1R [B1 NI 3T T4 A 55 1888 X R R 52
M FEHE KR EEE KA
CTRNRZFL I R, RS AREER AL, JiM 215123)

CIRNRZEAILTAESBE, J3Ml 215123)

B B YT S EE % R (audiovisual crossmodal correspondence)?E A [\ SR AR . W L2
W42 R, HEEEMBMARR. FARRALR-E TR, IR E G
(inhibition of return, IOR)X T~ 4L H 25 @I XTSI EEM . SL58 1 2R 2 AN B Fn 2 18] i) 25 (Al 7
BB AT s E S H AR B TR S I N — Bk, A5 AR TIOR RN AR
5 I TE N AP AR BAF A, SRR AL B AR A E AT B B N RN, T AR R AL
IR P B85 308 T X IS SOV 2R o S 2 RS SRIIT SE IO 75 B, 3 TOR %855 Fp )
HHI S B AR, HE T BRI T 45 R . 926 3 I KRR A
H #2 1) 15] [ B} 18] (stimulus onset asynchronies, SOA), & LFEREE IOR RN Ik5g, ZkZALAL
B AT 5 3 T X S RN A RIS, L TOR 80NN T 40T 18 88 0 6 o2 P R 15 IR
WEFER T, AN T S8 RIS R o 2 (B A7 B TA) R A s a0 I, A2 5 R R A AE N5
JKFH) TOR N AR AE B, S 1 AT 5 A0 N A AEAE R E I B . [R]85 2R SRR
W §245 XA 0F S8 PR R A A B s 80 S
RG] MUNT S IEIE XS N, R AN, 2R, B

2

1 515

NBAKEE AR DEE I 582 B, R RSB 1 ()15 5 45 & 2 ek N1
TR, X R BEFR A 2 I [ 8 1 55 (Frassinetti et al., 2002; Stein et al., 1989). PAfE
X T 22 SN S N3 5 RO AE T B R T 22 I 8 A (McCracken et al., 2019; Starke et al., 2020).
L IR AR AN R B IS (15 AT I A AR MR, MK IX S BT A DU
JRGE BRI 7 SRR AR (S0t 2%, 2019; Tang et al., 2016). L5 RN SEH NS B BB K
NARWT 5% £ (audiovisual integration), AHEGTF H—BE BT L, . U XCEIE 5277
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A2 TUAR N (redundant effect), AR T XGE TE R BRI A HE N 21 55, 2019; JHIbE
M 2%, 2020; Stein & Stanford, 2008; Talsma & Woldorff, 2005). A [Ffir & [F i S BLHIRL 5
ARV S R AL 1 A R 2 T RIS 1) 5 2., B2 1AM S8 /1 (Spence, 2013),

DAERF ORI, . W T BA—Bh oA iy s ma gk 0 S B2 4, 3 g A— bR
TUAR 7 TG A R R A, BIA. WA T RN RIZERE (5 8., (RAIAR
WIS B M (4T R, IR I RPR AR T 5 188 8 %t B (audiovisual cross-modal
correspondence)(Spence, 2011, 2019). — i WL 1R W 125 88 38 %of 7 A2 W o P 25 A 5 R i 110) 25
()57 B2 TR FRDRF IS, ANACA e T4 25 T 650 v 1) 7 i 5 v 2 TR B A R, T 2 R AEC )
B AR (AL AR o 2 e & PR Bl S TR R IR, e T v s T L
IR 5 R ) g PR T 2% )7 B SR ARSI, /2 7R (Chiou & Rich, 2012; Evans
& Treisman, 2010; McCormick et al., 2018; Spence, 2019; Zeljko et al., 2019). &b 4k, i
55 H30K /N (Brunetti et al., 2018; Parise & Spence, 2008). % 5 5% 5% (Maimon et al., 2020;
Marks et al., 2003) DA 3% 1 5 25 [B] 5% (Evans & Treisman, 2010)#SAEAE AL B5 B IE X B . A
[Fi) - R WIT 55 5 T 5 22 1) A i R T i 4 B3 Bk T R0 23 1] 4H 4T 52 B (Spence, 2013), HHT#5
T TE RS R AR, R ORI W b O S A B AT DAASTE], SR 0L IS Ta] (5] B AT DAAE G
B K (Chiou & Rich, 2012). N #5181 0] 2 A& —FFAE X B 5 (Chiou & Rich, 2012), U17E
A 3 (R B BB I B, SR TE R AT I 5 5 A v B A 7 TR B ) ) 44
T IRIRILSRS,  TTT AR 7E UT HORH Xe  ven AR P 2 VR 5 7 A7 B P A R 0 e BB AR (1 ot
BB SRS o

