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ABSTRACT

Previous studies have established a close relationship between
numbers and space, known as the number-space association. This
association suggests that numbers are mentally represented as a mental
number line, with smaller numbers located on the left side and larger
numbers on the right. This spatial attribute of numbers has been shown to
influence individuals' performance in numerical cognition. More recently,
research has indicated that the mental representation of time shares
similarities with numbers, featuring a mental timeline from left to right,
with the past on the left and the future on the right. This phenomenon,
known as the space-time consistency effect. in language, involves the use
of spatial metaphors or references to understand and describe time. When
the concept of time aligns with spatial arrangement, people respond faster.
For instance, the presentation of past time words elicits faster responses
on the left side, while future time words trigger faster responses on the
right.

Temporal expressions can be classified into two categories:
indicative and sequential. Indicative time words possess clear direction,
dividing the past, present, and future based on the benchmark of "now."

On the other hand, sequential time words focus on the order and relative

v



ABSTRACT

relationships between events, without direct reference to "now." Each
time word occupies a fixed position in a sequence, such as the 24 solar
terms or historical dynasties. People's ability to clearly understand and
remember these sequential time words largely stems from comprehending
them through spatial sequences and relationships. Time, as an abstract
concept, has been explored through two theoretical frameworks:
conceptual metaphor theory and perceptual symbol theory. The former
suggests that time i1s understood through specific spatial concepts,
representing a unidirectional process from familiar, concrete concepts to
more abstract domains. In contrast, perceptual symbol theory argues for a
bidirectional process, where understanding the concept of time activates
bodily perceptions such as the sense of left and right, which can even
influence visual spatial attention. Regarding sequential time words,
further investigation is needed to determine the theoretical framework
that best supports their understanding, whether it leans more towards
conceptual metaphor theory or perceptual symbol theory.

This study recruited 60 college students and employed a cue
paradigm to explore the space-time consistency effect. It aimed to
compare the association between different time words and horizontal and
vertical directions, as well as the underlying neural mechanisms. The
study examined whether people naturally associate abstract concepts of

time with spatial directions and whether this association influences
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attention, directing it towards the spatial direction corresponding to the
concept of time being considered.Experiment 1 used the cue paradigm
and Event-Related Potential (ERP) technology, employing behavioral
response time, P1, and N1 as indicators to investigate whether indicative
time words automatically activate spatial directions, directing spatial
attention towards locations consistent with the intended direction and
eliciting larger P1 and N1 amplitudes. Behavioral results revealed that the
average reaction time under consistent conditions was significantly
shorter than under inconsistent conditions, indicating that participants
tended to associate past words with the left and future words with the
right in the horizontal direction. However, no significant differences were
observed in the vertical direction. ERP results showed that both P1 and
N1 components were elicited in the horizontal direction, with significant
main effects of consistency for both P1 and N1 amplitudes. In contrast,
no significant differences in P1 and N1 amplitudes were found between
consistent and inconsistent conditions in the vertical direction.Experiment
2 used sequential time words as experimental materials to investigate
whether there was a time-space consistency effect between sequential
time words and space, and pointed the spatial attention to the position
where the intentional direction was consistent with, inducing a larger P1
amplitude and N1 amplitude. Behavioral results showed that the average

reaction time under the horizontal consistency condition was significantly
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less than that under the inconsistency condition, which means that the
subjects tend to associate the earlier words with the left and the later
words with the right. However, there was no significant difference in the
vertical direction. ERP results revealed that both P1 and N1 components
were elicited under horizontal consistent conditions, with significant main
effects of consistency for both components. Conversely, no significant
differences in P1 and N1 amplitudes were observed between consistent
and inconsistent conditions in the vertical direction.

In summary, both indicative and sequential temporal words exhibit
the space-time consistency effect, which associates past words (earlier
words) with the left and future words (later words) with the right. Under
the condition of horizontal consistency (past words/left, future
words/right), participants respond faster, inducing larger P1 and NIl
amplitudes. However, no significant differences in P1 and N1 amplitudes
were observed in the vertical direction, indicating that the space-time
consistency effect is more prominent in the horizontal direction.
Indicative and sequential temporal words can stimulate people's
psychological perception of time, thereby influencing the allocation of
visual spatial attention. When the brain encounters these temporal words,
it automatically decodes and directs attention shifts in visual space,
further validating the theory of perceptual symbols.

Keywords: The Space-Time Consistency Effect, Referential Time,
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R R IR RBNETER, A BRI R R SR TE R
T OCTE AR 2 BB B AL S R BE R, N B R I
JRNE B R o K T B VO B T T A () e A R U, T L T L ) S B A
RN, MHE R IE A . 1H Chen(2007)HIWF 58 AN 32 #F Boroditsky 5%
DB R T T T B R AR R 1 IX — 458 . R PHSE AAE 2007 AT T —
IR FE, KA T DUEMBIFIDGERE 7 AR AR . AR, POE AT
BRI 1) B3R B SR8, (B A% & 1 2 57 - Fuhrman(2011)
EEFAES T, SETE AN I T4 ) W (R B I, SRR B T R
BB B AT RN R, SRR /KT 5 Al OB IR A . PUB IR IE TR b B
5 175 B B S RO R O At AR I, R TE TR AR
FE LI, BB R B B (Miles et al., 2011), 3XAIFSE T OB A 18] S AIE A7 7 A1
P AL — St . Th B B (2014) B 70 R IS & 75 2% SR F 55 08 & (i)
AT B BEAE (DB & B0 A5 AR 23 B2 M b AT T X 58 3 5+ I 28 )V 110 B A R b B 7
2o X EEI 1] B 5 ST E A B L6 1Y I SR 30 X 3 B A 2 =) i e 7 %o
YT AT AR BT, YU 2 A ) TR i ) R Ay Ak A B X e
iR

