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Kronbichler, & Wimmer, 2013; Wang, Yang, Shu, &
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3

Ty G W St s L Bl 13 A U SOl 22 [ e B G 55 5 [ B ) P A L ) 383

D) 26 PR 25 il DX 22 [6] L AT 28 H.AE F (Carreiras et al.,
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X (Binder, Desai, Graves, & Conant, 2009); AG fft
DML 5 A Z W] (19 % & I T (Bonner, Peelle,
Cook, & Grossman, 2013; A. R. Price, Bonner, Peelle,
& Grossman, 2015); ATL T Z b #iA N SIS
WE & 1iF 5% (Bonner & Price, 2013; Mehta et al.,
2016); 1M IFG AR 2 57 511 SAHEA Al T (Zhu
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T, BFERGHERA MG

W, 1B 51 SO AR 2 ] % 0 R ELATE

T AE X T8 38 4 1A VF B 25 B (Seidenberg,
2011) . A HIFTE R B B 332 2 220 I DX B A B 24

(Frost et al., 2005; Wang et al., 2011); TE# £/ 4%
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Devlin, 2011; Vogel et al., 2012; Yang et al., 2012);
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Lee et al., 2004; Peng et al., 2004), X} FIN 7 X
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i 2z [m] i N 3L 508 3 ] B MR DL, 75
PIJT I REFERE. B 2, FATRIRIFIE 53R
SCRREE, 18R TE 55 R SO TR 2 AL, A
i R X I 5] 152 o BTL ) 0 5 TR I P RS0 ), IR,
PRI bR SR A SR, RGEIT
5] T2 A G 1 DX IR 25 A AR Ak, DT 48 78 1
T P 22 [ B IME AL

KT AR HER, AWHET 4 D) BE K
BRAEMRD LS, 2 = AWFE R IF AT PR — (5
I DA MRI 325611 22 S50 A (Multi-parametric
approach), R I 5 132 o 5 15 2 AR SO T A
KB KBTI MR X o BIFFT (5286 2 A 3) AT H
B N ES, Foo R T IR 55 38 U s,
FEEPUF e P BT R 2 ] B L BF5E = (SE5 4)
AR B S N B A LR B RN (DCM), 25 8815 SURTE
TP 2 ] A R M IR B T 45 R T B Bl A
IME. BARRFFEAASIT
21 NFRIEEXIERX

BT A S o %) SRR R AT 55 R 25
DU IMRI BT B AR T S B e T Al 43
(ANE 15 SO T)AH I A MR X, E X 36 26 i X 11
UIBERAEAEA — B iR R . IR BRs R, 17
TR 5 M DX P T8 (] B 52 380 3R 38 RN A 55 28 ELAE
B0 (Yang et al., 2012), T LAAEBFST 8 o il 34
Xof b 2 0 i DX A3 A W] B R 45 BEOR T TR AE N
TP S 8 Ay 45 $(Zhao, Fan, Liu, Wang, & Yang,
2017)0 PRI, ASBE A B3 2o AT 55 69 08 LR
PR 7 8 2 A DG D RE R X

22 Z0RE 5 43 AT B AR IR PR 3 R 452 2 e A X 1Y)
BRI, W E KN BOLD 55 5l 3R v
HYAHOG, BB RICHE IR 5250 45 44 % L I i 6 2 49 fn
TRME 52, [R) B34 BE 2% B8 22> ISR o 2 [a)
FIAHELRZ M, U S B . o SCSE IR M T AH
KB T HE M X (Graves et al., 2010), T F B L) ix
B 5% (Wang, Zhao, Zevin, & Yang, 2016)ffi £
SRR, XA ML R (Yang et al.,
2012)FEAT43AT, FREI A VL ] 52 1) 1 S 45 [ i
WY R A M LA S S, R E
SR CE AR H A5, AHFRRAZ S
AH 5 3 BT B AR A7 B 152 ) 1 28 [ e, 3R TR B
RGBT 0I5 RS B PE, X5 SO
T 22 [l B EA TR A HLBFF 5T

TIF 5% — A~ P 187 SR 1 1 A7 52 30 4% 1 ) 99 X6 L,

T A2 1) i 255 45 2 T 009850 DR P 0 T 15 2 At 428 [0 I8 1)
o, SR 1 AR RA R RE s
[N T AT 55 B S5 A% 1L, T2 25 6 O A 150 e
(Shu, Chen, Anderson, Wu, & Xuan, 2003; Liu, Shu,
& Li, 2007)A K N T3P B U5k, KOk e
BT R E B B U DUE bR, X s
Geit B PR R FE R BEA R . MR AR
SEEL ., A4 SN ) 5 TR R R
FEEEE RN . —80E; AT IR s st
TR W B A R . W RS, DIRIE S
T SE W] FE OB 5518 LGB0 LM R R ) B R B
BUTE TMRI HFCR BT A 300 24508k
LT

