, & Hasson, 2011), i i A [&] i ] R
BERTE SCE B, HEWIE. AT B
PR 2 RS A I X . BRILZ A, F A
R 52 A P B AE I At SR A, B
GBI, 0 T XM T i 2
] T0 I B2 J22 L AU B ) A S 2 1 i X RS
TENN TG Xt R R oy A . B A FF
RN TR T 2545 . Inubushi F1 Sakai
(O3 LL HFHEF RN LA R, BRI E WA A
T HEREC ., AT, B, BEEIES 2%
TR0, TR R )2 A O DX R R o B A 2
BTG K

gi Lk, AFAE AT LR T RS B AR R
RGP AR, TR L, KRR
EHNTE U A H R B R AR, RIS
2. TEMTMERE LS RREBRIEFERI, —
WA IE LA E R, FAN - TR
RGN A R AR S 2 R IR . ZE
THIX L, AN TR A9 R X 38043 31 1 5 AS Tl 2 G
A,
22 ARBREREHPHEEES

55 HAWARMNE SRR, FiRAEGE
BB E 1, (R R LA AR B 1
PRI, B A A 2 2R HE S T R — A
FIRLIN (3, B EDF, skEKH, 2016; sk, %
£J57, 2017; FGEET, HAEM, HEIF, 2012), &
ARG B AR AT, @it Ak ek,
AR R R A RS

HRENTE RHEE TRZH G RAENES
PN I W R SR AR TS I e e AR I (B
e shflg, 22 B BN ERES

Ja SRR s ERYSCR, BRAERE ST
ERPs 50 & B, 24 HARFIEX 575 5H05 B Ak
B, M AR, 2 1E 100~350 ms 4b i &
A 1 (early right anterior negativity, ERAN)
(Guo & Koelsch, 2015, 2016; Jentschke, Friederici,
& Koelsch, 2014; Koelsch, Gunter, Friederici, &
Schroger, 2000; Koelsch, Vuust, & Friston, 2018),
o # A7 M FT A U (early right anterior
negativity, RATN) (Patel, Gibson, Ratner, Besson,
& Holcomb, 1998) . 33 Fh i & 1 i S e b 1 1) ) vk
I AR, — AR Sy T R S R AR . B
WA, BTEM AR BE K T NS (Koelsch et al.,
2000; Poulin-Charronnat, Bigand, & Koelsch, 2006)
m# LPC (Lagrois, Peretz, & Zendel, 2018; Patel et al.,
1998; Zendel, Lagrois, Robitaille, & Peretz, 2015),
ST (e ek R AN XS T8 AR A A Y T3 AT
MEG (Maess, Koelsch, Gunter, & Friederici, 2001)
WHIE A B, )k VR AR L) 1 G B, FE A U
RIS A AR X s B T S 2 R . AGX
SERIE AT LA H, W AR BE A IR R > 1T A5 B R
BERFRGERZ T

RO AR S, AR AR
5% B 2 HEAR P4 (9 3l L 4 AN 7 A
%), Mk G B R A R AR ) EUE SR ) 2R K
Vo BRTIRAIFIUURA)Z T RIS, T ARBER
SERE R BRI G d # BOk LI EEG
WFFEXH AT T %% . Koelsch, Rohrmeier, Torrecuso
1 Jentschke (2013)38 1Y 52 560 A4 HHL 5 PSSR ),
B JE— ML Hbn Mz . (REFERAZ 55
ANIRAIAAZ, I — IR A IR, (75 H AR
5% 5 T i 2 P B — A R ) 2 ) B A VR IR G
REWEE NG, RN, SIRZHAEER
—FE(Jentschke et al., 2014; Koelsch et al., 2000), &
JE G m) ik R FRES K T AT ER G ERAN A
W T 53 NS, R BIIT AR TT LA SE AR ) 2 AP Y )
ERG AR, R SRR, — e E
R BIR ) Z A ) T R G 52 B AR S A B R R
AH U TR B R 254, iR E S5 B R 5 e R B
WA TL Al 12 4591 45 (Ma, Ding, Tao, & Yang,
2018a; Ma, Ding, Tao, & Yang, 2018b),