TEHRZNSEEG H, Stocker(2016)AF 57 & BLHR Bk 12 51 5 i [A] 2 2[RI AE 2 V) ok
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BT YE K 2 22 A 18 5

o YNNIV BI S R KA ) TH, IRERS 1A Bagsh; i 21550 22 HH 2R 1A
T, HRERM 1M Nigs). XEAENRIINF RS T, ARG 2 5 5 1) 7
(A, ok 2 gt e S 21 SR AR A7 B o Xk 25 (] 5 ) [E] R0 B Ok RERHH, AR
(1) ELYE T7 U AR AR — PP AN ] DL 4t RIS TR e, T IR BRIE Bl 23X — DA i A% 1) B 22
T MAEFRQ013) A TR IS 18] @il ] i, 0 T s AR 51 i 77 20k —
IRV (R 2 (B RAE . G55SR R, AT A SIRNE R 8, 4 2P 1Rk
I, B A A LR 1A e/ B A T B SON o R B AT S TR] AR 1 n T
S RO R P B s S AR B S N o Ik ST 70 65 SR 28 HE R AP A TR B
[ {4 LR ) 28

HIC T I [B] IR AR 5 22 B 2 (R AR IR SS , Rt R AL 25 B, ARk
5K J7 il (Beracci & Fabbri, 2022; Boroditsky et al., 2001; Boroditsky et al., 2008;
Fuhrman et al., 2011; Chen, 2007; Miles, Tan, Noble, Lumsden, & Macrae, 2011)ff]
HEE M (HWARAS] T ARPME R, kL5 To7mMER, mAKkRS BTy
[ A 9% (Xiao et al., 2017; #¥EF, 85, 2019; Hartmann et al., 2014). Beracci(2022)
i 20 AN SO 2 MR R AT AT IS (AR WA 55, B IR AL T R ity 45
R IREPAIA SIS T, W€ 1 A B 7 ) (RO BRI TR 26 EAI0E, FEEA A TT
[Fa) F8) T 20 ) — B0 o T 2 B 2 RIS (B s A a5 1e ME I &5 3L, AT AR e B
YEFE RN IS LA RGP B 1 7KV 2 Al SR s 8] P e e

Zx BRI E, HE BT (AN A R AT BEAFAE I, (HIXEEHF TR A5 IR A— 2.
X AT HE A R A A ) SE58 56 A« BRSO TS S R R 7 see g R . K
RAERZHAEDL T, N B SIRAE/KFJ7 18] A GUMBRARAE S, ELanfEdR 55
TE FELUIG BF e b RS o IX M R0 >3 BT B ASE AATTBE T 1) 375 7K~ 77 [) b Bl S5 Bk )

= B

E;m\o

1.2.3 Bf[E] 5 E A 23 (B BX 45 30 R

F AR R NATTRR T R A SRRAERT (] 4, JEFH “H” “J5 7 SREAE, W “1E
HoZ R T 7 o TG RS WEKAROREMAE SRR, itk
RAETE ARG T5, TERRAT 5 77 [m) R 25 B ii(Sell et al., 2011; Miles, Karpinska,
Lunmsden & Macrae, 2010; Torralbo et al., 2006 ).



1 SCHRERIR

Torralbo(2006) I 78 /& 1 #5 if J5 77 7] 5 i 25 SRAE BRI IR R o SEIG R, FaL A
B R e A NS BOmE A AT 5 T A B S BN B i 2B ok
T HIRHEAE, R AW MG R e R ARk, SRER, W ZAEAN
VIIGJ5 « ARKARTERT IS, Wik S B SE B, 2 A Bl Bk (8] R 2 S 38 77 /5 2 1]
P . SellQOIDFIHE ARG R 7RI R, EXTSERF, ZRHPEAHLF
AR 5 ek b Y IR ) 3] E AT 08 B BREE T S AR (M S Lo 298 B 5 i S AE R IR I, B
AFEAEBNT: B EARRMRMEN, WFR A AT, L RER, ik
A TF fify S s 3 P8 TR, A A1 e 24 6t i 253V 1) S RS 3 e AR SKARN [l AT RS Bl
IXAESE T HI i 77 ) b B 8] 45 25 [R] 1 B OBk o R4 R I, 4 i AE TGS 3 2471
A1) T 15) JR 38 8l D ASKARNE I U (] §TE 8l 1Kk — e 1 i fafE 25 &
132 B 2 18] 1) % % Bk % (Sell et al., 2011; Torralbo et al., 2006; Miles, Karpinska,
Lunmsden & Macrae, 2010).

Rinaldi(2016) i 704 i W ik 25 1) AU AR SRR 3EAT 73298, 75 B0 sl R Tt 1]
o TEREASEI R, BRI SR ARG, JF B BERTE AR AR I8 T 4R I CRAE
1bo IO BRI, A AT ZUR PR A Rk ) JS A P B R AT 2P A
PR AG A S . B sE S, #aR A Zilml B A AL E, 565 — ki, ¥
WAL block, HH—A> block Al 124 251518 — 25 LA R] B ik 25 40 G 1 135,
I ) T — 22 DA BT R 55 A SRAH 5 3R] (— B2 ), 1 55— block MR f (A —
S AT o I T 45 A AR 25 A DG 1A 1R S5 L U T AR SR DR IR 1 (1 S N ELARAS 22
T % A SR AH 5% 1A 1 )RR EE R T R SR A 0% 1A 1 19 B (Rinaldi, Locati,
Parolin,Bernardi, & Girelli, 2016).

15 FBE I — B R RO R

OGO, BRMAERTESIER, MG — AR R
& WA, 2014). X —BUFTTENL AL, ATRE 1 REmaiE 5 0T 78 Ak i R IR A, 3L
Yo RN AR BT R U X AR N i B o VR 7T e e AT
e TR RN 56 B T3 IR IS B e, AT (2 385 52 A% MR8 R G2 1 B e A4
8. Wk RETERE, gl “f@ KM, WEAMRIMTRS” . 1E
X COKBH” AR, ARG S SN S . B RS,
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FEIX R “ B PORIERS N, SRR 8] (1 St A A Al R B X LR 5 LAY B e
RBTTA, e EER ISR E RN S A E AR EASRIME
LR, BN RSB

