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PERET 4 A

(LT IR 2 SRR PR R AT S0, K 116029)

W E PENRREERRRHE A LA TSy, fE S gD R A B O ey — R F o A R
i, FERINETAREHNES | MR SUFIS  ARFFCR] ERP, 542 15 58 R A BRI 25 1 F W AT
S5, TN TEE ST (h e A IE B SCEE AR N AR A A AR . S5 SRR I D RN TR AR A 7R N T30 B,
NXIEES AR, i & I B ) 43 A ik LAY 23 CPS (closure positive shift) NTFE 25, 7E 0~300 ms, ANig
LRI PN, Dz H IS R A I TSR ERERT, 35 R R A 75 & 1E 0N 1Sk B2 4 A 3 /N T4 1F J
Wro £ 300~600 ms, 4k [, OWZFIFIBTE AT MIAMES B, MZSEIERBED FRER L T IS, #
I, Z5AFIWHAT S5 h ST R R & T IERON, (BRI EIWHE 55 R I 120 B AR e 15 R RSN » 45
b, AMZE IR A A R R R, I HAATIN T S R IR AR R, 5 R I FEL AR 37

B SZIAT 55 A TE AN S (R B2
XEER Oz FAsh R, B UEE; CPS
SHES Bs42

1 55

HE MHL A — & ARG, XL
B R UL PR T EA A WE) . WA EN AR
Hu, B FRRE R BEA —EWR RGN, XA
AR I F ) 3R 2R, W2 B AR & 1A
B2y 3 5 SR 25 (Shattuck-Hufnagel & Turk,
1996). 7E 5 1H T, w23 AT LA BhAs sl 455 A Be v
FrRic e U)o ) 1B Bovg, PRI PR ok 25 LU 2
Yo TENEAZ D, W TR R, H
FE AR 78 15 5L (38 30 53 21 800 4 3% 2 1 1
Tito SEBr b, PFEE S B ERRE, H ATy
FRVE L . T SORIE Y SR 0T B3 45 5 78—k,
T T 3485 25 D) 2 M) ] 3 {5 0 OR BRLA 35 1 (2% LA,
W EJ5,2007) 0 FIHERAE A FAE BE T U0EE 2 A
T Z R A R T -

FZ AR R —F e W 5 TE i P i, EEER

WA H 4: 2018-01-05

WA RTE F BRI S A H R . ABEE Y
WEEE . K, DIATE S HE T ENEZE ., %
FI{5=1i5 (World Health Organization, 2010), HIZ8% A&
JEA: 1 Wz (developmental stuttering)iffl & & A= 7E 24 R
W(2~5 %), YA 5% LESRI M DIz, 2
W2 AITIKE, RAKA 1% N EH 28
ANEEMKE o AR T3R5 1 F Wz (acquired  stuttering,
259 RSB SR R B Hz), &
JRE FIZ BT B R A2 3 1 BRI | A R A
ZITHH R, KRS OB | s
INHA 22 B2 1 2 [6) 5C 7 (Smith & Weber, 2017;
Yairi & Ambrose, 2013), 7EWFFENAE T, HTH
IHFRIRBEG I 2 FE 2R, R s 2%
LI W2 B AE 5 0™ A b R v 2 5 A SRR L
KK i iz 8l X 57 )2 B9 5% % (Btchell, Civier, Ballard,
& Sowman, 2017). PR, AZEAYH 1B MM 515
PR R ANE] oy, R A R B D E AT

* [E K HRPBLE R A (NSFC: 31000505, 31471075), #H 58 A SCH SRR H AR ST H (17YIC190013), K AT ¥ 2F 4k S Rl2E M
RI35 H (TITX13-006)F1 1 R B A7 AR} 2 5 5 S U0 = ORI 4 % Bl o
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5 2 H 21 AY 7 % (Chang, Kenney, Loucks, &
Ludlow, 2009; Giraud et al., 2008). It4h, MIZHLE
— B AETR, ANS5E A I (Fox et al., 1996), 2728y
W 2 15t (altered altered feedback, AAF) (Lincoln,
Packman, & Onslow, 2006)5% i i1 i S 82 7 7,
B B 2 AR A2 o Fh RS T IS X
AT F I LU fph 28 REEEESE, JFRUI O
W H BTSN T S S iR fEE 2 . A
075 ¢ 11 Wz, 35 T8 A 3 RS T R R e
MR,

1.1 FEBEAEML

] R G S R T U] 4, HOR A
AH S AL FE A A5/ Jo s B . i ARSI | 3
FL R B = B4 855 (Yang, Shen, Li, & Yang, 2014;
Steinhauer, Alter, & Friederici, 1999), #J71 SLAE1E
AR AR RN i ok R AR AR 2 R R AR
Mo ERBIL 0T BRI R 73 1 i A)
Fo B S R 0 E B4 K (Ramus, Hauser, Miller,
Morris, & Mehler, 2000), ¥ A FI1ZE JL#AR < R
) H 11 B¢ 24 9 1A Y1 38 35 (Christophe, Peperkamp,
Pallier, Block, & Mehler, 2004; Salverda, Dahan, &
McQueen, 2003), F hE B, B FA)EH A
B A AL BT N IIRE, —E A R
IR o BWIOCT AL R K2 R A
150 B U P A AE B S ] T (Kjelgaard &
Speer, 1999; Schepman & Rodway, 2000), Fan, X
TIGEFA I 1 VANPL+Aux (F9)+NP2 (4
CHEAR B BE B ), B AT AR BE B A A B AR
Sy in] (PR ) Z 5 fifk B R 2 B T LR/ 5 G 1Y I
), WA DO R A A Bl iR (e 2 0, B
A IE e AR B BE B /0T R ) o i, WA IR
B, 3 SN T R K A T LA A e 1 45 4 (W,
Dong, Bland, & Yuan, 2016; 5KV JH, 5KELR, &F4E,
2000).

AR, 55— AN TR N T R 1 ik E i A3
CPS (closure positive shift) &3, HE—LHED) T
WEFEE R TR AR %E . CPS 1Y & B A N I figi
FHL 0 32 B S e T R O 1 2% (Steinhauer et
al., 1999). B %5 H i a)+ iR A [[)Z 908 5k
AT RM, B TiERE IR R, BRI S
WATLAE & CPS, Jf H W AR I R i B o s (1] 522
P AL A R (Li & Yang, 2009, 2010), R4
CPS 15 & H AR 210KE 1 73 715 5. (Pannekamp,
Toepel, Alter, Hahne, & Friederici, 2005), 1H 2%

MRV i 2 kA BIVESE 4 AR AR T (Kerkhofs,
Vonk, Schriefers, & Chwilla, 2007; Bogels, Schriefers,
Vonk, Chwilla, & Kerkhofs, 2010), W A —FE [
— BUNHF K PR SR 9 CPS

—SEAIFSY A e B AS T H Y32 45 (Steinhauer &
Friederici, 2001; Liu, Wang, & Jin, 2010), -£75 4441
NERR B A(LI & Yang, 2010; 2= THE, #5775,
2010) F15 4k PB4 B (Kndsche et al., 2005; Nan,
Knosche, & Friederici, 2006; Zhang, Jiang, Zhou, &
Yang, 2016)WLREME 17 A& Ak AN, PR A LA I
FaEi s 5| & 175 BB AL R0 R D
g¢o WAL, RRFANTE K, TEAFSLEAT55 T GE
SCPRf, 2R FIW, WU AF )RR AR E B K CPS
(Li & Yang, 2009; Peter, Mcarthur, & Crain, 2014;
Pannekamp et al., 2005), X ] ERM, Z 5T A915
KSR GE B S RAE 55 TO K . frilr, Al A
2 =/~ : Mona or Lena and Lola) ) #fF 5% & Bt
TERME R A (. Lena ZJ5)iEA T CPS, MK H
(1 (0 : Mona ZJ& ) WISEA 5 A2 RN BEFEE
AR R S 0 AR T S T A
(Holzgrefe et al., 2013),
12 ORZEFESEERMI

