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B, DRSS Tl . icizm sh i i # . 7e
HMEENC S gt B, 2% 2 B S i 1 ERAE 58
RO IRIC B X ik, DASEE It — 2 iie 12 2E 2,
DA I 3 R AR S A T 1AV BR A 1O AZ A T HE (Hulstijn,
2002; Schwartz et al., 2008), FETE X FAE A HH i 7
A AEAE PR AT B o DLIE A5 R AE AR

AL GO Sy, 1 5 55 Je 1 CRAE B3R,
HAFA ARSI TERT, B B BE F 4TS MAT

ST W A X 2 AT AL 36, DA—Rh LY
B s H T TG B T, DS EE R
(Markman & Dietrich, 2000), 1M AHIWEAT 5 R AL R
RFH BB INAIA N, 185 SCRAE P AR 20 A TE
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B TR RE QA RN, TS T A B R R, e N et it ey 1 iniles I 80R
W SCRAE, AMERNE TR, IS5 S, MRS, EEG

RIHIE G0 M50 F¢ % (Barsalou, 1999),

WS A AN A B T AR B U RAE Y
RESACPET b 45 P —1n] . B A OIS 2 S GA
TR LR, RGPS 3R AR B WA
PR3 Tk 2 AR X A5 A AR,
NIRRT ARIE S5 25 5 T
PGS B AP SO Tl B, 30 & TR E 4
SHEWA T RS, SN RARR R H X PR
55 240 L6 ¥ 3% (Bi, 2021; Borghesani & Piazza,
2017) MRS RAEB SN EA TR, 25 A1k
HTFARRBAAE S . BRI E, E5 M5 R IET
DLl i RS 1 (E B AL, SCIE SR PR ik,
RO TR B v ERE, P AE R R . Rk
W T BRI o) T R BRI A R AR
il B AL, DL 2RSS B ey X 5E
BT SCIE IR, BCESE A RE AN TR BE VR EORS 4, (.
INHZSCR AR RS, PR AE 2 4R )2 15 7 B AT
5% /5 = 5 M7 (Dove, 2009; Louwerse, 2011;
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Paivio, 1991), £ 53 A& WALEE] T — s A k2
b T TR SRR o 0 A TE N AR S, —SE
FERBL, BTN TEEW K A2 R Rt | iy A
5518 SOM TR S g i AH DG A X, S5 Rsent Jz
)2 Bz 2 DX A A0 BRANGEREAE B AG DX, TG TBCT 2N
e ik % 55 Tl 45 78 3 23 17 T 6 R RV RR AR AR R
HATEAA 43T (Borghesani & Piazza, 2017; Pulvermiiller,
2013), FRMFSE ATE SN LW AEE 5T
REMKES S5RMAL T 8, A, —Siim iR
St — 204 s T NI PR R AR A S T A B ]
VEFEHE &5 4N Louwerse A1 Hutchinson (2012)3 i
EEG W+ A K 8RN W B oMb ot 5 5 A0
WA TG B ILR 25, I HAEXTHE LR 40 H ik #31
b, AiERTE#E . DU A (2020) 9 i HL A58
RI, HEMFE BRI T I e s o &
R AGE W, R4 A5 BN 38 A (2 2R e A,
TEME SN TRy e RS T F 2. L6 kF,
EE TR R B B W MOE F A5 W P
T8 AL B, TS Y B U] 5 e A = B R R
ZRHBEAAUAHER R, X 5585 00 9 Fh R AR AR
AONFIREE 43 BT FHVI A (Louwerse et al., 2017).
M, TR SRR G E, PIRNAT 5 R AR
AT ZAE IR R, —H KBNS 24, H
RE T 7853 R AR G T BHAR AT 55 19 75 5K
12 EERSEMREFASRIEEIMEEIFN

