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C TR FE S SIS e, B 310028)  CHRTT KB R A2 AR S 2, B 310027)
CWIIT R FANEE 5 30k S5 B PR F B, MM 310058)  CIVTHEIES S NMPIFE SR, RN 221009)

SLEE T <AB:C:D VB, RAF MMM A, HETHF MMM AEILS . Tma R D
7~ B B B S & Y N400 FlT P300 AL 43, B 1 2% b il 38 A ] el 48 38 308 AT ) e O 22 b A i Tl
25 L S By BE i & 1 N400 ARG § k4 LNC, St T 25 b B AR BRI IORNC A& B SO s, LR BRI
B RS LS T H AR, JEEATHERRA i T fe . DR e SRR, 1B T S B s 2 pL il &= 4%, 42
PR — RN T AT, LNC A5 38 B By BE R TR R &0, H i Ansk e or A i iz s i 5

R HEWR ST G A I 2 TR BRI HE

e

e,

B842.5

1 HiE

25 b #E B (analogical reasoning) (LA T fajFRe2&
HEP )R AR R — > 3 5 A S L 3 O — 13
oo, DT AR RO B 1Y 45 iR 3 B (Green,
Fugelsang, Kraemer, Shamosh, & Dunbar, 2006).,
o, A SR IREL, T i s 2K 1
Hbrd . ZEHERE J) 2 N4 A 1A 1 Y- BE 7 (Penn,
Holyoak, & Povinelli, 2008), /& A E 4 1) 4% 0>
(Krawczyk, McClellanda, Donovan, Tillman, &
Maguire, 2010), X} ANt 00 % @ 2 CH %,
I, FEHENLEI AT B LK

WEIE KRB, EHENL S B A WIS H 20 125
% . (—)E A i (schema induction), 8§ MAE R
P58 A 8 20 37 S5l 2R ) T il BB HS 3 200 5 R iy
fiF; ()25 Eb it (analogy mapping), $5K5 Fr #i BT
K OC R 212K L Hr sl e slim b, -
TE TARICI R R A 30 P £, DA 2 L B AR
HA 52 IR AR 52 5¢ R (Green et al., 2006;
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iR, BCA A 2Lk ; ERP; LNC

Krawczyk et al., 2010; Volle, Gilbert, Benoit, &
Burgess, 2010). & T K5 4 125 3N [R] B B 4 i
TAHLH, K2R A“A:B:C:D"AER, 7EiZER
T, S E RO A D 2 R A B T Z JA] 1 il
RKFR, ARG HR W T B b, Jf
PR A H AR BORTR S A — B R <D,
I, ZeHER AR A BRI T 3R 7E<“A:B::C:D”yu =0
REAS 1S 3 7o 0 M e e, Mz, SRR H& T
¥l JE (Cho et al.,, 2010; Eslinger et al., 2009;
Krawczyk et al., 2010). %¢ % (Richland, Zur, &
Holyoak, 2007). FHk(Volle et al., 2010)%% 77 [fi 192
HERLH, (EXS T8 5 JEHEALH 7 T e
TS A A R S AR B T H e AT
TERYIE R, e B M S WA e BEOWaT 6 75 1Y 2R 8 R0 2L ik
o dEAEIEHE, FRMTE S TR RSN ) S R
(B ST A AR I S R, LEFRATTREAE AT AR E Y1
BN AR B AEAR SR R R F B PR AL, Fean < dn g
SEALT) T [RlE A L N B AS LI AR (4 0 fR A R 2
Y B — KRR, LG Aan <R M2 335> (Bunge,

* E K AREE A 54 (030900389) . [E KAt R4 HE KT H (11&ZD088) . WL H 48B4 5 4:(Y2080520, Y2100206). #iiTH
PR B (08CGIYO014YB) . VLGSR AT H(11YYCO11)., TLHE @RI it Rl 54 1 5 55 H (09SIB740001) . 4
PHIME KA R R 2T H (11XLR47) . S imi AR ARl 45 2 L 30 9% 4 e Bl .
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Wendelken, Badre, & Wagner, 2005). X, Baigis
&Y 3 A BT b AT LR AR 2 HE i Y o R
(Steinhart, 2001),