S 1R RBEHRTE TR 2 S8 OCHR
XPCEE R fMRI Bl A7 gt o0 o dd s v ol
RS R BOLD i 5 AYHIE, XH e P
A 2 1 i X #EA T BB 43 BT (Conjunction analysis),
KA e 55 Be 30 T a3 AR X L R D REIG X, — 7
1T, 55 220 i U 1 ) ik B A s R G A fili X RT A
S Y 3 AR 5 P N i 3 R A RN T T 67 5E
— PR RN T DX 2 7 i A b S S O,
N H. 2 [ i 52 B4 45 M 52 R0 5 o7 BsF i) F 90 49 o il
T DT N0 ik DO 2 50T R M L — 3K
P BRI I [ (8 R A OG0 B SO T A i DX
5T EARTE AR L 1 T RZ L SO
FiHEYIEERR RN A, B—Jrm, S5
U R SRR G I DX RT RV B T AR E A
T tetm, ATRABUNIE LT REPETRES AG
pMT A EHH(Frost et al., 2005; Graves et al., 2010);
BB REE £ 5 ATL HA &40 (Bonner
& Price, 2013); ML &M E A e 5 Likif X
AH G X FR R I L — 8 R B I AH DG . AETRN 5 TB
55375 BH B AH OC R T Be I DX i R B, RS Mgk
— B RASE R IE 3518 AR H B 2 pLH
2.2 FEIE XN T RY K Bkt 240 H

LA [ 2 i 2 AR 1) 43 1B 7E T3 SCM 28 [l %
25 (& 10). RAWNFATH . HHEPUBLL
NI ZBL 7 1 W FT UE I #8 2R BTAE SO ) 1 1)
)30 T.(WL253, Taylor, Duff, Woollams, Monaghan,
& Ricketts, 2015), F& T P& 30T RGBTSR
TR T AR R LRI s — Ry
T2 3 % F B A1) 5 R AR B T, 51 A6 L
DU 3] B 22 0T ) i DX R I A o S i SO T A K,
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AR LB, BFEE R LRI ATL 5%815h
BYTE LN T4 5% (Graves et al., 2010), {H Taylor,
Rastle I Davis (2013; 2014)A11A N ATL AO80H 12
B Sy of 30 1R B9 0 T 7 LA 2 AN A T R,
AT 8T T 22 4 0 o S T 28 [l ¢ i) 7
o 53— MR R R YITIL K E L H R,
AR B T 28 2 7% (Frost et al., 2005)5 AG #l
pMT HYBIEA Ko (HAE, BRKFmiELE R N
BB S WL TRV 8 22 S5 1 S4BT RT RE A AE SR X,
HNTCIE 58 448 7 v SCER R AE 1R 152 vl 1A 37 S i 7R
VR FBLE

PR 5 v LA 483 8 33 v o SO T
ZHLH IR . FIE R FIE 55 HA R L
FITIRE, HEITIUF T 55 15 O T i 2 ALK B
VRSB 7N Y R 32 (4 15 SCPh 28 [l 8%, AR T ) 32 7
s, BAEMR AN T IF R IR 55 SO T
BYYE A (Williams & Bever, 2010; 5K, EIH,
ENMA, 2014), {HIRGEZ AHR ) MRI SE5AFSE . BF
98 B TRy R 553 R, Sl 2 4~ fMRI
SR, SR R BT SO T

SCHY 2 WA RIE 1R RHE, IR
PG 55 138 SCBO I RN fl 28 X I 72 B
FeM R BT T 55 15 SCRE MR A 0 T A 2 L
K 208553 SCak . 89)x2(HF | R EE
AR 454 T MEUREZE (Shu et al., 2003)
PLRN TV 7 v, Bk PO 2R AN B 500 1 7 1Y)
TSR 15 SCAF A 1 A o 28 SCR (S, % 4
1), DA RE SUBORI Y 55 3% SCERIE(W, <4 B 47
53X R 28T 15 598 2 S LS BBl R A (&
TV A ISR 7 (PS, PW); M T Ak
BEAA [FIE 55 5% 7 1Y B2, 2H AR N 28 LA RL(RS,
RW), TE 4 Fift 55t 22 (B VT Be 307 A -5 28 i
B TR R DL T A g MR B, X
8 T A S R DE O A% . Sy T 98 LRI
Y, 52 RO ARk B 8 A 2 A 4 v TRl 4 A
AFRESEE 25 1, DU gl a6 3 415 8 0 n
TLIRBE o B A 55 02 0 W 7 A4 0 42 e o 2l —
MEF,