1R

T B A LT 9 o R A AL =X 1) 43 AT kg B8 i b
e ) TR SCRAERE SR TR, B, 1ESh
TN A R, 2 > F TR A F AR i8] SO T,
B HSWENCE L JBAHSS G B S5 RIEE N —
FIEHE (18 SGE IR IR, RERS TS B2 ) 0 3L i
W X, D T E2riRid . s S 4575 R IE 4D
HE WP W A RIEAR . DA T
FEMBLERAE T R, —, IR AT R,
G E A 2] RS B REE S BLXT A R A T Sl
iK(Linck et al., 2009; PK, 2015), %, >k H i
INHIBIFSE K B, AIME AR 25 S 1) 8 BER AR SME
T SCGEIA R, SNBSS, SME I b
A E B A B 5 B U Bk (Garbin et al., 2011; 8Bk,
WL, 2002; THHH 4%, 2016; 5Kl 4%, 2015),
5=, AMBBGREE TR 23 1E A R A5 E B AR
SCHRIEH I TTER, SUE S 72N TR AR 1Y S g TR
Bof, 2 T RO A BT TRV T 6 S B R e A A
B (Baumeister et al., 2017; Foroni, 2015; {23 4,

2014), BRWIFLEG RV, X TREZHAMF, 78
AR IME 2 T B B, BEEXS SME I TE R
TEARHE T FEREW o 7 ) F AR X AR A SME
T 222 1 B BE1E ATA Ak 1 28 SCAF B AR
HRAESME T SC, M EANZ 3 35 R 4515 B
I FH AR 852, AR 2 2] s B i R B 0 75 4
S RAEMYRE L

HWR, HH 7RG 5022 2T FBH D AT
TR VIO o MB8T5 R A 1 1) FH 23S
5 Bl IR TE S, AR B E A A 015 5 T, 3ok
TURT AR IR BE Y S E 2= I8 B B2
FHOCH B WF B A1 7 35 i, e A3 e WL
G 27 1 B AL I 24 S 1 25 (6] 45 6 G A
HEHE SRS, VIR SEXTRC A 12Ot et al., 2017);
FRRLRT IR K I, AT 5 2 2T B S 1 T3
B R SR 2 i Ak 2% 2 35 0HE T AR B 5842
(Casasanto & de Bruin, 2019; Hald et al., 2016; Fxi
4, 2019). MbAh, AJRCEEAEABESE R LE X T
TNC R 2] 5 B ARG AL A G, 5. TAE RGN
PR AL AR G TRIYC 1Y) 2 4 1 () T 5 B AR A T 56 1Y)
1Al (Maouene et al., 2008); A% T “4ME—RFE
B, “HhE—FE R ok B RN e ik A AT L
N — It 7 AE RN 5 AMETE SO BRI R
(Comesana et al., 2009), A FHFFEEH, JBHNE 5
TSRS AN AR EER, BAEsb
AN 27 o S b G R R 8 15 5 SR AR 25 i
HEC LM AF B i el ez 2, AR A
R SCRR IR, B B S8 A MERT A A
1.3 WS RAEXRACIFHZ L ES

BIRAT T SCRAE 1Y KA I 58y 48 B PR A7
SRR F 2 T At TR, Htsh
HINC IR, HA DR R AR,
—, A R B SRR A RN T Sl
KR, M E RS S A5 RAETESME 5 > o
PR, BB SEAT 5 1 o — i & 2 >
BT B RAZE 2 o PRI i ANV A R SE A5 5 R Ge
F B RAEB A 5 2 T WU, IR R 2 X6 9 el
RIET RGE MBI LG L, H 2, AKHE X
AL M Z P20 250X TR R F e e 15
FNER I T e, X5 E 1S RS AR X
PRI AN [ R Ak J7 20 S0 i3] 127 A B 52 o ok 7
HARFIA 2RI 1 AN B A

HET FRFFEIAR, AW OGRS, P
T4 5 FAEAE T 9 S E R 2% 2 BOR & B A AE
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S XA ZE TR BN L R A
BT R 5 RAEZHE AT ER A H, DLACR
A QBB S A e 22 1AL SE R, A
WS E ST, FIBERT 5 AHEGE 5 A 5 R AL BEXS
HMFARNC A2 S R B E T . TR SRR |
AW FE HE— 20 X8 W A5 5 AR R W 1) ) A5 7Y i
FEVEAT AR A 0 . 56—, AR SRS BE,
T H AT S R A DA | V2 B TARIIN T4 5
A5 FRAE A AR WA B A R 2 EURE 4R A it Ak
A RZ B G TSI, T3 KBRS
R ERSAEIRPRE =90 i MR RN vAE T I N U T PO R iR
W KT SRR3R A IR 22 e L, [ A RN 28
Bt 2| R T SCAL I, R R B 8 50 T LA
W SO T I35 A e 21 i TR JE i i (Macedonia
et al., 2019; Mulligan & Hornstein, 2003), R¥E [k
WEFEAE T, FEAMETRNC I &g, PR =
RGN BRI EE R Y AR X, A
BT AR RIE F 47 5 3RAE, FIEAT 5 RAE A B
AR DI IR TR SRy RE N Y BN e, X ol
T SR 0 G TR 2 1G T

