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FORRRFI A A X E AR, IO AR SRR A — R R ek 7 2 AREFE BT

FHERA SRR, [RRHRINGRE P BRI SCRAIE, SR EEG BOAR 56 [ ity AR Al ] 1 Al - IR
SRR SR AR B . AT OAER R, IR R0 AR IR S8 L2 RIS HAE T 3% . ERP 4528450
LRI, FERB SRR AT IR0, IR LAY P200 240, LA K 25 1 N400 808 AR 1 LPC &40 A
fchnit, IR S B P A B IR AR &, RPN AE N400 I LPC _EATAESZ BAE/]. [[IS, b T 467R
M2 B 5 INAE SCRERI G R, X EEG BUR it 7% 04, BT EEG BE I ZRAs 2 A #h 22 W 245 RERE X
AFIZRERF A BATA RS . SIRA R —EOR M, AN HERF B S R 15 735 7 B i A L L5 S i,
TR S 2 1 L R S RAE B S 48 SO

KEER BRI, B, BIK, 1B Y, EEG
SES Bs42

el

B AR I AE AT (RO, 2012) FEA A SCARHD,
R B ARTERIER S S — h— N ZARER, +F
W oAl W, WCH PE AR (Aristotle, 1968; Nietzsche,
2012) B 2 ARGk, R SCF R ST K
/N & I 1 1115 0 25 P € 29 i 5 B Va1 B £
EARTEW UL, BRI Z S, R AR AR S
FAGIW S . Ui Ed s a1, o T IR
TR, MEEREETR. AR BT A
V2 P98 77, 2012),

DORAE R —F A JRE S, PR AR
R PRE ) — R B R AR . RDUEAR A . B
LR L AR, BTE e i (B
A . BHAP), <IKCHER R EEA S,
B FE AR TR IR, 8 B ) N IR
B (e IRIRA-- IRy, 3 g [] 1 DRORH 6 (4 i g <<
SEIRIRAE R A ] < IR RS- IR, eAh, JE 3K
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A T S TR A A T ARG, RS R T
PAYE S (T 7, 2012) 0 3 PG 25 I R 179 B B
R, LRTEE AR B R AR R R A WS IR I B,
T T RF R P E I 8 SR ian, < A a)pd A 5 3
K, I SEARAE AR R TT, AN R AEEE ATk <Ll SFE Ak
AR B, B CRAR A I B AR 8l, 15T 20545
A RIE T o Ak, PO RS 8 A7 e b A 22 531,
RIS DK A g 3 E T 48 187 o AR B 1 Rl LA S 7
TSRS A RO, BT 2 e 22 AR B
TR T E, TE A KU B 2 PR 1 7 R 6,
2012), ShA (U s SR ) ByRT YA, <Bele L4
W, BUSHIRY; QISR &y, B LikEds», RihE
F U R AR T AR AN EN S, JF HA AR RERY
RS

20 et 80 AR DGR MINFI 2, JFIROCHE A
AT ar BT b B R R AR (R, 20155 Tsur,
1983). Jakobson (1960)7E X} PG i i35 ik % 2L 1) Ly |
Fe it TR RN AEHLS (poetic function theory), HI



438 N i}

L

58 4%

T AR SCAS (A5 352 3 A 7 TR ML H 0 R A T 45 R BT
BAMSCAREFE, FalbE e, &
T ] 152 114 S S8 AT 5 2 1] 6 B R R 1 B
RIPAHERRE N o . AR, X L, 1
T AR b D) RO, B T 3T e e A DG X, 1)
BTS2 5P 2 A E ARAH DGR X, e an
e A4 U _E [7](Zeman et al., 2013), I H., Bf#
RO BESE I, AT 43 4 Bc T 22 10 3 W UR ATk n
T RF # B B 2CUHRR AR, A $5 - 28 3% 2 50 & (Yaron,
2002), % T AR TR R RRE A BUSE, RRK
TR S8 R B AN 35 R ) &5 18 B I 1)
BE) e T, T IR T R SCAS () BT B 132 (Beck &
Konieczny, 2020),

— SR A A DOERE A, 5T DUETRRD
5, PR AR N T 45 $ S5
) 4 B Tty AR D03 G Y IR ) A R AR (E T,
2012; A6, 2012), MM, FIKERFRE R
PR B P I A ORI, AR ) SR T 1 1 [ i AL
i, A5 B2 TR BB Y A 5 A4y 4. Li
Fl Yang (2010)LA-£ 5 46 m) S s phel, 48Tl
RBUEFFR PR S RN T, 4558 & WA H
JZ 90 B RES K P 1R IEEE RS L4 CPS (closure
positive shift), BB GRS BN A DUE R
AR B ST BT B IR Sh B 52 (MR RS, 4
ARG, 2017) % AR 15 5 5% e 100 AR 24 A (i
YRR [R] | B8 AL A [v] ) RG34 s (A v 1R
] BRI S, B AEBRAFST(Chen et al., 2016)
B, FR SR A H PR A B R R A A D R
R HY P200 Fil N40O,

kAR S N (2020) DA T 48R R S AR, )
BFOGHE T Re AP R S5 TR N T, 4521 % B
FRE) 15 S AR FE P200. N400 Al LPC /43 |, H
Z PP IR AR R EUE 5, 2020) R0 SE 5 AT 55
(KEUAE 5, 2021) AR o X PIIBFSE AR T T
DOERF R A PR AN T, AR SE 50 A R A ™
F&AF A KRN (R R ), A 25 By ) vy 5
B AR, DRI AS 2 & T TR IR Y % 5%
HVR, AEERYNERADHRFY AR R A [ R, A o
AR A PR RR R, BN R S AR A RE A B
TR AR, 38 T REAFAE R SR 2200, DTk
DBV S 95 3800 58 T A A4 R R S B0

BR T R A ARRAE, DARIRR [ DG R R
OB BR R o MR i R R AR ER R 1 (genre-specific
hypothesis) (Hanauer, 1998)F11% 4t ¢ 2% i (Culler,