I, WF5E# TG R D RE TR RE LR AR HoR
(functional Magnetic Resonance Imaging, fMRI)#1+
85 BHER P ZHLH] (Green et al., 2006; Bunge et
al., 2005; Green, Kraemer, Fugelsang, Gray, &
Dunbar, 2010; Wendelken, Nakhabenko, Donohue,
Carter, & Bunge, 2008; Luo et al., 2003). SZ5K;: KHP
KIHAB:C:D™ER, ZERBIAFN WA X 1 (40 : <8¢
FIRBO)YFIAEAS 2 (e < 5222 PR A HAT A ]
M G FR, SER 45 SRR W A4 K 2 (the prefrontal
cortex, PFC)7EJEHE P L BAE I o X — 45 1R 7EAH
Kl RS h-dds 2 58 70 UE], PFC &R ifiak
RE A R W B 26 4 RE ) 1918 T (Krawezyk et
al., 2008; Crone et al., 2009; Morsanyi & Holyoak,
2010). 7T &AM PFC 1l RE 1 0 76 284 2K FL IR
B R B DL R WS B A G . SR,
fMRI H AR AR B ARGl ) A X 25 8] 43 %, {H 2
P T L3 B0 0 2 A o 1 50, T DX 2 B e ) S
AN I AR RGN, TN RE 005 i
Sz et ZEHEHL AN [F] -0 B Be A R A

5 fMRI b, S AIH A (event-related
potentials, ERP)E AT R 1Y =5 I (8] 73 B3, A F
TS I 2 28 b AR R A R T E A o Qiu, L,
Chen Fl Zhang (2008) 1 K ERP HARXS ZHEHL
il A AS RN TR Be AT 79 . SR Bl
PR 7 B H 3 s A EL AT A (] 9 Y O 2 (T
abc:abd::ijk:ijl). 53R Won, B BIA LS
FAREAR RO E Y N400 J4y, AR FHREE R
A HIOCH) P300 Bgr; SREICWUR B BOA K H 53
Fo H AR B EOE A G B N400 Jil gy, Bl S
PG 22 28 LS T H A 80RH 5G9 16 10 £ i 53 (Tate
negative component, LNC). {HJ&, HHI M AT R
F ERP $AR G410 5 JAEHL I 19 52 5 HF5TE

gi BT UL, RHENLER BB A B TR IR
Ao B, FHRES AN T7 w59 B FEAT A Rk
XS BRAE AR O R PR 32 B4R b T fMRT Y 52 56
WF5E, ERP J5 [ Y S 56 W 58 AUAT B3 U 2 4 —
T, SR, R i G 5 & B9 RHELH DT AN RESE
RERHAIE RN L, UHARARE S
HEBLE . UM &) fMRI BF5E & B, fERITES
K FR R 0 A AN ZE 2 BRI (Wharton et al.,
2000), T 7E I T JEHE T EAT XU ER B LR S 5

(Luo et al., 2003). Jf H X} Z MR L1772 Ho
T, B A B T 240 T s ML ey HOR,
25 Pe S = 2 i T B AR AL IR, (EX AL
il BRI IR AN FEATTRA o X RILAEXT 2 LU AL
il F8) A 5% 32 22 A XSS I eC B A O 4T L
FlneFF KR R by @) R,
BN S L YR S A A K R ] A 28 iR DG FR S Ll i g
TR, KMiZE e i myhn Tad F s w728
FE IR S AB” I RO R I “CP I 2K L iEH, X
— R TR E R RSB N T, SR, 7E
H ¥ A1 il 2R 2 AL B HY/MEES L L
WS, flanc&m. b T, XOECAB S EAR P
FEOE RN S S5 A0 T Ry e b 2 L RS e i), (H2
H AT A5 1 oA X T 33 T A AN () %) 28 b e S AL o) a2k
175 o

H i, AR08 R <A:B:C:D”32 505 2R H
ERP AR 8 5 LA, X St # b ay &
Az RN L WS B B B T AT o dr, DA Ry
N 1A S IS HEDLIRIAS IR B By n AR R (]
BF, ASHIFZEKE A o B b R B R 28 L B S AL ) 7 S
[F], AT S BIER A M o AL . R, e
B3 FH HL A By 5 2R AR TR) X 2, 5 an & 0 el T
A bR, XORET WM HEIE: — 5, W
B SCHT R, B ih 7 BRAR7EAS 5 b ml DUk 283,
R I 230 5 BLG  FRATTHR A T 4400 3 5 S HEAL
TR ARE O, 5 — T, 5HARTE OCRKHEM
T JE X R), BRI EAELSBRE T TH
PO AYS Lo 1, B, <& 0 T ay R AR i
ot B AE BT Bl T 2 S k) A S — P
FEmediss [mEE, %P F2REI<D (fhae)” iy #E A7
SO B T R ] A 5 OC RIS LG T e
A, DRI, 3K A SIC 0 LA A b 28 B R S T4 A1t
TS