55, JE—2BXHENETE e iC R G R A T
AT . AR ICAZ N TR RS, TR)Z M g i N
AR R B A ICAZRCR o AN R R AR S
TR i 22 S 1 I 252 Wil T BE AR BLTE B G 2 v i
FBERAURR BE K il e 5 R TR SOE AR 2 1
DR ECIZAH G5 LB, AR THERAS i X
RAE, BN SCRAE ] Ry iyl S 2% i 1 i 4
B HIE AL S35 1, e 22 g #
Xof ) VB B SO B R A By Ok B R R BOR
(Capone & McGregor, 2005), I AMNHIBEAT 5 R ALY
— > 2 R A T A R AR L S I S T A 0 1
H, XTSI SOV R O A Rk .
Wik — 2L, A2 Sl 22 B2 T SO T B2 R,
WA S FRAEB T M 1 T R R
W4, IRz e iC A SR G B s ke By
SRV GE R, XS ST i F IR Y
OB EHEOE, AT R IR ORI, R4
FREMRAS T R AR BLS AR BN TR 5 45 5 R AR
B, FEAT 5 RIEME £ 5 1 2 HEE R i 5T
o5 ZUR R BE BRI VE TR, A 2ok B o A iy
ICACHEIBICR

9T B AIE IR ST SCRAE S i iR ) 153 5T
FRRY I, A5 R IR IC A2 - e X, @i
TEICIZ gt B B 52 BT & (BRE) MR TR = (7 L%

] 512 SRR B R, Ja shg i FhE
WEMASS5HMEST S FRIE ., L2 gmis F A By B
A AR 2RI B AR, FHAT 5 0 Se e R,
RGP FR AT 5 R AE XS R IE 2 g 5 A
FRBY ST ), s i R AR T 2R i 1)~ 1531
TAHIE 7R BOAH S 1) pl 22 HIL T o

1.4 3K B R R

B\, X TieiZ gt BB, s AT &
FERT IRV 2 B R B2 B 5 e, ASBIF 9 B 96 G 0 S i ik
TR FT5 A& G301 1E B4 (LPC) o LA ICAZ IR 98 & PR,
LT R T XC AR B 12 GOKS B 2 % ([ 3HE W
A, 2011), {5 O\ 09 UE B A B IEAE ¢
(Rosburg et al., 2015), 3 Hig4Zhn T ¥ B kK,
LPC /) ¥& 5 #555 (Rugg et al., 1998), ¥ iR
4510, AWFIE I AREGE 5 A5 RIETGEEIR)Z 1Y
HSGHE B, TS RAES A S E L B3
B SR N TRV P A T R R A Ak i S g A T,
X — o R T AE T 22 A B IR T R c A i TR
BE, M5 & BEIER LPC L7

R, X T IABY B, A 56w A A5 FRAE X
W RIE R AP IR B By, F— 20 56 1 W]
ICRRATE AR N400 J53 . DAERFFE A B N400
B e T B IE AL TR CRAE B9 TS (Kutas &
Federmeier, 2000), ol {H 51070 15 SCIRAH 4k B
B IEAHX(Laszlo & Federmeier, 2011; Muller et al.,
2010). UL, —SEfF5R &I N40O 1553 HE i S 1t 1]
ICAIIE AL in T A2 (Holcomb et al., 1999; Lai et al.,
2019), HA SRR LRI R & T KA N40Oo,
FooRHRE AR T Yz B SCIBRARL, DT X 3R] 9 (]
12 KA T B I (Nittono et al., 2002), Zi4 Bid
WFEgsie, WE S A5 RAE AR AL ARG R
AT ST A G —, X BRI T IR KA,
A R R R hh gk o T8 A5 FRAE 2338 i G
ihzsh] | i2EhEZBRSER, ML ET hFE
(T8 ST R o (R EEZ 25 A AR PO I B 2 e R i A
FULIHCE SE T RA) B ) Z2 AT SO A, DN iy e
AN T, Jf5 % 5K H) N400 B4 .