HIE AT UL, AATTHERR W & AR I, BE AT LLgEAT
IRAIZ NI AR, ] LUBEAT SR ) Z A )
ARG, K PR ) J2 2 ) ik R 5 o A
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nfal H[R3# 4719 ? Zhang, Zhou, Chang Ml Yang
(2018) K JH > AR A R S g A kL, 23 ) 4R O i
JG—A> BARFIL 5 5 — A SR A RIS — AN SRR Z (6]
AL B, RN B4 T IRAIZIN . SR ZAh
PR Z RS o A5 R, AR 29
ARG RE R E . TERFRIERE B, RARAZA
Ak S TE R 15 & ERAN 200, RUMRIZ S
/) VA R 1 R R AR o TR B BOAS R )2
A RATE NS EAATESCHARH], W RER MK
JRGANEBE S AR

e P I T) RUBE BB R B0 35 SR AT RL (IR BEE 4 43
15 #), Farbood, Heeger, Marcus, Hasson 1 Lerner
(2015) ik — 2L 4 T A IR 2 9T AR 4540 B R 5 i
Do SEH R XA E AR B BRUNY L AR B
SREBCEOITREBEHLHESY, 25 2890l TE I A [8] 9
SR NRAS I i DTS 1B Ol S5 R R, RS %
TR 2R 40 b 52 0 i X0, L RRAS AR L BE AL HES)
A B8 22 it | IO A R R R IX B, R
T 22 /0] DLSE UR BOZ T & SR E .

RMTE 2, ORI Z BRI E SRR 2 RE 8 1
BB AR RS B R R A i 2z
— BB TER AR AN A 2 R RS BT T L
B, RMRZGOEGER A, JFHAEMT 1]
RE R A SETE o ASIR] 2 900 & AR 85 78 G X
R —E R R, A S REHA T
WG, 0 TR X2 ) T B ) B
KX L,
23 EE. BREREHHESETEMNLER

g bk, 1R R ARz B, A
TTRE SR 1 BE A TE 5 R & AR R S B ] )2
RBEHZ b, T BU%E TR B, A L 5E
BAE AL B o FEIN AR ZE AL b, PSS )2
GO AN R —E MMM, Bk, RER
BE SIRZHREESFEREMR ERP MF, L
WHE R N400 FIE AR NS Lk, e T
X b, B G2 GG &, 0 G XN
JZ ] S A B R RS 3, R X R R B
JER I3

TR AR B R A R e B A AE 22
S H G, TEEE WL, B LR AR EER
LSS R SRR I AN I E SN PPN =R 1 A
RN ZH G S BRI m LA, T
IRME, WEYEA OB AR A frift—

HHE, HHIRUEIT = DO R QAR IR
WZIMNT, BEERNE SRS E
(Tillmann & Bigand, 2004), X B R 4k
= R B SCRRBh N T RN, FEin TR L,
W TORR 2R A SRR R e R AR, A2
HEAT, IMERBEGIBRERELLE, B —%
MR SetE o n TR LA 22 5%, WTRBL R ¥ 4R
T 2 REE R T R A R,

3 BEERE

A B 5 R S B4 52 6 Ty Uk R S B X
Y53 FIRE 5 PIAS T T 25 42 L3R T 18 5 R AR )2
PAEF N T, BIFSE 25 SR F R S A AR
TA T, DL NS — i) 32 T AL i i 2 o 22
MEH . RN, BERZHBTEHRE, o
I, TR T RS R )2 R 0 BB 5T AT DL — b
WA KT T & R R 5 SR K
AN, AH R R AR 3 AIF 5 Ry PR AE Bl ) 1 8
PFRURA S, X T H AL 21 5 2 2 G4
P R IR, L R 2 R0 IR A R 22 L
Wil UHRA R Z R TR R FIIRAE . 73 4h,
W E A ARG IR S AR A . B WA
LR, WAteh AR, B—FhkRES
EHEEMER], BCE BRI R BA A AEH,
X2 [R) 5 H BT A