M EAMEZE 30 4RACTT IR, BFFEE S0 2 ¥
RIS 5 T NI4T THR9E. B fMRI. MEG .,
ERPs Z5HOAR R MU, ORI 2 DT 98 R W] iz
N E S R S T Ao O | ) =
(Chang, Horwitz, Ostuni, Reynolds, & Ludlow, 2011;
Cykowski, Fox, Ingham, Ingham, & Robin, 2010), &
WIBIE 9T 8 T 22 ST 11 2 35 R3S T I W 1 A T 2
RE, JFFOB T Wrnd S5t 00 it B2 A BTG A M LU A5
MIREST o SR, IXEEAFFEMEE RIF A —F. —Lupf
AR T D FIE# o7 £ 2% S (e.g., Hall &
Jerger, 1978), 53 —S6hfF5¢ 3 WA (e.g., Hannley &
Dorman, 1982),Hannley 1l Dorman (1982)iA AiX AJ
REZ PR N AS [ 11 0z 2 H R A7 e S P, O Hoax 2
W HEAT WP D (DT 10 ). Besh,
HEBRZe A7 R B9S2 00, XCHL 9 Wy SRR F vz 25 W5
RGN T HIIFFE R, D& RIS 518 & R
HEHA A A 55 S AL R 4 A, TR HZ 2 5 R
i X 55 18 1 P R AR B A2 AR 4 55 (Dorman &
Porter, 1975; Foundas, Corey, Hurley, & Heilman, 2004),

— BRI ERP FR B4 Iz # i 1E X
ANEFNES I TR 23 72 . Weber-Fox (2001)
ZET I H B SO T2 6 5 FIEH M . 5
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22 TR S TINEE N TO0E B S5 f 200 1% 1325

FA A R woR, BRI R TR
B TR, JFERA AT RIS EE,
X ) A v SR AR T, R SR B Y
ERP SN 4B 24 FS B R G # AL, 78
200~400 ms A [a] fAF P9 XAS [] 3] 2R SCat B fn T
85 KT U I B AR A ik FE RN . Cuadrado Al
Weber-Fox (2003)i# 1 25 B H Iz 35 FIE & #8408
a5t B LA AT BRN A2 4R 4 4 4 ol A DL R By e —
kb A, BT HZE AL T HFoR R,
TEB A B[] 7 (RPASZE SR AR 8 16 0 W ) /9 454
R N R E S N8 DN S E = S (1]
TEA B B R 7 0 25 A4 10 2 25 0 T B9 JE 1 6 B &
KT FWBTA, IR TR L I AE B4 T ik
Som b Ry shinl — B R O W, eAh, TER
BORAE B i) — Bk s Trp R B T — i
TIEY P00 RLIVE, 1T HIZ 345175 S ) P600 A I R Al Sk
oA LA B AL . Weber-Fox il Hampton NI i
b 25w 2 B ) R SCRR I s ), R
AR 71z A SO Bl A — Btk SO T SR
B AL N40O 1 P600 XL, 1T HIZ#7E M RN 264 T
HTER T N400-P600 IX A [ U AR = i) figi L R4 Rz
(Weber-Fox & Hampton, 2008)., Weber-Fox %5 A\ %
2T OWE 4 B3 & L HE 1 (Weber-Fox, Spencer,
Spruill, & Smith, 2004), SZHGZIR 102 5 1
W 2 oA i 2 I ) G AT 23 . 5 R R BIUR
Y SO I A, (R R 2 B A 1 ALY
MR LN, FEIE AR %A 35 25 . Corbera,
Corral, Escera fil Idiazabal (2005)F] ] MMN iX — fii
LA 5 58 T 1 WZ 35 B W B 1 8 N 2 1 A T S
B o AT e BRI 0z 85 B T i B 22 56 T T B 7 3 PR
(R 28 FRAE (CANA R, )2 IEH Y, X 5 15 A
o R L AE 5B A (Corbera, Corral, Escera, &
Idiazabal, 2005). IXAHL75% 5]k [ H Al 5256 A UESE,
R Tz 25 1% W R0 i e g 2 BRI R S R R
P R 0 TR, TR — e, 9 AN Al
BRIV 260 I T2 1F 5 i (Howell, Davis, & Williams,
2006).
1.3 A Birfniads

Zi b, Az BRI N RGN, —
S T I PR (U 2 19 R 538 A 4550 5 11 i
ke SR IOV ce2 3 (/O /N 1T I = B 1235 SR 0
FZHEOIZEEM TH AN AR RS R THE
Ui o A B SR LR T DUTE R A R B S i
(VANP1+A+NP2), I 7 W7 (P e A5 B

T FNZE R F T (O e B A B TR 55, %%
Iz 25 R0 35 18 i W 5 0 R e i S A e AR &
HAm g pLh . DAEWF ST 27 A F s R 2 m %
LRI TN T, Al R 2 50 SN TS
BRI, AN T AZ B F A B )5 (Holzgrefe
etal., 2013), XJ T 1] LFRAF: Sy 2 52 0 1 2544 AL
W s, i RO R E IR CPS ATF%
K, T WA G S S A R O 1 25 4
(Wei et al., 2016; K\FHAE, 2000), J& 75 UT & 720
T2 S v IS D AE 4548 T 75 KRR 7 BEAk,
FZETE S I T ARETE A, 1 AT SORa) 3
I TR kR RN 55 F T 1 W A (Weber-Fox,
2001; Cuadrado & Weber-Fox, 2003), AF4flufi11E
TR A R R rp T RE 2 T H IR A AT,
A B9 K B0 Wz 38 0 TR B PR RO 1) e 2 RAE
iR, BRI H Y (Corbera et al., 2005), J1 H.
B RN TRE 1T TG A AN AE 22 31 (Weber-Fox
etal., 2004), NN T FREAKFAT K | X L
SRR, FTLL N 5 IEE AR T3k Ftad & poe]
REANETEZE S . fodm, —Seif o R4 R a5t
FEA RIS I AT 55 v (i CRR A, 5 F B0, wish iy
VB &SRR E 1/ & CPS (Li et al., 2009; Peter et al.,
2014; Pannekamp et al., 2005), SR1MiIFBA W5 EH
BT 55 R A5 CPS WP, Sk 24
ZiTE

A 5 380 Ao 15 1) Y 4] O A 235 ) ) DR 1 e AT
55, F 5% DU RN 5 T8 s & b UG8 DY i i 3
AR R . MR Dz S8R —F, REE
[i) 45 i B 475 & S W 300 R T ) R S 1 A R G )
CPS, Ui F I A BRI AN & R BULE 7 15 K
R, SRR R 2 N2 TR A A A
FEUS B AN R 2 e R A7 AE 22 500 o A Sk s 7
FRAT S A TO AR & B — RE S & M [
A9 DG FEL 0, DU A G I iz e S 2] T T SR
IR W E AT 17 A B A7 A 22 i P
i, H 22 80 Can ) A B TOHWAEAE R,
L2 WY 2245 80 B9 7 A R 3 =2 T A B A TA
Fdh 2 3L ml, A B3 ad 45 1 02 34 SR Ak 4R
R IRECHE R, X E IR A —E R
EH . BEAb, a5 BN A B ST 55, 1T AR ST
HIZ#E 70 TREE Bt 2EMFIHRmE
— ) SR B b A7 2 SCE AT 5 i s2 e, A i — 2P
s FIZE FIE TR . B2, BF9E B et Xt
Pz 5 B RS BB ST, R FRATT o b AR
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F Wz B TA IR 22 A, DT Ay 356 ) 1z 2 Gk 11
IZAE RS AL ISR
2 Ik
21 #Hik