1.3.1 #E2faMmIEie

Lakoff Al Johnson(1980) 42 Hi I 1 & [ iy 22 i& (conceptual metaphor theory,
CMT)INA, Nl ik B Mg R AR AR A R o Pl M R B R AEAS 31 1 Ak
2 SEIGHIF9E B SCHE, WAL F7(Lu et al., 2014; Schubert, 2005), 7% /& 3l = AL 738 %
W ATy 5 b7 72 (R A G 1 2% (BT B , AR 38 4 AT TR 9 5 R 7
2 A5 B S B 2 A1 By o Aris s, AT S AB0RE 2 (8] 7 0] 5 3 AR A idE 4T e 2
(¥ &5 (Sherman & Clore, 2009). fEDGEH, HAWIEM “LIEBAR” ZAKiE
TR EZ ERER A “FH 10087 RIGRAIE SRR, A%
SR WIRRE T2, BREBIN, “GEAR” . “HERHM” . Tl
HA” &, EDUET, AMEE AR — e R @ s, s
JUE39 bR 701 TN 1N (o N o e ] SR i) PRy d T N P
TEFIOE RN AT o a0, B TRLIX il R 2 a1 P R A 1 2% 1 g [ e AT
PR AN o TX A FEAE A5 AT R A% 41l S 1) I T Rl 2 5 LA ) 22 () AR B 1K 2R
FECR, AN B G St i RN 0 412 B 8] ) A 25 (Ouellet et al., 2010; Conson et al., 2008;
Ishihara, 2008; Fabbri & Cancellieri, 2012).

HK, SRRt 35K, SRR 2 mmmEMEnEa. £E5HENE
2y, NI Bk 23 [ BEDWLUR SN RIS 2 AR50, X S8 2250 2 Bk HAE BN . SR,
I T AR5 DU S Ayl R AT AR A o DRy 7 AR TR A ), i Bl 2 (R R B0 (R ey, s
T LA 0 72 (AR R S B )b, AN 5 B AT B 7 b B A R R SR ) ) IR
72 [A) RIS 8] 22 R0 N e 1 B IR B AR A A AT TR 808 FH 5 U1 77 SR B A B (1]
X EME . WE—ANHRE T, & REHS S 2 e, bk H
FEIA . BEAS A TEES S B A, DAREZRECT AE 73 WA 5] H AR . 45470 020
SURESL TN ¥, BMRE—AH . MTBELHEEESFEE, X
[BIHEFHE I (5 RN BRI, AR . XSS Ram s, BAfTE
ok 75 [V J 20 6 L e ol S T TR 2

10



1 SCHRERIR

BeJa, MRYEMES PR RS, 2 (] 200 AN [A) 2 8] (0 e B AN S A LRSI 1,
77 A2 S L — B ) P o SR MR AT T BRI 7 () R 50 SR ER AR (], 17 R B 1]
200 [ SR A A AT HARSR UL, 2SR50 R Mg RS 2, — 8B
I T RE S TR B, AT o] DU 25 (8] 0 00 R S8 2 IR AR (8] o B andE “ 2 -
B RS, AR < BE7 PMESORERM “AEME” MRS, A
“EHE” SSREIR M MMS. B2, AR B “Em” M
KB “ FE”, AR A TE B “ AN EAE” PNES SR ELfE “ B4 . Casasanto
F1 Boroditsky(2008)fff 75t UE S, X 2 (B & ) B Ad A Bl T A4 Rt 1] A 2,
SR T PR g 2 T AR A AR T A IR TR R R B . X — IR AE R IR &
R s N B R, i ELEE DN R R I B () L 28 [RIRE AR E o T 3 B 225 (B RN (8] 19
e Mg B SR o R ) 1, L B SR O AR 2 0 0 Williams 58 A (2009) 42 HE ¢ 42Ky 7
(scaffolding) M SCIL M) . HARME& W=, B, BEEEANS, ZBE—En
TR B 2 1 A b, SR O B A R A

1.3.2 MR SIER

BB\ B, S ARTE PR b (0 SE B AR50 -5 it GOME 8 (1 7 3 55 2% A
&, HAMAR BT AL A B AR R0 HAh SRS A B R . i RN 1T L
BATAN N HLE SR . BL“rr” s, AIESMRIZ —8En, Kiks
BEMGE. WL, bl S 2 MUBE R, M4 T A HiAe iR L “3E A7 AL
CTRMR” RRGERRIE DL A TR mflUEaR . ik, AN BN Dy 5 3R
B EAE R, AT SR SIS SRR R,

Barsalou(1999)7E H A KIHELL T HE 1 A1 75 Bk, Mwff 5 H it —
FARIER, B AR AR L, KO 2 8 — Fh 5 RGUORR AR AE
15 8o IR EERFS 2 H R AR S N P HE T HA SR, 9 B AT DATE K i A7 AT
T R — M T —RERE, A FH T EE, 23T KA R 1 fil/ .
XA B 50388 3 K PR A 6 X I 3 1 i is 3 X IR s B X, TR T
K5 (WS R BRI filUE) . B R R R, % T X IRE L T
BT B MR EURRIE, FEEFAEICiL . BEE R MRS, 2T 2 Uit
L, KR LA [F] R S0 07 Bl S 5 IOHESLEAT4HEY, TR T — MBS .
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BT YE K 2 22 A 18 5

XA A BE S A2 SO ZRALR I B T IR B Aok« FE5%), I 7EE 7 — 1k T
“HIEARIR” MHEAME RS,

FERIE VNI R A JRe i, JF 5= AR RS, BAEHL
[FlFRIFR4E 52 St (Barsalou, 2003). AATTERARIS (]I, iz AR HE . W, filsd Aok
SRR R R X SRR K P S A N RIRE SR AR ZS &, TR0 “ IR TE) 119
AT B (2 T, 2018). LA S B0, B A-BER, iR RE
iz zl), FESLER S RS B R, BRI RN S0 A5, 3858 1) B TA) Mg A 1
WA XTSI B4 Tl S A 455 SR U, 3 K A7 345 R IR S i 32 3
LU0 ST EMESTE T BRSE . BRI, AT L RAEE R I e, RRRAEAE
2T o X RIUAEAT N o i 25— B 08, RSt 25 P 1 S B A e
B, X R RFHHI RN ATBEE R . Zanolie A1 Huber (2010) A& BUXH 8 S &N T3
TSRS SR EER: SER UTAEMREICR, ke B8 4E
B AR, ke T E .