1975), SCAS 1 e i Ak 55 88 X I I A2 3] 4 Bk R AiE
s, AR AN [ SN RRAIE 1 SCAR R A7 76 B s 1)
INT 25, TR S, 8 2 i m e
() SCARTE F AR, FRAIR PR 0 B A ARAE, 7515
R B S, Xl S B A E O R (Hanauer,
1998), Ik, Hanauer (1998)IA <7 &5 A AR LI B
B 2 S AR, i A AR R R A R A
FEAEAT A5 R 7 7S b HA B AR AR o T X
PN, AT WLRE R (T SO T 22 203 A
AR T

5 R WIS 4t 32 F S Tk
FEFTIN TAC b s 5 B sh R IF . — 5w, %
oL R SO T e B b S 4 T, R
B ENPERAE . B, AHEIIR (the modularity of
mind)(Fodor, 1983)IA K, FHEN T & — N AHXT Al 37
(BB e, Ho A AL s 2 T s B b R R A
DU Bl SOM . PRk, SN T R R AR R
BB B, 5B X Z R B3R A R, 15
SAFEARSEWEEN T, 5—Jrm, =B
A SRR (Friederici, 2002, 2012)7F1 H. 1 18 1 A5 %)
(McClelland & Rumelhart, 1981)01 3= 5K &F £ in 1.5+
EREEAk, M5 SN TAFAE S R a) o3
LR R E, F A ORI T T, SRR
TREIEG MEARRIIEFENIESUNT, kz
DI/

A SCUFIF ST — 2 R 00 T I S S L, 7F
ENRRTE & (Ao i s i i) b, W90 F 2R EH &L
‘B (Rothermich et al., 2012; Rothermich & Kotz,
2013)F135 5 K (Magne et al., 2007), [fij 7E 3 E 1,
WAt %o A T 5 22 (A “Fh 35 [1+1] vs. “FPREFR"[2+1]
F7%%; Luo & Zhou, 2010)8l/f) F 77 Z= (AL 1)
W5 vs. AHAR; Li et al., 2019)#FF T4, X
BT A B, B AR S & N100(Li et al.,
2019). N400(Luo & Zhou, 2010; Magne et al., 2007)
B W 1E 201 LPC (Luo & Zhou, 2010; Magne
et al., 2007; Rothermich et al., 2012), Jf- ¥ MG
X AE N400 Fil LPC W4y EAFFEAHE (L et al.,
2019; Luo & Zhou, 2010; Rothermich et al., 2012),
Hop, B ERP 00 =2 2 f et 88 45 S (300
RGN, T A T G DU B 22 v R R R A A R R S
SR

S LA 5 45 A S AR ) S R B B A
ZINIAE RN BB OE AR, (AR R — 2L R
FRME, B, . SR EiE AT R
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F2 B R A SR, SR ] ) Y i
R AE (AT T FARI 3 20), <35 v 5 1] B ) FR R AR
(Chn s 38 A ) 7 2 — 2P B 5T (Hirst & Di
Cristo, 1998; Ladd, 2008). H:yx, X 182 i 1Y &
B RN, 1A 5N S ARG, W
AR AL AT BE A I W R Sk A AR B OB L SR
W, DI B3 s )4 T PR U s OB &t
F#(Rothermich et al., 2012), 4k, XFFa)F 15 Z 8
HEE R AR O, LL BN BRI AR b B R X
(Rothermich et al., 2012; Rothermich & Kotz, 2013)#l
DUE B RB(L et al., 2019), JHREFEA
(9 EARFLN, AATTAT BEXE LB B0 RO A i S48
2, AMIMELE R S T UM T E S R
FET e, AWETE LA AR e D SEER AR, )
IR A ORI X, R EEG HoRH 44
B 1 AR BN T A A L . ISR
BB RAIAE VAT =A D5 . w5, AR 3RO
FEFORER, & T = T AR R, A
FERSCR VI W G 5 T SO T 22 8] (AR 50
PR A 5 I OCR WS g in SR T 8 2 A
Foo HIR, R TREPCE IR RGN, teneiliSeHk
TR BT /1L =7 MR AE IR I, AR IR U A T
A, AB R SOFA RS, RIS AE T ST i
AR [, O Reia) 2 SR SO R, AR
TAERTESEPRE F AT b A AR, SR E
AT B A SRR, W N T ARG i 22
FA MR BAE I G BAFTE P IR, RN
IR B A A L5 BRI 40175 4 IR S8R B N100
o # P200, 7EHE 5 9 N400 1 LPC B4 b, BrafioF
DRV RI T SCHL g 2 8 A7 A A J AR T . N100 Al
P200 J2 AL 8 A0 Bt W o )05 1) L ERP
F AT, I P A AR BURY (Nddtianen & Picton,
1987), Sz 1 5 A 5 A7 7R 1212 TP i 0 6E
e E #E A7 DT AC B9 o A2 (BP <R ag PR L, Luck &
Hillyard, 1994). N400 J& i SN T-iy #L % ERP 545
(Brown & Hagoort, 1993; Hagoort et al., 2004; Kutas
& Federmeier, 2011; Lau et al., 2008; Nieuwland et
al., 2020), —SE[EEEECE 5 iHBARITTE KB N40O
WHHEEINTAR, aTRER ML - AT i 5
o BUE B T (Chen et al., 2016; Coch et al., 2005;
Rothermich et al., 2012; Rugg, 1984; Zhang et al.,
2023), LPC JEAEH SIS 500~1000 ms H LAY
BAT )2 03 A 5rb e —ToU 43415 09 W4 1 ), B
W BTN Ay S R X6 T ) 32 45 74 14 15 53 BT (Friederici,

1995; Hagoort et al., 1999; Osterhout & Holcomb,
1992) 8 # J W ) 32 % 5 M BE (Kaan et al., 2000;
Kaan & Swaab, 2003), J5 5% & P LPC th 518 X
AR RS 5 H 0 2% (Brouwer et al., 2012,
2017). [FIEIXF BEEG i AT iR 43 A, an R T
EEG #4125 3] 9 4 22 X 465 B8 08 X6 AN [R) g A0 28
RUEAT AR08, Wk — 28 BIESF IX RN 22 v ]
AR RO T B