MERHREE 12 2 TIZEAE S, ATk
et N 6 B R H BT IZ AR, sz ad 2 G .
Mz = R R GE G F oz B T € & 3R (Overall
Assessment of the speakers Experience of Stuttering,
OASES)illl 5 (Yaruss & Quesal, 2006), HAMAZE 12
DT AR X B, TEAE . MRS B
RS TOZHIREC (AR 1), PIZH ORI 84 A
T, TORE B S, W B IE A ) R W B
BT DU o WFFEAS B0 T IR A e PR B 2t
. SCEATHOALEE TS R B, SR 3R
—E AR .
22 RUEME

SEHR R 168 A~ 1] L[] 25 BILfgE Sy 20 5 Al i 1E 45

Fa 8 SCRTTRAE R SR g AR, e AR i
(Li, Yang, & Lu, 2010). 73 #Mil okt S0 sh 2256
WAV IE R4S 84 AME IR B, 1IEZ S5,
1 — 24 2ot e 8 N O e A 1B K v R R
s TE S5 K6 R B 2 540 25 1 — ik, S FE M RHE B L,
KRN 22 kHz,

i PRAAT #{F(http://www.fon.hum.uva.nl/
praat/ ) BT A B UE V) 5324 VINPL+HT)/NP2 =B,
FEXFHAEA T 75 2F S E (R 43 BT o W 1a 7
7N (DA B B2 BE (0T 7 R ), B A AT 3R, 3
T2 o Bl (< BRAE ) RIS (M = 604, SD = 70)
BERK T RIS R —3hiE K (M = 411, SD =
46), t(167) = 36.51, p < 0.001; £ if] NP2(AN“IF )
(I AE R IE 459 (M = 696, SD = 68)4%f4 F i3
K F o gs iz 4 A mHC (M = 546, SD = 66), t1(167) =
27.73, p < 0.001. MeAh, gtk shin 5
PG (#1) (M = 60, SD = 40), i IF 40 1E7E NP2
T LR BRASE5 (#2) (M = 159, SD = 59), @& 1b iR,

*1 HAERER

- (WY EEY KiEi 3=

FR(B) P51 HERE JUERRE FIB) 51 HERE
1 24 5 WFoEsE 1R RE S rp g 23 5 oA
2 20 5’y K hE 20 © PN
3 22 3B K2E TER R 22 7 R
4 25 «© WA v ) 25 & e
5 23 % K2 rh 23 % K
6 24 5 K o g 3 e 24 5 R
7 22 5 K 1R RE S rp g 23 5 R
8 23 3 oA 1R RS rp g 23 5 oA
9 20 5 K2 h 22 3 R
10 24 3B K2 TER R 24 7 R
11 24 % K2 R EE 24 % K
12 24 5 K e 24 5 R
M 22.92 23.08
D 1.62 131
ggg a W{:ﬁﬁ o mRE— S 4001b ST === {RIE
600{ A A o fRiE 350 1
o ABE 300 1
220
1001 A--L 2001
1l ot
-3001 HEf# # EBEK # W 100

1

i I 45 ¥ ) R B 22 45 R (RR) R LB AR S MR 22 57 . ()il A BoA S e R A = 22 5% . shdhifg sk

IR g Sy i < AR 18 K HE R 22 S5 8 TE 75 BEART A, D T 24 D) R 30 B > 4 1] I o ) S 4 DA K =2 R —
NTHEBARA . (b)HEM: S TS5 MY 32 B H A sl i) <BRAR L, 00 45 R Y 32 B A AL TR IR L
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22 TR S TINEE N TO0E B S5 f 200 1% 1327

B AT BRI SRR D) 3 ) = B, i AR B
MSEENTFIRE . KM . Rl /ME. St
Brag R W], Zh R a5 rh 3l i) i) B R M =
343, SD = 33) . & T W IE &5 /(M = 322, SD = 41),
1(167) = 6.12, p< 0.001; f1E 25 H NP2 FJoi &k
(M = 319, SD = 47) B & m T ELHM = 297,
SD =39), t(167) = 6.75, p< 0.001, LA [/ 2£53 47
R, ShEEEMEEE AL T IERK . HEE, S
W) JE A B B TO R By, IR E AT 7E NP2 by
FE . HEE, NP2 Bl B o B

Sk A PR B 1 T 8 AR A P A R M U R
NSl i S, 7R IE USRS 20 2 8k
(5 W T ) 2 A ) 1A 0 52 6 (91 52 36 5 1 X 5
WA E ) LIRS AT UAS, AR 2RI AE
B, WA — 36T 5 1~84 MIBh =45
B S TE TS 85~168 1) 1 25 A4 E7 SiiE:, LA
Ko 84 N ARB LHIE (58 1~42 1Y 42 A= ki
T 5 H 43~84 (1 42 M IE A1) o WA A48 7
5ok 85~168 1 S TR L5 SUETE Y50 1~84 1)
b IE S5 #0 67 SCJs i, LA R Ak 84 AR U E (7
TR 1~42 1 42 MRIEFIE TS 43~84 1) 42
AR ) . BRI AE R R — > I ) B
W 2] 9 J i R S B R R B S5 1 . it AT kB,
FBE TEH7 KN 94.8% (SD = 2.66%), FH Ak AF*
il AT B B Y AT IE 75 22, Wk RE A HE R 1R J
I EE R AT
23 X

1E A58 R T i S B I . SCER AR AT R
SR PRSI — 3G P s, B
MRS 2 BB BB S5 A — B0, TR Se g FE S
MEHMABEALE IR, JF 2R BOXTE A S50 R 51 55
) 58 B TRD I 40 DRI R 84 S W A 55 (F DL S B0 AR 7 ) o
R R S R ) 22 5, B SE 8 AR A YA
WA, PRAIE AR I SCHE R AS TR B 3k TR 4 A Sk 2
B B0 A IR L S PN U
PRAE AT — A7 B A S E AT ST T

K 2 WO RI(H 2 | FiEimE) <2 5%
AR HWT . SR )<2 A S (Bh B i |
T E BT )<2 R . To)MERIR G Lt
P Sy 2 R A d, AR5 25 5 R 2R AR A
R AR
24 XWERF

Seuy A 6 S IX 2H (block), BRMT45 3 AN IX 4,
RBAXAHE 56 MLk B AT, [F—FK0m

SEYG AR S B I SR RS XA K2
6 43, XA T R AR 4l B DR L

SEITECER LM, LHRETIE ) Bl N AT, B
A TR A SR B IR Sk 237, IilBT A 60 Hz)TT,
XUCH-FE B0 90 em, 75 & WL 75 dB. #E k48T
G AR ER LR G, JFIRIESEE . BN
55 i B3 A A B AR Uk 5 S IR 0 T A 55 235 A )
Wi 55 o BN, B A 2 IEL A+ )
FER T 300 ms, Bl 5 + "4k 2k 5 PLTE B s vh g )
R B RIS, A AR E RO AN A, PN
T B[R] ()RR R 400 mso TRV HIWHAE 55w, 7l
WA e e I B v e B — MR, EoR AR
PR S 1 ) VT 322 TR A S8 I % 0 WA R 2
BT, B PRE, R I TR, 45
FIWHAT 55 v, BER g 7e J i 2 B 50 B e BB R S
b H T T 8 ) A O A TR — L, — B R
B, R—BR e,

25 HIEXRESHH

KM ANT %% (ANT Neuro), %M E PR 10-20
ARG RN 64 FHIEIC S EEG, 17 5iC#MR
FER A 500 Hz, J-LL CPz ATELS %, Ml M1 I
M2 Sr5E AL . HAk Sk 2 B
BHPT/NT 5 kQ, FELIC SR UE BN 0.01~
100 Hz, £528 5317 B D455 56 1 i v 2500 v il 2 30
ML I RN E S %

