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 E  MUTESEIE XS (audiovisual crossmodal correspondence)fE A [FIZERIAGAL . TR (009572 &8, (HHIE
A TBE AN . PSR R T, HRITIR M (inhibition of return, TOR)X T HENT 5 81 X 1o (5200

SRS 1 BRI R E bR B2 (B B — B AT 8 SR S L SE B AR B = 18] ) B — B, SRR
TOR  A5CR AT 65380 308 X A7 A 3 AR, SR A AP AERRUE (W AT 530 308 X RN, T AR AL B 1T
B AE X N AN AR o SEH 2 R TOe T i RO B, A3 IOR 2N 5 sl i s HE S W ANETESS BARE A,
HEBR T &SN N T A5 R RE . SCH 3 T K L AN B FR ) [E] B[] (stimulus onset asynchronies, SOA), & 3R
PEBEFT TOR BN, LR AL B I RIT B8 X W RN A s 55, H TOR 300 X —F A0 IV B85 38 0 X 1oy 1) 8 1 1
FHUES . BEER R, AXCY T 5 5 00 2 (B) 6 B =2 ()R AR B 5@ JE X R B, 2 5 IRl R & 2B ZE R 38K 7Y IOR
B FE AR AR L, SR T R I S A X I R AR AR N B B o [RS4SR R T I X R ) B AR A A R LA
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1 55

NFAREE A vt il 18 87 B B IR, A~
[Fi) JE 0 3 T WA 5 P 25 S s A i NI4T Sl D,
X — PG Wl FR A 22 J85E J V7 38 5k (Frassinetti et al.,
2002; Stein et al., 1989), LAAX F 280k e 1 4 54k
ROWF 5T B P T 2 I8 344 (McCracken et al., 2019;
Starke et al., 2017), 2@ H 345 48 A [A) B b 18
B B B HA B 2 AR MR, Ak xS (5 B AT
A VOB GE TR 32 U RIECGZ I 48, 2019;
Tang et al., 2016). F5 AT 58 i A A5 B LS B R
SHARWT B 3% 4 (audiovisual integration), #H L FEL—
DL BT B, L T RGE B PR A S AR TUAR AN
(redundant effect), e 7 i XF T X3 18 R 3 ) 8
MABE (21 4, 2019; JHIERS 4%, 2020; Stein
& Stanford, 2008; Talsma & Woldorff, 2005)., 41|

W H 32 2022-9-27

A7 i ] B 5% R P A0 i R T o A B 8 TR [ 1
(] A0 B [0) 45 B, #2987 AR S R BE 7 (Spence,
2013).

DITEBFSE A, L. Wl 1 LL—HAota i)
J5 A M SRSk, b B LA —Fh AR T T X
XTI Sy e R s e, BV L W SR A T T
AN TRVAE B2 45 5., (L A0AR T 5 52 e > /i AT,
Kb B G B FR A LT 5348 3 %) 1V (audiovisual cross-
modal correspondence) (Spence, 2011, 2019), —Ffi %
TR %) R W 525 3R SO X6 I A T s 194 TR R 1 3 ]
AL Z IA] AR, A 1] T4 5 R e i S
o 43 (S RH A, T B PRI A A o SRS ()
L AR ST o 25 s P Bl s 50 T A 0 2 B
B0 T v A TR S B R s o IR B B R T
iz 1A 7 Bt B A AL e 9, B Z R 9K (Chiou &
Rich, 2012; Evans & Treisman, 2010; McCormick et
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al., 2018; Spence, 2019; Zeljko et al., 2019). Btz
Ab, 5 RO/ (Brunetti et al., 2018; Parise &
Spence, 2008). 5 5 5% ) (Maimon et al., 2020;
Marks et al., 2003)LA K & 85 25 [H] Jii % (Evans &
Treisman, 2010)#8AF7E AL VT #5308 38 XN o AS[R]FH0
W o, 5 T 75 22 1 R0 i R0 T i ) 5 2 B[] 6 =5 (1]
- AH 4K 52 B (Spence, 2013), WY 5 38 18 XF b A& A=
BF, o I R R W s B ) 2 B T DU ], 2
By B 18] 8] B s m] DL AH X B 4 (Chiou & Rich,
2012)  FHL I 15388 38 X)W 2 — A AE X ) L2 (Chiou &
Rich, 2012), UN7E¥ -5 25 [A) 40 B 10 55 30 38 X g
ANFETE B A28 10 o I8 5 A 8 B Y 25 (Rl B 2
V) P18 248 X5F (A RSB, T 2 A7 A T 9] e A T 2 1
L IR RS N R N VA - R i DO = 2 S R VA
Z [A] R IR o

PR IF 58 51 X6 40T 15 368 18 X1 1) & A= B B A
TEATRDUL A o 25— B s Ry, PR T 3255 368 0 X6 1 &
AEAE RN K-, BRIV I 35 388 T X I T SR )
S5 i & PE(Evans & Treisman, 2010), EGWI5A
I B9 O F BRI 2l 1 R, An AR Rl
5190 S £ 10 1 51 e | e A =) I
AR B AR R, B ] T B DA
] Fiz3lj(Maeda et al., 2004), ERP (event-related
potential) i 5% & Bl Y4 SE T 2 B A 7 5 S HT AL
PF 5 AF AR I — By, #8355 A i 530 R oE B o3
N1 A3 MR AH LT %5 AN — B 3, SR 17T
5308 8 X 1 R B 5 (Kovid et al., 2010), 25
A AIA S, T B T Y & AR TR T E T
(Spence, 2011) 55 EH K IAE LT T A 001G 5 AR
o, ATTER IR AR SR AR AN [RIAT AR Y 2, i
(R PR ) 1 ST I 2 TS, S A v AR, DA B s i) A
AL, BB AL . W AS [R] 4 B
AHTE] B T8 SC 2 Bt S S50 1 A0 W 3055 36 3 ) iy ) i B
(Walker, 2012). IFFEH FH < %M1 19 1 35 AR
BE ., AR R, AT iE S SR E
BT S IE XN, SCRE T T I 38 T R AR AR T
S AW A5 (Gallace & Spence, 2006), 55 = Fjll
RO, T 58 0T N R A AR R I DR K, |/
— AN T 5 55— A 3 X R FEAL T X T 2 B
B b3 4035 4 s % B E (Spence, 2011) . WF 5% MG
SR VR B T 3 X TR T I 3 X B A TS, 4
IR IR A T 255 38 T I A A B, R ) R
M d” WA kAR, X F B AR R0 E T
AF 5 I kg 2 SR AL T 3255 3 3 0 I A A A R )23 T

RN A AT A p W N R e s s o A 1]
LT 3255 38 X 1 & A R DR SR T AR 168 7K P (Marks
et al., 2003), &z, HT Rk A A0 RO LR £
FEARASIA], AT 53 3 X N 1Y & A B B JE 2 1
(Spence, 2011),