J7i

2.1 #ik

TR S22 AR O Ll 1y 2 R AR R S 30
F T RIESOR A B F TR AR, 5
Bty AR R AR RN B8 I PR 4 ) (BREK SR, 52 5F
2021), B 543 E0LE 60 43 LA & o f# ] G*Power
30 IEIT AR, AT ERENKT 0.05 TR
WP SEZN (F = 0.25) 38 8] 95% M GE ik 56 J)
(Cohen, 1988), ZE/LTFHE 36 A9k, N T B ILFAE
A7 R TE At 22 3 AR B8 Wik ek PRy 38 ek 22 1 2 I B 1)
Bk, DLt T BEAE AR BB/ INSE RN, fe 2K 48
AR (LA 24 &, BE 24 Z)BHEK, X
RAERTEEIE 18~28 ¥ 2], FH4ER 21.25 +
229 %, FFRAIRATAE 60~98 4322 (0], 51543
80.83 43(SD = 11.89),

BRI RTF, BEE R IGE, BRIR ) 58 1E
MITEF, oA RGBSR M st . B sy
HIES NS, S22 i B A G R, Lmasm
ZIEAT— R, AT B R I R 2 A e 2
RIZE B2 (R HHIEMES . NNU202410030) At #E
2.2 ISR

K 2 (B A OB UREHD) < 2 CRIRA R
IR G B PR 2R B S e e, RS R B
T 42 B S I A IE A SR ORD R 2 R ) R O B I Y
EEG 155,

A FEREH IR 100 BEREAJVE N SEE AR, 3X
SO AR AR A KRN, I Bl & A 27 IR
EREAEAETIN, 1993), R T HEBRME AT g r
AR, BT R ) PR ) Z AN . T sl
REAJTE SCA BRI HLAF G KRN, R A B 5 —
S 2% (semantic + tone +, fAIFRK S+T+). 1 F3L L
SR AT R AT SR TR, R I g U
FERARA R A), DAORUERE i B % LA 157 ) 1 3 S
(A, SRy T ok Ao i 3 T SR M 7™ A T DT 52 1)
EA) A IEHOIN T, T AR BOAS B0 1 1 A A R B
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=

Bko 10 ZARSINIE 2S5 1 1l AR SC2E M 5 L lk 44
Xof A HE FE RN B AT T o MERETFE R A S
SR, HrerURAER T, S REFRAEFME, 45
RN, Frkiea) i -IMERE R 3 (SD = 0.29), A
VBT R A M B AN i o AR BoR A S i
1, Hper QR AR, ST L, 45
KR, Prikie ) i-F 2R B 2.36 (SD = 0.37),
PRI 336 S 3R /) P SR BE AR, A5 B SR g ek

X I ) v B R R AT Y B e — AN T B L
TE R0 A =S 254, 43 e iE AP IO
BH(SHT-), H NG EE IR G B (S-T+), i X
ANE I HAE KA A B(S-T-)o PURPSZH 2514 F %
BT TR 5 25 R (p = 0.10), SEIM RE2E
BN 1 fis

x1 ARFEFXREEEFMEXAEENERFR
T S R REf
S+T+ YBT3 122 /R
S+T— ARG N1, 1B F 155 RE (B
S—T+ RN P, VB R S E R
S-T- Yo TN P/, 15 ) G 1RE B

T MR TR . SMBER R, BB ML

MBS 58 2 S, XA A B T T
PRE 5 26 S S INE A S50 1Y AASCEE AR O &l o7
HAEXE 4 BRI S 0F T ) B TR U BV TITE,
AP E —H AR Hrp— D RA . RS
MR R, HperERIE IR AN B,
“SPRFRTE AR H A B 4 Fh AR SCA FEPESR 1)
P FARE L A & . S+T+ (M = 4.52, SD = 0.73),
S+T— (M = 4.40, SD = 0.72), S—T+ (M = 2.08, SD =
1.28), S-T— (M =2.09, SD = 1.22), ZeMEIR G RV
%l (Linear Mixed Model, LMM)Z T 7, 18 XA B
P RN B E(F = 674.00, p< 0.001), & L& RME
5 IRA B BEAE A 3 (F = 1.36, p = 0.25),

FRWE UG B A R4 8 il A HL R
A, I HLREAT RIS A BEE S 327 K& B 9 52
Mel, PRI R ] BT SCER AT A L 30 R T 225K . [
B, SFIRA M F RN A B 2E (F = 0.90, p = 0.34),
RISF KRG B 5 A4 BERF A 26 T8 SCE B IR B
F2z 5, e XS 5 v A5 210 1 7 RN AS 43 527
i X HE IR -
23 KGER

SIS TR . FBRRCSL I E TR S AR
R O e R A 1000 ms, $5EE B
B, FEEI 600 ms, Bt 5 ELZ 1A FF 400
ms, 2R RE —F 512585 05 Z MY
[ A 600 ms o LA 52 BUAR S A5 02 0 T Ik AR
BN R ST Ab BEEG {5 5 U2 (Just & Carpenter,
1980; Luo & Zhou, 2010), A] FE LK Z )5, HBL
1000 ms %5 Bf, $245 bt s S0 4 AR, 5350000 -
FRAHLE AR, FIRANGHIE LA FIRA
BB SURNGHE | SE NG BIE SUR A B, 2R
HRAE B O X WA A B AE, P bR A5l 3 T4 )
(MRIRZR, #7RNS, 2017), I B L85t T VM, ff
5B 0L AR DU B AR AR L B AR R Y R
25%. I (1) 5 Bt 7 Bl R I AT T A, —
P B BE WU R AR T KT G, Blan<is L&
B, SPGB, 5y A — 2P0l (9 35 U SF KA i
AR, BlneFIRA B, 5 AR, gt
FIKrZ 5, W 1500 ms 25 5f, 55 SIF — Mk
Wo LRBARBERE 1 iR,