K Brain Vision Analyzer 2.0 #K b4 744
ARF, XN LSS AT IR (R 3B 0.01 Hz, {IGiE
} 30 Hz)o Jiki L A3 AT 80 A 4 A ol B i 56
— AN S T Y SR (< B ) R R (RO ) R
BRICHIAS S HEAL B 2 1T 100 ms F12ZJ5 800 ms FY %L
WA EEG BdE, IFEAT 5L 1E o i FH75 & 1 i
FEL 364 0 308 3 st e v 0 AL RURE 7 i 1 8 T TG T B
A B A 1F o 1 11 55 B o v TG i R AR A AR LA
A o HEBR IR 2l O3 S v o7 8 3k +80 pv iy 2 Oyt
Ja, BRAE TN A RGAR IS TE 30 DL ETE
5 i FELSEURE FR) 0A  150 B LAFE AR G 9T (Li & Yang.,
2009; Holzgrefe et al., 2013; Kerkhofs et al., 2007),
T 5 R LA L FEER 0~300 ms Fl 300~
600 ms 1~ ) 147 11475 2 A H 5007 A 1 347 35t e
TTEE MR 2200, ek b, RABHLERI(Tnz
T BB E) < AR5 FERIARNT AT .S58 F0 )
x SRR (BN IE) < HHCE L J0) x KIX
X, Hpe X TRIX), #E47 R T 2250 8T, MK IX
() = D4R X AL 5 4 X (Fz, FCz), H9t[X(Cz, CPz)
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M X (Pz, POz), ZEfqiF3k b, BePER(ZE . ffE
RN AT A 25 50T . AR R ek
A AR, 5 6 D24HERIX, B A8 AT
(F1, F3, F5, FC1, FC3, FC5), A Hi(F2, F4, F6, FC2,
FC4, FC6), =" (C1, C3, C5, CP1, CP3, CP5), A
(C2, C4, C6, CP2, CP4, CP6), )5 (P1, P3, PS5, PO3,
POS5, PO7)FI4 )5 (P2, P4, P6, PO4, PO6, POS)., H
Greenhouse-Geisser Xf N5 A BRIE KL I8 1) 7 22 50 HF
H TR IE

3 4

31 TAR%HR

TR S S 2B, Bl 50 i)V 2 44 ] 1
HERR R 350028 93.8% (F I :94.2%, HIZH .
93.4%)F1 73.9%' (FiGmBE: 73.1%, HiZH .
74.6%), Ut WA EB A BT BT 5 I 58 UL B AT 55 o
AW G E BRI 55 H BPE T 5 90 (451
FIWEAT 55 ) 3l A 56 1 RN A BT 55 B A A5 8,
It HALG B o s v B — A . eAh, FRAT
AR ME 38 52 A7 Sy s I R I BB R A L R A
T T R U AR A A R R A .
WS IS I TE A AN ARG — 20 2 B IR
32 ERP#%R

FETRNC W (&1 2)FnZ 4 0 W (] 3)PIANT: 55,
e FIZE & FE S #, 10 il S AT I8
MR R —AEW o ZIEW N 276, 7EHT
SR 3 NI D S S (I SR 5 I e S
(Steinhauer et al., 1999, 2001), A LA#fiEiZ1E I N
CPS.,

0~300 ms B8] & :

GEitor AT & B, R4k b, A ERON B,
F(1,22)=24.28, p<0.001, 3 = 0.525, fAHHM =
0.34, SE = 0.15)MXF T A(M = —0.31, SE = 0.17)
R TR KA IER S . AR 58528 5 AEH
B3, F(1,22)=584,p<0.05,1n2 =021, fijBARN
AT, B g i SR L e A 1 R W

UG R S TS DA TR ) B - B/ 5E L ERP SESR Y
SR FIWTAE 55 IE A R AR, JF552.2 S0 Ops A i I 40 08 1) )
IERRA—E RN ATRER . 7 SCR AT E gl A A
BAE PRAAT HPF, F54k 58— A JE 1 5 R0 W or W 20 i) 4 85
RPN IELEE R E L, IF BHA T LU T . 75 ERP S0
o, FRATT B 5 R A T A 95 SR A s DS T 8 B T A Y
iR —E I ETIT AR R — I PR, e ERP S
55 MEBE R B

SIERON, F(1, 22)=2.63, p=0.119; TifwE454A
HRAIRSTCH FIE K T BRI, F(1, 22) = 16.44, p <
0.005, g = 0.43, T4 . 45Ky . T ARG X A2 HAE
W3, F(2, 44) = 5.84, p<0.05,n7 = 0.15, fijBARL
N HT R, TEIRNCAIWAT 55, 2R 45 7E J5 i
A G TG R & T IERUN, F(1, 22) = 4.42,
P < 0.05,my = 0.17; b IE 25 7EFTHE . H s RS
¥k TIERY, F(1, 22) = 19.34, p < 0.001, 1 =
0.47; F(1, 22) = 17.45, p < 0.001, n, = 0.44; F(1, 22) =
7.74,p<0.05,m; = 0.26, TEZSHFIKIT S5, B
S5 K AE TG AT 3 AR X T JC L R kT IE RN,
F(1,22) = 8.92, p < 0.01, 02 = 0.28; fi IFZ5 4 78 Rif
HIF(, 22) = 8.33, p< 0.05, 3 = 0.28]. HHEF[F(1, 22)
=4.89, p<0.05,n; = 0.181FFHH[F (1, 22) = 8.12, p
<0.01,mp = 0271 % T IERUY . BeAb, Bik5ih
FLF(1,22) =0.002, p=0.968]. #iX 51F5[F(1,22)
=2.37,p=0.138]. #i{545[F(1,22) = 1.06, p =
031515 X BEAEHEARE .

FEPIO, A ERON B, F(1, 22) = 45.51,
p<0.001,m)=0.67, AH1%(M=0.16, SE = 0.08)H
XTI FH(M = —0.46, SE = 0.07)iF & T P K
MIER ST o W F AN BRI % B%, F(,
22)=4.18,p=0.053, 12 = 0.16, ] AR 43 Hr WA,
By 2 235 K6 R Al 1F 85 A8 A 3 SRR T T A
TIERUY, F(1, 22) = 10.35, p < 0.005, 02 = 0.32; F(1,
22) =29.69, p < 0.001, m3 = 0.57., #ik. L5 . 4
M AR CEECRIN XAZ BEAE R 3, F(2, 44) = 7.53,
P <0.005,m; =0.26, fIEER ST RIA, Mz 7E
TN 55, B S5 {AE A 23k i A 34
ST JC F5 & T IERUN, F(1, 22) = 4.62, p <
0.05, my = 0.17; fi IEZ5 R4 78 A 2 BR (1) 115 3 1 o 58
[F(1,22)=5.21, p<0.05, n; = 0.19; F(1, 22) = 8.47,
p<0.01,ny =0.28], £ FERMFTH A PFBF(L, 22)
=15.32, p < 0.005, n; = 0.41; F(1, 22) = 19.47, p <
0.001, my = 0.47]iFK T IERON o FEL5HFI Wi AT 55 o,
T 1E 235 48 7 A 2 BR 0% |13 A BB Kk T IE RN,
F(1, 22) = 6.98, p < 0.05, n7 = 0.24; F(1, 22) = 9.11,
pP<0.01,n2=0.29, FiB&HG &I HIEHTS5 +,
P IE 25 R 2 72 2 BRARTHR[F(L, 22) = 7.91, p < 0.05,
ns = 0.27]. A7 FERBYFHAFFERIF(1, 22) = 14.79, p<
0.005, n; = 0.40, F(1, 22) = 20.12, p < 0.001, n; =
0.481iF % TIERUY . FELSHIHIWAT 5 b, sty
TE 22 BRI HTF A AR [F(1, 22) = 8.41, p < 0.01,
ns = 0.28; F(1,22) = 6.93, p<0.05, > = 0.24], £
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— FEHEAELR e EHTLIAF HIZETAT e BEA b