ZEWIE KR, HU AT A R T A [\ 86 k0 & M . Bottini Al
Crepaldi(2015)HfF 7 A [F) /B i 8 1 {2 2 5 AT DX i B R0 2 [ Y B 5 3R ik .
For, WAL A AR T AR B E AR ) IR AR SRR R i R
77 2101 55 AR A I (R AH IR RIC, B SRAATT e A $E k] 8 e 3] Y1 HEAT B[] 43
Ko IR A KM : TR E NERM I IE R, 35 I 25— B 2408
HpRokt, ff A g N AR 27 i, SR BRG]
RARER “ARRK” BRI, RS S IRE . XKW, TEALFRI RE R, A
LA EM T MEE S S TEAMS, HTREERMEK, ]
TVETEM G LR S R R . (U BIE, B AERBE S, SIBT
MIEBIA R ), X SR TR — 8 X P b 5 SR AE— e R LoRA T
ABATTZEAIL I b 1 20 B, S ARAT 0 SR il A ae st A Ja i 8 3 U 52 B [ 5
R RN . FE— 007, SKARF AR B BLQO)RY T B A B AR
ERS R)RES:, W F0 R E AR [E) 7K 7 Tl Bmgn 55 1R AR FEAL S Be B ok
MO0 T, B AR DI I i JaR 3 16 Sk SR 2% ) 45 B 8] AR B R R, AESZ 3)
VG S | ) R 5 € Y A

B FUEAT S BRI, B2 X I, AT S A i i 22 56 2 T B
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1 SCHRERIR

SR PRI R, 6 R & R TR R B EBOCRIIN " s ik SRS ey AATTHR) S A4 21015 Al iz 5
WA BZEMAIE B S(2013)BE T 11 25 Bh 8 A i 12 TR 2 M) ) B e A %
Ao MATE A RS2 RISCR, BRIE KPR ETE RS, gifrs,
24 R 3 L 1B M 2 TR A S A A O 1] ) i TR 55, ARUBR T A0 4175 48 T ARE I
AT o B 1A B AR, =t AT TS G RIS, R RE & e 4920 18] (1Y) e P B v T
AR, RG2S A 1A A e B AR (RIS, 3 B A ) DA AT
TG B, W NI T s sl a) 82 I B BN A5 A 7S /1,
AL F—AMRAR A A 8] o, TR B IHAE AT 7. &8 SR T(2017)
WHEFT 1 IR 5 3 B A1) 2 ) A R i 5 &, HeR AR s sUAE A 55
I, A DB RN 5 B ) 2 8] A B e I A 5% 28 B2 XA Y

1.3.3 JFENEBIEL

AT e 0 Ak 38 [R] 1 77 20> 52 21 25 [8] /¥ & M (Santiago, 2007; Ulrich &
Maienborn, 2010; i, 5K EA, 2012). G058 AATLE R T30 5 2 0 R kA6 4
A7, e s &, AR, I AT T B 1) f 240 b gk
S R XA AR B SR A AT I [ AT IR S o, e B3
12 FH 25 [ AR 8 ok 2 S IR ) (9 SR IR o F I T PR R 0 0 7 2 E S A S5 )
H BN, AT To e R IR SR b 1 B G RIS 1, 2R A R e e i
N o P58 _E R 5| A T BRI I s SN N Dh e i AT 51 5, o —Ff AR
BB 7% B 7 (Belopolsky et al., 2010). 33 & /7RG YOI H B, 25 [8]
R B BT SRR E, AT (R A AL 1 [ 8L (Nicoletti, 1994), ¥
B 7R CATEAN[R] (R RINSORI AT 55 2 TA) BEAT R 376 PR 6 7% o 24 )R 2% ) AR B3I 1)
F SR BT, T e AR TR A R, X L S R BT B
PER— A B A B SR AT R AR AR B, T 5] B 2 IR E R 7T o 3K Al
TR TR T R H BN ECRE TSI BH, PR D3k S S s f JRCrE Bk ] 2 8] L (g
AT NIRRT . Rk, i3S — B0k 2508 m] B 2 FEmaTE & J 4y
BoFnE:#

Flumini F1 Santiago(2013) B 7t A2 5 T-13 5 7 AN [8] 5 7K ~F- 75 18] 22 8] i B i
KFRo MATE R ZHE T LS — 2P, — R kgl BRI,
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BT YE K 2 22 A 18 5

HA AR5 ZORBEATIN T, 74 s KT 22 18] S I TR R HER AR o S 3R B IR
2 (6] I (R R R I ANE BB L), MRFEEEMNZS . B, M EATK
S (B AN BEKTE  TER AR 2 — S RN b AR o R I U AS
R ERIMEVGN 9T GRS A BARRE S 2 AR &2 RS AT LR, JF
HE2BER MR, (£ Zanolie 75 N(2012)IWF 5T, A5G 1ES 5%
—EENE, W R M DGR, RERARUTIEREAR . R, ]
FHEZ 5F AW — A BAr e BHEAE b EJ7I02 N 5 SRR, Wk B brkt
AL B AN Z TR T R B — ke, “EE” A EITXRL,  “4
7 MURTTRIND), MAZ 5 AT R, T HARATIH B B N Rth
R XA NI EAERIAR, RPM 2t R 7258 0EET.

1.4 BfiE)zs 8] —HUE N AR SE T
1.4.1 z=[8 STROOP &=,

7% 8] STROOP Ju 22 #t STROOP Ju A —FARIA, B2 —F -T2 4%
SRR TR A T IR T 2 5 & E R R A R B E 11 S,
{HR X E B 5 & FE TG . fln, FaeaREr “4” 5. BT
BERR L SHASWEEREMR, S 5ENRNN EXEK. UM,
SR FH A 500 4 G AR B i T HEAT T I, 5 SR 3 MR R (B o T A7
TENFIPRZE.