B E A N TSR . 553 AR, H
WU T 55 3 SCIN TR AH S/ X, WU A 7 52
SO HGE IR Y pMT, LA TEE A1) AG TE
WHERBUFMETEEEZSH5ME., £ARTRME
T, BRI e S B SCR B, WU R

TR 2O T TE U A IFG. ATL Hl AG,
22 HLAE A 3 1 i DXORE S BT £ T TR 55 5 AR
AT AmX L,

T 5518 5 # 0 SCIAILHT, —Fh T RE R
T 5518 SCEL IR IS T IR S B —Fhnl fE R
SR SUOE T B U EREAR &, ATEE T
B IR UMLK R, 2 G, 1993), A& AR
WA T TE 55 18 SRR S8 1, T J5 & R T T8 5%
W SCH BARPEARRAE, 5 08 55 1 SCHR IR 1 3L
RRMM ST . AR BARE CE Z8E T
AG Fl pMT, 55 XE 230G T ATL (Bonner
& Price, 2013), SE4& 3 UL B FIE 5518 L A5 W
FERN (R e, £FAE, T H, 2002), X HOE % E
SCELR R0 G 255 T 38 WA B A500, 1 bt 2 BL ) 22 5,
HE— 2525 5T 5518 X W 28 SO T 1 S 5 Fe
Hpp ML

T 3 IR YNDCE T 557 1 35 W £ B R
WHh SRS B, M 4 Bl TBa5E LR
EIR AN, R, BoEE L EREARNEN R
AN, A, TE SR SCH S H I W 4 1R Cn,
1), B30 GMEEARE &, 185). Bt
2k, B s AR F I 3518 h %
BT R LR 4 o USRI 55 2 1 i 3T 5
I BB SCRRE, DAL R A S O SO T,
TE 55355 W B 00 K AR BLAE TR 5508 SCHURIG 25 4FF,
FHA AG FI pMT S 5805 . MR, WEES
T S O B AR R SGRAE L, WDIE 555
B SO 7 5518 LR R R S TIRB £ 5,
FRFEI K ATL 192 5805 .
2.3 BN FAVE A E BRI MENLE

% H 9% A\ (Bi, Han, Weekes, & Shu, 2007) A M
THEPEIL(Yang et al., 2013)FHF 5T AR R BHILF
5] 2 TR OB N TR A 5 AR, B H RIS %
ARINIE FMRI 02 A FSCIOIEYS . SR SR
— W 2 A (GLM) S B R, AT 45 -]
R LR VR B A G DX 38 A S TR 2R T B R 5
AR X 7 i DX ) AR B A T . 2278 i B o A
AR, WnEh A EAE(DCM), BEW 15 7R H KK 5
B 04 T RE 45 # LA R 1X. 22 1] 59 B AL I (Cardin,
Friston, & Zeki, 2011), A W5 H DCM R 2%
BT T Bl 2B AL 1 D) BE 25 #4 (Levy et al., 2009;
Richardson et al., 2011), {Hif A EAHRIE L
B RZ  E ShAS PMENLE . BFRE AR
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1 By FE 1 A e 352 1) sl 2 P SR L (DCM), 45
BOLE 4 MBI, T EE 5 S 0 4% o ik XTIk
R ARk, B IS ORISR B A
PIMERLE]

LKy 4 BYTE 518 LGBV (5 MR S5 571k
B R ME R, X H i ORI R 5 A 0
AR5 T W B AL, 38 A FE A el 52 9 20 25 PR SR AR A
B 76 2 0E SRR i 48 m] E 10 Bh S UME L]
FLURE 35 DU B8 o A b A T PR AR

TG, SR 1 R, AR B
M B A s 25 I SRAR T (DCM) . T 33 X 2 S 500 ¢
HARMGENM MRI SLI R T B BG4
Mr, $RA55 B AR 2 56 09 A T R X (2%
X), FEAEEASTE A SRR, s SE R
AR v 2 AN filg X2 [R] (4 DGR SR B, fe 23 5 DL
ALY A3 BT AR AR Foe I 1) B A PR AR

HK, FEFHEME DCM B, DISCE 4 %
ABE L, 5 5O R T8 R SO
i DX 89 2385 4 AR A P R Y 1 T o s SRS T i
BRI 55, SR RROR R K 1 SORHE
I AR BB ) 352 M 28 R IR B SR TE ] o ELiR R B
RAEE AT 55, TN T X X HE
A PG L T SR B TR SR I 55,
SO DA 2 SCA I8 PR 8 5 T i 1

BJa, X 4 BF R SFRRIE S S
RY, % 5008 SCRIE 5 pf 28 ] i 1o 245 A 2 0 22 1k,
G — AR ST 55 T 1 B et 2 B . 3
TE5 AU ELER, 2550 SURIE T 4 0l i 2 BATAE
BTG . BAREIETEE AT 45 T i Sl i Bk
LE T B SR (A0 IR B PR 2] pMT/AG/ATL 1
W), T I A 1Bk 435 150 ik 55 (2 AR IR o]
HEBE] IFG/MFG MYBKLY); R 145 R A9 il
BB AH o

