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fifi & 1A 5 1A %1 (embodied cognition) (1) & J&,
Barsalou (1999) {2 i T 1 3¢ £F 5 & 4t (Perceptual
Symbols System)., iZFIE I\ Ny i 5 BAR IR 25 TS
AR B RN SEAT 5 7R L HERNE 22 1, Zwaan (2003)#2 H;
T ) Bl BEAE S (The Immersed Experiencer
Frame, &k 1EF)IIE, TA A [ 132 3 A 114 S o7 it A
TR X B 3R B I B A T Bl L BE PR X Se
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15 B AR B 3 1Y ol an, ) John look at the
steak on his plate, B i B EEAE B2k Y,
Ifii /) F John look at the steak on the butcher’s
window, B 0P B DS L AR . SR E0R
B e A0 R e, 13258 5 ] B 500ms H B
WP F, B 20 W7 1 R e B 4 A 2 5 A T 1T 1)
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ST B9 2 A OB R VE BE 25 F T 3 il s Rz, 1
A S ) 58 A AH B, A9 3 SR DT RC AT B4l
S R DE L 554 19 Sy Ak S iy - i, Connell
(2007) F1 5 15 (2010) fif 1 1 AH [7] #) 552 46 v X0 F0 52 5
R, {HJ& Connell (2007)75F H Y48 5 2 A) - DT e
A 25T Bl 0 b B v A, T 5 (2010) 75 i 1Y
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2T O S ) IS RS AR B, A
Wk, FEPRHEREHR -4+ (0 ms 1
1500ms) . A5 2 I E R w7 2 AW I o
YRTE R A 0y m] 2 5 42 20 0 o P2 30 o 4 7
WA PRk P i . S RAIE SO IA BB ) T
S 70 A0) i T HE B TR B A R) L, — 2 ()
BRI AT R A, HIEMER RN
“IETIONL, ROV O —BONAIAE, Bl A
R, i F
25 LEHR

B, SRR E R FIWHTE 55 s B () BT 55 10
AR E T 200680 2 44, 5 S 5.26%. FHINER
2.5 M hRiE2E Z A BN E, 5193 36 By
B o £ Fh S Bl a0t 1 e 0 7 19 520z e
PrRifE2E L3 2,

T AR AIF 90 G 3 Y 2 Bl il 7E AN (] e (i) 3 A
S S) Ay <k Al R RN i) sk SE A NS g
DIA T T ie, FRATTHE G Fh g - 1 TRl B T A9 £
SrFFSr AT, Hb 0 ms MR T 19 4 B 5,
1500ms [H] T 17 24 #ial g5t o 43 5 DAl Rnam §
Sk BE LA 5% B R AT s 1 B (PR AR F ) AT B A
M5 220 Hr (B Fo F Fo) o SGeitas M. 0 ms
[EIFE T, AR FERN AR E, Fi(l, 18)=0.267,
p=0.612, F,(1,18)=0.134, p=0.719; VT F IR A T80
3, Fy(1, 18)=15.312, p=0.001, F,(1, 18)=5.838,
p=0.027, # i xf 5 A Wit A AH UC L 1) B F 1) S b
(1593 ms) it 218 T 5 1) MUAS AN DT IE 1 16 R 19 J
N (1379 ms); ) WA F DG Fic R 25 22 HAE S 8
#, F1 (1, 18)= 0.793, p=0.401, F,(1, 18)= 0.270,
p=0.870, 1500 ms [H]ff@ T, 41 hiA ER0W A i 2,
F1(1, 16)=0.940, p=0.347, F,(1,18)=1.501, p=0.236;
DT BCAR A B0 8%, Fi(1, 16)=14.372, p=0.002,
F,(1,18)=9.767, p=0.006, #% ik *f 5 &) F iR A< #H T
B (4 1] Fr 14 97 (1283 ms) i 2 e T 45 4] 7 AR A
VT 14 (8] F 19 )52 o7 (1494 ms); /i) - R A 1 DC g bk