P T SR ) S BT I AT AR v B AR B R v
I #F M (Evans & Treisman, 2010; Kovi¢ et al., 2010;
Tang et al., 2019), fEIEARBITT RN, TEE R
4 W 43R B (inhibition of return, IOR) 23 51
ANEXT HbR M HEM 4%, 2020; Tang et al.,
2019),I0R ZFE1ELE K1 (cue-target paradigm)
H, MEERMAARZIE K SOA KFZ) 300 ms A,
BN T2 R A B B 0 3 e g s R
2 R ALE B Y ] ) IR 4 (Posner & Cohen,
1984), IOR 4 1 AHIAI AL B R A IH R, e 7
Y618 R F (Redden et al., 2021), 45X T IOR 1Y
KAEVLTIAAA A R B g R, (0 AATE R
IOR Je e | —Fp e, BRI MR AL & B
B, SR REAANE B R0 R PR R,
45 5 N7 52 B 5 3 (Klein, 2000; Satel et al., 2013),
ERP #F58 % B TOR A= 2 A 8 105 2 114
R P1 AT N1 B Bma AR T A4 R A5 & (Hopfinger
& Mangun, 2001; Prime & Jolicoeur, 2009), 37§51
TOR U A= 70 5 0 A SN v B B o AT 5 OG0
TOR A5 1 22 Jg i il 3 (B A AH AR, SRR A 5
P TOVT SR A G20k 5%, 2019; Tang et al., 2019;
van der Stoep, van der Stigchel, et al., 2015), fFFEH&
ELRE AP EENT % Hir, 451 L0
TOR WU X T AT e 8 5 7= A TR R . — &4
WSR3 e IR R A A B 0 AT 58 2 5 B0 B /N (2
it %%, 2019; Tang et al., 2019; van der Stoep et al.,
2016), 53 —#B o E K T AR B9 45 2R, B4
FALAL E BT A RN R (FE R AF,
2020), A[EEFHFEL R A 5 AR L5 R SOA K
BHAXRERN 4, 2020), HE ARV, 0
Wb B A R A2 AR N8 B B (Tang et al., 2019), Kt
o332 B[Rl K AEAE e I TR By TOR 500 Y
W2k 5, 2019; FHBERT A%, 2020).

JSAE PR W s B - R AL T 1855 3 N LAAS (]
77 2T B2 e S A i, T e B ] A A ]
B i AT i 2L 0T 4% 59 18 B (Noesselt et al., 2007;
Santangelo et al., 2008), J&# il i A [F] 4 B {5 B8]
14 AF L R 5 1 1 S Hi 947 24 (Chiou & Rich, 2012;
McCormick et al., 2018) . {H 4 548 Wr 15 38 3 X [ &
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AR B, S5 DAEWEIE Kk B0 22 8%t i
£45 TOR 7E N M TE B L R AU 2 8] AR BAEH O
BERY 45, 2020; Botta et al., 2017; Chica et al., 2011;
Tang et al., 2019), LA PR 28 ik S v i pY S2 56 %
% (Sternberg, 1969), | IOR KU & A=}, LR ALL:
B R R R . S A AT 2 X T L I 3 R
DA SR T A0 SRR U 255 3 T B R A AR T LER
H ORI, T TOR AW AN 23565 T 400 1T 825738 1 % J7
PR o R, ARSI A ] 2R U T B
T TE X A SR IS AR A, XFT TOR R0 FI A W
95 3 3 X O 2 [E) YOG R AT T ARSE o LAY 5
TE X R ST, L W R R 25 5 3 (Brunel et al.,
2015; Gallace & Spence, 2006; Getz & Kubovy,
2018), il &t 3 /9 25 5 AT 8 [l S T Ry
"o G VL IT 5308 T 0 I o 25 P L I R g A
(8 B 25 408 3T M R R T 08 e S kAR Y b B AR
(Spence, 2011), CAWFFTFRIA 2540 . W il 3 2 2R [
B B TE) R 2 100 ms B0 T 5 38 5 %000 1 2K (van der
Stoep, Spence, et al., 2015), [ A 5% 76 W7 5 51354
HARJE 200 ms L2 BALGE H bR, HWrad 30 LSS
EIEAXEM, D/ MU e & 1 m

J3Eh, Je TR bR S IR T R 2 X T H
Py A 255 350% (Wiegand & Sander, 2019), X fifi
"D AR 2 i v R R TR R ) R B B D (Kusir
et al., 2011), F15 HARPEEGE 5P = A4 52 HAE
Jf(Botta et al., 2017), [ H A5 H 258 5500 1T
RS AN MEL R 51 & 1Y TOR UM AHEAEH, 1 WA
) 264 R BB S RN AN [R] o 5 R H AT 2 —
ARFE TOR A5 -55 40 W 1865 368 8 %o o7 =2 () 5 R iy F
F, AESEEH HERR AT REAFE IR B N R 2 B,
PIAEFE BT T i 9256, HRER B e b e
RS TOR A8 7™ A 58 . ik T TR VA S o 45 2R i )
fe. fJa, A T H#FE—20ARST TOR &80 A W 125 38 18
X R 22 (8] 32 AR FH AL, A8 i 5 LR AN
HAErZ A5 SOA KA\ TOR U Y K /N(Lupiafiez
etal., 1997), SEMHRST TOR & %F T 0 IVT 145 388 18 X%of
7 B T AL

Zi b, AR &R - T, il B
B Z i 22 BT, 75 4% TOR X T 40T 5 368 188 %)
BLRIFENE o WEFEIr 9 3 Sk, Sei 1 R R
A 2 8] 14 25 T) 2 ZA7 800 AT 5 40 85 0 o
P 2 [ 4 153 30 0 O — B, R 5E TOR &40z 5 4 W
P IE XS N Z B R . SEhe 1 Rk, H S =[]
A7 B 22 ) P 400 T 53 T % g e AR R e KT, Lt

2352 B R AEAE AR RN T BEA TOR S50 OS2,
PRALIT 1538 T8 X 07 55 TOR R0 2 ] () 28 HAEFH o 5%
55 2 Gl T R AT e R EOE A P, 5T TIOR & 5
PR P IS S Z A A O R o I 2 Hh T )
W R AFTE— R B, T R A TR 2 TR] Y 5
TE R IV e S IS B AR OC R B R A e
A (Chiou & Rich, 2012), Ktk H R B —FhdHA S
ERUGE b 0 25 ) 007 B 7 A 5 3 T X 7 o S 2 1Y
H i — 5 T2 90k rE BT ay et oE b, 7E 0058 R T
Bl 5 T SO 25 5 TOR & AR 52 |, i A
A W o RS R AR KA B8 E RN A2 5
IOR AN A= 52 H.; 53—J7 T e HF R 7T BEAF T2 10
BBV T R AIR WG . BT LIRS R, E
ROV LA —Ff B E T 09 75 2 58 0 7 0 35 1 Jk
Hl(Kusnir et al., 2011), 1fif IOR DL H F i _E 7=
5 A B 10 61 9 (Berdica et al., 2017; Jia et al.,
2019), 525 2 Bk TOR RN A2 5 W se il
MG/ AL, PR 1 E R
TOR 3007 XF PR T 1865 368 30 XoF . P9 5 Wil BT S 3 1Y) S
3 A IRAL KA HIRZ Y SOA K34 IOR &L
LA RN, RFE TOR SO T T 153 308 X6) 7 ) 3%
AL o AR 22 8% B N 4 B b i B LG RGO D D]
(principle of inverse effectiveness) (Meredith & Stein,
1983; van der Stoep et al., 2016), W77 FHillIpfi % £k
FA HARZIA ) SOA 14, IOR &40 25 /IN(Lupiafiez
et al., 1997), FEMIH132 2R A AL A HE T 15 368 3 %f
o8N A /]S, H. TOR RN R0 T 8253 3 X6F 7 Fr) %]
A I o