K2 HHZFS B E (& 12 42) 58 BORNC AW 55 05, (a)3h 52 A0 i1 B A 75 & il F - 4130, ERP 23 BTt I s
Sy ) (G PRAR )25 AL (b)fiv 1E A T 2 FAR 5 i i S B P, ERP 23 A i s by B ) (") 45 R AL o

a

EEHBR e E¥LHR OmaHR R 7% oIl S

K3 HIZFFIERGHE (& 12 2)50 AT KT 55 B, ()20 5 0 1 0 AL 35 & i B 807 Y90, ERP 43 BTt 46 40k
Syl (e BRSSO (b) i L T FEAR I ik S B OB I, BRP 3BT 4G R B R (<R ) S AL



1330 AL i 2 Eird %50 &
1.5 1.5 seokok
1.0 1 o 1.0 1 ek
B HiLFR
051 W AR 0.5
=
m 0 0
£ [ ]
—0.51 -0.5
i 5 RiE
—1.0 -1.0 1 B
fRIE
-1.5- 2 (AE i) -15- 2 (AE i)

B4 Dz TR o8 ORI WTAE 55 (Z0) B, o AR 1 285 4 0 0 80 0 SR 5 R ) 0 T s S It A ) AT
55 (A7), 3 80 T AR 45 R 0 B R S B A R W IR . ***p < 0.001, **p < 0.005

BRI HTFRANPER[F(L, 22) = 9.56, p < 0.01, 07 = 0.30;
F(1,22) = 14.84, p < 0.005, n; = 0.40]i/% & T L8 0
fIE S5 7E 22 BRI Fh &R [F(1, 22) = 6.18, p < 0.05,
ny = 0.221Lh KA BRIGHTHR . FRE AU R, 22)
=5.19, p<0.05, n7 = 0.20; F(1, 22) = 6.35, p < 0.05,
ns = 0.22; F(1,22) = 4.42,p<0.05, ;= 0.17]iF % T
WERO . A, ik 5 R R, 22) = 0.17, p =
0.681]. #k 51E5[F,22)=0.13, p=10.726]. ¥
RGEEMIFQ, 22) = 2.28, p = 0.146]%5 8 HAE I
FNTE N

300~600 ms B+ /8] & :

Geitort &8, FEPLR, R FER0N B, F(,
22) =36.61,p < 0.001,n; =0.61. HAHHM=0.71,
SE = 0.16)A X F (M = —0.69, SE = 0.14)iF %k
TR A TE ALY o 355 R X A A
F(2,44)=10.07, p<0.005, ;> = 0.31, i — A B5k
N Ay AT A B, A AR F G A A R AR (R,
22) = 34.11, p < 0.001, n; = 0.61]. HHB[F(1, 22) =
43.22, p < 0.001, n; = 0.66]FJFFH[F(1, 22) = 14.52,
p < 0.005, ny = 0.401¥43F & 1 I i 57 K B 1E A 43 o
ok 5 R, 22) = 1.725, p= 0.203]. ¥k 5/F
%[F(1, 22) = 1.737, p = 0.201]. #X 545M[F,
22)=0.097, p= 0.7581% 5 HAE S AW

XM Ay B & B, 1 A RO B, FA, 22) =
36.59, p<0.001,m; = 0.71., AHLH(M =0.66, SE =
0.16)FX} T I (M = —0.53, SE = 0.11)iEk Tk
MRS R IE Sy, AR SIX A HEAER B, FQ,
44) = 24.16, p < 0.001, n7 = 0.52, HE— > faj BRI
ST RN, A A F I R AERTER[F(L, 22) =
43.30, p< 0.001, n; = 0.66]. FFHF[F(1, 22) = 55.91,
p < 0.001, n,* = 0.721FUFHEB[F(1, 22) = 4.74, p <
0.05,m; = 0. 1814iF & T W 07 KA IE AL 4o 1155 .
SHR RS AZ B AR B3, F(2, 44) = 3.95, p< 0.05,

ny = 0.15, TSRV A HT e BH, TEIRNC AT 55,
SRS BEE I K IERUN, F(1, 22) =2.47, p=0.13,
T IE 25 A U35 & 1 IR0, F(1, 22) = 23.41, p <
0.001, 3 = 0.52; FEZSHIHIWTT S5, Shssgiti A
PR IEZ5 R85 & T IERLR, F(1, 22) = 17.02, p <
0.001, n7 = 0.44;F(1, 22) = 11.65, p < 0.005, 15 =
0.35 (Wl 4 froR). #k 5 AR, 22)=0.27,p=
0.607]. #X HIES[F(, 22)=0.38, p=0.545]. #%
RELEMIFA, 22) = 0.19, p = 0671538 HAF A
B,

4 e

ARG A 3 25 9k i S RS () 5 S, R
TR T A 25 A F W P AT 55, B8 DIz 35 F 5
LN 5 B AR N T 0 i L RGO B HE s i PR 2R 2
WL, FWZE RS H R 1IN OGS SR i
AR, BT K R AR 4 1 0 F 43 CPS AN
FEAE 525 5 16 0~300 ms IFa] 83 P4, 762 Fpi
M, DO RS 8 Fm N T she s i fask &
TEBRONE ) Sk K 4 A i BBl /N T L R 1 o 76 300~600 ms
XMW E O, PR b, DS IR R
PRI S v PR i AR, A Y] U R 5 A ) D
5 h¥teis k& CPS. FEMI, S 2454 FI W4T 55
RS F ETE AR E R & T CPS, {HAE N W
1155 b A e IE B RS 5 RN . LA 2Rk
Wi, HzE M F BRI — X 0B U,
If H =35 0 T30 552 3 52 56 4T 55 R o 45 4 1 A
o LUTKEEE A DA SCHOS S ar 4 R e .
41 OZEHERFEEMI

—SEF S E AR, Wbk N T g o 2 e A vz e
FHY A Z (Hall & Jerger, 1978), ANid, Hampton Al
Weber-Fox (2008) A& 3K &8 43 H Wz Bl %t 4E 5 18 A
B Y BN ER A TE F SR, i A N A R R
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o BRI ERP XTI ETE N T RFFE 3,
TEARERYOGRA b Wi DE = A AT 55, HaE S
TR L T U U A 2R B T 19 A8 Ak (Weber-Fox,
2001; Cuadrado & Weber-Fox, 2003; Weber-Fox
et al., 2004), Lban, SR HZEFEE D2 E X T
PRI LY . BB R RS | eI R Y K2 LA
(N100, N180, P200)NAFFEZEM, HIZ3E 5 AR
T B TR 30T A9 ERP 2500 (411 N400, P600, P300)
PR _F/NTF F 180 & 175 & B9800 (Cuadrado &