HRAEAHSCH) ERP BF5E, FRATTHUI A S5 7] fg
BB R (DR TEEF M, s
S X TR) TR A A A A S R (R SO R BN T
IR RN, NA0O Ji 32 S Wi SO T2 (4 vl {5 i 4
Fr(Kutas & Federmeier, 2011), KM, fEi& 5 24
4 1T =X A 8 R 28 L BB B B R AR 1T RE B S5 &
N400 55, ()TEEI A i Be, w5 2l 28 b
WUZ RIS E R, X2 58 S HEAT: 55 31 22 1 25 4
LR, X—INTPEEATRETE AL P300 M5, ZK
SITE Qiu 55(2008) 7 RIS iy P = A= il b Be v
WAL, IFH, HAL T RP], P300 REfg
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2B ) 98 DV Ak /43 25 0 R i T 3 B2 (Polich,
2007); (3)LNC 5372 525 Lh e S5 in T 5 % U1 Y
Jiki B, 43 (Qiu et al., 2008), K Eamgiax A, B 3
YIHE A IA] B 26 FE S T, DA R P AR R B T
RIS K RS G T2 LI <C iy i T2, #F
PR AT B A& LNC 43 Qiu 55(2008) 57 3R W]
LNC 845 B 08 500 e BE B IE B, R A G Y
fMRI BF 55 th & B4 BEME B R AR, Fr S 5 0 i
X )% £ (Krawczyk, McClelland, & Donovan, 2011),
L, PANZE EL i n TARFTREZE LNC /9% e A
Sk B Ay A AR AEZE S

2 ik
21 #k

IH 14 BHAERNDOE N E R KFAESIINASE
B (AL B 101, AR 19~26 %), BT A #
BRI T, P IEH 88 B IR, JCAE
PR L, HIES 5SS, S5 HT 2% H
15 R B A RS UL, 5200 45 B 3 S AT
2.2 FHH R

M CBARTUE TR LGS 5 ) ) (F B SRR 2E B
W E WESR T B g R 5 g, A6 T B S5 BN AR, 2006
AR ) R 0 258 H BT 44 TR A S 6 SR
A trial 1 4 D 440A, I 150 4> trial, ZEHERXT
KRGy 3 A, HRSAE 50 4 trial: (DBEMIER
Can s BRI I [R] A7) o A e g ) X S o
AT AEINIE 55 2L, oA R [R) 2 A2 F i B HL
Hl B S m (KB RN AL e KA K
H”)o ZeJm 0 e AE KR U BEANFEAE AL B
MR A2 LE S in T, RAFZER“AB I 4 %
AR Fecorym T, B Hn T e L s
gy 1) %o A HL A, LAKT FEAS [RI S 1S He e AL
R 225, IF HAT BT U990 H s 5 2 HL ] ) — i
e QFRITERZMN.: “ByE 82 H1:540).
IF) 2 i) 6o 28 TT 0 Sy 4 B R 43 A o6 R ELA R e
AHLIE(Holyoak & Thagard, 1995), #H bt HiAth 24k
K F I R TR, R ML S A S HERY ERAC I TR B,
TEARSZIG PR R LRAT 55 o AN, S T IE 350 B

. 300~500 | =g [T

B, SmA 150 ANSEMEHRA trial, HA
“A:B A LR = ARXT OC R, «C:D” R HANE Y H
DLIR TR S 2R, BN OO R (AN s < A 2 5)
BAR—ERP RN AT 4R EUAAS OC &R (A0
IR )R, M B LIRS H bR e
P REEIR

A5 5 ERP S50 BEE R IUE Y 20 2 800 &
FEfA 101, ARSI 20~28 %) 5e il xt 56 2 al $
ZHEW 7 R RN A (=] 352; T=HEHH#32),
A7 E>5.0 BTN A BE N SEER AR, e aE ALE
LI BAT R 600 AR 4410, H = Fp2HE
ZRAa RIS - YR SN A7 A S 3 1 22 57 (p>0.05)
(CBURDOESTUR RS ) | Jb U 5 22 b 5 2UFE
Frd, dbat: bt =R ML, 1986 ).

23 KRBEFAES

SRR . S B P R N AT
B T 4 i A, WUIR K M B AL 5 b e
PEE R 100 cm. #EA7E IE S50 ATk 7 7 A 25~
PIBARSCBAE S5, S T i st i PRl 2SR
IAAE S o AR R A2 R, R . )

SCE R “AB:C:DYE AT, A 1 trial #
BEMLIRHES 23 5 > Block, Y7ETHEHLGRHE g
B, FREE G, TR0 KA, Block Z[H]
BRERE . LRBARME 1R, B trial 1k
SEHARRAF, ZEAFER 500 ms; BE KK
B : AR A LRSS R KSR AR 9.3°, AR A
1.9°, SELBLAFE] 3000 ms), EAISH H AR XT Y
I KA 4.00, T EALA 1.9°, SLEUATE
3000 ms) . VA2 b B AR IR X (1 )5 038 1 (K SR
1 4.0°, EMAMA 1.9°, FBLAFE 2500 ms); trial N
i 38 = 1) g st ) (DB R 300~500 ms BfiAL. 2R 4
RAE S AN ) J5 i) R B, 6 A T X
A BAT — BT SO R I T/ Hb B SN,
F1ED R 28 SOF-A
24 PR EEIDR