2 SZEG 1:TOR R X AW 5 38 18 Xof
IVAipALE|

21 FHik
211 #ik

KH G*Power 3.1 34X HEA & 471155
(Erdfelder et al., 2009; Faul et al., 2007), && 1 &
FERAYHER o error prob i 0.05, KERRLAE Power (1 —
B err prob)>hy 0.8, AW & K H &K F(F = 0.25)
(Cohen, 1992), THEBHIRFEA RN 24, HEETLHA
FARTER AR 31 44, Hh B4 14 £, & 17 4,
IS 18~24 % . AP N ARIT, WL M
BOFF IEAL T IE R, JoM 2 sOR s s, J0 i R4
Pisk o BaTE S0 58 S 23 AR AT A I Y
2.1.2 EWMNSBS5HE

SEYS R E-prime 2.0 Zithl, 217 F Dell
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3020 MT FHL o SEH0 B2 A 23 S iYW
B R#R(Dell B2316Hf) I, FiHefH%E R 1024 x
768, hlH %K 60 Hzo B K gk Sk H 1t
ELFERE S, B 60 cm. SCUR7ERE ¥ A PRES
T,

JIT A 1 A0 A R T A 1 1) e b 2R
f(RGB: 0, 0, 0)Z 452l o ARk, 3 AN IE
e HE(L.5°% 1.5°) % FHESFE Bt b, b —AN0
HEAL FBE R E T, 53 Ah AN HE S i,
ANFAAS T HEAHBERL Al 4.5°, s B S (1° < 1°)
SEHAE YL THED, LR X TS O B
T RYAETE I HE L 0505230, Hh s £k R i e
S AR RA 1.5° x 1.5°528, bt Hbr o —A~3
#F(1° x 1°), WFREHIECch 250 Hz 8% 2500 Hz AY1E 7%
B (50 ms). 7 G i Sk Uk = A B2 (ATH-
WSONM A A7 B XU T8 B, & s 42 il 7F 65 dB.
2.1.3 LWt 5iKE

SEH 1R 2 (BRIRRABNE: LRAR vs.
LRRTCEL) x 2 (W5 T8 X o — bk . X —3K vs. X
PN —BO R R R T, PR HE R R s AT IE B
R, Horp, EEEIE XN — B R E T R
T r B AL SE B s, 7RG S 2 IR B A A
by 1538 T8 X AN — B 5 2 A . 1B S
—3t 54, B 53 MR, H s s A iREUR,
3£ 265 N iAK . WOATESTIER LI ATE A 53 4
KA 2] 20, RS KA AT 35 3.

SEE 1R ARSI B IR AR AN L TR A, bR
e o 2 IF A, RIATEZS 750 ms. Ff
JE VRS O BCE N Oy B HESDAE S i, A 4k
&, LI 50 ms, LRXT HARZSAALE
B T 7E 250 ms B R[] [AIBE S, AL

VRN Y2 2 BB, o e 2R R JE 45 [H) TOR WF58 Hh
FHRBEE, A BT TOR R0 A2 & 1Y H B (Prime et
al., 2006), HIRZEREI 50 ms, Z/FFEHLEIA
[F] 5 180 P SRR o WU o R S B ] A 50 ms,
£ 200 ms WYAFEIE RIS, P00 H PR 7EE LS B 5
WHE T TREN I 100 ms. B 77 AR 5
L5E H bR 2647 RE TR SO i e i i R, ARk A
B, R 1000 ms PR B s, A 3
AT =AW, BT 458K, L&A AT
Bt B TE R R 1R A S A
22 ZER5HMH

BRI BEAT SR AV st S (100 ms LA
PO S R B IE T 3 AR B AN T
A BB B3 B, 5 B 0 B R B
1.09%. SEEF 1 AT ER AR S AT 55, Bl
PIIE#fRAE] 98% LA [, PRIASER X IE A Rt 17 ik
— MG AT

X RN AT 2 (AR RRARL vs.
LRRIRN) *x 2 (E5mE AT —Frk . X —F vs.
XA — 0O B B MR 5 2550 B . SR 2 pr
N, REARMEERY B E, F(1, 30) = 122.26, p <
0.001, n3 = 0.80, LkRAMEM T A NIAF(325 ms)
i ENS TR RIS F(288 ms), IOR R0 H PR . #5
T 8 X Y — EOME ROV 3, F(1, 30) = 4.95, p =
0.034, n3 = 0.14, XIR—F A F BB (305 ms)
T X A — B (308 ms), HLIT I3 18 %
PO B B, BRI T T
— MR EER R, F(, 30) = 6.69, p = 0.015,
np = 0.18, TOR Z{ ;X 40 W 1255 388 18 Xof g 7= 1 A
TR TN AT R, MR AT, B
T8 X — B AE T B SN (322 ms) ik BT

TS
Xt N —3K St R AR—3 SRR % 750 ms
2500 H; 250 H (m]
®250Hz | . Q)ZSOOHZE 0 O
R = 50 ms
i Rk 0 T
D AN «’L‘)
WAk AR Q B |0ms ¥
: O
2 RE [+ 100 ms _»\
; = /YQ .
N //'14“
1000 ms S

O

[+

O
&

1 S8 1 R
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AN —F & (327 ms), ©30) = 3.26, p = 0.003,
Cohen’s d = 0.59, 95% CI = [-9.29, —2.13], I T
AT 125 T X RO, Sk AR TOR, 1 T X
— SR B ORI (289 ms) IS A — B ST
(4 I g B (288 ms) AT I 35 25 572, 1(30) < 1, A
PRI 15308 T X OO o g — A2 R 178 T BN S
Mranl, 40 xf n — 28, KRARSKETH
SRR (322 ms) i 3 12 F 4R IO L (288 ms),
#(30) = 10.19, p < 0.001, Cohen’s d = 1.83, 95% CI =
[26.76, 40.19], IOR AN H B >4 #5300 38 Xof b A —
|, RRA BT RN (327 ms) B # 18T
LRI SE(288 ms), #(30) = 10.76, p < 0.001,
Cohen’s d = 1.93, 95% CI = [31.79, 40.69], IOR %)
AR B, % TOR AR (R R A Rk 2 4k
RICBAT T2 S0 BT R A ¢ K, 245
SO 0 5 3 T R — BT /9 TOR 2800 5 (33 ms)
i ENF A=A (39 ms), 1(30) =2.59, p = 0.015,
Cohen’s d = 0.47, 95% CI = [-10.31, —1.21], ¥4
T JE 6 A AR A PRI T4 TOR &40 .