Hok, CA PRI 28 B 1 9L i
R R R BIAFIZ RN G R Z T,
F2 T RFRATT AT LU — 2P AR AN 6] )2 i G i
ZHWRLL R 25 L 4N Egidi M1 Caramazza (2016)
K, AIZE G 8 U A 32 B SR AT 5 5
Wi AT 55 2 Bk st i D R R A I, R A
7B, AT 55 4 B R B 1 A B BT BE,
RGN R, RS, ORI JEH%
F A& G T e 37 BP0 R 250 A 72 T (Ma et al.,
2018a; Ma et al., 2018b), fil4il, Ma % A (2018b)ik
BAEESREK . HREIE . HRE =400 R4
PR BRI B s Bk, 430 45 A AT 2 AL i
SERIVE AR IT A, SR LM, RAEEREA
AE e ML B G R Gl AR, B 2 DX T
PR, FEI TV EF AR, SRR ST
T R REARHSE T % SR I o

e, W E M RN T X R A
ARG . IR FSE BUAR R FHAR LAY 52 305 U A
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LA, HERTIES . BRZHE WA
AR, WA T ARAE S XA TR
FEAE— S H R 2 AL, (A2 B Rk
H— WG [R5 5800 5 R & R 2 RS M i L,
R F A5 AR T F S o 34N, i TE AR
JZE DA KA I AR DA R Bt 28 AL ) A, 7 B 3 — 2
BRI, n, i TIE S AEF AR R RS R
HR 225 K M L Sy CPS, H & — BRI 5 & Bl %
CPS WV RIIFAEZE R, — 2ol i iR I 22
5 ¥ A TF 7 (Glushko, Steinhauer, DePriest, &
Koelsch, 2016); 4, X% CPS i MEG $t#
HEAT IR 23 M (Kndsche et al., 2005)F1 fMRI [R5
(Nan et al., 2008) &3, 7E5RAFABE T X
TERANCAZH I TG X, Ui 5% CPS Al g 2 ik
HEEWRIANEN T, 84T CPS B2
RORE, X LB [n) AR r A&

S 3 Hk

i, BEF, KKH. (2016). HIRANERIML. Ad
7R, 61(10), 1099—1111.

rHE, SRR, (2006). H AR . O FEEL AR, 14(5),
641-647.

FRdndn, MEF. (2017). FRAEMLHREER. O
Fl22uERE, 25(11), 1823—1830.

JAlGEF, HAEHE, BTRIT. (2012). FHIRANE & RIEINRI
Leie. ALsZaE R, 57(28-29), 2674-2685.

Berwick, R. C., Friederici, A. D., Chomsky, N., & Bolhuis, J.
J. (2013). Evolution, brain, and the nature of language.
Trends in Cognitive Sciences, 17(2), 89-98.

Cutler, A., & Clifton, C. (1999). Comprehending spoken
language: A blueprint of the listener. The Neurocognition
of Language, 123-166.

Ding, N., Melloni, L., Zhang, H., Tian, X., & Poeppel, D.
(2016). Cortical tracking of hierarchical linguistic structures
in connected speech. Nature Neuroscience, 19(1), 158-164.

Ding, N., & Simon, J. Z. (2012). Emergence of neural
encoding of auditory objects while listening to competing
speakers. Proceedings of the National Academy of Sciences,
109(29), 11854-11859.

Doelling, K. B., & Poeppel, D. (2015). Cortical entrainment
to music and its modulation by expertise. Proceedings of
the National Academy of Sciences, 112(45), E6233-E6242.

Egidi, G., & Caramazza, A. (2016). Integration processes
compared: Cortical differences for consistency evaluation
and passive comprehension in local and global coherence.
Journal of Cognitive Neuroscience, 28(10), 1568—1583.

Farbood, M. M., Heeger, D. J., Marcus, G., Hasson, U., &

Lerner, Y. L. (2015). The neural processing of hierarchical
structure in music and speech at different timescales.
Frontiersin Neuroscience, 9, 157.

Glushko, A., Steinhauer, K., DePriest, J., & Koelsch, S.
(2016). Neurophysiological correlates of musical and
prosodic phrasing: Shared processing mechanisms and
effects of musical expertise. PloSOne, 11(5), ¢0155300.

Guo, S., & Koelsch, S. (2015). The effects of supervised
learning on event-related potential correlates of music-
syntactic processing. Brain Research, 1626, 232-246.

Guo, S., & Koelsch, S. (2016). Effects of wveridical
expectations on syntax processing in music: Event-related
potential evidence. Scientific Reports, 6, 19064.

Hagoort, P., & van Berkum, J. J. A. (2007). Beyond the
sentence given. Philosophical Transactions of the Royal
Society B: Biological Sciences, 362(1481), 801-811.