IERTEILH 4 BRI 5E BUE
W — bR, (A R — R ) R gl B I — K
TEMEML S 100 BESEIREA), RERDSLE 55145 25
W oo T ke e A SO [, 9 AR 40 BR-E
AR E N MR B EM R, L, A5
AP 140 BEEFA], Fpi) & BT 217 O BEAL
HEH, A5 ] — 52 56 45 0 09 3 ) O £ 3% 2t

o
=

1000 ms

600 ms

ISI =400 ms

Eip

|
TEHWTRE A R

SRR, || FRARE,
EXRE || EXAH

FIREH, || FIRAEEH,
EXAEH || EXARAE
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PR b SR AN R,
70 BRRFA] o LHEUNE RO Z R A TP A, TS 4H
Yez [l AT R o 7EIE NS IR 2 , BY
AT 10 MR 2R~ 5256, S Bh A G oL
TRFEFI SR AT 55 o A T2 50 (R 4G Ve 25 N 1E) ) R 2 45
2L 2 /NI
24 HIEERESH
241 TAEBESW

IE B 5 43 A R T 32 2 MR A A0 B A
(Logistic Linear Mixed Effects Model, LLMEM)i}:
17 o Hr gl ny 4258 SO (0/1) R PRI AR B, [ 5 2500
AR SF AT, LN M ICSICIRAS T B
I e KRR R LA B2 301 5 1) e KR 238 R R
(Barr et al., 2013). o1 T A TE G hil A AHR A ] if T
T O A 52 6 2 A7 S B S 0 SR IR, PR I 2 1
H— AP THIRL . model <- glmer (response
~ semantic * tone + stroke + (1 + semantic * tone | sub)
+ (1 | item), family = binomial, control = glmerControl
(optimizer = 'bobyqa'), data), FAIH, response {3
B A e 2 1, semantic 101 LA B, tone 1
T IRE PR, stroke FRFRZEMEL, subject fRFRBLIK,
item QR FF AR, WEORAFTESS BAEH, R
emmeans fL7F4T R ERAIUN 534 (Lenth & Lenth, 2018).
242 EHBFECZREWMSH

KM 32 E NeuroScan A w]4E 1Y 64 TN IC
ARG SAA E PR E 10~2010 5% RS0 Ag/AgCl
P AW T S M P SR o FE Rty S DR I AR S H 0 B R
0.05~400 Hz, fEZCRAIRN 1000 Hzo KA
5T I, TR RCHR Ah I 42 g H B a0 sk K P R H
(HEOG), TEZMR b A7 4 il id s 3 FL AR
(VEOG). Frf B LA AR HITIEL S %
AR i BT AT AR BH BT IR R AE 5 KQ LR

K H Python i) MNE #{FX} EEG %4l /17
B2 HT (Gramfort et al., 2013), H %%, K LAZL AT
HILGOP YA B TR AES % M5, R
JH 0.1~30 Hz AR 711 188 B8 I e X B A 7 DB 5
e, RTS8 o B AT O B IE, 456 AN
frr, SIBRIR AL . JULAS S50 ik rE B i e e . AR
BT B Z AT 200 ms B BLZJE 1000 ms #1750
B, JFH G IR LZ T 200 ms 1P 9RIE 1T
BELMOE . WAL, HIBRTEAR 2 S K b R T
£75uV WA B, PN, S+T+AAMFR B
24.40 (0.96) MK, S+T—S1FEEE 24.67 (0.78)41
WK, S—T+EEMAREE 24.33 (1.19)Mkik, S-T-41F

T4 24.48 (0.71) Mtk .
2.43 ERP &

i WL ERP e 18, #%E ERP B0 A
7 1A~ N100 (80~120 ms), P200 (150~250 ms),
N400 (250~450 ms), LPC (500~700 ms). ERP 43#T
R MR A SN A A (LMM)iE 1T, LMM AT
B8 7 2 it T E AR i S 8l 1T (Braver &
Curtin, 2018; Winter, 2013), LMM 4, 17 4
MHRER, 3HlEE ARG G, IR
HHPEGEH . AEH). PEkE . )RS HET
#B . HER . JEER) . BRI RS AR, B 6 1
PERIX, B DGEICALE 5 AR 6 Nk, 2Rl
& ZERIXI(F1, F3, F5, FC1, FC3, FC5), ZAH KX
W (C1, €3, C5, CP1, CP3, CP5). Z&Jm X (P1, P3,
P5, PO3, PO7), £ AIXIk(F2, F4, F6, FC2, FC4,
FC6). £ IXi(C2, C4, C6, CP2, CP4, CP6). 45
X1(P2, P4, P6, PO4, POS), N T & il A2
SRR AR 22 S X o Al SR B2 ), R B B
BUAREE LA K A2 18 S B AP K6 B B i B AL
R REAIAORH BEAILEEE N ABIAY,  [R] B 28
BAER— D mPA . B A EAA model <-
Imer (amplitude ~ semantic * tone * region *
hemisphere + stroke + (1 + semantic * tone | subject)
+ (1 | item), control = lmerControl (optimizer =
'bobyqa'"), data), H:H' amplitude 183 H FRATE] % O
23R IR, semantic 1 FR1E XA B, tone X FEF
INEFEPE, region fRF X1, hemisphere {0FER,
stroke 1 2E W%, subject fCEHIR, item X TF4)
MRk RS AR EAE ISR R E, R
emmeans FLHFAT BT ERRLN S0 HT o AT 2 LA,
K H Tukey J7 %) p (HHEA TR IE .
2.44 ETF CNN-LSTM B EEG S E S i

ERP J3#frJ& —Fh g i oA, wT LA T it Rl e
Ab PR P KRN SCAERE o [R]INF, FRATTX EEG %
PEFEAT T A% o0 A, SRS EEG 15 5 R IEBIA
[) 2R B ) g ) o gt o0 BT i i 2278 B ARSI EEG
F o AR EE AR B SR AT, AT AR S
JRI TS ORI A 2 A, O -t S5 WA i ) 2 K 3 )
X (Cox & Savoy, 2003; Kriegeskorte & Douglas,
2019; Tong & Pratte, 2012), X A X [H] 5341 73 HIMAAS
[] 1) £ 2 5 B FR AT 3L ik S Re FNAIL R, T LAk
3BT R G A o P DCRI D0 A i S AR Ak i A
I IEPE (Kriegeskorte & Douglas, 2019), A% 5341
H, SRS R ECIZER A 45 (CNN-LSTM)
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BEGRISI  BILRHEIRI  SEDH:
&l 2