AT B TR X AT B85 308 3 0 2 PR R A B BRAEAE AN R o B8 — U s, AT 573
TE O R HETE AR 7K, RIRIT 25308 18 0T N2 317 SR ) R o S8 P (Evans & Treisman,
2010). TR ORISR E BRI R B0 ettt nSRAEREE &R B, B )
T RDCME R g3, RS SN TR, g TR e 1) R g3
(Maeda et al., 2004). ERP(event-related potential)if 7t /& il 24 55 i S B 75 35 5 4 R 75 5
FEAEXT R —EUT, WU & B RN SE R N1 BB E T AR — B TR, SCRF T
ML 5 S o 87 2 S5 FR 389 9 (Kovié et al., 2010). 55 RN A, RUWT 5 8 X 13 %
AETELE XS HI(Spence, 2011). W83 KILEJ LT B A 8 & M8, I3 “m 7
AR RHEARASF AR M, 1 [FIRE (R3] 18 SO L2 TR A B I e A, DA 2 TSR 11
AU, DRI T2 DA T A [ 24 0 J50A I P 5 S 5 330 1 AT 5 T 2 g 1



Pl (Walker, 2012). WFFEF @ “ACPIAMERIE S & OBER0E M, K TES
AL E AR I 1 B IEIE XS, SORF T AT B A X A AR A T SO T R (Gallace &
Spence, 2006). 55 = AR I\ Ty, AT IS IEITE R, N A A AE IR SR, Bl —AMEIE S 5
—NIETE R REFEAR 7T BT B H AR AR S SbR HE(Spence, 2011). BT A G S
DU B J7 VRS T AT 5 A S0 LA T I 7T, 45 SR s S AT e S0 N A AR N, B
WRURTE @ WA R, TN T HAR AR LT . 70 DA R (25388 1 0
RAAEFAGE R, SN RE S B 1Y 9 AN o PR BB REAR R 0 T, DRI T AR T B d S o) B A A
TE YRS M AR SN 5 7K ~F(Marks et al., 2003). &2, T Brde F AR RIS LRI B FE bR AN ]
P 75 T8 0T 2 PR A= [ B v 6 o 1 (Spence, 2011).

P 7 SRR B xS T DAS 8 E B IR 03 S5 3 1 (Evans & Treisman, 2010; Kovié et
al., 2010; Tang et al., 2019), {E#EAMARIAT H N, TE R FR S8 IR [B1 414 (inhibition of
return, IOR) 20 N XS T H AR A (RN 5%, 2020; Tang et al., 2019). IOR JEFE71E
4 R -5 3 (cue-target paradigm) ', LA HFRZ A1) SOA KT-47 300 ms I}, ik
X TR Z AN B IR SOSIINHE T R R A B LRI IS (Posner & Cohen,
1984). IOR #tfy /AHFEIN B E IR, 85 T % RAH (Redden et al., 2021).
XF T IOR B AERLHIAEA AR B MRS, HAATE I IOR e 1 —Mhsn g i), B
HERMNERN BEHE, SEERRNALE - H IR R E VRS, 1T 852 240 H
(Klein, 2000; Satel et al., 2013). ERP #f 7 & ¥ IOR & 2E I 28 R AL A7 B AIBGH & (-1 P1 A1
N1 Ao IR T E 2k R (L7 B (Hopfinger & Mangun, 2001; Prime & Jolicoeur, 2009), ¥
7 TOR SN R AAE R SRR A DM Br o DUERIFFEIGTE TOR RSN 22 Jgke v il ] ) AH A
F, XFERIRF RS T B A G2 %5, 2019; Tang et al., 2019; van der Stoep, van der
Stigchel, et al., 2015). WFFEHEL RGP R EMRIT G Hix, 2R KI IOR WX T
MW s HE S TR o —F R T I A R AL B AT B 5 AR BE /N G2