T3, SRk I PN B B AN A R AR AR A N
ERAUFERE, I DA R Fs A a2 T o P A A
w i (8~13 Hz)RefEi#EAT 0. A MR BE, 9k
WRPATEORES . R EIG I, BRadiz 3 X 4
JUEs BN R0 BTG, X AN XY p A
v, fH IR 55 (Debnath et al., 2019; Fox et al.,
2016), B, p i HIRA R 0T LA Sbrid B A
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B B2 2 B A8 4 22 J6 1) 7 35 (Brunsdon et al., 2019;
Pineda, 2005; FEH#¥, 2019), MGG ET— HEE
VSN LA i 2 6 A, 38 2k N AR AL AR AT R AR
2Ry, SR SRR ) I RO T B AR e T T
(Lt %, 2007), TEAMTEH, % IEFENCRY
TR ACFN SRR W] eI TR B R, PR tAS
T 55 % 5 PN I B i Al B4, Fouil
AT T R A 2R A T CFIA B B Y B R 2200
TG 2, X TR) I B b A DL AR B 5, DT A A
BOBTFMA S RAE HHEN o MM, &5,
Ay e P A RAEA A X E AR R B B 2, A B
FEIL RN AT A 89 0 BiBL(4~7 Hz) D52k
HATEEL . RTICICHRBUY I A SR, 6 Ml
(4~7 Hz) DR8I 5 1042 /) K 24 56 (Herweg
et al., 2020; Solomon et al., 2019), ZE& iR Xt gm s
FFR A B Be P A RAE 7 X0 434, P00 7E 285 TR
T S A% S R A AL R IR 24N s, A
5 RAE AT S [RIRNC B9 18 X 43 5 A f
X 2 SR IRV 8 G T RS A R R
WAHE TIB F AT, AL 5 R AL 0F T iR A 7
K277 A Y 0 P DRGSR IS, TR R AR
B/ L= R R N S e

ZR TR, A I8 3 XA G H e B
BURHE AT B 58 5 A, IIRNCICAZ g B B i iA
FOIN TIREE . F A B BRI i AT e 48l 5 02 424k
I TAREE, DL RGE R R AR S IR E T 5 A
AT T AR 7 OGS R 2T A5 B s e 5CR M
INHIRR AL . b, AWER D)% S gmi B Bk

Xt i) B4 2% 21 FI W (judgement of learning, JOL)IF-43,

DL S FA B B TR R R 28, D\ P &
WL 25 1 7 T8 2% %6 7 Al R ARy 2R A1 ik 3R A 2
1T RS2
2 Tk
21 AW

Z P WIRE F A9 5 A 5 RAEXS Sh i
WNCACAZ gm S 5 G RS2 IR, R 50 R A s 3R
FEASE T A TRl > A5 A8 b S 2 e HL A o
22 #Wik

R4 Cohen (2013)A9HF5Y, HAHAYSLITHALIR )
AR 47 T 0.8, LAt MriE, i/ GPower
B A% (http://www.gpower.hhu.de/)iFE 47l 11, 7E B A
R WAL e i SR AS i R 52 4K
B SR IME L M ER R 2242 59 ABEHLA T

A LI H AT, A AR AR S8 E A )
WEH, BEEHCRDGE, Hd 7 AN ERAER R
(EBRR S BRARHEDL 3.1) ki B Dl 45 2 7 LLGIBR,
I KGR SR 5545 26 N BIAT R e ki FL Sl
AT AL B AL 20 N), PRI 21 +£237 %
23 LIt

RS T X IR Y 1 SCRAE J7 2 CRE S 2 e A
SRAR)HETERN, XF S AR T A R
T, pERLEsE ARG, e b <R mEE
WHSAE RN G RIR, A OB ) o 7,
FEORUE S Sor i B0t 1 2 1 L {5 5 Ab B ZE SR, Ak
R 8 2 B AR iR Cnfas . BThi ais . R E
WL SRS PRI . AR 80 M A
“broCRE UM ZEEFENL, TA LA
Feb. F. oup. down MG o FHRAE R, DL
Bij 19 AE 2 o) et B v R TR N T, SR SR A 4
SR, R A B R NG 10 A4,
HTRRCA e gmas B B . X 4 ALRNC KB, A
SRR SE VA TUCEC o 5335 LA L AR BE HCE T HAh =
SCHY AR SCIRNAE S O B B 1) 350 70 A Rk (43 41 1) B
10 1) o S5 A PN RAE S5 5T 48 FHAH [R] 9 ] 22
24 EKENEITFER