SEEAEMNARZE, Fi(1, 16)=0.064, p=0.803, F(1,
18)= 0.502, p=0.488.
2.6 i1t

TS — MR FREFEIAFERN
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VCHC S F T AR SR A I W, M, AR )T B G
W, A)-TEI DG LA R T £ 2R 1 R i 0 o A B A
B AICEL 5 LB Connell (2007)BYHF 5T 45 5
— B, 1A PR A G B DT 2 AL RS ER - Connell
H1 Lynott (2009) LA Az (2010) FYAIF 5T 45 R —H
VT HC 5 AL FRIC R Sk, B2 —For S 4,
HAICARER . DA 5E 1 8 feA) - R I B AR A
A, M BE T B — B I ] 5 (51 4, 500 ms),
P F SR R A () s8R B 52 36 v 5K A5 31 TR W) Y
s el i, HAARCRUL, A AT BE Connell (2007)) 5L
35 bR T S 592 556 14 B ok B AR R HE, PR
It 500 ms - [&] A i ] B xRk Ul JE 1A T
bR, DUERIARE S M S,;
(2010) 14 S 55 B BEXT T2 592 5% 5 19 9 1 ok i AH
X455, A I 500 ms /] - ] i) B X ke 156
J& T e, AR B EL S A S AL
U5 U PN EEA) A, A5 TS (W) sk )R] B AR R
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FIEHMS, RREIEARN R YRR 2T
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WARKE, thEA BIEH AR e 7 W AR B € i) st
T2 56 1 00 0 B 0 BERAE A A S22
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TEAEXT R R o Bl <dghgl e Bl
Al AR —Hml T, e e F o — R —
b QRSSO S v S 3 U i D U T N
ANVERLRRAS o DA E TSR A ], DCRChRAS 241
B FEAME R, AVCECRAS R ak a n B . H
FEM R R B R TC O R, HiE AN
Ko e HIBIFSE 2 MR R 7 KR RE 788 i HE S R 48
(general-purpose conceptual system) /7 35 1% AH RV 1Y
FAE, BT A A AR RN R S 37 O S T IR
W A 8 152 P 7 (Potter, Kroll, Yachzel, Carpenter, &
Sherman, 1986). SZ¥uthe B ETE 16 4~5C 54 |
6 2> ) 8 NMHFEA], HIRHATTEE
3.3 iRt

AR 2 (R)FhAS . SR A S
RIGEARUA) x 2 (ERCIRAS . PERC S5 AR UL e gl
Wit WA RGO E . B RS, B
WL et aa til i ] s i g B d R B TIPS AW i
R SR —,
3.4 XWER

HSEh AT S B —~4 471000 ms, R )5 5L
B A RE L] () S B R R B, BT B A
A AT B, T AR Y A X 1A
BN — AR, Hod BAsial Sk I R e, Jf
SR B, A RS Z A bR Bt B —
XA TEAT B S ) [, 3 e T
MITEA LR . AR o, OB U I,
o B — AN EaRexxexkx 500 ms, SR H L —

AFRA ], BT B WX S 1R 7R SE R R )
B L, PR R, VR I, T
SCEGA), A TR KW B A R F A T
WAy, AR W IEFA R 34, T
YR ), FRRRT I BRSO AS o — 2 o 6 TR TR
fE5%5, F AR J 8 N 7R BRI i ) F R4 o
—2F,

35 FKRHER

B, SR AT B SCHIWHE 55 5N T 5
AR T 2000 8K 3 4, d7 B 14.2%,
PR B 2.5 M hnife 2 Z Stk B, f e %) 18
ARG BRI o A A AT ) D 132 S g B R
brifE2E W3k 3,

53 5 AR AT H Sk BEHLAR S, X6 £ B 00 1 11
F14) 5] 52 Fsf i) (A1 A8 o ) A4 7 F 4 0 oy 25 0 W (B Py
I Fo)o GEit 25 R, X+ B A b et fa) . A)F
BAS 380N A %, Fiu(1, 17)=0.486, p=0.495,
F2(1,14)=0.247, p=0.627; VU JC Ik 25 £ 800 B &,
Fi(1, 17)=6.212, p=0.023, F,(1, 14)=5.264, p=0.038,
ANVEFE 554 (780 ms) T T VT Bt 45 14: (909 ms); 28 H.
YEFIAR 2, Fu(l, 17)=1.473, p=0.241, F,(1, 14)=
1.086, p=0.315,