0= S —B O R RA—3

550 -

A
o e ol

150

2 W B /ms

ARER TR

B2 S8 1 S840 T AL
T & A BT R g, i, T oo,
TR BUR ANASFE BIT . *p < 0.05, **p < 0.01, **¥p <
0.001, n.sfRRIC & F =R

2.3 NG

SCES 1 SR A, BRTER RAE MR
S I8 T2 R IO A5, TOR O 3K, R WISE
B TE T R R ST BRI A e IOR &%
ML A o HeAh, B AR 3 TE N Y — BRI T Y
T2 B PR T X AN — B S A, Wb 5 3] 5 0 s (]
N7 B 22 ) P B3 T X 7 B, LA, TOR &Y
ST 55 38 G X N AR T A HAEH, SRR A RS
BT AT I 3 X N RN, TSR R TORR T
VAT H BT 1265308 T 6 N RN, R A AE SR N By
B TOR RUw7 XhF R T 5388 308 X6 1y = A= 1 IR 1 VEFH o

DMERL T 38 8 5 i se v, AR E &K 3L IOR
RN KA, 2B AT B RIT 58 8 5 4500 B
ROFGEW 25, 2020), #F 77 #3852 5 HAIUN Ji ) %6t
MDA fg ke, DRSS, W fE S MAGI & T
B3R A # £ (Meredith & Stein, 1983). H RIS
IOR RN & A= B 26 A0 7 B 1Y) H A Je i o b 3
BEAR, JEZ AN E 1Y B b B0 . 25 P A 42
(Satel et al., 2013), A2 1T M u H b5 -5 Wr o 4l
U ) 2 3 O o AN AR R R AL B X R R
A R HCAIONE S0 RT e T e e, H
A BITIe TPt — ek, S0 1 38 & LS i i
Xif b — B2 AT A TOR R0y 1 T /)N, M AT 5
T T X R E TS T IOR R0 % T H AR LR
HVE_E A, 33X 5T B A ST R ) & B —
E((Tang et al., 2019),

SEHS 1RSSR SRR T W R 5 0 A (R A
2 [6] B 5 3 X 5 TOR R 34 % Ak 7E 101 1 0
BB, BT Z A2 A S B, HAE HETHFSE
W, ST AL B bR S A T 8 2 7 A S
(Wiegand & Sander, 2019), X 5 240 1] GETEZk
RACNL B AL RN E B KN (Botta et al.,
2017), #EMIX TG R ARG N T iF— 23
Fr sz ut 1 045 2 i TOR 50 Xt T L I 1285 38 3 %o 1o
HEATUR T BT S8, AR T 8 2, SE 2
A 3 RN T RSO 75 PR, HR ST TOR R 5 Bk
RS w2 MR L8 2 W E I —
SEIOUEAE H TR FE b, 7608 R AT Bl S T
RN 2 5 TOR W F= AR 38 B, T A5 T i fll 38
SH05E B bR & A BT N A5 TOR /U =4
EH; Ty — 7 T AR HERR T REAF 78 1 5 200 X 45
RBIRIE

3 LI 2:IORWMW SFEERER
B

3.1 FHiE
3.1.1 #ik

K G*Power 3.1 BAFXIMEARHATIHE . W
BT RN o error prob A 0.05, KIRLRE
Power (1 — P err prob) >k 0.8, N 1w~ 4 K- (f =
0.25) (Cohen, 1992), A BAFEA TN 24 FHSEHIL
I R RAERCEE 34 44, Hoh B2k 15 44, 419
%, AR 18~24 % TR N A RIT, Wy
B IEAR T IR, Jo & BORE Mg s, JCiN
BRI L o BT S0 58 U 23 ARAAH L T
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3.1.2 LIUESHH

SEBS 2 WIS 1600 Hz (IE5% ¥, H
PN N ER RSy v RS o W= S
3.1.3 SLISZITANSLISRAR

SEEy 2 R 2 (SRR ARNE: KEA vs.
BRI <2 (FE I A& vs IO &) ak
PsETE, PRAE & SO N I FNER 3, SE5G 2 5500
1 AR Z A2 5 iR 1600 Hz f4tids, nlgE
W ERAE L BE I R, AT REAS B, AT R R
PR I B 595 1 R —3.
32 #EREHW

FEARIL N . EAT SR A s S5 (100 ms LA
Py Bl I OB IE B 3 AN BR ME2E ) B AN T
A BN A3 B A0 B s o R BCEE B Y
1.88%, TESCH: 2, WA FHIEHRIEE] 98%
Phb, PBICAER X ES SR T3 — 2P ge it ot .

1 Esdy

O By
1.S.

[ |
500 | Kok

.

300 - ﬁfﬁ
200 -

100

iR} /ms

AHER TR

B3 S 2 ST BAELE
R RS2 < € BN w11 S N 1473 VA G S A~/ G N L1 B3 VO
TR BN RN . *p < 0.05, **p < 0.01, ***p <
0.001, ns.fAFTICWE 2R

X AT 2 (RBRA RN RRAR vs.
LRI <2 (HHE: Aridh vs. LA H)E
STy 2008 AR IE 3 R, RRAEMEFE
BN R, F(1, 33) = 237.78, p < 0.001, 1) = 0.88,
KRB RSN T BT (313 ms) i F 18 TR T
BAA(294 ms), TOR 500 H B 75 2 S 30 =000 ik
%, F(1,33)=82.34,p < 0.001, 0} = 0.71, A&
P T B B N B (283 ms) i 3 PR T OGN i A& A
(305 ms), Wy @ ) AR B0 TR e B AR 5
N o ZRRASERSE S RN AR R, F(,
33) < 1, BEAEYE I TOR S8 X T W 5 3 3 e 7=
A B AR HHERIONE 7 A R
3.3 N

Sy 2 AR EOR, ORI ELRABSMN TR

J NS TR R IR, TOR B0 H B, 75 &2
ROV 2, SEETRLSE L 200 ms 2 LAY
AR #E T B T8 B AR 1 S . (B R AR
PRI B BRI A BAE AN B3, S8 2 (W4
RFRW, Baliny s & 2RSS IOR B = A 38 |,
HA W58 S Ao 5 AR A Ak Bl s X A 2 5
TOR BN = A 28 H. o S5 2w i ot 4 o H
i B AR A 2 T i e TR SRR, T N T
A1 IOR B R P2 A 38 1., 45 A IFERIFSE, 58300
S DL —Fh [ iR B 3G s 6 R
(Kusnir et al., 2011), 1fii IOR DL Fiii F#5 5
Wi B 328 14 %40 5% (Berdica et al., 2017; Jia et al., 2019),
T PP AAONAE P (038 B8 AN [R], PRI 2377 4R A0 H.
PEFT o S50 2 SFE 75256 1 P A4S A /2 TOR &%
oy Xt L T B 3 T 1 5 T S B o

R T S RST TOR BN X TR0 5 3 18 X
NER TR AL, AR TS8R 3, UK 3
PEONLRZ AN B AR SOA SKEELL TOR UM K/,
PRFT TOR A5 Y /KRR T 88538 3 6T 1 P9 52 10
S RO SR ST, T SOA 9T S 80 T0R
RONEAR /1N, S AHA5 4R B A0S 1) A0 T 525 3 3 XoF 7 488
PSS, H TOR &N R T 490 W 125 38 T Xt g %) 9 59 4R
FHUES