DL NS A [ET2 W E S = o ARk vAE T
BT SURIEALSE, 40 Wil 5 575 RAE AW AF 5
RAEPIN AR5 PRAS 18 9ot 2 SCIRNE 124234
R, AT A bR S R TE S % B BosH N Y JOL 3
g3, VISR N B TR A 238 10 H i s A0 45 i A o
BOE R LPC j8or; FNBY B & B N400 73 L
SRR GO NTR & U2

S I R 43 R 6 A Ty A6 8] 1 T2 A2 o R G B
FF AT B o ity B B il 2ok AH 4 2 BUR B kLS 4b
g 0 I = W A O i 37 W O i e = 2 S P S &
PP E R, LR P AT T F % ik
B, WS A A, IR RIEM
FEXHET: (D)IEF M5 55 R 51K
T TR T WA S BN 8 28 5 1 iR B8 (B,
2021), HijE —M ] B S RO, s &
— BT BN B 25 R B P T TS (Paivio, 1991);
QTERIE S FE T, = F M 22 S AR BAE M B
BZ5FE F(Louwerse, 2011), #i1t, AHF5E 5
SR SC S M L RAE NG T 5 MRS RAE
KA REM B, St RIS, DARXT
FRHE BRAZHAMERNC S L, A SE B %
AT S g I o0 g o R 2R T,
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PLSEEE T MBI 5 A7 5 3R A 0t 2 iy &
Sk DA RN R B R 2 A, AR TR G2 0 11 e 26
FRAGETE X, e F AR S & R 1T
ZRSE ST, PLSEEL AME RN A AT 5 %
fiE . Hk, NIRRT RETE RN 2% > o AR rp ) B W A R
e, Wk ABRE i, sl E T 2z —
PR EARL, a0 R — 255 S SRS R R
T2, DIRAT R Rl 52 560 45 10 T i3RI 2% )
ISR G S B N DO E 3 (1= W v | B 8 2 5 R =
FEIE S5 T AR, EﬂAﬁﬁmﬁﬁ%#M%Q
BORSATUO, PO T IEZ ], IBGR AR %
iR, LR mAREAN T,

i AL B WU G F A R Al A F R T,
SETE B U B A, 500~1000 ms Y BEHL
AP S, SRR EME 1200 ms, 857 HETHEIC
NI SRR I 78 X TS RS BAEAMF TR E
RE A 2 BUAEALET rp e I e sk R, il ad i
A5 R AT B S AME DT AL B TR S AT S R AR A
BAF T RAESFAF N R B RN 2 — B bl
mTEmmm%mu TR R M N B 25 8] A, 2R

35k 243 [R) 60 B 15 & Bk a0t B I AV D A7 1) 1
ﬁ%%ﬁoﬁﬁ,ﬁﬁﬁﬁﬂ%ﬁ§%%¥¢mm
BH AN SCENE, i 2 2 B, RE S
— S8 5000 ms, ZRFIARFHHATICNZ, FAFID
SERICAZINC R Y EEG (55 e, iFfT24 03
Br(JOL), 4G Fif: “HIWIRA 2 KR AEIET
O B 565 v R1AZ S R AT B R (07 2 8 A I AR,
“10” 258 A IR)”, ZER Pl M52 3R b 3CR
FICIZ IR FR BE R AT 11 2iPF47 .