58 SL(2017) BIRIF T I 2 4R 58 RO E BB I S, T B TR
DT FRE, RS AR R E W S . BRI, X RIE AR, S e T
Jrirke e s D DA S R /W S o i U SR G S Rt = 9T A Sy P
Bl X —S5 SRR, EEBAEE S TE S AR ERA BE R, I
TN XA T R LR R 7 S 2 A B AR OCHE . R E B0 R EH RS 5 H
TEAN S AE Bl B P IE 1 A B TR BR M 1 22 570 — A28 IR IE 7 AR I8 sl
LIS 50 7K P77 1) FH 8% 77 ] ) 25 ) — BOME J T5A7 A 22 57 o S e Sl 30 A [ 7
TS TR E, SR B 1] 1 A0 v A 3 R PR s, A S T B )
2[R — B RN o 3X — S50 B AEVRN T AR 18] B vE A o AL B AR T AR A, O
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1 SCHRZRIR

RS20 5 iz 5.
1.42 ZERTTER

2 R ALRTEIE HH (Posner, 1980)H H 1 s236E, FEFH K P1 M NI sy,
A T S G A B WK s . R K AR E B T AR
I, R PO I BT R B X AR RN 2 H 12 5 SR E
B, EHAETTRE M B E . MR, ESee b i oCcs b, 24
B R IEE AR RN o HR A 2R WS HE R S (B B EOR R, BFAT
X T A RAR TR TR « A RER R R 2 2 RS FE A A [R]— 73 )
A8, T 0RO 2 i 2 2 RIS W D AE AR S ) s (R B o SR IR
N CAAFER RN, AR R N [R] B k. X R, YRR R A K
b 7] 5 B EEF B RORE LA AL B R, WA 8 5 b U R XA B RS
I 222 51 3 RES B TH a0t B AR RN b B FE - 2 53 T BARR SR L 1Y
LRZR AR AR RSO B . RS R AT R SR A kEmiAE oS, by N A
fi%5. MERRES5HM 2 RS — B0, A AT B R B[R] A X 45 5

Stormark 5§ A (1995)4R ] 1 1% 24 PERIEO 1 RO FE R 52 o 5246 1 2 o s
TAERAR YRR AL R, IREE ARG (ERP) BIARIDS T Hix L4
FAHRM KM G B FER LR PR RIFA T, Bl IZ 8 H bR, SE
WEERER, MEHLRR ST ERNMHARAERE, P12, b
R, HEAMERNEOL T, 25800 PR A85, (HX M RNAY A1 25 1]
TENL RN HBL . Meier Al Robinson(2004) >R FH b 75 26 P4 )Y 5 25 (8] S B e
75 (10 25 ()R T R R TR ) V) St 2 o 36 o 7 e e 52 005 4 e 2 ) o7 B D 1
WNE (Bl “dE BCCMCTT D, BRFUIES T ARIRN 0 T [ R .
LS BT SRR O AL AL R A, BT RIS R IR R A B — B0
H ARG K 1 B KH N1 By

1.4.3 HFRELFEIE

2y EUH T E S R e L A B2 s . AR ie N 2 53 /5 2 —
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ARYATE AT 70 R, 1K LA TE SRR A oG . i 2 5 4 1 O
I AL ANEE R4, AT AR s B2 B 72 A RS AZ i i B s A s T 7

ZFIE(2019) 5560 H FH A BB AR 8 75 3%, IR AR T 1 DUR A& T BEE & £ I
[EIKN T T 22 53 o R ) R AE 22 (B o B 5 N TR R R SRk ey, R 7 — A “ I
—EHUE” WL, BRI, SEERHEFE AL, DO RREE AL BN 8] 5¢ AR,
B R ) 2 18] - TR R A o 2 Bt B 07 B T A B AT TSE DRt T “ 4
BRI M A, fERRR N EUH T E, AT PRI <R i
M2 o SR, DETE BRE A AAE 7K P07 )b 2o HE o BRI 1] 2 BRI ) « Fischer
Al Shaki(2016) 4 HiHr 1) A BIBCAR I 36, HAROR i 1298 sUESRGAA AL ] — A%
SEOR S S, L I B R L, RO A (A R ANAEAEAT AT B [ 2R
FERX—AESSH, Bl EEAR Y — BV S SR ANAS— S5 e S A U6 SRt 47 o
Ko REBA T 2EIT R PYERAN, BEalVR & 2B RN 8] BN AT
PR IX BT I N - 8] S OSLRES AT T, O E AR R B
AR A FII, T3 REA ROt I & A B A R R .

1.5 B8] 522 [E— B RN R AL

Walsh(2003) I AT AAMN S HE A K, L5 EA . I EMEE R 2
JE AR, 1R R B & AT 3L A [ R A 22 o AL, S LS L AT e AL T DK B
JE R — X SR B o A SIS ()38 SCIN, 7 57 o 1] AR 2 ) R 2 1 g X[ o
TR o I RS R AL BRI B4 B R S5 2 TR AE DG IR 43 o 4 AT
[ATEE, R 2 HH B — 16 45 23 [R5 10 1 T B ), 3k A S B AT T g et ]
IR RO o I DGR FEAN 2 B IE B SRR By, T A2 7E AR T B A8,
Fo MNMIHBEA HIEIES TR RE), MRERgEPETECR, HF HiXLE
R BRI AR (] A MGFE AR 28544 o 3l XA 7 =X, AT RE 89 B8 b B AR (1] 5 2 1]
() 9% 8 DL K2 ISF 18] F 970 345 R0 I 7 (Buzséki & Llinds, 2017). WFFCRE, WA 1T &
PR AELERTIX AR, WA A R [l IFG . i Bhiz sh X SMA FiA T T M i i
IPC(Lewis & Miall, 2003; Bonato et al., 2012), tH£3m A7 WM B 5. MITH X
G A VAR PN L5

Danckert %5 (2007 78 & 0L 200 i 38 %o ek [) P JE R BH B AN TR, S AR A
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1 SCHRERIR

Ry IA]. AL 2T, TEH ATED AP BB Al T B ) o A5 PR3 1 2 3 TR
1A TAAL I 18] o Fuhrman(2014) e 200 58 25 76 44 O BRIV [8] 2877 T A7 £ B A%
W FE I AZ MR I, AT RN AN H R R A i J6 5, X 28
FE IS 2 A R, SR R R AN R R . X R A TTE O
B TR 208 1) e A e AR SR AT 26 S04, idE— 0™ 2 7 225 (R SR AEAE o [ R 5 2 e
(ISCEESE T, ARG /R 1 28 1] 5 ) [A) A 3 v B AR T4 8] (R p 22 R 2l BT LA
SR A 7 (1) 2208 BRI N R RE TGV A RN N TRJ T, T A J Tk ARt [ 453 4%
P B3 DU I o T 2 ) 2 ] v SR, e ELAAT T T 2 v 8 sl AR SRS 8 f B[]
(Danckert et al., 2007; Winter et al., 2015).