Hwang, H., & Steinhauer, K. (2011). Phrase length matters:
The interplay between implicit prosody and syntax in
Korean “garden path” sentences. Journal of Cognitive
Neuroscience, 23(11), 3555-3575.

Inubushi, T., & Sakai, K. L. (2013). Functional and anatomical
correlates of word-, sentence-, and discourse-level integration
in sign language. Frontiersin Human Neuroscience, 7, 681.

Jentschke, S., Friederici, A. D., & Koelsch, S. (2014). Neural
correlates of music-syntactic processing in two-year old
children. Developmental Cognitive Neuroscience, 9, 200-208.

Kintsch, W. (1998). Comprehension: A paradigm for cognition.
New York, NY, US: Cambridge university press.

Knosche, T. R., Neuhaus, C., Haueisen, J., Alter, K., Maess,
B., Witte, O. W., & Friederici, A. D. (2005). Perception of
phrase structure in music. Human Brain Mapping, 24(4),
259-273.

Koelsch, S., Gunter, T., Friederici, A. D., & Schroger, E.
(2000). Brain indices of music processing: “Nonmusicians”
are musical. Journal of Cognitive Neuroscience, 12(3),
520-541.

Koelsch, S., Rohrmeier, M., Torrecuso, R., & Jentschke, S.
(2013). Processing of hierarchical syntactic structure in
music. Proceedings of the National Academy of Sciences,
110(38), 15443-15448.

Koelsch, S., Vuust, P., & Friston, K. (2018). Predictive
processes and the peculiar case of music. Trends in
Cognitive Sciences, 23(1), 63-77.

Lagrois, M.-E., Peretz, I., & Zendel, B. R. (2018).
Neurophysiological and behavioral differences between
older and younger adults when processing violations of
tonal structure in music. Frontiersin Neuroscience, 12, 54.

Lerdahl, F., & Jackendoff, R. S. (1983). A generative theory
of tonal music. Cambridge, MA: MIT press.

Lerner, Y., Honey, C. J., Silbert, L. J., & Hasson, U. (2011).



2050 O B R 2 it B

%27 %

Topographic mapping of a hierarchy of temporal receptive
windows using a narrated story. Journal of Neuroscience,
31(8), 2906-2915.

Li, W,, & Yang, Y. (2009). Perception of prosodic hierarchical
boundaries in Mandarin Chinese sentences. Neuroscience,
158(4), 1416-1425.

Li, W., & Yang, Y. (2010). Perception of Chinese poem and
its electrophysiological effects. Neuroscience, 168(3),
757-768.

Luo, H., & Poeppel, D. (2007). Phase patterns of neuronal
responses reliably discriminate speech in human auditory
cortex. Neuron, 54(6), 1001-1010.

Ma, X., Ding, N., Tao, Y., & Yang, Y. F. (2018a). Differences

in neurocognitive mechanisms underlying the processing

of center-embedded and non—embedded musical structures.

Frontiers in Human Neuroscience, 12.

Ma, X., Ding, N., Tao, Y., & Yang, Y. F. (2018b). Syntactic
complexity and musical proficiency modulate neural
processing of non-native music. Neuropsychologia, 121,
164-174.

Maess, B., Koelsch, S., Gunter, T. C., & Friederici, A. D.
(2001). Musical syntax is processed in Broca's area: An
MEG study. Nature Neuroscience, 4(5), 540-545.

Nan, Y., Knosche, T. R., & Friederici, A. D. (2009). Non-
musicians’ perception of phrase boundaries in music: A cross-
cultural ERP study. Biological Psychology, 82(1), 70-81.

Nan, Y., Knosche, T. R., Zysset, S., & Friederici, A. D.
(2008). Cross-cultural music phrase processing: An fMRI
study. Human Brain Mapping, 29(3), 312-328.

Neuhaus, C., Knosche, T. R., & Friederici, A. D. (2006). Effects
of musical expertise and boundary markers on phrase
perception in music. Journal of Cognitive Neuroscience,
18(3), 472-493.

Nozaradan, S., Peretz, 1., Missal, M., & Mouraux, A. (2011).
Tagging the neuronal entrainment to beat and meter.
Journal of Neuroscience, 31(28), 10234-10240.

Pannekamp, A., Toepel, U., Alter, K., Hahne, A., & Friederici, A.

D. (2005). Prosody-driven sentence processing: An event-
related brain potential study. Journal of Cognitive
Neuroscience, 17(3), 407-421.