K H Neuroscan Synamps 2 ic ki H, #ifi
¥ Quick-Cap 64 FERHLHLIE, HLK LAEIFR 10~20 5
Ge oM BERICE . AELIC SR HLET, DUZEAN EE ) FL e

300~500

s 300500 | gg4k

500 3000

(&l A B

K1

FE LGB B

» T(ms)
3000 2500
(AL

R
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K7, BRI E R A OB L 58 34 2 R 2
% [RIEHAEXUAR S M2 B B AR e SRR TR, 7R 72 AR
R HE 2 B E O SR AR L, S AE FPz A Fz
Ay, Sk HLBHAE 5 kQ LR, RAEER A 1000 Hz,
FEADL 8 7 38 S DC-100 Hzo
25 MEBHELESSHF

{5 F Neuroscan 4.3.3 X 2R 42 14 i B 47 85 46 40
BrAb B o F T RN A 5 1k 25 BRIR o 40, At B
R BURT 200 ms (fEMEZ)E LS 3000
ms, FHHPEIE K T+100 wV %R HL 4 BB A 1%,
JEXFHIB IE#H Y trial FEATIEMZ T, &40
i AS 2% R T = H gl B B L R S B 3
5 ERP IR . By i) X2 e | 2 Jm iRl 0 254 |
ERAGROE Y i

M ERP G- E AT LA, B0 b B 3
ZAEPTIS R I ERP 522 5+ EEERIMAE (K] 2): 400
ms 7o A0 ik 3 i R IEE H A 2021 B 4k 1) 17158
71(N400); 550 ms 2247155 A& IR IX 53 A |32 ) 1E
BAF(P300); DU K Bangiin) %t A 1300 ms 264515 & Y
W 93 10 153 (LINC), I8 T 78 20 1 il 1X. e R W 4k
FHEB TR B 3 AP AR ITIE & ERP 225 &
FLRIAE (& 3): 400 ms 224714 2 He K IE(E Y N400
AT F 550 ms ZEAT 5 &) LNC BiAr b o AR AE G
SCHRADGT EOF Y R, ke 8E 3 A xf B =0
R B AE £ F 1 ERP AU/ AU S IR AE 0E A T 4E 1T
38 300~550 ms (N400). 550~1300 ms (P300) .
1300~3000 ms (LNC); BEFE 2 /N 7 XF 2 b e S5 o
BUAAAEZ 09 ERP 05 1 F YR #1751
300~550 ms (N400). 550~3000 ms (LNC)., J T %
FEARIR] ERP BUATTERT . I IXFIZE . A5 BR 5010
2R, R R Z XI5 4 A 24HRIX (regions
of interest, ROIs): Z=Rii(F7, F5, F3, FT7, FC5, FC3),
1 Hi(F8, F6, F4, FT8, FC6, FC4). /)5 (P7, P5, P3,
PO7, PO5, PO3). £)5 (P8, P6, P4, POS, PO6, PO4),
iz J] SPSS 17.0 e it A 4044 4 RO FE B i 1) 1 {EL
389 I AT 2 (g TR X 2t | 2R X 2
[FE X 2EHE) < WX (AT, J5) x BER(ZE. )iy
“HEREEZME R T 2558 kR Greenhouse-
Geiss 54T p (HKIE, ACHMWERAGIT2EE X
() 3 5 P25 A IR

3 4%

3.1 1TAXE
T BAIR A R AN 1 s o AEBON I J5 I, )

TE 1) X 24 40 Wiy S o7 B e e, B 1) %o A4 el e
o F A M 7 22 53 A 96 W S oy N 2 A8 22500 i
F(2,26)=112.07, p<0.001, = J5 % i 7 By i) Xt
26 HE Sz B 3 12T A PR Rl S 45 0 (ps<
0.001). FEIERARIT I, [ iR X ¥ IE R fe i,
(SUTRCIDO S (R RS 4 (N W =R § =W =S i3
WE A R F RN 2, F(2,26)=30.61, p<0.001,
F 5 P ik 7 Ry 1] 0 28 HE 1E A 28t 2K T H A
WA 251 (ps<0.001) . 47 R B GE 1153 A1 45 SR 156 W
AP EHESAE A L, R 18] X6 2 ] W A5 Sy T L
T HAE B LAT 555 Behay i) X SIS MM B S K

R 1 =R KR RN R FIIE % 3 (M£SD)
(SN DO s S F A Tib B S VA DG s

J2 3 [ (ms) 1124+187 841+115 587+76
IEH 2R (%) 88+4 96+2 97+3
3.2 ERP #iE

3.21 BEIRXREMME ERP 8 (1) N400 #({k
Giitabr s, B RN B E, F(2,26)=4.89, p=
0.02; 2 AU < ifj X > 2= Bk 22 B AE 30 4 1 W 3,
F(2,26)=3.55, p=0.07. 43 l%f 4 RO #4750, &
P (F(2,26)=4.68, p=0.02)F17 5 i X (F(2,26)=
4.20, p=0.04)ZH EHN B3 . F)F K ERTEX
P0G DX, By 1 X 2845 & 1 N400 B4 M
b 2K T 28 1R e HE (A2 . F(1,13)=10.59, p=
0.01; % J5: F(1,13)=13.67, p<0.01).