FMRI 1 EEG B 70K B, FEACBE A Ri By, Zm AT 3l X 24
WO o AR AL B RAL DRI, AL X B0 . 98 25 SRS ER G I1E
ORI, R 18 B X 2 T R R . 1X R BB T (15 A I K
RS 2 R G2 RAFE R B IR R « Bk, UE 21— MaE i, e+,
R i 1 - 0032 20 1 X 3 7E A0 I 18] N RS 5 AR SR Bl AR ], a4 ™, “ 9,
2 7E R P8 5 B DX 35 e S o 3R R A S A DG, R i
SR S o BF S [ R A P S S RS T T (1432 B X SR i 1 3 4 1]
Z IR — 8. e nT 505 RIS E IR — 80 S 0ERE SRR I R B (Mollo et
al., 2016). G5 25 (0] FI BRI S5 708 5 2 A AN TR B AR A BT AR I .
AT ER SR HE S BT, 6 B A4 H BhE0E, JEE— B TR
57 [A) R 78 T AH DR I N1 IR  SR770, FEA—S AT, P3 HRIE < B K,
X NATY 75 A0 FH B0 22 P R SR R T HUR B 0, LAEAT IR IS B
| Wr(Zanolie, 2012). ERPs W FidEx, 4 277 [n)ia] B B A B & 23 (845 B A ik
A, XAV S 5 A I A S AR I 48, WTT 511 4 7 77 1903 SCRITHRE 715 F
J7 T 1% (Zhang et al., 2013). 78545 S B — L8308 % 5 s AL BR AR AE R )
IR, A “ER7 . MR ERS S E YRR 1 B 0 B
Wl — N HAR 7k p 8l qo LIEEIR IR, MBI F AL B S5O e Ry
PRI SR B — S0, S22 SN T 2 B S B R . X U B A AR BT 5L R
[ AR fify S 2 B MR R 6% o IBIE IR NS M FL TG Bl (ERP), — B %444 N1
B BIPRIERER, A S AF T P3 A MITRIEE K . XL ERP B4 2Bk
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R, VIAREITERENS B SIS S HAN ORI 22 (R AE, 31 5] 2= aEE AT
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2 [l WF TR T TR X

2 [ElEiRd . MRBREMREX

2.1 B R

Wy 520052 R TR IL T SNARC . U 5 F RNV, K3
FHET R, ERWEAE—FNER AR OEB L. PR
WAHT . A MR REBCR, 1R 7 ATOM Bt . iR I A7
TE— S A B4 B BRI (] 2, i 260 T 2e M, ASRAL T4, B E] A2
(] Lo B R AR B VIR G o AEVE 5 1% B2 X P R Bk g I [ 2 1] — S50 25 S ]
S TRy, B AATT 4 2 (8] FH AR B AR AN R AR I [R) R B B S I8 . it 755 B
YORENE I R A 5 IROE A & ok e i o AER GBSO g, R 223
WS GRS AH R M S G54, IR LSS M R RE LRI . RO 183) . AL AT
SRR SETT T RS B XL S E M m] LA RF 5, F T80 Sl R & 1 22
fift. J7 A ALEAT B A RS B AR TEE B R S R K. B,
“CREZ R FTTIE, ML YR . “T17 SR, MRS T A S
Bo BN B 2CF BIX Leim] i, KINSWos 52 AR B, Mg, A
AT AN B R 3 TBE 5 3% S8 Aa]AH O R A TR A B b o (R S e o e ook S5 3145
BB 3 A Ok R BRSO BN R, g, ‘w7 f AR
XA, BARRGAEERRTEKR, HANEHE 152 A BB R
&R, Yo w7 FoRm b, R FoRm . Bk, 240 R aE 2K LA,
MIPER B B R &5, 2415 5 2 AL B 6 R &R S5 R
WA — S0, TR P1 AN NI el et o8 . X FUONFER MBI T, KK
BT 22 BN R0 B RN R B R A BEOX A — B 1 (Zanolie et al., 2012; B[] 24, +
BUE, 2014),

E5E, HNRIBE TR & AR PRI ()R /Ay sEga bkl dnid 25, ¥k, R
BT[] 255 F) — S5O N o AR SRR TT AN, TEIE S X TR MM RIAE vFEE, M
A DVEERA A = i), Wa] A () R RE S A I H] . 2 A A —
RYVEM AR TR, AR Em “%” « “RIE7 . “BE” &

19



BT YE K 2 22 A 18 5

T, XA R IA AR YR Z R 5 51 06 REAT G OC &, RV B [a] ] o (H
5D FONRUF VI AL 25 [ RAEEAT B 7E o T “2r g ” “3r4” I A& 1 RAE
FEZK P I B 25 B2 5 AR TE RS RN ?

HK, KT RS AAERFI . 55—, MRS e YOS RAE
SRR sy, RA AR RS 1 RS WU, Jostman 45 A (2009) 1
Schneider % AN Q01145 R FEMESFRmIEE 8 28—, A5 A &
A BRI I R XA P, BE P DU ML A MR 2 )t MR 2 it ] DAl S 2
[f1] EARHE & 5. Meier 28 A (2004) . Casasanto 25 A (2008) 1) 45 5 5 %1t 745 B
WRARE— B, A FUAOER TG ek o [0 1 ]2 0 B 1] 028 ) A MR 2 o M )30 A2
AT 2

g, KGR (Event-Related Potential, ERP)#% %27k 3 B [ () i)
238 ELAF A R0 P It 1) BERE AT LA o ERP WF 50 R B, 7 60 AN A 1R] s 4% i)
7 1), SRR RS o B 1) B 5 23 R DGR, JC A 4R 7 RS2 IR ANAT A,
51 SRR A S A& AH £ 1925 (8] 77 19 (Zhang et al., 2013). T U5 P B (] 2 75
FLAAT DL S R e 28 A R R 2

¥R H P1. N1 4y, P12 ERPs ) — DRIy, RAIBEILE 80-130
SZADE BRI I, B R B R R I B R, BRI PLRIR K
(Hillyard et al., 1995; Salillas et al., 2008; Zhang et al., 2013).N1 +2& H i £ 5
160-200 £ FPES H LA A i 6738, AR ST 3 X3 B 42 51 62 N s ok
(P 1R H,2015; Vogel, 2000; Zhang et al., 2013), X RIFILAT X o3 FIWTIS, BT 2E4L
B E . N1 B RISSEA B R HRIE R, Z B DAL N1 o £ = 2 1AL
BRI SRR L, 2 K e SR T AR R AN 2 1) AT R e R Y e
T30 IXF0 5 B8 ST AE NATTRENS 1£ 5 A% AR R BT SRod R A X 4y S R
T R 51 5 AT AT N (Vogel, 2000).