4 SCE 3. AJE] SOA T TOR R Xt
N SRR ER OB AOp=AL ]

4.1 FHik
4.1.1  #ik

K G*Power 3.1 SR REAR BT . &%
B 1 2REERMER o error prob A 0.05, KLGRLAE
Power (1 — B err prob)>A 0.8, RN 1 A HH SE K (f =
0.25) (Cohen, 1992), IHEHIAFEA TN 16, FHEHIL
INE R 37 %4, Hoh A 9 £, Lok 28
2o WK 3 4, FRARKL 34 4, Hh 5
94, e 25 44, AR 19~26 % A BRI N
HRTF, Uy s IELT IR, JoM & s
PP s, T 5 o B S0 e U 23k
AR A M
4.1.2 EIFSHE

SCHS 3 TESCER 1 AL L, KRR S Hirz
i) SOA 3 &} 600 ms A1 1300 ms F Fl 7K F-.600 ms
RSEES 1 R R A HBRIEIY SOA, 1300 ms il
i HE K AR £R 2R 5 Hp e 2R 2R 2 (] (14 () B e i) 52
PR o AR SEIR AL A 5 S0 RS S50 1 AH TR .
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4.1.3 LIEFITFALIERIE

SEEY 3R H 2 (SR REARM: : LRRA vs.
LRI * 2 (BmiaxT v — 8k X —F vs.
XA —ZF) x 2 (SOA: 600 ms vs. 1300 ms)) # i
P, PRAE 5o S N I RTIE %6, IR 20— 3t
6 2, 69 Mk, Hrha & 5 il It
414 MR o WA AE AT IE LR T o2 Ak 35 Mk
W95 ) 528G, AL R AHEFT 50 404k HA S
WA S 1 R 2
42 HERE5HW

RN . A SN NN B 55 (100 ms LA
P B I OB IE B 3 bR i 28 ) B HE AN T
A SR B A3 B, 50 B R B R BOEE R Y
1.22%, SE% 3 AR AR S AT 55, wkny F
PIERRIEE] 99%LL b, PRI ER X IR A R i A7 0k
— G T .
4.2.1 RNBF

PRV DiEfT 2 (RRBEHNE: LKA
B vs. RERETCR) x 2 (Wi aE X R — b X —
Hovs. X A—3) x 2 (SOA: 600 ms vs. 1300 ms)
M E M 2200 SR BN, LRA M
N3, F(1, 33) = 89.44, p < 0.001, n; = 0.73, k&K
BREAN TV T (355 ms) i 18 TR IS
4:(336 ms), TOR 207 H PR o 1855 38 3 X o — BobE 5%
N, F(1, 33) = 9.57, p = 0.004, n; = 0.23, Xt
— BN T BB (343 ms) i 2 BT AR — 3
A1 (348 ms), PRWT 53 38 X R RN H B, SOA &
BN AS R, F(1, 33) < 1, SOA MZRRA LM A
HAEHEE, F(, 33) = 6.89, p = 0.013, 3 = 0.17,
SOA X T IOR &A™ A TR o AT B30 43
Mr#EH, 24 SOA i 600 ms I, LEHELMHTH
N (356 ms) i 318 TR ICMEANF (334 ms),
1(33) = 8.34, p < 0.001, Cohen’s d = 1.43, 95% CI =
[16.33, 26.86], IOR &L H#E; 24 SOA & 1300 ms
i, ZRRA RS TN (354 ms) il &8 T4k
IR EME(339 ms), #(33) = 8.52, p < 0.001,
Cohen’s d = 1.46, 95% CI =[12.13, 19.74], IOR %1
R IR, SOA XF T IOR &% i35 A B 7E SOA

F1 LW 3IPTEEGTHELYR M+ SD)

SOA LRARKNT LRIBAAT
MR —H RMA—BC MR B WA — 2
600ms  350+52  361+51  334+55 335+53
1300 ms  352+53  357£56  336+57 34157

4 600 ms i TOR R £ (22 ms) i & KT 1300 ms
(16 ms), #(33) = 2.63, p = 0.013, Cohen’s d = 0.45,
95% CI=[1.27, 10.05], Ffi# SOA HJIEL:, TOR &0
AN

RN, KREARNE . LT S8 18 X R —
PEFT SOA “H R L HAEH W, F(1,33)=6.40,p =
0.016, 3 =0.16, 24 SOA & 600 ms i, L&A LM
LS 3 N — B R BEAE B, F(L, 33) =
19.45, p < 0.001, n; = 0.37, TOR R XF T 44T 538
EXTRL A TR . RN AT R, MR RA
Y, 3 3 T O N — BT B ROV (350 ms) i
FRT XA —E (361 ms), 1(33) = 4.97, p <
0.001, Cohen’s d = 0.85, 95% CI = [-15.36, —6.43],
HB BT LT 3 T N RN ; YR ORI, B
TE XTI —BAE R B S (334 ms) TR AS—F
MB35 ms) A W EZES, 1(33) < 1, WA HIAN
I 125388 38 X6 W2 25000 » 24 SOA g 1300 ms Fif, 1558 18
S I8 — S0 FREON B3, F(1, 33) = 5.41, p = 0.026,
My = 0.14, XFR—BUIEMF T B BI (344 ms) 35
T X A —E S (349 ms), AT 55 T X A%
F H B o 2R 3R IO R A G X I — S i 38 HAE
HAAREE, F <1, TELRMEREIELRL
N7 B0 L BT AR T B S X R RGN, RS R R
S, DU 2R 2R A0 A 53 18 X SN 7RG
F(1(33) = 2.11, p = 0.042, Cohen’s d = 0.36, 95%
Cl= [-9.73, —0.19]), MidEL R A7 E 1Y 85 38 18 XF
IR IR B 2% B (1(33) = 1.78, p = 0.084, Cohen’s
d = 031, 95% CI = [-9.44, 0.63]), X EHRETEK
SOA ', ZRAR A E ()WL W 5 38 108 X g R% 0 B
4.2.2 I B 18 i X R %L

BB ARFE SOA &4 FANFL &A%k
F14) R P S5 308 3 X6 2 2040 I e (OXF by A — B0 25 X6 —
A ROREET), FEXTHETT 2 (SOA: 600 ms vs.
1300 ms) x 2 (RRARNM:: KERAR vs. KRIR)
F14) F 5 0y 25 M o

ERANE 4 FR o ZeFRA R E RO B, F(1,
33) = 10.45, p = 0.003, 0} = 0.24, REAMEKMHT
A4 15 38 T E RN B (8 ms) K TR R TR AR
(3 ms). SOA ERN AL, F(1,33)< 1, LRARK
"5 SOA MK HAEREE, F(1, 33) = 6.40, p =
0.016, n; = 0.16. AT AN ST R W, TERRA K
T, SOA 2 600 ms i 1125 38 38 X W 250 (11 ms)
W KT SOA K 1300 ms i (5 ms), #(33) =2.20,p =
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0.035, Cohen’s d = 0.38, 95% CI = [0.44, 11.44]; Ti
TEL R ICBSAE T, SOA 2 600 ms I} 4 53 18 X 7
B ms)5 1300 ms B4 ms)BA BEHE R,
#(33) = 1.45, p = 0.156 75 —4E 5 (1) {8 BRALN 73BT
X, 4 SOA N 600 ms I, LRAMEM FHE
T8 6 RN (11 ms) R TR R IR A
(1 ms), #(33) = 4.41, p < 0.001, Cohen’s d = 0.76,
95% CI = [5.35, 14.50]; ifii24 SOA Jy 1300 ms i,
LR RA RS 1A 38 38 X R RN (5 ms) 5 TR
FMFETEms) A BEER, (33)< 1,