_____________

i~ : 'h(t-1) |
EEI\ | N |
; 1 N mil
: 3 Wtk |
| ) B |
T ComviD: ]
MaxPooling#z [0 BiLSTM Dense/z

F:F CNN-LSTM HY EEG 432550 M 72 B

e BRI, TR

kGl it EEG BCHE xF AN 8] 17 ) 28 B AT 43 2K
(Bashivan et al., 2015; Tabar & Halici, 2017), H{&
ARG 2 PR o QSR AR A A A AT A
A R A, 84 BEG 55— A% fif
i ORI ORI B9 45 L o

2% ERP 70 #r, MG fE 5 R 150~
700 ms 1E K43 M7 8 1 (61 40 Borra & Magosso, 2021;
Li et al., 2024; Tian et al., 2024), Bfi/5RF 5 #1532 X
SRR, MR EAE R 5 AN EFR T,
BRI 4 PrERINZREE | 1 rfE R Rk AR
HATRYINZRPEAL, P38 5 W5 X2 Emlikigs
RBCE A BRI A 255 PR o B0 T Ah B B
A Sl 10 (DR 0.1 B, 8% % 85%) V) 4)
55, XA @IEHFT z-score brifEflh . TEHFTHE
fE B2 O, IR R AL S AR 2E L A . WA .
VWA | B LR R I WUAE S R R B sh ek S
SPAIEAS o WBURREfE ] Welch 31158001 bl i 1
OrA o BEAE, FRIBCAS R BBL (delta, theta, alpha,
beta Fll gamma) ) ~F- 4 Ty 5 21 1 5 5 i 355 B o
H: 45 R FH i 0 (spectral entropy) i fb {5 5 & 444
2, XTULE 5 RERESAT T RRE DR AR A A
B3 25 A o

FEMCIERE b, ZARSCRA CNN-LSTM 1R W%,
PLRlG R B R R B B 5 B 2 A AR T o 25 Tl
fESEHGR R AT CNN 2844, L 60 i 5if EEG
G5 HA . H—GBRZMH 64 MXTEHR 5 H—
YT, J53% BatchNormld A1 ReLU #i% pREK;
BGRURMEIERY R 128, RN EH
SeE . MIZBRUG AR 2x2 S b, il
B4R FE N 240 B AR ZE 120 F1 60,32 )2 36 1 1938
TEERAL T X5 4428 [ REAE g B HCRE 7, 1 ik =X
T R TE R A5 B S LAY ) B R BT X A e ]
A U

B ALK 43 FH G JZ 3] LSTM. Mk, )2
0 128 DB TG, W) 4544 e % [a] B 4l 2K i
] FS WA EPAE B, H il 256 ZEFRE &, 2
851 A Dropout DAZE fif ik #0045 KU o Bl I, W24
T2 D L8 AR UK RRAE 4 B2 D\ 256 [ %8 128, PRI 5f
F 42, P E)JZRE BatchNorm1d., ReLU #
1% PREC M 0.2 1Y) Dropout %, DU T Zhfa & M i
WRANZ AL BE T o 438 i Softmax )2 5y i 28 ) HE R
I3 .

3 4%

ITAHESHER

WA 3 iR, Pl 4 Fhazes 408 T ek 0
(125 TE A 38 S bR 22 43 )02« S+T+ (M = 92.25%,
SD = 0.09), S+T— (M = 80.42%, SD = 0.10), S—T+
(M = 85.42%, SD = 0.10), S—T— (M = 88.75%, SD =
0.10), B LIRS A (Logistic Linear-Mixed
model) A1 s, KA BEME F40W B E (12 (1)=
7.01, p = 0.008), FIKEH A IERR B Em T
ANEBLREA S KA BRI 5 i A HE B 32 BAE
B3, 2 (1)= 52.45, p < 0.001, faf BAAL N 43 HT w,

3.1

kkk

T
*okok

1.0 ¥ . $

8 : ;
g 0.8 %
H :
0.6
S-iI—T+ S+IT— S—IT+ S—IT—
R og S
K3 PORPSCE A T RYIERG S, **%p < 0.001.
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MOV IR A, 1 SR G B A LA A R IE
iR B HK(OR=0.37, SE=0.09, z=—4.04, p<
0.001, 95% CI = [0.31, 0.45]); 4°FIKAG BT,
EUAGHAMHME AL IER RS ET S
(OR=12.48, SE = 0.53, z= 4.28, p< 0.001, 95% CI
=1[0.89, 6.94]).

B A R A R P OB — & (A& 4 BT,
4 AL ST I B E BRR E = 4 Bk« ST+
A 93 A, SHT-5544F 236 4, S—T+5A44 176 1,
S-T—%&AF 135 4~ WNEIH AT LLUAE H, & AR AR
T2 AR, SR ST R A4 =5 &) 1) K7
S-T-2EA (179 MRIKR), VU ST+ A )3 4) ]
Wik S+T+2EH (143 AWK,

2501 S+T+
S+T-
200 S-T+
i S-T-
= L
2 150
ﬁ 100 -
&
50
0

S+T+  S+T- S-T-  S-T-
LA

Bl 4 PURPSCE AT T B R R R o A 14

3.2 ERP HHi&ER

B AE DU b 2B A% 1 R OB AL Y BT
ERP W[ 5 Ff 7 o 7E N100 (80~120 ms)a] % [T, %
A IATART ik 25 1) FE 2800 B A8 BV (Fs < 1.07,
ps > 0.34), 7E P200 (150~250 ms)f & & 1, FIKE
PV S XIS AR W3, F (2, 27851.3) = 3.71, p
=0.024, 1= 0.0003 , fi BALAK R AG 5 s (AN 6a i
IR): TESk AR IX (B = 0.51, SE=0.22,2=2.26, p
=0.02, 95% CI = [0.07, 0.95]), F-KASA BRiFA) 41
oA R A)A & TR P200, 7E Sk B2 A3 IX ek i
Z W F (P =039, SE=0.22,z=1.75, p=0.080, 95%
CI = [-0.05, 0.83]), 7E:3k F 5 DX I it 25 78 1541
Z 1A 3 2% - (p = 0.88),