(2) P300 HFfRGeit Ao, KA EHUN B
F, F(2,26)=4.39, p=0.02, JCIAIFNIHAbL KN 2L H
fER . F)a bR, SEamimxs 284, 288
) 4 26 HE (F(1,13)=7.02, p=0.02) 1 [7] JE 1) %f 24 #fi
(F(1,13)=5.41, p=0.04)i75 & 1) P300 I i &l 2 T 1F .

(3) LNC N T H 40 HXT 1300~3000 ms [N 1)
LNC 447504, 482 1300~1800 ms, 1800~
2300 ms F1 2300~3000 ms —=/NAFE, PEFTATE <3
Rl DX BR ) F A2 I 5 25 0T . SR Eos, B
W RN B3, F(2,26)=5.23, p=0.04; I} <28 x
ki X A2 HAEFH .38, F(4,52)=3.07, p=0.05, #F— %
SASETE N LNC A I (257 28 750 < i X< 3R 1)
2 i 7 25530

TE 1300~1800 ms M % Py, JSAY 200 i 2,
F(2,26)=4.06, p=0.04; &7 x i X x>k 28 H.AE
#, F(2,26)=4.04, p=0.04. %F 4 ROI 23 #7 Wk, ZEHi
il X 20 323800 2, F(2,26)=6.56, p=0.01. F )5 [t
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BN, BT EHES R B LNC o U iR 2
KFZJE A X K HE(F(1,13)=8.46, p=0.01)F1[E]IE id])
X 24 (F(1,13)=8.35, p=0.01).,

TE 1800~2300 ms M % Py, JSAY FRLN 3,
F(2,26)=4.99, p=0.03; SR [X < FERAT HAEF B %,
F(2,26)=6.95, p=0.01., X}£ RO 4r#rft/s, ZEHiT
(F(2,26)=6.11, p=0.01) Al 45 A1 MK X (F(2,26)=3.61,
p=0.05)ZE A RN 2% o FI5 LR WoR, Famiialxs 2
Heis k) LNC B i (e 25 R 28 a1l 0 S (42
Hij: F(1,13)=6.73, p=0.02; 43 Hij: F(1,13)=5.36, p=0.04)

FETE RIS 2EHE(ZERT . F(1,13)=8.48, p=0.01).

TE 2300~3000 ms W7 Py, JS8 200 I 2,
F(2,26)=6.49, p=0.01; 2& %Y x >} Bk (F(2,26)=3.70,
p=0.04) I A< fi5j X < 3K (F(2,26)=4.37, p=0.03)38
HAEHEE . X4 ROI /M kB, ZHI(F(2,26)=
8.59, p<0.01)F14 Hi i X (F(2,26)=7.21, p<0.01)&
RUEON 3 . FEE RN, By in) X HES A&
) LNC 853 U5 R Sk 38 R T 208 Ja 1] % 24 (e i -
F(1,13)=9.51, p=0.01; #3Hi: F(1,13)=11.21, p=0.01)
FEIJE R SEHE(ZERT: F(1,13)=13.94, p<0.01).

F8

BT SelE === === - RIR RS ——— IR

B2 [RI2AE Br B 375 % 1) ERP O

3.2.2 ZELLRRSTBYER ERP 48R (1) N400 #({k
Geit o bridos, BB ERN B E, F(2,26)=6.33, p=
0.01, JoRA 5 HABK KWL EIEMN . FH5 R
N, SRR S A E,  BRg iR X 284 (F(1,13)=
6.90, p=0.02)F12J& X 2E4E(F(1,13)=9.07, p=0.01)
& HUK N400 [ 5 i & 1

(2) LNC AT E40E%F 550~3000 ms P
LNC W54 47, 434 550~800 ms, 800~1800 ms
F11800~3000 ms — N7, HEATHT Tl xS AU > i X x
BRI Z W Ty 225081, SR BN, B ER0V
W2, F(2,26)=41.70, p<0.001; I} H <252 5 AE
W3, F(4,52)=4.20, p=0.03; W5 < X <2 3R3EH
YEFI(F(2,26)=3.25, p=0.09)F1 i} 7 x & 51 x Jigj [X. x 2
BRAZ HAEF(F(4,52)=2.35, p=0.09)i1 %1t B 3% . ik
— X AN P LNC AR A1 T 27 < i [X <2
BRI 2250 Hr

1E 550~800 ms HfEd N, KAIFRON BE, FQ2,
26)=5.40, p=0.01, JCHM S HAMHNZRZL EAEH . F
Ja b R, SRR LY, By ia % 27
JEH) LNC U430 i 01 171, F(1,13)=12.98, p<0.01.