Patel, A. D. (2010). Music, language, and the brain. New
York, NY: Oxford university press.

Patel, A. D., Gibson, E., Ratner, J., Besson, M., & Holcomb,
P. J. (1998). Processing syntactic relations in language and
music: An event-related potential study. Journal of Cognitive
Neuroscience, 10(6), 717-733.

Patel, A. D., & Morgan, E. (2017). Exploring cognitive
relations between prediction in language and music.
Cognitive Science, 41(s2), 303-320.

Pauker, E., Ttzhak, I., Baum, S. R., & Steinhauer, K. (2011).

Effects of cooperating and conflicting prosody in spoken
English garden path sentences: ERP evidence for the
boundary deletion hypothesis. Journal of Cognitive
Neuroscience, 23(10), 2731-2751.

Peelle, J. E., Gross, J., & Davis, M. H. (2012). Phase-locked
responses to speech in human auditory cortex are enhanced
during comprehension. Cerebral Cortex, 23(6), 1378-1387.

Poulin-Charronnat, B., Bigand, E., & Koelsch, S. (2006).
Processing of musical syntax tonic versus subdominant:
An event-related potential study. Journal of Cognitive
Neuroscience, 18(9), 1545-1554.

Silva, S., Branco, P., Barbosa, F., Marques-Teixeira, J.,
Petersson, K. M., & Castro, S. L. (2014). Musical phrase
boundaries, wrap-up and the closure positive shift. Brain
Research, 1585, 99-107.

Steinhauer, K., Alter, K., & Friederici, A. D. (1999). Brain
potentials indicate immediate use of prosodic cues in natural
speech processing. Nature Neuroscience, 2(2), 191-196.

Tillmann, B., & Bigand, E. (2004). The relative importance
of local and global structures in music perception. The
Journal of Aesthetics and Art Criticism, 62(2), 211-222.

van Berkum, J. J. A., Hagoort, P., & Brown, C. M. (1999).
Semantic integration in sentences and discourse: Evidence
from the N400. Journal of Cognitive Neuroscience, 11(6),
657-671.

van Berkum, J. J. A., Zwitserlood, P., Hagoort, P., & Brown,
C. M. (2003). When and how do listeners relate a sentence
to the wider discourse? Evidence from the N400 effect.
Cognitive Brain Research, 17(3), 701-718.

van Petten, C., & Bloom, P. (1999). Speech boundaries,
syntax and the brain. Nature Neuroscience, 2(2), 103—-104.

Zendel, B. R., Lagrois, M.-E., Robitaille, N., & Peretz, 1.
(2015). Attending to pitch information inhibits processing
of pitch information: The curious case of amusia. Journal
of Neuroscience, 35(9), 3815-3824.

Zhang, J. J., Jiang, C. M., Zhou, L. S., & Yang, Y. F. (2016).
Perception of hierarchical boundaries in music and its
modulation by expertise. Neuropsychologia, 91, 490-498.

Zhang, J. J., Zhou, X. F., Chang, R. H., & Yang, Y. F. (2018).
Effects of global and local contexts on chord processing:
An ERP study. Neuropsychologia, 109, 149-154.

Zhang, Y., Jiang, X. M., Saalbach, H., & Zhou, X. L. (2011).
Multiple constraints on semantic integration in a hierarchical
structure: ERP evidence from German. Brain Research,
1410, 89-100.

Zhou, X. L., Jiang, X. M., Ye, Z., Zhang, Y. X., Lou, K. Y.,
& Zhan, W. D. (2010). Semantic integration processes at
different levels of syntactic hierarchy during sentence
comprehension: An ERP study. Neuropsychologia, 48(6),
1551-1562.



%12 4 KaRAy S IS R SR 2 A AN T 2051

Processing of hierarchical structures in language and music
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Abstract: In language and music development, smaller elements combine into larger units, which
eventually form hierarchical structures. Previous studies have found that listeners can segment continuous
stream of speech and music into hierarchies and represent them in a hierarchical way. On the basis of
perception, listeners can also integrate incoming language and music events into hierarchical structures to
form a coherent understanding and ultimately complete the communication smoothly. Future studies should
analyze the role of boundary clues in hierarchical structure perception, examine the influencing factors of
integration processes at different time scales, and further explore the relationship between language and
music hierarchical structure processing.
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