2.2 R BE

N T IRNIRVT IS (8] 25 (8] — BUHE RN, B R R T RTEA, FgE & F MR
Hi /7 (Event-Related Potential, ERP)F R BFEATSLIGH 50 . S0 1) 3 2 H br 2 H 5248
7 RPN e s 1) 1] Fog s 1) 2 1) — B50PE 08, 8 PA SRR . P1FT N1 4R AR %2
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2 [l WF TR T TR X

X LBIN [A)1A] 2 75 REs H S0 2 [, JFHE— DR K- A B 45 ) B AR 1
KA AR T A T T IR 22 5 » T U SR AT B TR Ao ek 11 22 ] — S50 P R0 [ 2
fift o

SEIG 1 RS 4R 7 1k I T 1] 76 7K 1 M0 2 T 24 ] R BB 46 5% 2 S A e L, 78 8
NI RN PSRN YN S E er el 1D I AP el I e R = L RS A
Ji A —BINL B AR TERL S8 K AR AE “ Fe-id 2R L ARk B
L I N 5/ R 2 S G VAP 1 Db U Sl i W TR Tl M P47 s S
77 B HARA R SN BB, A0 AR I TAITAI I, e 10 A 5 AR D5 ) H AR
WO NP LI W RGNS — BUERES (- KA/ BB, A-ROK
]/ -SSR ) R S LIS S 2 N T AN SR IR A (A - K 1A/ R R, e - ARRAR)Y
E-BeRAR]), 84, RN AR AS B AT LS A3 TR R AL, AR 2 TRl A — Bk
g5, MR PLALE BIEE R T BN, EE S EIE0R, ul S N g
R, [FIRERE 25 At — R P1EAT N1 R

S 2 SR PR A B ] ] Dy S B8 A ek, 48 NPy {2 I 18] 3] £ 7K S 1 58 L 22 1)
RIBREs o R A2 1 BAABLSE M, 5 DAL 2 BE R N . RAEF AT 5 3
W, SEHBT TR, KT AN B2 8] 5 Mk I 1) 3] 4l BAT D BB S, A7 4
I [ 2 ) — SRRl o WU kI T 30 2 SRS AL 5 22 18] ARVE T A8, Xk It P ]
] et SR/ A BRI E AR IR o 22k ) ] ey 14 2 (8] g P
IS 16 3]t B A7 B — BN 2 5 %t — N BE R PR AT N1 iR

23MRENX

23.1 BIENX

TG, FEYEE R — SR AR AR — A AR, B AR W I [A] A0 4 ]
M EERARK), AREMALAFAE . XM BT UE T ERAE 7 —Fgr A K E
ISP T M2 ] B 5 2, X ] 2 i) — SR ROV (IR R, A BT A ATTSE G St B A A R
PR — RN AR AT AT B iRy DA R AR AR o T I TR N T g i) = ] — Sk
RONL, NATTAT LU B i 2H 20N AR BRI 8] 45 02, AT DA R A A B vy Rt 1 A
IS IR 5 o) 55 9 o
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FoR, AHFOR R REBEAT 7GR, 68 T AR T A B0 R I )
AR AR B 52 BIWE RS R “A )57« “RLRTT Sa SR
72 [ B g 25 SCAI TR] R AH L, B H Y BAT i e G SR (iRt B3], 4 — 1Y
TR ARG H & . XL )Rl 7E TR S BT AL, (HAETE 5 A AR
BRI AR B D o BRI, ABFFEA AT AR AR R 25 1, 37T A
NAH R AT R RIF B AL 57 1) JEL B

W o, I8 FE A A 5% A7 (Event-Related Potential, ERP)FE A,  AAITAT LLSZA
U SO0 A 7 AL B 45 73 e RT3 i 6 R A B I, X RIIR N IR AT LA
B NAT TS B b AT R N SNSRI ARIAT g v B TRDAH SG I e, s — 2D HEBN A 5G4
SR A BIE TR A

232 WEENX

[l N TR TR € E %S VAR B 7 NS TR VAL s P B R A BRSPS S E S et
AL BB R, NTAT LS 5 id P X (5 8, ER SR
71, DREFEIE. HAK, R a5 S S a s B T R AL B R, TR U AR
PG, WMo QG B 4. f&)a, ATIRmIARIRER, KA B
A A BEAT IO AT, eI a4 B 5 22 el B B Aok, 5 B AATTRE st 2 4UAN
AL PRI T S, DT AE DA SR IR m ST s 8 ) P ) R 22 i) 58 3

FEHUH WU, BOM AT LA b I IR 18] 2 (8] — BEovE oS R PR 24 2R 1 22 ) 4
o S IR ORI 2 R AT R AR AL SE T2, S0 AT LA I 2 A ) e 375 Wb 1) 1]
M. PP sz oa B, R NS S A BRI ] 2K s o S A (R FR Y, A
BT 222 S E AT R I S Ak s, 3 T IR A

AR B 5 OB U, IR RS TR — RO, [ R R R AR . O
TR DA FH I — R R By 2 YR RS I 8] AR, g ) R AE AL B S £
JE AR BB A 5 1 il R o G 51 R VTR R L & i AZ Bk
RGP AR 22 R, OB T AT CLFE B AR AT L SN fa e L P i g Lo BEAR
& o FEWNKMT TR, I 78] 20 8] — SOk Roniad ay DA R 3 B 8 R0 AN 5 A
ATTRFIS 8] A AN 5 BAE & A O L, AT e 2 Lo BE R R A I
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3 SZIRHETT