3 EREM

AT H I 2 28R I BoR, 858 00T
MhRE A5 S L, AR — R 5 R 35
T o A SRR TR R 8 R
i Sy R M DX AT o T Y ] 5 ) 4% AP 1 DO 20
()L, 36 0 R A R 1 3 SRR, T X
TR R e 22 [0 B, TR A 75 T ORI
22 1] e B Sh 2 PRI

BT 22 N 26 B2 S SCIBUR A, TR

AL AR | S ANE X = ARG AL EE A
2, AR R T EIE S LA TIEAE X
I 3k 1 R G 1 4 T UME AL (Seidenberg,
2011), ZIIBTH] T2k B 174 (Yang, McCandiliss
Shu, & Zevin, 2009). M {73 A(Bi et al., 2007)
DL B H AT 5T (Yang et al., 2013)AIEE L
Fro AR, BF5E# 2R 7E i 2 A B 440 1)
2 1) A G ol 2 P 24, 50 e B ) 1352 1) 1 R S
T 28 [l B, BR824 [l % 22 8] 1) sl 2
PMENLE] (Carreiras et al., 2014), MIHFE K FIfH
24 B 1 48— D 2 R AR A

HRl, X B8 32 00 I i 28 I 2% I 0 48— 19
AR, B A B R T T B 52 TP SO T3 Y
AR R, H A, Price (2012)48 H1 64 52 132 0 25 ] %
BT SORE 6 N DX A A A R ] R X R
(pMT), i Carreiras % A (2014) M2\ 3 SR 56
XA pMT, AL HE T30 Fi 8 (ATL) F £ 1]
(AGMZ 5., DIMEMIRR#ER A T CFE &
gt, M-S O E SO T8 AR B e R
AR, HRPFE U7 REEA RG TR RS
BT & 2R, AT AASARA T3 58 IR 52 o

DT EA IR 3R CTRE, SR 0T B 30
e i B A sR AR . BAEFRABL, S50k
P TE AN X 45 22, B % Bl 432 18 S 22 (] % 1)
IR ATERE . B0, TR & B () )5 3 X
2 5 5 3291 61 5 iR B3 U A7 4 (Binder et al.,
2009), [RIEFEA A 01(AG) . HiRTE(ATL) . Pl &
AT B (IFG) 5 Wi XA 2 5 7 3Rl B 52, 3 26 ik [X.
M RETE 2 510 SR AN T AR S A BFFE AN AG
BT 5 A& 2 (B 1 %€ A i T.(Bonner et al.,
2013; Price et al., 2015); ATL T 2 M 7 355 i
& HYFEAE(Bonner & Price, 2013; Mehta et al., 2016);
M IFG EE M 5I1E XA T (Zhu et al.,
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Theneural circuit of semantic processing and its dynamic cooper ation with
the neural circuit of phonological processing in reading Chinese characters

YANG lJianfeng; DANG Min; ZHANG Rui; WANG Xiaojuan
(Key Lab for Behavior & Cognitive Neuroscience of Shaanxi Province;

School of Psychology, Shaanxi Normal University, Xi’an 710062, China)

Abstract: An increasing interest has focused on unifying the cognitive and neurobiological models of
language processing with mounting evidence reported in recent years. A bottleneck problem emerged out to
reveal the neural circuit of semantic processing. However, this issue remains unresolved because of the
limitation of alphabetic languages. Taking the advantage of systematic mapping from orthography to
meaning in Chinese characters, the proposed project aims to investigate the neural circuit of semantic
processing and its cooperative division of labor with the neural circuit of phonological processing in reading
Chinese characters. Study 1 is designed to identify the function regions involved in Chinese character
reading by correlating the BOLD signal with the time series coding of stimulus properties. Study 2 focuses

on the neural circuit of semantic processing. The first step is to examine the neural mechanism for the
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processing of semantic components and its influence on the processing of whole characters’ meaning. The
further analysis is to investigate the nature of the involving of prior semantic related brain regions in the
processing of semantic components. Study 3 adapts the Dynamic Causal Model (DCM) to examine the
patterns of the connectivity among regions of reading network driven both by the stimulus properties and
task demands. The expected findings will reveal the dynamic of the cooperation between the neural circuits
of semantic and phonological processing. The results can provide evidence in unifying the cognitive and
neurobiological models of language processing. Also, the results will provide theoretical guidance for
empirical studies and applications, such as language teaching, treatment of reading disorders and clinical
diagnoses.

Key words: visual word reading; semantic processing; phonological processing; fMRI; multi-parametric approach;

Dynamic Causal Modeling (DCM)