X1 B — A~ 1) B ) 132 s ] /] - RAS 2238
N2, Fi(1, 17)=0.02, p=0.890, F,(1,14)=0.619,
p=0.445; DT FC R & 800 W %, Fi(1, 17)=4.96,
p=0.040, F,(1, 14)=4.741, p=0.047, VLML 514 (501
ms) P T VLT 4514 (561 ms); &8 HAEH B3, Fu(l,
17)=6.409, p=0.022, F,(1, 14)=2.214, p=0.159, #—
A T BRSOV AT FE W, D R 25 A LR B 6 AR L
ZRAEZE, F(1, 17)=0.35, p=0.562;VC ik A 7EE
WARIE AR A |22 5% W3, F(1, 17)=8.363, p=0.01,
TEMm) T SR AR OB A IS R, AP 451
(477 ms) YT VT L 254 (580 ms) .

X 1 S B A 1) 4 ) 2 A ] 2 /) AR 23K
M, Fi(1, 17)=0.378, p=0.547, F»(1, 14)=1.132,
p=0.305; PERECRA FEROW A 3, Fi(1, 17)=2.169,
p=0.159, F,(1, 14)=1.782, p=0.203;3¢ H.AE I . 3%,

®3  BMEMT A FRI%A 5 LA AR ZE (ms)

78 3 e Y
HEM O
VC fic NI VC fic NN
[l F 854+418 790+398 965+491 770+£346
& I 55— 1] 542+178 526+159 580+179 477+112
R 5 AN 507+182 483+216 546+213 499+165
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F1(1, 17)=0.146, p=0.708, F,(1,14)=0.168, p=0.688,
3.6 it

A i DR DT e 5 Ak RS DS e 2 Ak [ 5L A Bk I
SEUS T — A ST A B L R R A B
D BRRAE Y RIEHE R M . 25 BoR, X TR
7l 11, ANDCHC ST B ik Ay 1] G2 ek i) o 25 6 DG i
ko X R, POETE T R R o] DU R
fEE (G B, s 8.0 BRI A IR, X)
T 85—~ 1) (4 Bel 12 ], DG PR 0 b 2
ANVCRC S5 2 FUC LA . IR, BiEfs B
(O BRRAEAESE ) T B J5 55—, A Bl s
P S B 0 O BERIEE AR R o Aad X Ak
JRIFR AR R A AR, )T RRUAS FIDC B R A5 1
ZHAEHE, EAFIER SRR RS A IS L T
VUL A 8 8 FUCEC A, e m) T8 S 4
MR OL T, VeBC A S AT FC 5240 B 2%
225, R, AT rE, FUA R SR A O
PHERAE TR e Yy, i B 70 0 ) B R AE S )
TRERY . TR R R A AN By B R E), A 4
YR EER . KRV, EA)T R T =S,
B A5 0 BERAE 1Y R Jm) B 4E 2SR (U FE F B A
B ESE A B, i H et R B LE B K A S
SN, [EE RN, SR TR A
(g el et R, MTAT R (3 453, Bk i 5 1) 22 £
B [ (B) B oA O mis, 33 ) - SIZ R 58] 352 v LA )
R R, EASLE— A 0 ms - I a] [7) BE s
Tl —FhiE oL, Br LA H B #B 2 A VC 2 L B4
[, HAS 5 BIPLHITELR & e &R 7 AR 4 i R o

SEG— LI Ay BT T A TR A TR A
T e B P B (5 B A O BEERAE, (HE TR ST
T I —FEAS L0 R A TE B T R — M EiafE A,
BRI —A~ ] s AR i) — b6, . anSRahbs
TR B R A A AR L, KIGIA RE X HL 70 B
FAERD 7 3RS A R YO BERAE XA A4
ANEIWE? BT A EE (G B RO R A E — R
SR, KHit, ATFHELZ RN FEEET
O FLRAEA AR o A0 SRAE m) 735 5 By BLAR 9T I R
ki 8 RE X A AR AR AL B B 6L AF B T O BRERAE, FRATT
FHAE J& 2 0 52 55 v 25 58 ) - SR B e R v B A
AL AE B A LB R AR . WA PR AT
F14) L g A0 3 R ki 28 A B X e A AR A 1 B (A5 8
AT BERAE, AR A 76 A) 5B ] 352 40 B rp i gk A
AT RE X H A7 00 BERAE, DA bl gl JC 75 % He ik A7
T .