TE 800~1800 ms K Py, ZEAU F 00 W 2%,
F(2,26)=10.78, p<0.01; ZSHAUx iy [X x 2} Bk 22 7 AE
B3, F(2,26)=5.47, p=0.02, 433X 4% ROI #4753
B, & B il X 286 Y 32 3400t 3 (ps<0.05), H 54
Ji A T M DX A B, 0 T R A DX S AR 3 R0 T
KRR : F(2,26)=9.29; 471 : F(2,26)=7.07; £ Ja :
F(2,26)=6.91; £)5: F(2,26)=6.93), )5 L4 R,
55 [R)JE i) X 28 4 AH B, BRoM 6] 6 S (F(1,13)=
14.96, p<0.01) F1 2& J& i8] XF 28 #E (F(1,13)=12.81,
p<0.01)if & B LNC B3Ik iR i 2 o 71

FE 1800~3000 ms I PN, ZEAI 8400 B 3%,
F(2,26)=9.27, p<0.01; JEHx i X xf-ERk 52 HAFE i
#, F(2,26)=5.10, p=0.01, X§4% ROI #4750 H7 IR,
24 T DX 2 8500 5 (ps<0.05),  HLRTHEN X 1L &
P A DX S AN F2 2400 R (A2 . F(2,26)=11.56; F1
Hi: F(2,26)=9.97; )5 : F(2,26)=5.71; HiJ5:
F(2,26)=6.81), )5 tbi B, 5REIERXTZEHEA
L, Bamgiial X 2 HE(F(1,13)=13.18, p<0.01)F12 8 7
FZEHE(F(1,13)=11.77, p<0.01)iE %) LNC K53k
e o 2 T AR
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AR - === == SR ARl ———e RITE X

B 3 S Hm i B BRI S & 1 ERP B K

4 e

ARG HEEE T 15 RN, a4 1 K=K
Az RIS L e A B 4 R B A ML AR A &5
R, FEERA B, KRR K T
N400 F1 P300 41, Ji4h, H5KJE . [FIE X EHE
FHLG, Famgiial x5 & LNC iy, 7E2S Hmt
SIOYEL, IS5 K& th N400 A1 LNC B4 -
SO AN RN T B A T A S .
41 BERXEEM TR

(1) N400 &5A B BFE(E )Mty
Mr, 7EE XA BB B 300~550 ms B 7 P [R] 2
e SRR 15 & N400 J4% . & XHE = BN
TR R R, N400 B4 518 X T2 Y41
e, HEE 518 SO T HMERE B IE b, S ki) [R] 15
SCRBK Y 5 % B2 (Kutas & Federmeier, 2011). 4]
W5 s LR, Tl A R SR S
UL, QWK BE MR, FTiE KR N400 i MR Bk /D
(Niedeggen, Rosler, & Jost, 1999), FEASZEGH, #
R B et A:B A AT s A gm i, A
1M, 76 RIZCA R B TS & 1 N400 Bl 7 K AR B
b R T S R R A ) R B A B L SE R R A
G s, S2IEIAXT S EHI L, By iR X
TEZE BRI & I N400 B340 I R 35 0 £, X it
B i e %o R] o SO BRI, 1 SOOI EE AN MR8
TGS, PR B DG R TR X SO T E R AR, FE
T R S Z AN T3 R

(2) P300  7E N400 BiS3Je, —FhHE &1 115

K P300 ALy, HEAE LW WoR, [RIE iR 6 T
R P300 IR e K, B el X175 & i P300 1% I
/o Polich (2007)H 48 K & AH A 5T 48 1, P300 A%
A3 RERE S WXt T 3 A BEA, L A28 T R . FER
KA LB B, WE RIS L i) % 2 SO SR Al I
T B — B IR X R R, X — R REE R
HJE n T A9 #E B 28 R (Glucksberg, McClone, &
Manfredi, 1997), i, P300 K5 HIi%E &R fEE
X— N Tad B SE . AR, P300 BG4 3% Rt 2 e
BN AR K SF B AT AR e A, O IR S5 A 55 A
MERE LR LY o AE55 MERE K, MR 2 AR AT Z 191
B AAERRAE S5 158 1, NS P300 A4
PR /N, 40, Palmer, Nasman 1 Wilson (1994)
o T B X R A AR R 0 A 55, B TR
[FIMERE KSR T & B P300 LAk iR s ik, Seah
KM, HAERILE N FREXA L, PR e 4
A [ B RERT FIZS & B P300 PR IR R . X S5 AHF
T P300 A M AE A — B, AF LA S5 MERE
BINEY R R 6 75 & S R I R Y P300, 1 Be iy
TXTFE A P300 YR /N o 3 150 B BROngy 1] X O
AIBURN B e, Hon Tod e 2 5 2 it
PR, S P300 J A ME )N