FAO- B BHRE IS BERR B LRIE 12 20
T2 B
ZEEAER BN, Bl
500 1000 ms 1200 ms 5000 ms (G2 5EEG) iTZ38% R

AENC I —ANE ), Jef2 gl E, #1730 s L
B, ORIEHEATAB B, RN B, SRR
e 500 ms, SR JE BEAL S B — AN 4h SCiENE
(P BE 2 G i i B 2 20 (R 3a)E, BRI H, siE 5
MRL), SR AT R AT B I % i SR 4328,
TR A7 7 N NE /7 NS N &= S UN (1B W B =)
Feess i . P R e SEYHA Y BEG 55 .
# I 7E IE XL B A 2 AT — 2 2 ) DA 5
B AR (R 2T MRS IE SRR R . IE S5
4% 4 4> block, &4 block 58 M — 2H i B 1012
(b7 CFrANSCREIES 10 MR E R, <R
KABFER RS 10 45 A T B 1B 8 09% 95, 7F block
Z 2 ik s AT SRR . SR AR R LA 1,
[ingzz R
K NeuroScan 4.5 B4R T v o B0HE 1) R 52
55871, MHERR 10~20 RGP RH 64 S HBLIE
05k EEG, TERER BT, S5 s T 2207
5%, TEHEAT B 443 M B 5 kg UM 2L 298 - 394 =
%o Sk K H HRAE Al A i B E 4R AE 5 TRRDLE,
[i] f i s 3 AR B (VEOG) FZKSF-HR HE (HEOG) . R
FEMA A 1000 Hz, 7ELIENEHE A 0.05~100 Hz,
JFTE B 53 B I X5 B8 32647 30 Hz (24 dB/oct slope)
W TCAH R IGE P8 . B ZR AT i AE IR fL B3, If:
FE 3 BRI A IF I HEBR B 152 5 L 43 B LA B 10 g
TE£ 75 pV DIAMGONE(E S o
BY 3% ERP o047 LLAR SCIRNE H BERT 200 ms (1F
SR HELR) BRI H S 9 1000 ms ATk HL 4> BE, 38
Ik S X5 I8k W ) DN A A% LB AR T LPC
A (RS B B 400~800 ms) 1 N400 i 73 (FRIA BB

200~400 ms), 7EXF P> ERP B4 0940 Hrd e 5 4
20/ Mrialg TEIZHE B
HEATFOATIS
AT \
LE30s 500 ms (ig3XEEG)

Paille

JOLFM
ERRF I, L1
500 ~1000 ms 1200ms 5000 ms (I23REEG) iEAZACR AT

JOLH W

(0~10:%)

FANE

LE30s 500 ms ({E>REEQG)

>\

Bl 1 HES S R AE(EED)STES /5 RBAECT B &L m
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HLRR X3k, 43514 AUARIX(F3. F1, FZ., F2. F4),
Hi—H gL [X(FC3, FCl, FCZ, FC2., FC4), ik[X
(C3. Cl, CZ. C2, C4), " -THIX(CP3. CPI,
CPZ. CP2, CP4), TilX(P3. P1. PZ. P2, P4),
WA DRI PN T i H R P B 2R A T 2

B R AT AESEAT IS A BT 2 0, AR T
A BT A IE A A IH I B A EEG £ (RELS B it
$: =500~1000 ms). f#ifH letswave7 T H Al (https:/
github.com/NOCIONS/letswave7) H1 [ /N I8 A% 4 K
EEG %45 %% b Sy B 450 35 8 4, i Complex
Morlet /N PR, 439l 158 BT S8 MO IR R 1A
1.5, SAHrBIE Il ly 1~30 Hz, /NS 3 54 204
TRV B B AR R AE HEA T34, LIS B9l 7 94>
ST B YRR AR o TR B A SRR
o i % 72 V% (event-related spectral perturbation,
ERSP), M3k EEG TR . N Tl
JINDE A st i Gk Ol Xt FE LR R, #E1TE ERSP
mF, PAFRATAC H BLRT 500~200 ms A HELk, FIHA
H ER% = (X; — Mp) / M, BEFFREERAGIE, Hip X
T TE AR B ] FIVRE 2 T T A5 5 BE 1L, My F8 R 0E
Wi FE L -2 e o AR TR S 5 11 L
Page i K 2 A Y BEH A p i (8~13 Hz, 200~800
ms)Fl 0 I (4~7 Hz, 200~800ms)IF 4 Mt . i
5 ERP F3 A1 oA 1R  rAR DXk 8 43, K A I )
0 [N BB A AT ST o AT o 78 B SR A
WEAE W 25 i B, HEROE AN BT B
% J Greenhouse-Geisser 31 1E p {H .