E 600ms [J 1300 ms

53 TE X N AN B /ms

HRER TR %

Bl 4 25 3 A[E SOA ST AR LR A UM i 5 i 1

e I A0 N7 i 1 A 2 ]
W RS LR LR, AR, R R IR
TR, S A AT K RS 3 R B *p < 0.05, n.sRE T
S
4.2.3 IOR M

HRITE R SOA &M FAFLRA
PE NS IORZN i, F5XF IOR RN ft #4172 (SOA :
600 ms vs. 1300 ms) x 2 (& i# 8 X} — B0k %R
— 2 vs. XA —BO R EE I I 22004

ZEIR R, SOA ERN B, F(1, 33) = 6.89,
p=0.013,1; = 0.17, SOA >4 600 ms i) IOR &)
(22 ms) i E KT SOA 4 1300 ms A (16 ms), Fifi
H SOA MYHEER:, TOR KU 1 b 35 FAIK o 8538 T X 1]
— B0 R B, F(1, 33) = 10.45, p = 0.003, 13 =
0.24, P53 18 XN — BT B9 TOR R0 (16 ms)
B /NTRA—FELAF21 ms). SOA 55 IE
X — B AR 3, F(1, 33) = 6.40, p =
0.016, 3 = 0.16, Al SRR/ R, 24 SOA K
600 ms i, 538 8 X —BA N Y TOR &0 i
(17 ms) & E/NFX A —EEAMF Q27 ms), #33) =
4.41, p <0.001, Cohen’s d = 0.76, 95% CI = [—14.50,
—5.35], PR 5 38 X N AR B AR AR R T

43 IOR BN ; 4 SOA 1300 ms I, 45 38 18 X 1 —
MR AY TOR B0 (16 ms)5 xR A —8 &4
(16 ms)c AT W #F25, 1(33) < 1.
4.3 ING

SRS 3 TR R M H bR Z MY SOA Sff
L TOR ZER AR/, H45E TOR BN FR R /NS AR T i85
T T B AR . X T TOR U0 B A3 & 3, Bt
F SOA MYHER:, TOR RV I8 55, X 5HT AL R
AH—F(Lupiafiez et al., 1997), ZES G045 R L,
24 SOA 4 600 ms Af, TOR Ry 55 40 T 15 38 10 %) v
AT AR, REREARGEAF BT T i
XFRE RN, T2 ER TR R T %A H BT 5 30 16
RSN, X505 1 A5 SR A — 3 fi % SOA 4E
K= 1300 ms, — 5 HLEAREAT BIRIT 58
TE X SO AH EEF SOA Sk 600 ms B i 8 55, 55
—J7 1 TOR B3N] #0325 3 3 X o7 (%) 9 49/
VRS, FEIN AL R AT R B T X R — B 2 (]
& HAE RN 3 (R A RUSR T 1Y 5 38 3E X)  AK
NSRBI WA BEET). YRGS
J2 RO ] (Meredith & Stein, 1983), HI24 SOA
1300 ms i, TOR %5007 ek 55 fif 15k Z A A7 B AL v
H A 14 80 52 5 25 PEAH LT SOA i 600 ms 35,
TSR P A T A T | R T T S A A0 T 1 %
N [EIEF, B TOR SO0 s, LR s 5AEL
RALA B GE H AR 08 G 3 P 1] Y 22 Sk,
{45 TOR QA X 400 T 1255 388 8 X6) 1o 1 98175 1 FH D
5, SRR EMAEL R B AL S 8 1
XN A 2 25 5. ik, HTAE 1300 ms 5%
T IOR BRI ATYSRAFAE, R AT B H b B0 5L ik
FVEAIRAAXT AR, I GE T2 R R RO B
{149 AL T 1225 3 3 G o7 % A T AR £ 2 AR 4 B RN
FasE AN, HIHT 600 ms 2514, SOA & 1300 ms
i 553 18 X o — B R TOR A%ON it 5 X6 AN
— B B2, R AR LT 4 3 2 N K
7 Y9855 T BOH AT TOR R0 AR e 7 PR AR

5 g

AW FEAE 23 (B 2R — 0TI A At L, 7EA)
A ERANTE=S W b e 2 SRy G I
W 15368 0 oL — P, 5 %€ TOR RS TR W 5 e
TS LA RN o S5 1 B TOR S0 -5 MR W 15 16 1
XL A AR, AR RO E B T AT 5
XFISEONE o SRR 1 B ZE SR, AT B G ) N A
AT B RN GE B B, PR 23 45 [R) R A A AR e i



1228 N H

55 %

L

Bt IOR W = A48 B, 5255 2 i, YW s JECh
PR —F PR A, TOR A50N TA % W o O TR0 5 H
FREGEEHEAE > A 520, X g HA Ve filig S5
AL S e A T B A2 5 TOR B = A
ZH , AN, SEH 2 KIS RO 5 R A Ak
MWANZE 5 TOR BN g B, i —20 3R 7505 1
MI45 S IEH TOR W X T 40 1T 1265 368 308 X% o7 1) 52 i
Fresiny, 2 3, MRESRAL R SR
[ SOA KA TOR R K/, 455 Kk BE A
TOR RUNY Ak 55, 22 A7 B 1) PR IV 153 18 %) 1 3%
NEAZ /N, H TOR SO X T H0L W 1257388 18 Xo] 1o 1) 3% 75 7
FHURES o 3K SR T AR T HoAth 22 8%t S5 I 3 5 T 5%
TP S RSN T DU 5 ] 400 T B 3 R

SEH 1 % B TOR 5 WL 1257368 38 %) o7 A7 75 58 HLAF:
FH, AR 2k R R B A R, PN R A ERE
HAEHIMPAS R AR T 6] — I R B (Sternberg,
1969) K1, ASHIFFE S 4 ILVT 19538 18 X 1 & A= 7E 5
TOR R4 AH R A4 16 i TR B, 3 5 DAAE —Se b5
KI—E(Kovié et al., 2010; Maeda et al., 2004), L1
A3 A it 9 DA A A0 W B85 T G I & A AE T )2 T
_F(Gallace & Spence, 2006; Martino & Marks, 1999),
RIRL . W5 B T AR R AT U gmit, 53055 18
P B, IFSE A T AP TR Y AU
L RS, R TR SR E T
PS5 01 48 55 2 () 37 B 28 0L B9 53 3 ) 7 (Gaallace
& Spence, 2006), BT BHIZMAE X, PREE
B 5 R A B T T O, SRR S <
K> R TX AP E SRR DG ATl T5 8K B T HL
15 38 38 X} 7 (Martino & Marks, 1999). H /i B985
FEW, A W 3255 3 0 F 1 I AN — i B TR T A,
& AT LAKR AR AR Sl M8 2 TH o X AT — S 58 R B0,
— SRR R I A VR A AT SR A A R
55 25 [a] 57 B 1) 5 3 18 X i/ (Parkinson et al., 2012),
I — 26 3 A > 1518 5 A 2 LAl 3R B o PR W 85 3 1A
XF v (Dolscheid et al., 2014; Walker et al., 2010), 4
SR HHTIF 58 45 3 I AN 15 AT X 4t mT e 7F 15 38 18
X R A HEAE o AS IR S H B4 530 0 T I i R S
AR (B R L 23 )7 ) =Z (] B 6 Nz, TS
BT A 0 25 ) A6, A B S A7 AE 1F AR 0 AH OC 1
(Spence, 2011), 7E H AR A h it W EH AW &
FETCRAE AR B A A= ), iR E AR K
AIREAETE TR 7 B (s vy, [y, NSRSk
J BT R R R, 7 A A i R B T
(Parkinson et al., 2012), X#BA] 8-S B0E 7 A4 [a]