4 SI¥y = BhAAAESE T E0OE
ELHYO B RAE
41 #ik
44 2 K A a8 IR IR % G 2 4
HAGEIER .

4.2 LIGARY

SR AR TR SE I — A LR e R,
A SIS A AR AL — R AR R PR L E R . ol an
“TRAI I T JeAEURA B AR BRSO g R
T, 7, IR DU (B SR (A 4,
X AR 100 B ) - RRCAS Ay B 6 AR o £ T AR
4 PR 5 0 A A B DR BEOIR S, B € A AR I A T R
SR BN VCECIRAS o SEER AR B 4 BRRA,
HEM B ALSE 10 5E804] . 6 4%k~ A)F 10
WsiA), FEHAAE., HAMEA K A ES
EHEILRNIIE, SHEEZEAHK,
43 IRt

ARSLEh 2 (A)FRA: MRS AR 5 R
RIBEIRA) x 2 (DEECIRAS : LB S5ANPTHED) x 2 (4]
-EH]FE: 0 ms 5 1500 ms)HiE &L ki%it. i
MHEFE RPN T, AR R
PRI A 5 SRy R 3 XoF T 18 0 DB s Iz e o S 35 T 471 R
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The Mental Representation of Color Information in Sentence Comprehension
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Abstract

The mental representation of implicit color information during sentence comprehension remained to be
answered in embodied cognition. In the current study, we adopted a sentence—picture matching paradigm with
different settings of temporal intervals and sentences containing typical and atypical color information to
address the question.

A hundred and three college students with normal vision participated, with thirty-eight in Experiment 1,
twenty-one in Experiment 2 and forty-four in Experiment 3. In Experiment 1, we determined the process of
mental representation of color after sentence integration. In each trial, a sentence that implied a particular color
for a given object was first presented, followed by an interval (0 ms or 1500 ms), then an object either matched
or mismatched to the implied color appeared. Participants were required to judge whether the pictured object
was mentioned in the preceding sentence or not and reaction time was registered. In Experiment 2, online
measure was adopted to explore whether the mental representation of static color occurs immediately and locally
during sentence processing. Subjects were required to self-regulate their readings by pressing the Space key if
they finish one word, which will also terminate the presentation of the current word and initiate next word. The
object words were replaced by a picture. After finishing one sentence, subjects should make a sensibility
judgment on it. In Experiment 3, offline measure (identical to Experiment 1) was adopted to explore the mental
representation of dynamic color information. The sentences included two types. one changes typical color to
atypical and the other reversed. Participants were required to judge whether the pictured object was mentioned
in the preceding sentence. Experiment 1 is a 2 colors x 2 intervals x 2 picture condition mixed design;
Experiment 2 isa 2 colors x 2 picture condition within-subjects design; Experiment 3 is a2 colors x 2 intervals
x 2 picture condition mixed design.

All the data were analyzed with repeated-measure MANOVA. In Experiment 1, response time was shorter
in the mismatched condition than that in the matched condition, at the earlier period of sentence comprehension
(interval of 0 ms); the result was reversed at the later period (interval of 1500 ms). In Experiment 2, the reading
time was shorter for the picture in the mismatched condition. For the first word following the picture object,
there was a mis-match facilitation in the atypical color condition. In Experiment 3, when the sentence implied
typical color, response time was shorter in the matched condition as opposed to that in the mismatched condition
at the later period of sentence comprehension.

Our findings provide abundant evidence for how the implicit perceptual information on object color is
represented during sentence comprehension. Together with other empirical findings, the current study indicates:
(1) Under time-limited condition, the appearance of matched or mismatched facilitation depends on whether the
two tasks compete for common cognitive resource; (2) The representation of implicit static typical color
information is an immediate and local phenomenon. On the contrary, the representation of implicit static atypical
color information is an immediate but non-local phenomenon; (3) The dynamic color information could not be
immediately represented at the early period of sentence comprehension, only the dynamic typical color
information could be represented at the later period of sentence comprehension.

Key words sentence comprehension; embodied cognition; color cognition; mental representation