(3) LNC  sZsegh iR, 5HALW A &M
L, AN B gy ) 7 P AR LB BE Y 1300~3000 ms
Ao 7 PN & SR D R A LNC RSy . AHERFIE 3
B, LNC B 7ERE 125 & HEFE (Wang et al., 2008) .
= B #EH(Qiu, Li, Luo, Zhang, & Tu, 2009), £&1F
HEH(Qiu et al.,, 2007)5F A [AIJE 2 HE 3 B vh #4547



6 1 2

oS IR E R HERB AP ZEALE . ok A ERP WFSE AYIESR 717

Bk, I B 2 TARCI bt — e 3R AR 55
(AnFRk . 15 BERR)N, WA SEBIREROR . &
BT T 200 ms 3k J2 12 171 #1457 19155 & (McEvoy,
Smith, & Gevins, 1998; Mecklinger & Meinshausen,
1998). I UL, LNC J§53 578 TAECIZ 75 Bk
N CEVIARS . Qiu 45(2008)IN 7R HESL 4
PREY LNC B3 578 TAECAZ 4728 HE B S
TAHBEHEXR, TEASE T, 528X HEE i
XFAR LG, B el B A T 2T AL B SR ER
i LT OE-SY R A %5 W T (1 DG i R S A A A S UL
TGS A BR AR, U ORI T BT B N E L B
APE . TR | AR A AR RS LU T
RN AL, DA RIS I A
R 1Y JR AR, (EFRATT AT LMK I A
TRV 1 8 LA <R, DAL T sty ) o) g 1 A
S L TE K ] BE R B b e 5 R Al 2 B
(Steinhart, 2001). ATLL, Ry ia) % 76 B 24 BB B
PR LNC BLo3 W25 WEGR a] A4 28 L SR i AR
K, ST By i) X AR T EAE AR LA T XA
1] 0 R PEAT FAL . PATHREE A K 50 55 55 52 1
MR 5 A 5 9 I T 32E #2 (Morrison et al., 2004) .

T3Hh, NG o5 RO T, R 1) X 175 & Y
LNC Jifi7; E 25040 TR X . X 7 GEF PFC 1E
KRG rb K ARE AR ARG : R B IGRAF TR
7R, PEC #5401 N A HEBLRE Sy ik Fa, 10 JCHESR
BRI i ) 263 56 & (Krawezyk et al., 2008); & JEHF
5L R PFC 2 & B B (Eslinger et al., 2009;
Crone et al., 2009; Wright, Matlen, Baym, Ferrer, &
Bunge, 2007)5 /& 1 fEiB fk(Morrison et al., 2004) &
Hes i B 2R HERE 1 fas HT; IRl ke B AR5 1a] &
TR RN EERAAESEHERY fMRI S5, [AlAE
K PFC i EBLTE (Volle et al., 2010; Cho et al.,
2010; Morsanyi & Holyoak, 2010)., PFC 7£JS4fEH it
AT Y B 2R T T R -5 i 2 DA R4 o RE 0 AH G,
IO TARICI Y BRI H 47 W45 . RRBE G
A K TE R AR B EAT M i (Krawezyk et al., 2008;
Aron, 2007),

4.2 ZELERRSTRNY ERITiR

(1) N400 454 IE S FH KA 3Gy
Pras R ml A, 7E2E et B BLf) 300~550 ms ] =
P S5 & Y N400 14y, IF H 5 R i %t
AH L, gy ) RS & 16155 & 1 N40O0 i iR B K
3.1 ik, N400 i 5 UM TR %Y, 5 X
I ME By BE AT 52 e G I R 1Y A2 4k (Kutas &

Federmeier, 2011), 7EZS HE LGS [ BE, #I & So 0620
A2 L H BRI AT I C A HE S X, AR AR A
A Y B E S CABT Z [ A4 e &, Xt
“CPI Y ME A AR VEAT BERE, PRI B B &
N400 A 43 AR R AR B b S i — i sk i 1) fii H 3
P N400 MR LB A U T, 783X —n Tad /&
Hh RN O R NS OC ZR S i Tk B AR X AR, BF
RO IR £