A B 22 (A AFAE SR 1 X6F 07 T AN 7 3 ok 1 S
Ao T — S ANAETE AR AH S A IR 2 (8], 5%
2 T O 2 118 SR8 2 ) 1) 530 X iz T e 7 2R
gt > r= 4 (Parise & Spence, 2012), 4, LIFERR
W 3225 36 3 0T IO 818 SCRIFE T, S A 55 il ik
AT1E L 4% (Martino & Marks, 1999), 1 7] fE 53
T A B 3E A O R AR R RS N o

DA A B 90 38 0 A 5 R I e %) 7 328 o) g B
5550 B 2 [v) 1 B 30 0 N A TR AR, R BT % 3
TR AN 52 i g R e g ) R SR A v
(Marks et al., 2003), {HiXx—WF5% 58 5 r R LT
55308 1 X I ) AN (), a0 T i s R
PR 25 5, i ARSI B S BRSSP R R
BT AT R N B AR TR R . Sz, NI
P2 1] B A W 5 3 T X N TT BB A AE AN [R] A BIL
(Spence, 2011), AN[EBYSZEAT 55 WAl RE/= A T A
[ 45 2R

TESCES 1 v, LT i 38 18 X A AR e R A &
P, X5 RS R A AR A AR . LA
AT S8 & I IF 5T v, A3 0F5E & 3 IOR R & A
B, e A7 B BT B B A 0N B R (I 4%,
2020), BF5 (B bSO Bt D) 1 25 2R R A 7 A
B, BIRL . W IR AF 5 10 A 5 B2 2 5 e 1L T i
B RN RN o MR 5 LRI Ji 0 (Otto et al., 2013),
L5 BT 5 SR {7 5 i A R B 55 B, LT 0 5 A
I SR T AR i 5 T i JR v 5 5 A R B SR S, AR
T b 45 %000 B 7N (Senkowski et al., 2011), 2 FbAK
o7 5 ) B W) 2 AE 3l ) 1 B R 28 ST A Y v e B
(Meredith & Stein, 1983; Stein & Meredith, 1993),
17 A A 2 R WE 58 2R BN 9l 19 22 JR% 0t i
BRI IR B X — JF U (Rach et al., 2011; Senkowski
etal., 2011; van de Rijt et al., 2019), 5z HL %N JE )
AT b S i S T 55 I TU AR MRS B 5 K T R Y
A AHEFE BT 5 3E N R o]
AR L RIARTORYER, (A T A R ik 2
PIOAL T 0 B AR A o () (] — i, a0 v R 8 5 ) 67
BB R A A LTI I A [ A6 T —
Uti(McCormick et al., 2018), P o] REAFAE I [R] 1Y
P gais, 7oA T U, BRI S L 0N S U AT g
03 FH T A0 T 65 38 T X o 5 TOR SO & AR, 4k
KA BB H bR 2 PRI (Slagter et al.,
2016), A5 5 A DS, BRI A T AR AL
WP 3925 30 0T IO A8 0, 1T A 2 2R A AR X i Y E A
TR B S 2 AT 7 A A T B T X N
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SCG 3 LR LB, K TOR RV TS, kR
AV AL B 1 AL PIT 1855 308 T X 7 R0t R g ek 5, TR
TOR R iy Xt AL T 1255388 T ek 7 A 30045 1 PR D5, 3%
PHOM £k AT kM 5 s 3 T X Y — B =2 A ) 52 L
PR AN 35 (R R A AR 11 B85 3 3 ) 1 35 g 5
LRI EA BEES), HERIET R
7 55 D00 XoF 40 T 3 X O 183 P o A 22 R
N HESR AT, S BN RN AS AR AE T e X
IR . W 3% 4 Hh (Senkowski et al., 2011), W77
T ZBAEH AT 15 1558 H (van de Rijt et al.,
2019), WFFEH K& BLICIE 2 T 56 iy A 2 L A
T LN ) ARl N TR T R 22 R
Haag o H A AT IE 25 S SR B 3 X N 1) &
WAFE RN RN, 7 T b Ak J ) 7 2 gk
"B S H8 5 AT P 3 IV R

IFSE [RIRE A 3, R IIT 15530 T8 X6 1t X6 TOR 450
P TR, BAARCRYE, X4 SOA 2 600 ms i, TG
WTESLE 1 RS SC0 3 v, B X — 3 R T
F) TOR S0 2t #8 db 25 /N T AN — B8 1, X0
T T B i 5 B b 22 R ) 5 3 T 6 N B T
PR B A 0 0 o k2 1, BRI T TOR 350
0 H RN 0 S T R B SOA ZEK, 15
T E X B — B R Y TOR BN RIS — B 470 %
HREESXEHTK SOA R, HLIT 5 i %t
ORI, FETTHEHT TOR RN 1 RE 1 bl 22 R A,
T A5 AS i) Xof b — B0k 45746 R 19 TOR R0 G i
EES,

H AT 55 25— 58 TOR R0 5 P 53
XN Z (0] 26 R AT . AR 9 5 B AR S 50
A AR R et TOR 508 6 TR0 T 153 18
Xof o AT IR TR AR o SEE 2 AE SRR 1 Hph SR
PRFFAAS B e fily b, 38 58 45 0 07 i o 9O 7 S B
ARG AL R IAEAE G 2 . R
W 1245 388 A %o 07 2 — b AH X ) B B (Chiou & Rich,
2012), T EPADA M E . MR ERA GRS
1o AR E AT, PR Y Sl AN 251 R AT
45 SR 6 X 7 o 445 5 S B TOR 50 55 W7 i o 8 75 14
AT EARH . 9250 2 B4 R —J5 g6 UE T 8
afi (7 R AL 5 IOR AN PP AR A ., HAT W
LR R B 9 & s G N A4 5 TOR S
FEAEAE ., 5y — T T 2% BH T S T 7 A T A
o A T TOR RN ™= A= 28 B, HEBR T8 58 35 % T
TS EE R BEAAFE IR . AR, Wi
FE A VR 0N 2 B v K ) SR BB T (Kusnir et