3 4%
31 (THER

5N P HEER S AN A L B B, AR
o I A P BT A IE B R A S BR AR i ik

FEBEA PRI block 34 F5 ZEXF 30 N300 H 47 =%k —
HIT, BRI H 52 AE IR RER S 0.33, BLAET
56 4= R R DU BT 44 B P PO BR 4 1) 3 43 A1 B2 1E
Ao, A FIANEF SRR & T 47.5%
A BBV TN > s A 20 SIBR PN I A
FRELL N LA S ERP Pl 2 gl 8cdE o R )
PAE WA 5T 1Y JOL 343 LA B FEA IE i 3R (&
DATMSIEEA t K5, 25 REM, BT AT
SRS T B FINER 2 0.74 + 0.10, P50 +
brifE2z, TR E TS5 RIEAM0.67 =
0.11), t(50) = 2.53, p = 0.015, 95% CI [0.02, 0.13], d =
0.68; 1M HIWEAF 5 RS T JOL 1F43(5.87 +
1.05) S5iHE T 75 RIEAM(5.83 £ 1.20)NFFE B 3%
25, 1(50) = 0.14, p=0.89,

32 MHEBBHEER

TN A I ST B LPC 2%
TR 3)PEAT 2 L/ S A7 5 RAE) x 5 (HARA &)
R B EZ W7 22001, 45K, WMEELEH
YEFIAR 3, F(4,200)=0.07, p=0.87; FAF =+
WOV 3, F(1, 50) = 4.85, p=0.032, 95% CI [0.13,
2.80], ny = 0.09, HIWAFS RSN T B LPC F-Hy
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Different effects of linguistic and perceptual symbolic representations on foreign
language vocabulary learning: Evidence from behavioral and EEG data
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Abstract

Semantic representation is a way to achieve semantic access, which plays an important role in foreign
language vocabulary learning. The linguistic symbolic and perceptual symbolic representations constitute two
subsystems of semantic representations. Previous studies have found that the linguistic symbolic representation
can provide quick approximate processing, which is suitable for shallow language processing tasks, while the
perceptual symbolic representation can create a complete situation model, which is important for deep language
processing tasks. In view of these different cognitive processing patterns, the effect of each symbolic
representation system on foreign language vocabulary learning were investigated in this study to explore the
mechanism of semantic representation on vocabulary learning.

A total of 52 participants were randomly assigned to the two symbolic representation conditions and
executed a vocabulary learning—recognition task. To manipulate the participants’ semantic representations
effectively when learning foreign language vocabulary, two types of spatial semantics, i.e., “up” and “down,”
were chosen as the learning materials. Furthermore, to investigate the learning process effectively, the foreign
words expressing the meanings of “up” and “down” were selected from languages that the participants were
completely unfamiliar with. In the learning stage, Chinese characters or spatial cues of “up” and “down” were
presented first as semantic priming stimuli to initiate the participants’ linguistic symbolic or perceptual symbolic
representations of the foreign words subsequently presented. The participants were then required to learn the
foreign words. After every 20 words learned, a test on the semantic recognition of the foreign words was
conducted. Behavioral and EEG data were collected to investigate the different effects of linguistic symbolic and
perceptual symbolic representations on the learning and recognition stages.

The behavioral results showed that no significant difference in judgment of learning were found between the
linguistic symbolic and perceptual symbolic representation conditions, but the latter showed higher recognition
accuracy rate than the former. The event related potential results showed that during the learning stage, the
perceptual symbolic representation induced more positive LPC components (in the time window of 400~800 ms)
than the linguistic symbolic representation condition. During the recognition stage, in relation to the linguistic
symbolic representation condition, the perceptual symbolic representation evoked larger N400 components in the
time window of 200~400 ms after the onset of the recognition words. The results of EEG time—frequency
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analysis showed that during the recognition stage, the perceptual symbolic representation condition elicited lower
p band power and higher 6 band power than the linguistic symbolic representation condition (the time windows of
the two bands were 200~800 ms after the onset of the recognition words).

In conclusion, results indicated that compared with linguistic symbolic representation, perceptual symbolic
representation had a delayed influence on vocabulary encoding. It promoted deep encoding processing of
vocabulary and improved the efficiency of vocabulary semantic retrieval through perceptual simulation in the
recognition process, thereby implicitly improving the semantic recognition of vocabulary.

Keywords semantic representation, foreign language vocabulary learning, linguistic symbol, perceptual symbol, EEG