3.1 K56 1: KFEMEEFET, IHRMFEDNKEMR

3.1.1 8|5

SEHG 1 B TEE FUTE R M I R] 3] b5 7K S AN B ] 1) SR B DA RO T S M 4
Bltle B ANTE IS XA RS, 2o RS EJ7 m =R R, JF
FENATER 8 17 5 B -2 15 (8] 77 1A AR A 1) 25 B0 A B o il AE R B TR ok
T Al FRam, ARk, beid A, RS B A R R,
DAEACIR “ad 27 IX PPN [R)EIIN, A AT AT e 2 S R A 2 77 B R T ) E AR
HIE R OBE s AT A ER “ARSR” AR IRITAIEE, DS A 77 58 7 ) B bR RO . B
PRo SRIRHE T IXFEM B i SRATE A3 S I 2 — B AR AR AT (el
P 53l o g i A 15 P 209 VA ST A 5% S B 2K 1 o N A R G Rl
i FeE]” B TR -ARRARD” YIS R S SEIST T, S 3K agh U B I T 1A A B 8 0
[B] AL, I 18] 5 2% 6] 2 ) AE AR S M A R B R o AR e 7 5 B8, SRRt
IS T3 P 0 T2 AR e R IAE Ao A bR B0 e H ARSI U, AR 2 B A
R AT WE K A<y R G (X (RSO PE S = A A & EC b P A AT 375 ) i
PR, RIS I 23175 A B R P1AT N i R

3.1.2 LI B SRIE

AR S R /R PR (A A SEER A RL, @ AT MRS P1. N1 TR, %
SR X P GRS 2 75 T DL B B0 2 18] 77 1], 5 2 (Al S AR a5 & e gy 1A
2 Sy =K VA= R 57 Tl TR e S A VPR 0 R (47°2 537 W N S G A G 1 U
BT L CRKAT ) RN SR TACEAS— B SO il AT CORKAET ).
FEFEA DR B L ORKRTE ) RN SR T EA B RN (i “ i
ZR7 CRKET ) FRERE S BRI TR R PRI A 1A R0 L2 1R A 2 A
TR, SRR PR AR N T (e dxt 2BEA A BRI 8 H AR R iR
A, BRI B SR R T 18— BN, VER USRI, S ROE
SRR, HOR i A — AR P1IEAN N1 B

3.1.3 i AE

3.1.3.1 #ik
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S0 BE AL 55 5N R A KA 4R 30 AS 5 b IRsREe, BT EEG Hds itk ™
H, ST 2 A, IR 28 LAt 14 2 IR 14 2 2otk
FHERS R 20.52 B, baiEE N 2.04, BINARITF, PASERIEMAIER .
ABA S, SERHT VA U IR S s A 2 RGO SRR SRAS BN TE K
OB ZE I, SCIRITAART AR S T A A, SRR S
FRAZS, FFEZE TR BTA e . SEI0 25 T 5 3RAF— & AR .
3.1.3.2 SRR

JE BRI R P E, — IR RN R M, — SRR AR
]3] o SR LS 1R A T (A BE, BALETS, 1998)HF 78 45 3ok fg B ] 7]
ML 53 2Rk A SR I IR, A0 “BHR” ARk, N T SRR
MSLIRLE AL, Frik B P A I BRI AN 7 A, i “HT” <SR 7 4%, K IE) i
DR, 1 40 A AN TRFEAR A E (1 I K40 2 RKIA . 3 ANER)FIAE
FE S SR EAEARE. 5 AEEAR), HRABET 3 MR, REHRE
20 ZH I ] R (37 DL B 35%) o
3.1.3.3 LW

SCEG R 20 ()R] 2. ARSk) X4 M A BRI,
K=, 1 BT A S 2L STE A B, SRR )RS HTEA B, H AR
2L i B 5 I R 2 (R B B A R O 25/, Rk A—BkE R, dx
I 1)) 5 20 R IRAE A BF, ARORI TR 5 40 ROt AR L PR G /4, KRR/ .
HH - BERATT, ak L IR S 40 RAE B bR, RSN [R]A] J5 20 s R I T B
H bR 2L 5 A B 5 I [ 2 0] By s A 1) O 25/ B, ARKRITR) e A 30T
ik I B3R S AL R IAE T BE, ARSRIN B 1A J5 20 RO IRAE EBRGE /R, RRY
b)yo B ENHARTE H bR AL E KT 5 R R S AT PLL N1 i B
3.1.3.4 XLWRIE

LI A kL@ IS Psychopy 3.0 4 F2 FK A LE TF FALGE 5 LIEAT RN, R RE A
23.5 9, HA& 1920 X 1080 Mymis o #a, JIF HREE FRiAH 1 60 Hz, #ifk
TR R R B R T S . R R IR, E e A A 500ms, AR
J& SIS ]V 1500ms, 500-1000ms AR [EJ AR, R J5 FET AR A () 2 )
AN LA 25 100ms, EESRBRAIBI TS0 &, HILEA M A F9% F 4,
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3 SEIGHFA

FEAMAA T4 T8, HBUE WA A Ty 8, BIE MG Fi% B 4,
BB R E A R, B B A, A R W B 1 R R A i
AR, R ERRE RN ETZ FY, AR T /B), &5 1000ms [f17255F, [
R I OGRS A NI R BRI . BT RS S ITE e S e, Bk G R
Bz st i B R A T, BT A RS 2RSS 55 4 70 em K] HUIN R
b BARSIGTAR WA 1.

I B SR ANE AN oy TESR AT, S 10 K, BRI
o BRAR SRR G, 7 AT R N IERIRNT . GRoTIE, R Ge o BT ST RS
IEMNERER S “IERG” SR, BRI Rt “HAR 7 #EoR . e IE e,
TIATR AR R . R3S 20 GFFEA, 439 4 4 block, %4> block %A
80 X trial, HFAIFEALEIN 2 Ik, 3320 Mk Hrb—SUERAL 160 X trial, A
— KA IEA 160 X trial. BRI A 1-3 B ERE, SR
UG KL T 35-40 3o 20 fUAL B RN LR BEAR FPHT, A 1 25 ST R A
PSRBT PR A SR 2, — ML AT B R SO B R R
A S S A B R R, — Bt i — 80k, FlA—8ktE, k2
SAA —BURAE, B BURT

3 &R/
R R E N

500ms 1500ms  500-1000ms  100ms wERN  EERMN 1000ms

[
Cd

B 3

" 2z
¥ B FEAE?

" "

500ms 1500ms  500-1000ms  100ms RN WE&N 1000ms

& 1 3218 1 5EE
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