al., 2011), Jf5 HbR AR08 1 0% 7= A= 22 BAE
(Botta et al., 2017), =B AR . 25 VE o & 14 H AR
PR T TR IR o R B AT AR ZE b TE A
LW, E RO AL 23 5 A3 A 7 AR 52 H. (Botta et
al., 2014; 2017), 5550 W AH C Y 12 i 2 45 (arousal
system) 2> 5 {1 B RGAFFEAMEDLT (Fischer et al.,
2008; Portas et al., 1998), {H3Z4; 2 45 L], £ H
HTBFIE B RN 5 AN L R 51 & HY TOR R0
= AZHAER], X—JrmalReh T, DAMEWFSE AT I
B ] L L T R R R i AR 2 TR A
YEFi(Botta et al., 2017; Chica et al., 2016), TiAHF
UL GE H bR 1 BTE R R AL B AR R AL S
#oE 4 A UL, TOR &80 & A i S 300 B AR i 3
PR 28 55 A8 2 LA | B S RN TS o o5 — 5 TN A]
REZ 0RO FIl TOR AN T 5 AN () ) ol 283 % e
SR SR FE R, BRI TOR AR #f
S W] SR P SRR Dt 2 (Botta. et al., 2014; Prime
& Jolicoeur, 2009), H.#B-55 % T [ 45 ) 3T A1 5%
(Bourgeois et al., 2012; Kusnir et al., 2011), {HZ5¢
RO A DA — b 3 E i 09 75 2 ok 3 o i ek
Al(Kusnir et al., 2011), V3 i3 #8405 4~ 14 41 15 %
286 LUK B AR B 5 B2 AN PR R R 5 & 1Y
IOR LA M b #7752 mi g 12 Y 1 58 (Berdica. et
al., 2017; Jia et al., 2019), 38 i 45 4y A B4 A4 o
JE, 5 SRR DO T T 5 1) 4% 46 (Botta
etal., 2014), 48R, EHrR N 5 TOR RN 2 [H] ) 5
RTTEMEACT EHE— P ERSY . B AT HE
B 7 USRS, SR T S S A (]
A7 ¢ 22 ) PR W 255 308 T XTIy A R SN B 7K LR o
6 45iE

TOR A0 Xof T 40 W 55 3 308 %F g 7 A= 1 i 4 A
H, TOR KEAERTZR A E LT A LT 8538
TEX R RONE, AR RN E A B Wrad Jk
SR EGER N A S TIOR BN~ EEH , i
TOR RN (55, 2 2R 1 o7 8 1) JRL U 8853 T X6 1 &4
VL BEZ 855, H TOR RN X T HIL T 1255 38 T8 X 1 1Y
PAT VR U o M ATBFE A SR SRR T W I S
B A ()57 22 ] B A0 T 35 30 % 7 A A A R i 7K
SV, HLRR AT 85 3 T R 1) AR A R HE SO T

& F X #
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Abstract

Different dimensions of visual and auditory stimuli can map to each other to influence human behavioral
responses, a phenomenon known as audiovisual cross-modal correspondence. A common audiovisual cross-
modal correspondence is between auditory tones and visual spatial locations, with individuals tending to map
high-pitched sounds to high spatial location and low-pitched sounds to low spatial location. When a high-pitch
sound is accompanied or preceded by a visual stimulus, the participants respond faster to visual stimuli
presented in the high spatial location than to visual stimuli presented in the low spatial location, and vice versa.
Researchers have different views on the level at which audiovisual cross-modal correspondence occurs. Some
argue that audiovisual cross-modal correspondence occurs at the perceptual level, increasing the perceptual
saliency of the stimulus, while others argue that audiovisual cross-modal correspondence occurs at a later
semantic or decision level. As inhibition of return (IOR) in the attentional system can affect human perception,
this study used a cue-target paradigm to explore the interaction between IOR and audiovisual cross-modal
correspondence to elucidate the occurrence level and mechanism of audiovisual cross-modal correspondence.
Audiovisual cross-modal correspondence between auditory tones and visual spatial locations was expected to
occur at the perceptual level and therefore would be subject to the IOR effect occurring at the same processing
level.

The present study consisted of 3 experiments. Experiment 1 had a 2 x 2 within-subjects design; we
manipulated the spatial cue validity (valid cue vs. invalid cue) and audiovisual cross-modal correspondence
(congruent vs. incongruent). During the experiment, a fixation point was first presented in the middle of the
screen for 750 ms. The box above or below the fixation point was then bolded for 50 ms, but this cue was not
predictive of the spatial location of the target. After a time interval of 250 ms, a fixation point was presented in
bold as a central cue. A central cue is commonly used in spatial IOR research, as it facilitates stable occurrence
of IOR. The central cue was presented for 50 ms, and then the auditory stimulus (either high or low pitch) was
presented for 50 ms. After a 200-ms interval, the visual target was presented for 100 ms in the box above or
below the fixation point. The participants were instructed to perform a detection task for the presence of a visual
target. The experimental design and procedure of Experiment 2 were identical to those of Experiment 1, except
that the sound presented before the visual target was a single tone that was present or absent. Experiment 3 had a
2 x 2 x 2 within-subjects design. Experiment 3 added a factor to Experiment 1, namely, stimulus onset
asynchrony (SOA) between the cue and the target (600 ms vs. 1300 ms).

In all three experiments, the overall accuracy (ACC) was very high; thus, no further statistical analysis was
conducted for the ACC. In terms of reaction time (RT), the results of Experiment 1 showed that both spatial IOR
and audiovisual cross-modal correspondence occurred. Importantly, there was an interaction between spatial cue
validity and audiovisual cross-modal correspondence. Specifically, when the cue was valid, audiovisual
cross-modal correspondence occurred, and when the cue was invalid, there was no audiovisual cross-modal
correspondence. The results of Experiment 2 showed that the interaction between cue validity and sound
presentation was not significant, and there was no evidence that IOR influenced the sound-induced facilitation
effect. The results of Experiment 3 showed that the interaction among spatial cue validity, cross-modal
correspondence congruency, and SOA was significant. Specifically, at an SOA of 600 ms, the interaction
between spatial cue validity and cross-modal correspondence congruency was significant. When the cue was
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valid, audiovisual cross-modal correspondence occurred, and when the cue was invalid, there was no audiovisual
cross-modal correspondence. At an SOA of 1300 ms, the interaction between cue validity and cross-modal
correspondence congruency was not significant, and cross-modal correspondence occurred in both valid-cue and
invalid-cue conditions. The results of the analysis of the IOR effect showed that the IOR effect under the 600-ms
SOA condition (22 ms) was significantly larger than that under the 1300-ms SOA condition (16 ms). As the SOA
increased, the IOR effect size decreased.

In conclusion, the present results suggested that the IOR effect, occurring at the perceptual level, moderated
audiovisual cross-modal correspondence. When the IOR effect occurred, audiovisual cross-modal correspondence
occurred in the cued location, but not in the non-cued location. The alerting effect induced by the sound did not
interact with IOR. With the weakening of the IOR effect, the audiovisual cross-modal correspondence in the
cued location decreased, and the moderating effect of the IOR effect on audiovisual cross-modal correspondence
weakened. The present results support that the audiovisual cross-modal correspondence between auditory tones
and visual spatial locations occurs at the perceptual level, and the occurrence of audiovisual cross-modal
correspondence conforms to the principle of inverse effectiveness.

Keywords audiovisual cross-modal correspondence, inhibition of return, cue-target paradigm, alerting effect