Weber-Fox, 2003; Weber-Fox, 2001; Weber-Fox et al.,

2004),

AWFFE, FZ A TR TN T
BB A BN, B2 R 75 A AR AR I e 3
ICRY BRGSO CPS, X FRB, Iz S i
FAEI T FHE B B rh R 2R ph &t 72
AR5 25 R 5 Bosshardt, Ballmer £ de Ni (2002))
TTREER—3 EMATTTE T, Dz FE
W 5 R R R A T () ) 4 ) AN A7 7 S 7 R AR L A
FM 220 . 5 Weber-Fox 55 A ) ERP W58 45 3t 2k
L, BRIV R T A I AR AR S, A
FEL 2550107 5% I RN AR S A7 7E 22 531 (Weber-Fox et al.,
2004), R DN EIE S E 7 AL B rp 2 b By
SEA, NG I A5 A S 0 AR ALY P AR
HRTE I S B rh IR ATC 2200 456 LT
WFFE, X—J7 A REBL] Dz MR E R TS
IEH AR, 53— 07 T Y 45 2R AT B 5 S B b ) 5
W7 UL S A K. FEARWTIE T, SRR~ i X
POXBA AT i 2R, HEABA TN W b R 7E
Wy 2 J5 A0S 42 SR SO BIVAT o DAAE — BB 508 A 5 A4
BRGSO, REWERA AN L EEK, (H2
58] 52 2 0, 5 WL/ B )Y A i R Y R A,
W AT AL G R 132 . SR N TR R 2o AR
(Baddeley, 1992), A1, HRZELEM LA, 5 X
VSRS B0 T 2 5 W ANAFAE— 8 TR BE 19 22 031)
(Weber-Fox, 2001; Cuadrado & Weber-Fox, 2003;
Weber-Fox et al., 2008; Corbera et al., 2005), It4h,
FZ Z 15 S A s 5iC 4R ISR R A
K, AMATAE DA RN G A 48 0 B8 A A ) i /R i
EOL S, HIE S TR EA S 5k il R 0
H 2251 (Cuadrado & Weber-Fox, 2003), i1 % T 5
ZW RN E . NSRRI T, AT
155 B E WA K LL B R far 8 a5 00 IRt
ZEDHEATFEINE R EESWEOT, OZAFE
WA E & RIS RGAARL, AT D, OZEF

WA E BRI AN S R IAE T IE B R, Ui
NZEF 177 A R i o AR U B ) T R g B
FEFEZE0 . Ak, a4 Dz f S 18 s & e 2
P S i 77 2, R B AR AU TR A
AR, AARE R A2,
4.2 BXFRERIILFMITRERZmEZR

ATl FHDUEE 2y 2/ 1 I8 U T AR 2R S
PORE, 78I P S B T S R DD A3 (R R
PG HL A5 CPS. DAERFSE BB, DUE A+ R4 )
PN BB 0 A i A RR s 5 R 4T (LI & Yang,
2009, 2010; Z=1HE, #ET7, 2010), ARWFFKE %
CPS WY At — 209 3 1 I SCRITE NS, X i —
A ARB, HEEWT B i Sk B TR D o A X A ST Y
HIT, Mk CPS X — sy, SY1miHsoC
RANTEK

DM AW AR | R 7 r i N AR
% (20, Mona or Lena and Lola)W <3| T CPS, H /&
I K MK #0538 67 B (Holzgrefe et al.,
2013), HAARIY, HIEAZA I, Lena ZJ5)i%
k1 CPS, MBI F (U0, Mona Z J7) W B A 75
Ko WEFEE IR BRI SN AR R AR B AR
T FATH A RAE R . AP, DZHE HR
Wy 2 6 I T 2Rk SR ) A T R S R T %
RN o X AT ARSI, ABE g 00 s SO E AT LA
B DX 0 DAy O o S 2 AN [] 18 ) 12 25 4 (Bh 2 /A 1) o
Ak, Holzgrefe 25 A (2013)A9HF5T A FH 14 44 k) 2
HEEW, IF HEARE LRAT 55 (L ZR A
ELWT SR AL, Ik G 7 IR R H At B A Sh ), X AT
RE T 30T 5 A FT 4N TS50 AR A A i/ A
g, DT — R B b1 55 Bl aaOnr S 46 kY G 1 F
Y15y o ARWEFE T, R BT 20 BT A L AR
FAZ, AT SE LR AT 55 (T W 2 G H ),
AT RE BN BT B0 2 BB O, AT AR
JE AR R A B AT TR RS AR L,

AWFFERIR, FIZE RS T8 W 4 7 R
FEEFHI BT 55 R & 1T CPS. LIERFSE LB,
AN A8 2 LR W 35 B AR S 6 ) % ) 3 X (Steinhauer
et al., 1999; Li & Yang, 2009). M — 4 idl il
(Pannekamp et al., 2005) . #% 817 (Peter et al., 2014) .
B H SR 2L AT 5 (LI & Yang, 2010), ¥figfa
SEFE KGR . AR UIERPF RS R —2, A
WESR AR ER R R GRS, b2
RTERI AT B G AT 55),  TEAH ) 1 32 4R
AT LS & CPS, 13X & HH 12 35 115 18 i i & v i A
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G B AR U, L —FE A sy
Hitrhn T,

ik, G5GGeit 5 R K S K ) ik HR 0N (U
K 2~4 Fim)RE, R DS GRS & E A
B[] 780 1 B PR AT 55 T, A LF RN 315 235 4 T o 1
BInJLAE & CPS, {H2 I — L BLAR AR
BARMIE, 750~300 ms B[ & N, Aigje it
WA, 151 0z 25 0 o i i 0 T e 2 B S
o) S T R A TS A A RN 1 Sk B2 43 AT T L/
T 1 0 3 (11 W2 38 50 L 285 /) S T A 55 DA K 75 T
W5 S0 RN R WHAT: 55 ), sl B Jh BB A 5
WA B R IERN, WG4 R r). 78 300~
600 ms X—FEIE M1, Lk b, DM ERS &
TEJ AT 2 1B SR 1B N R LI, e 3R] B A 4
FRIWAT 55 HH 34 6815 & CPS. FEmIMN, A5 25K
Wi 55 Hh P R R R E S & T CPS, (HAERNTH
T A 55 v A TE R AR 5 AN . DA 2
T, AATTHEA TG B0 #5207 55 A 751515
ST 4, W H X — i R A bR e B A B
HEL RO BN ZHETE £ R (TE 0~300 ms
A FARE T I RS B BLERON ). X AT fiE
5 5 SCHE v P R AR B T2 A i B T A
KA RAE 1 FR). J5— 0, SRS Y
SCIAT 55 5 | R 0y T R R B, &5
 F I FI S W i B o i B AR D) 40, N Tiiigs &
TH 5 P TE AN (EEERIAE 300~600 ms 33X — A ] %
F)o oAb, BF5E45 RART- 26 W AT Ot 1F 245 #4) J 1
P PR AN ARUR . AR ST & BT A0 ) Tk
o) /i 1E 87 S PR M R OE 45 TE (Wei et al.,
2016; KA, 2000), FATTEEH HiE S5 AT L
) 25 P A Ay ol B A0 I IE P PS5 A (DL Li et al.,
2010), SR IMAER BT R 1 v, S =15 & 15K
N7 B 43 A5 95 FRL/N T 0 1E e, T HLAE 102 3 58 g
FaHN WA 55 D S 18 i 41 5 Lm0 T A 55 T
Bl RS N BB A S R BRI AR R
[B) 7 11, 20 0 0 U 7 A O B A RO 5 & TE AR,
M IE AR R A BERE W & CPS, £ b, ARWFFEER
WIS G0 AT 55 PR EE S5 10 AR XTI & CPS sk
FETEVE R, HR RS 0 = A S

Ja, AW R RS R 1 CPS RS 4
KA, AHJE BRI F ZERT TR R I TR, X5 L
EWFFT 25 R — 2 (Holzgrefe et al., 2013; Pannekamp
etal., 2005; Li & Yang, 2010), iX 26HF57 1y — 4> 2 [7]
SR, MREEEATEME T B S ME LA

BE, BRI, Li 1 Yang (2010)fd ] T A2 #Y 48
FIVER SEES AR, Pannekam 4 A (2005)ff FH T AT
#YJC 7 4] (jabberwocky sentences, H[JZ:[f T 4]k
il XN AR HA]F). Holzgrefe Alfihir) [ 5+ (2013)
WA T R RE R R 1Y 6 4T . 5 IX ST
S5, AWEIT L O T R AE SRR I
S —FICHE LA T O TRy . g ud, W
FHAGIRA ST SUETE P TE LN, TR 20
HR Y8R 58 AR 1Y S99 55 o CPS /Y 3k 2 3 Aii 52
B SLIRAR Y 2
5 it