TE N400 (250~450 ms)iFE] % M1, 5 XA HE
) F R0 3, F (1, 48.9) = 108.73, p < 0.001, n}=
0.69, 1 NGB RE AR L A BEEF A 175 & 5 KA 1
W o T SCATNE 5 KA BRI A A2 TN W, F (1,
47.9)=7.18,p=0.01,n3=0.13, A SN K 46 /i
(anfE 6b Fr7R): M IKA R, 18 UASA BRI ) A1
b AR R TR % (B = —2.39, SE=0.27, z
=-8.86, p < 0.001, 95% CI = [-2.92, —1.86]); 4
KRGS, o SCA PR AT R A7 7R, (HE P

200 400 600 800 1000

200 400 600 800 1000 —200 O

200 400 600 800 1000 —200 O

200 400 600 800 1000

ms

-200 0

200 400 600 800 1000

—200 0 200 400 600 800 1000

-200 0
P s DU A [ 2K R0 R OC B 7 9P 3 I
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nwv
2:150-250 ms b: 250-450 ms 2
‘ O
S—T+- S+T+ S-T—-S+T— S—T+ - S+T+ S-T—-S+T— -2

6 KNG PPN RN M H 515 A B S BN (a) F K& FRERUN (P200); (b) KA HEMEFITE LA PR
ZHAEH (N400); (c) FIKEFRYEFIE A MR 38 HAE H(LPC),

WHI(B=-1.32, SE=0.27, z=—-4.99, p< 0.001, 95%
Cl=[-1.84,-0.80]). HIULAT L, & HLAYF IR fiE
i {2 HERF R SO T

1E LPC (500~700 ms)sf [i] 7 1, KA HLE Y
TR B, F (1, 48.9) = 4.04, p = 0.05, n>= 0.08,
SRR A R A e A BRRF 4035 & KB LPC., iF
MBS XA BEAE W2, F (2, 27852.4) =
4.47, p=0.01, ny=0.0003, f&7 555 W AR 56 ik /s 1
AN HR b A TR Sk B S X s & T R Y
k(B = —0.64, SE = 0.33, z=-1.97, p= 0.05, 95%
CI = [-1.28, —0.002]), 7EH&RHE AT LR A it
E(ps > 0.64), i A HMES T IKA B Y22 B AR
W3, F(1,48.3)=9.61,p=0.003,n3=0.17, fij &
ARG 56 s, IS AT B0 A2 B RE A o S
PER IR (AN 6c PraR): il ORG S, FIOR
B MR A Le A B ) R R LPC (B = 1.24,
SE=10.37,z=3.35,p<0.001, 95% CI =[0.51, 1.96]);
M8 AR, S IRABPERUM T R (p=0.21)0
3.3 ETFEHER-KEHICIZEEEMEE(CNN-LSTM)

B EEG 4R

HRHE G FLAT =, I A B 28 X 288 5% D i ng )
KT 2R, R NE 7 Fos. #EE 7(0)H,
FE 1 % (precision) i 75 JIT A w5 AR AL 1 I Sy e — 2 5j1)

(1) BRA IR

0so I Precision Recall Bl F1-score

S+T+ S+T- S-T+ S-T-
el

El 7 MR BEEG £ % AS [F) 20 55 g A7 43 2 B9 M BB (1) Al 22 28501143 25 89 ROC ZR(2).

HFHMER

PIREA R, SEPRE TIZ M B FEAS LU, e 1
RUTEIE ST L et A R (recal ) PG 7E T A
SEPRJE TR — 2 R A, SRR E A T SR 1%
TN B REA LA, s BT BT TE SRR A 1 7 55 g
J1; F1 4340 (F1-Score) 245 i 2 1 44 [|] 2 114 38 1 °F-
Y, LA TSR AR s A [ aE . X
SEAR AR IR 2 AT 55 o R o bR da b . 78
Bl 72)Hr, HFAPE#R (true positive)ds 52 bR IE S Hh g
IER U IE 2R L, R PH 1 % (false positive)
S5 B S 7 26 R 152 53 2 TE SR B LL il i AUC
J& ROC M4 T AYTAR, Jz Wb Ay () 844 432K e 7,
RGN 722 E TN IR e e = 2

WE TR, 2285909 AUC {E7E 0.95~0.97 Z [i],
-] AUC (Macro-Averaged AUC, P A 25 5
AUC 1 5801 ¥ %0) F i F ¥ AUC (Micro-
Averaged AUC, ¥ Fr 5 B M FEAR G IR ITHE
AUC fH)¥IkF] 0.96, 753Kk 1AL AN [ 26 Y
REATI X A3 RE T o X3 R R RS B L 3 [l
DYSE Sy 7 B PERTIR: ¥ i=E 7 o W A AR s
aE R, A RS R R B S T
BEALT AR 25% (ps < 0.001), FHARIRIAEALES
Sk A A b AR AN [R]SF- DORI T SCRRAE A 3R )

(2) ROCHH1£%
10f
0.8
0.6
" —— S+ T+ (AUC =0.97)
04} 7 ——S+T-(AUC=0.97)
L —— S—T+(AUC = 0.95)
— S— T~ (AUC = 0.96)
021 -~ WOE-H (AUC = 0.96)
- 244 (AUC = 0.96)
% 0.2 04 0.6 0.8 1.0
e
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4 e

RFHOR T F ME SR AR —FZARIERK, R
BB BORF I B 2R 30 0 T 17 FRORG TRl Ak R B i (O
ek, 2012) ABF5E R EEG £, il 4AirRa
B 2 RS AT ORI 9 15 4a ), [R] B R
XS] A IR A FRPE, %8 SR
] 352 e e H P DK I 2 B A A e 22U AR
gER R, SR BME 0 3, I HAE KA
PERNE SCE PRV Z B AF7E S B AR o ERP 45 it —
R, TERE R R R A A KB, R
R P200 #4087, I BV ICHE SCAE N400 #1 LPC
WA FAETERS HAE [, 5T EEG BRI 4245
S [0 28 I 28 BRAS AT A3 S DU AN S R S0 1 ), i
— AU B TS DRI DU R Rl A S B RO T
BURHIE . AR SRR, AR R s = AR
AR RR O BT RS KR B R R A, I ELRE
A X A R BRSO SR = R] AE P g
WIfFFEAH E AR .