(2) LNC ISP E(E 3)yFgeitsrT s,
£ 550~3000 ms i i N 45 S HESC AR IS & T IR fE 442
KEYLNC B4y, JF H -5 RIE SR mX A e, B e
FIA IR O R IR K Y LNC 553 U5 i tnb 2
B, 3.1 BTk, AHICHIIFSE A LNC BLAr 52
FEBRG I T4 26, AEASIE T, Bl B AR OE A Y
HHESE T b U <AB IR X 6 R g T
“C”, DAHERR AT O 2 MEiE R R IAIENE S . P
PIZB B & 1 LNC B 12 B e T 28 e s 3k i
R R B T Bhplecominym Tk . 5
[R) JE i8] %F A1 B, B mgy ) X R0 2 R X B &
LNC 3 iR {8 35 50 6, 2 B 3 W b S HE 2 R AE
TAEICAZ R T 75 A A 26 EL B S 56 R BT AR
%, TN MEREE A

T4k, 5 3.1 B AR B B A 14 Bedy i X
VR LNC oA H, 1B BEiFs & 19 LNC 353k
IR R K, JF A XA 20
fiio. AHCHY fMRI AF5E R L B, 5 87 28 AT
S5 AL, AR RHEAT 55 BRIKTE PFC 4F, L& pEdett
PE 2 A X, T X A X AE (Krawezyk et
al., 2011), 7EARSZEG H, Z M B & 1 LNC T A
PP TEARREAR vT RS2 K ok, PRANSS L s A0 L, &
A BB B 114 iy 1) Xof 24 L ke 2 R 2 A
BHERHERZE IR, S, 2K HARECC”
T (14 24 L B S5 DU A B 8 J2 R B ABY IR E &R
(I ERS, SFP2S LB T8 g 2 4, R
BRI Z IR AT S .

5 4Eip

ARSI R A 2 AE DU I <A B C: DY X
FHETIHE RN TSR, FERT TR
Az BT BEFIZIE HE R S [ BE > 1 25 R A
P, ARAESCIRER, A S0 EE AN U
EROWAE

(1) W FH R R R A, Bk,
P =X A B B ml L 73 DA 288 L T3 1) ) 0 ARE 28 3
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ik, RS 6 BRI AN Tad AR, X — i AR AEAN e B
TP A N400 A1 P300 55>, 1B By T2k
WLk BRI AL LR 25 Ll S 9 B A5 L H A
I R A B SRR, A RORE BRI B X
KR T IS L B AR, AT HEELAY i Tad
2, X —ad FETE AN % 32 BRI N400 Fil LNC
BT

(2) KBS T 5 LNC 4 X 254, 4
25 ol B 56 2R 45 TR B, LNC 843 2 20 A5 T 11
TR X, Y2 L O R E A4, LNC o 7E
A A, g, RS E K
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Abstract

Analogical reasoning as the mechanism of acquisition of new information by inspection of specific
instances, is clearly at the heart of advanced human cognitive capabilities and creativity. Especially, language
analogical reasoning, as an important part of everyday discourse, is the most common one. Only a few brain
imaging studies have used verbal analogies to explore the neural substrates of analogical thinking. Nevertheless,
hemodynamic techniques have excellent spatial resolution but poor temporal resolution; hence, these results
could not clearly reflect different substeps of analogical processes. Compared with hemodynamic techniques,
event-related potentials (ERPs), as an electromagnetic technique, are sensitive to the time course of cognitive
processes. However, there has no ERP study on this matter so far.

Using the “A:B::C:D” paradigm, this study investigated the neuromechanism underlying language
analogical reasoning by ERPs. Six hundred two-character Chinese noun words were chosen from the
Contemporary Chinese Dictionary (the fifth edition) to serve as experimental stimuli. One hundred fifty trials
consisting of four noun words were used in three analogy tasks with three semantic relations: metaphor, category
and isomorphism, each analogy task had 50 trials. Fourteen undergraduate students participated in the study.
Subjects were asked to judge whether one word pair was semantically analogous to another word pair. The EEG
was recorded from 64 scalp channels using electrodes mounted in an elastic cap. ERPs were calculated for a
3200 ms epoch including a 200 ms pre-stimulus baseline.

Results showed that the schema induction stage elicited N400 and P300 components, which possibly
attributable to semantic processing of word pairs and the formation of a relational category. The analogy
mapping stage elicited a N400, which might indicate the semantic retrieval of the antecedent word of target
domain. The N400 was then followed by a late negative component (LNC), which might indicate the processing
of analogical transfer the schema from the source domain to the target domain and reasoning the suitable answer.
The study also compared processing of the analogy mapping under different conditions. The results showed that
the amplitude of LNC component was smaller and distributed over anterior scalp sites when the relations of
analogy mapping were simpler, while the amplitude of LNC component was larger and widely distributed when
the relations of analogy mapping were complex.

The results suggest that the substages of analogical reasoning, schema induction, analogy mapping, are
complex processes. The processing of the analogy mapping stage is close with the LNC component. The
amplitude and scalp distribution of the LNC are modulated by the complexity degree of the relations of analogy
mapping.
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