AWFFECRH ERP R, i DB, U iEAE
R SRR, 5 0 S W A o6 R
TR 235 4 40 i P A AT 55t B v, I R AR R A
AL FERISE R o S5 R LB, TE5¢ UM AT 553
FEH, I HZ F S T8 I 0 T A L 0 2 e S T P R
BB AT LIAER CPS, HAfFER ELR , R
FLE ] 5 F1(0~300 ms), 3 50 A7 31 T 25 #a 2
AU S, 5y T2 J T PN BB B R 1 05 R B RN 3 AT
0 /N TR A o TERLI I [R] E H(300~600 ms),
thek b, FHZ A 1 R T e P RMT 55 # vh,
TR B 2 B SV R B Y REE & CPS. TE
P, A GBI S5 T R IR R e B A T
CPS, {HFEIRC AT 55 th B i 1E A5 FR 0 15 &
RN . 25 b, AR 35 S 1 s R
PRI AU AR AL A RO, I AT T SC
FITE R E AL S, i A R AR A7 B S A
55 MBS A AR B 52

2 % x W

Baddeley, A. (1992). Working memory. Science, 255(5044),
556-559.

Bogels, S., Schriefers, H., Vonk, W., Chwilla, D. J., & Kerkhofs,
R. (2010). The interplay between prosody and syntax in
sentence processing: The case of subject-and object-control
verbs. Journal of Cognitive Neuroscience, 22(5), 1036-1053.

Bosshardt, H.-G., Ballmer, W., & de Nil, L. (2002). Effects of
category and rhyme decisions on sentence production.
Journal of Speech, Language, and Hearing Research, 45,
844-857.

Chang, S., Kenney, M. K., Loucks, T. M. J., & Ludlow, C. L.
(2009). Brain activation abnormalities during speech and
non-speech in stuttering speakers. Neurolmage, 46 (1),
201-212.

Chang, S. E., Horwitz, B., Ostuni, J., Reynolds, R., & Ludlow,
C. L. (2011). Evidence of left inferior frontal-premotor
structural and functional connectivity deficits in adults who
stutter. Cerebral Cortex, 21(11), 2507-2518.

Christophe, A., Peperkamp, S., Pallier, C., Block, E., & Mehler,



512 4

22 TR S TINEE N TO0E B S5 f 200 1% 1333

J. (2004). Phonological phrase boundaries constrain lexical
access. i. Adult data. Journal of Memory and Language,
51(4), 523-547.

Corbera, S., Corral, M. J., Escera, C., & Idiazabal, M. A.
(2005). Abnormal speech sound representation in persistent
developmental stuttering. Neurology, 65(8), 1246—1252.

Cuadrado, E. M., & Weber-Fox, C. M. (2003). Atypical
syntactic processing in individuals who stutter: Evidence
from event-related brain potentials and behavioral measures.
Journal of Speech Language & Hearing Research, 46,
960-76.

Cykowski, M. D., Fox, P. T., Ingham, R. J., Ingham, J. C., &
Robin, D. A. (2010). A study of the reproducibility and
etiology of diffusion anisotropy differences in developmental
stuttering: A potential role for impaired myelination.
Neuroimage, 52(4), 1495-1504.

Dorman, M. F., & Porter Jr, R. J. (1975). Hemispheric
lateralization for speech perception in stutterers 1. Cortex,
11(2), 181-185.

Etchell, A. C., Civier, O., Ballard, K. J., & Sowman,P. F.
(2017). A systematic literature review of neuroimaging
research on developmental stuttering between 1995 and
2016. Journal of Fluency Disorders, 55, 6-45.

Foundas, A. L., Corey, D. M., Hurley, M. M., & Heilman, K.
M. (2004). Verbal dichotic listening in developmental
stuttering: Subgroups with atypical auditory processing.
Cognitive & Behavioral Neurology, 17(4), 224-232.

Fox, P. T., Ingham, R. J., Ingham, J. C., Hirsch, T. B., Downs,
J. H., Martin, C., Jerabek, P., Glass, T., & Lancaster, J. L.
(1996). A PET study of the neural systems of stuttering.
Nature, 382, 158-162.

Giraud, A. L., Neumann, K., Bachoud-Levi, A. C., von
Gudenberg, A.W., Euler, H.A., Lanfermann, H., &
Preibisch, C. (2008). Severity of dysfluency correlates with
basal ganglia activity in persistent developmental stuttering.
Brain and Language. 104 (2), 190—-199.

Hall, J. W., & Jerger, J. (1978). Central auditory function in
stutterers. Journal of Speech & Hearing Research, 21(2),
324-337.

Hannley, M., & Dorman, M. F. (1982). Some observations on
auditory function and stuttering. Journal of Fluency
Disorders, 7(1), 93—-108.

Holzgrefe, H., Wellmann, C., Petrone, C, Truckenbrodt, H,
Hohle, B., & Wartenburger, 1. (2013). Brain response to
prosodic boundary cues depends on boundary position.
Frontiersin Psychology, 4(14), 1-14.

Howell, P., Davis, S., & Williams, S. M. (2006). Auditory
abilities of speakers who persisted, or recovered, from
stuttering. Journal of Fluency Disorders, 31(4), 257-270.

Kerkhofs, R., Vonk, W., Schriefers, H., & Chwilla, D. J.
(2007). Discourse, syntax, and prosody: The brain reveals
an immediate interaction. Journal of Cognitive Neuroscience,
19(9), 1421-1434.

Kjelgaard, M. M., & Speer, S. R. (1999). Prosodic facilitation
and interference in the resolution of temporary syntactic
closure ambiguity. Journal of Memory & Language, 40(2),
153-194.

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.

Li, W, & Yang Y. (2007). Prosodic resolution of syntactic
ambiguity: From the point of view of speaker and listener.
Advances in Psychological Science, 15(2), 282-287.

(ZEIH, #%EIF. (2007). WJHEH RIS E A S B

BRI, O PERIE R, 15(2), 282-287.]

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

Li, W, & Yang Y. (2010). The cognitive processing of
prosodic boundary and its related brain effect in quatrain.
Acta Psychologica Sinica, 42(11), 1021-1032.

[(FTH, BHEH. (2010). 2 A HH A PRI T 5 H G
HLRLNE . A AR, 42(11), 1021-1032.]

Li, W., & Yang, Y. (2010). Perception of Chinese poem and its
electrophysiological effects. Neuroscience, 168(3), 757-768.
Li, X. Q., Yang, Y. F., & Lu, Y. (2010). How and when
prosodic boundaries influence syntactic parsing under
different discourse contexts: An ERP study. Biological

Psychology, 83(3), 250-259.

Lincoln, M., Packman, A., & Onslow, M. (2006). Altered
auditory feedback and the treatment of stuttering: A review.
Journal of Fluency Disorders, 31(2), 71-89.

Liu, B., Wang, Z., & lJin, Z. (2010). The effects of
punctuations in Chinese sentence comprehension: An ERP
study. Journal of Neurolinguistics, 23(1), 66—80.

Nan, Y., Knosche, T. R., & Friederici, A. D. (2006). The
perception of musical phrase structure: A cross-cultural
ERP study. Brain Research, 1094(1), 179-191.

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.

Peter, V., Mcarthur, G., & Crain, S. (2014). Using event-related
potentials to measure phrase boundary perception in
English. BMC Neuroscience, 15(1), 1-11.

Ramus, F., Hauser, M. D., Miller, C., Morris, D., & Mehler, J.
(2000). Language discrimination by human newborns and
by cotton-top tamarin monkeys. Science, 288, 349-351.