S DR D R R SO T s e A B AE AT N
gER b CUERAPE KA TR, AT T XA AT
T/ P 0 D X R, 3k R D 2 v R R AR 1Y
JIlT.(Chen et al., 2016; B&EPKZE, #8015, 2017)A K&
88 B P 30 T.(Rothermich et al., 2012)
AT T 25 e — B0 S AR AR 27 40 AT & B,
MR A IR B, AT ] TR U5 R
REAIAIBCA S CA B, 5 AT, R IR A B
B, AT i SCA FRE AT ) W ) I A R AL, [
T 2 BH 1 R S ) B 32 380 R A R R AR 1) 5
TRF ) DA G B AT S i 1) 1 A A R TR
WAEH,

ERP 258t — 48R, iR 5 rh A7 e T IR
I, XA TE B T I 200 ms ZE A BEE KA.
IR AN A B A M B A B RO 2 DR R R
P200 J&53, PR b iR BE RE AR DR S 2 50 7 A B
R AR AU . 24 5 B R ) IOR A B
H R b A S B e g i o IR SR AE T
BRVCHL, TS DR R i TAA R 805 & ik iR
K HY P200 i3 (Chen et al., 2016), R4 LA AFIE
RIALTE P200 7 PN - 1Tk LB 43 i W X T
TR IE5E), {22 P200 e i
I8 58 B AEFEWE TN TS By BT SRAFE St o AR
P& B {1 (the sensory hypothesis), P200 | & FLHY
PR TS0 280 007 52 B 80 AR MU 5 i ) 2 DA R A R

FURRAE O f AR B IS ZE R EE m TK R
(Dambacher et al., 2009; Dikker et al., 2010; Dikker
et al., 2009), il 5% (the word recognition
hypothesis) W TA Sy, A 15U 52 0 ) 2 a0 i TRy
B, 1R — W Beial i i 5 B4 2158 1K (Connolly
& Phillips, 1994; Nieuwland, 2019)., P200 &) 5] )i
S BRI TR B IR N G S Be oy ik — 2P
JELYE, AELJE S e ) 5 71 DR U] i) 80 4 T B 007 7
R B LR I T R 2 A R

FERAS ) N400 RLNE b, RERIE SO 132 517
IR B 5 i BRI ) 1 )
(Rothermich et al., 2012)8% & IiE 147 1575 22 (Luo
& Zhou, 2010), [F)Fe % B A) 5~ A F AR AR A A) i
XAE N400 EAFTEZC AR, 5 PLAYH AU RE
e HE R 50 T o 7RSS HT— 0% SR R A S
THBFsErh, WA T RBIAEER, EHRE A
FI O X6 o X N400 SN A7 AE I8 45 1 I (Chen
etal., 2016). 7ERFAK I 1323 A4 H A 7 I i 1
IR (poetic function), BIRFARSCAH 524 0 £ 56
TR AR B ) A A AE (Hanauer, 1998), 7 &M IIRER
BRUETRFHCOCF Z B NI &R, RN Rr EA
FRAEARLIE KOO o 52 P S A R R o P DRI
P v ey AR A SR R AR, EA I S A
ol AR FIE S A5 . AR S N R A e ]
B, e b e AR R AT R R AR
IREEAE, e 3 5 i e DO i 200k, 52 38 I I
NI R o 2 I F i AT A RO IR
KLU, Beanz 20 bR i A K A 30— SR B R 1)
e B R IR, 2 TUGH A3 TG O 22 1 T R B R
FIREREZ b, DT S B0 I 18 SO0 855 o

S DR KL 5 SRR SO A2 B 4 22 3 LPC
IF )T 1T PR BEAR A AH LA AR5 TR
) LPC, X 55GHTE S . BRI —2, filan
T B A A R 2315 R IR TR LPC (SRR
4%, 2021; Hu et al., 2012; Schirmer et al., 2005;
Zhang et al., 2023), [FFE, 7EX)F 55—~ i)
BE B R — N E A R TR, il
A £575 K K LPC (Magne et al., 2006; Schon
et al., 2004), XEAF5ELERAL[F K, LPC 7] fig
ML wp 5 (4 K ) 5 i PR (Bornkessel-Schlesewsky &
Schlesewsky, 2008; Kim & Osterhout, 2005), LI}
T A 5 F i 2 (Brouwer et al., 2012;
Liu et al., 2010),

Astésano 55 A (2004)38 i S5 AR X5 F A0 T
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L

PHHEAT THER, 10 Bk m) o 3k 5 BE R) 4 45 R 9F
1%, BROETRAG IS REXM RN S5
R EAFAE—EME (Rothermich et al., 2012), {H
Hob )RR m A YRR, SAEESE T IO
W EAT B i vl Lok o 298 5 AT R4 R BA
fe FEARARLYE - Rl B 2395 T K A G D) TF B4
It H 55 Fif AFES BAEH, e ORN G BT
ARSI TR, TEMIIB B, 1328 A Bl B,
S ANG BB R A HEA T FRR ST, TEXAS
AN Tk rh, @k XPARRIME . SR SR A
RO o3 A, B TEAKOCAS I AR L B R A
(Hanauer, 1998)., BAKIM 5, ik XA BEES, AL
D] F8 SF DR 25 i) 8 A B S RS, 80 K% LPC
BN 1Y TE A PR, RRRERE RS T R R
e, M IZEONTE O o

T E ML, 7 Chen %5 A(2016)HIBF5E
PR I ARIFE K LPC RN . XN TiFFE ) 22
FARER TR . B, BIRHERNE R
SRR 5 T B SR 0 2 R T R e g, AR AR AR
T, BRI AR (Hu et al., 2012; Li et al.,
2014; Tong et al., 2008), ¥k, ##F1FIKJE Rk
PR AP AS [R] B F AR RRAE o FRHY 3B e R
ERIVCEL, JB T AT R R A 1 S AR A I, 3 AN
T LA T R S5 F T o T O N 7R
AR 2 PRI 22 (] A — 2 A RN, R T A
PR B SE A PE RN, 55 BB o A R B R A A B
HATIEE, AR5 % LPC,

A A, FRATTR G AR K e 12 36 & X 4%
(CNN-LSTM)Ki#i i EEG B %of AS [ 1 ) 24 100
175728 XAMEAS AT E A i R, HARE T
T 75 G 1 PN A, A B R AR Sy <3 ORI > Bl 3
B R 20 (Haynes & Rees, 2006; Tong &
Pratte, 2012). EEG 7r2K/3# & 3, i#id EEG #dfi
BRI SE L IX 43 tH 4 FhiRpa) 288y, BBl RE R Y
T SCHP IRARAE LA B g 53 258 e A T 00 4 A7 7
F EEG 55 " (Kriegeskorte & Douglas, 2019), [H
U, FERS M — 28R T R X R 0 e 1 S,
U W S DK 0] R R A S v ol ARRE Ao T iy
HEURHIE

ZN TGN E: S G E IR A A IR QN - Eaw i
W OSCRHE, SR EEG AR WL B 132 v i A A
RER RN AL . 25 R B, AR A
BEHEAE T IR, R BLR T AR X AE R B
mel TV Ak, DA AR R W B B S R R L

=)
=Nl

AL 20 FRE G, o5 26 52 AR T 1Y) B 5 R R ok
o [AF, T BEG B8 I 245 3] ) i 25 ) 28 A5 10
REAE X DU SEE AR A T A R X 48 BRI O, A
ATAE T AR 132 v Ml 419 22 I L TR R B AT,
PR 5 i 5 B A G — o SCR 5 R uE 1
NI 2R (Neurocognitive Poetics) (Jacobs,
2015), RDRFERAYHT G RHE(LLATEIR . 18D SR &
SFAE(bE an e A a) - 38R Z (B AE A BAE A, JF
FE IR b — 204 R T RE AR B 5 v A RR AR A
20 = &N IR BT S I S W S RESE SR VAN
TAEPRH A X R0 R RE S T 2 ]
Wl LRI T, SRR =B Bob 28\ RSB I B Bl
TEREAL ., RN TR b, BERRON B AR TR S T
BB, midE = BR T R B By fEsC B L,
P SR SCZ R AEAE XL A B2, (R B E
SRS 5

AR FLERTE T RER A L 2, R
KA FE AT DL — 20 7 ¢ T I 1 — RS i AeT Ain
TLRFRA IR AN SC, DL R 2 AR e 05 =K 1
AFFEATRR DX I RR R o HeAh, AR 4l WG [ fih 25455 750
(Schwartze & Kotz, 2013), AN 771 P 2% 38 4%
TN TR T 2 G B R N AR LR, 3 R Y —
DNIEEARIRE o AR T ZEHR VTR SRR
S BN 38 BERRAE, DA KX T 4538 2 (6] AT R
FEMM BB, &5, £ TRFRS S RAER
LSRRG R IR DI e L AT R K, JR4k
WESE AT LR GE 0 M Rp a5 & SRR AR T Y =
[ A, B 580 SR 28 0 R R SR A AT 2 i v 7
SEMABLA] o

& % x #t
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Abstract

Music has long been considered the soul of poetry, a reflection of their shared origins across diverse
cultural contexts. Historically, poetry and music were inseparable, with poems frequently performed through
songs. As the arts evolved, however, poetry gradually shifted toward a focus on literal meaning, shedding its
musical accompaniment and entering an era of “words without tunes.” Yet the musical essence of poetry endures,
embedded in the rhythmic, tonal, and melodic qualities of language itself. In classic Chinese poetry, tonal
patterns serve as a defining prosodic feature, shaping both the rhythmic flow and the musical character of a
poem.

The present study investigated the neural mechanisms underlying tonal patterns in classic Chinese poetry
and their interaction with semantic processing. Forty-eight participants with extensive experience reading classic
Chinese poems took part in an electroencephalography (EEG) experiment. They were presented with four
versions of classic Chinese poems in a pseudo-random order: (1) semantically congruous with regular tonal
patterns (S+T+), (2) semantically congruous with irregular tonal patterns (S+T—), (3) semantically incongruous
with regular tonal patterns (S—T+), and (4) semantically incongruous with irregular tonal patterns (S—T—). Each
participant viewed 100 experimental stimuli and additional 40 filler stimuli. After reading each poem,
participants rated the reasonableness of both its semantics and tonal patterns.

Throughout the experiment, both behavioral responses and EEG data were recorded. Accuracy rates and
event-related potentials (ERP) were analyzed using linear mixed-effects models via the ImerTest and emmeans
packages in the R, and EEG preprocessing was conducted using the MNE software package in Python. Accuracy
results showed that participants performed best on the S+T+ condition, whereas congruous poems with irregular
tonal patterns (S+T-) yielded the lowest accuracy.

ERP analyses revealed that tonal patterns exerted a continuous influence on both early and late stages of
poetry reading. Specifically, in the P200 window, an interaction between tonal patterns and scalp region
indicated that irregular tonal patterns elicited larger P200 amplitudes at anterior and central sites. In the N400
time window, a significant interaction between semantics and tonal patterns emerged: semantically incongruous
lines produced a more pronounced negative component than congruous lines when tonal patterns were regular,
whereas this semantic difference diminished under irregular patterns. Furthermore, in the LPC time window,
irregular tonal patterns evoked larger positivities for semantically incongruous poems, while semantic congruity
eliminated the tonal pattern effect altogether. Finally, deep learning models trained on the EEG data reliably
distinguished among the four experimental conditions, indicating robust neural signatures associated with the
combined tonal-semantic processing.

In summary, the current findings underscore the significant impact of tonal patterns on the reading of
classic Chinese poetry. Irregular patterns modulated phonological representation at early stages and constrained
semantic comprehension at later stages. Supporting the neurocognitive poetics model (NCPM) of literary
reading, these results shed light on how prosodic elements and semantic meaning dynamically interact over time
during poetic processing.
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