Salverda, A. P., Dahan, D., & McQueen, J. M. (2003). The role
of prosodic boundaries in the resolution of lexical
embedding in speech comprehension. Cognition, 90(1),
51-89.

Schepman, A., & Rodway, P. (2000). Prosody and parsing in
coordination structures. The Quarterly Journal of Experimental
Psychology, 53(2), 377-396.

Shattuck-Hufnagel, S., & Turk, A. E. (1996). A prosody
tutorial for investigators of auditory sentence processing.
Journal of Psycholinguistic Research, 25(2), 193-246.

Smith, A., & Weber, C. (2017). How stuttering develops: The
multifactorial dynamic pathways theory. Journal of Speech
and Language Hearing Research, 60(9), 2483-2505.

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.

Steinhauer, K., & Friederici, A. D. (2001). Prosodic boundaries,
comma rules, and brain responses: The closure positive
shift in ERPs as a universal marker for prosodic phrasing in
listeners and readers. Journal of Psycholinguistic Research,
30(3), 267-295.

Weber-Fox C. (2001). Neural systems for sentence processing
in stuttering. Journal of Speech Language & Hearing
Research, 44(4), 814-825.

Weber-Fox, C., & Hampton, A. (2008). Stuttering and natural
speech processing of semantic and syntactic constraints on
verbs. Journal of Speech Language & Hearing Research,
51(5), 1058-1071.

Weber-Fox, C., Spencer, R. M. C., Spruill, J. E., & Smith, A.
(2004). Phonologic processing in adults who stutter:
Electrophysiological and behavioral evidence. Journal of



1334 N H

3

7 %5 50 &

Speech Language& Hearing Research, 47(6), 1244-1258.

Wei, H., Dong, Y., Boland, J. E., & Yuan, F. (2016). Structural
priming and frequency effects interact in Chinese sentence
comprehension. Frontiersin Psychology, 7(45), 1-9.

World Health Organization. (2010). International statistical
classification of diseases and related health problems.
Retrieved from <http://apps.who.int/classifications/icd10/
browse/2010/en#/F98.5 >.

Yairi, E., & Ambrose, N. (2013). Epidemiology of stuttering:
21st century advances. Journal of Fluency Disorders, 38(2),
66-87.

Yang, X., Shen, X., Li, W., & Yang, Y. (2014). How listeners

Plos One, 9(7), 1-9.

Yaruss, J. S., & Quesal, R. W. (2006). Overall assessment of
the speaker's experience of stuttering (OASES): Documenting
multiple outcomes in stuttering treatment. Journal of
Fluency Disorders, 31(2), 90-115.

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

Zhang, Y., Zhang, H., & Shu, H. (2000). A study on the
processing of ambiguous phrases in Chinese. Acta
Psychologica Sinica, 32(1), 13-19.

[P AE, SRR, 474, (2000). TEAR IF /AR B XA TE

weight acoustic cues to intonational phrase boundaries. THIEE. OPEFR, 32(1), 13-19.]

Neural processing of ambiguous Chinese phrases of stutters

LI Weijun; LIU Meng; ZHANG Zhenghua; DENG Nali; XING Yushan

(Research Center of Brain and Cognitive Neuroscience, Liaoning Normal University, Dalian 116029, China)

Abstract

Prosodic boundary is an integrative part of spoken language that segments ongoing utterance into prosodic
units. These boundaries are correlated with the perception of a pause, a lengthening of the pre-boundary syllable
and tonal movement at the end of the phrase. Stuttering is characterized by involuntary disruptions in the flow
and rhythm of speech, which was reflected by repetitions of words, sounds or syllables, prolongations and silent
blocks. Behavioral response and neural processing results in the past few years indicated that adults who stutters
exhibit processing differences compared with fluent speakers during syntactic, semantic and phonological
(thyme) processing. However, existing studies did not examine whether stutters encounter difficulty during
perception of prosodic boundary.

The present study aims to explore how stutters and fluent speakers process prosodic boundary of ambiguous
Chinese phrases (Verb NP1 Aux NP2) in lexical and structural judgment task using ERPs. We used 168 typical
ambiguous Chinese phrases as experimental materials. These phrases were temporarily ambiguous between
modifier—noun construction (MNC) and narrative—object structure (NOS). Eighty-four phrases without
ambiguity were used as fillers. Twenty-four (20 males) undergraduates/graduates participated in the experiment.
They were told to listen carefully to pairs of phrase in two sessions with the same materials. In session one, they
completed a lexical judgment task (to determine whether a visually presented word appeared in the pairs of
phrase they heard), while in session two they were asked to complete a structural judgment task (to judge
whether the pairs of phrase they heard belong to one kind of structure or not). Electrophysiological data were
recorded by a set of 64 electrodes from eegmagine (ANT Neuro) according to the extended 10-20 positioning
system. EEG data were time-locked to the offset of verb and Aux (de) of the first phrase using a 100-msec
pre-stimulus baseline and an averaging time window of 800 msec. We selected two time windows (0~300 ms
and 300~600 ms) for statistical analysis in the midline and lateral areas.

During 0~300 ms, we found that prosodic boundary (v.s. non-boundary) elicited positivity in the midline,
F (1, 22) = 24.28, p < 0.001, ny = 0.52, and lateral areas, F (1, 22) = 45.51, p < 0.001, n; = 0.67. Besides, the
interaction between Structure and Boundary was significant in the midline, F (1, 22) = 5.84, p < 0.05, ngz 0.21,
and lateral areas, F (1, 22) = 4.18, p = 0.053, ng = 0.16. Simple effect analysis indicated that prosodic boundary
elicited positive effect for MNC in the midline, while in the lateral areas prosodic boundary elicited positivity
for both of NOS and MNC, F (1, 22) = 10.35, p < 0.005, n7 = 0.32; F (1, 22) = 29.69, p < 0.001, n;= 0.57.
During 300~600 ms, we found that prosodic boundary (v.s. non-boundary) elicited positivity in the midline, F (1,
22) = 36.61, p < 0.001, n7 = 0.61, and lateral areas, F (1, 22) = 36.59, p < 0.001, n; = 0.71. Besides, the
interaction between Region and Boundary was significant in the midline, F (2, 44) = 10.07, p < 0.005, ng =0.31,
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and lateral areas, F (2, 44) = 24.16, p < 0.001, ng = 0.52. Simple effect analysis indicated that although the
positivity elicited by prosodic boundary was broadly distributed in the whole scalp area, it was prominent in
frontal-central area. More importantly, the interaction between Task, Boundary and Structure was significant in
the lateral area, F (2, 44) = 3.95, p < 0.05, 115: 0.15. Simple effect analysis indicated that in lexical judgment
task, prosodic boundary of MNP elicited positive shift, F (1, 22) =23.41, p<0.001, ng =0.52, but NOS didn’t, F
(1, 22) = 2.47, p = 0.131. However, prosodic boundaries of both MNP and NOS elicited positive effect in
structure judgment task, F (1, 22) =17.02, p < 0.001, ng =0.44;F (1,22)=11.65, p<0.005, ng =0.35.

Overall, we found that stutters and fluent speakers exhibit similar neural process during prosodic boundary
processing. This finding was reflected by the fact that the stable CPS was elicited by prosodic boundaries of
both MNP and NOS. The positive effect elicited by MNC in an earlier time window was distributed more
broadly in scalp than that elicited by NOS in both kinds of task. In a later time window, prosodic boundaries of
both MNC and NOS elicited the stable CPS regardless of the kind of experimental task in the midline. In the
lateral areas, the CPS was detected in the prosodic boundary of MNC in both kinds of task, whereas the CPS was
stably observed at the boundary of NOS in structure judgment task. In conclusion, we contend that stutters and
fluent speakers are both sensitive to prosodic boundary and their processing was influenced by the structure of
ambiguous phrases and experimental task.
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