& 2019; Tang et al., 2019; van der Stoep et al., 2016), 7—#F/WF 5 # KL T M 45
P2 2 AT B AR o 485 25N BE R (IR RS 4%, 2020) . ANRIBF TS5 AT g 5 A [F] S5
1] SOA WEA K(HLEN 45, 2020), HOABTFAL, W& K AELEM Y B (Tang
etal., 2019), Rl 452 B [FRE A AL R BEIN TR B TOR ZUN AT G20k 45, 2019; e
M 4, 2020).

S WM 8 A AL 125308 T X I LAANTR] B 7 3 3 30 20 S S B 58, il A S g ]



A2 ] b R BB U Ax 1145 S8 (Noesselt et al., 2007; Santangelo et al., 2008), J&# @it A [H]
O P {5 S TR) P AF L B2 E 24 AT 4T 24 (Chiou & Rich, 2012; McCormick et al., 2018). {H#H
SEANIT 5 383 6 LR AELE AR B, 45 A DL 7R BRI 22 B IS 045 TOR 16 9 IA)VE
R RN AT AR ELAE FH R BERY 2%, 2020; Botta et al., 2017; Chica et al., 2011; Tang et al.,
2019), LUK N PR 2923 SN I ) 51256 32 4 (Sternberg, 1969), N IOR 28 kA0, £RRAAL
B BRI B 552 T B 2 Xt WL B S o IO A S s 7 L SR AL T B SR o R A
FEVE SCECE REEKF, U TOR RSN AN 56T WL 53 T8 0 L= AR DRI, AN 00 25
) 2% 2290 25 MR WT B R T B (R A E A S5 B, T TOR AN R T 255 38 1 6 2 [ )
REMAT TR AR B 380 SRR 5T, A0 Wil ) 20 5 3 (Brunel et al., 2015;
Gallace & Spence, 2006; Getz & Kubovy, 2018), 52 fill & 21 ) 45 5 T GE R L5 7 AT 3
LRI B @ TE XS I o 5 RE B T A 2 0 PO 2 40T M R T i 5 R A 1 b B 2
#(Spence, 2011), CAHFFEFRIA A Wl S D0 E] B (A1 100 ms B REWT 5 B4 RN
i %% (van der Stoep, Spence, et al., 2015), DAt A FE A8 W 5 F1EGH 25 J5 200 ms 2 IR 5
b, ELWESERI AN B AR, DA/ IMEAR T 54 (5

A, S TR E bR I W e 6T B AR AR RN, (Wiegand & Sander,
2019), IX PG RN 2 B e O TR R N 5 B 7 (Kusnir et al., 2011),  F£5 HART
SRS 55 2 R AR A AR FH (Botta et al., 2017),  [AI H RiTHIF 78 o 50 2008 AT g5 AR 20 R
SR TOR SAHEAER, 38 AN R 56 A0 T B 50 RN AN o 25 &3 H RTHE T2 58— MR
¢ IOR RN -5 WLWT 5 I 0 R 2 18158 R 7, 76 S50 - HERR P REA7E ARV G TR 36 A A 22
(1, PRIEAT ST T #Em ses, HERR B AT S 0% 5 TOR 2808 77 AL A8 HL gk i Vi i
UG SE R BE . BRJE, AT HE BRI TOR RS AR 538 18 xR 2 18] 28 ELAE F AIML
i, AHEFCEIT L R A H AR 181 SOA SKEEYL TOR UMK /M Lupiafiez et al.,
1997), TR FT TOR R8N 40 i 265 388 38 0 82 18 75 LA o

gi b, AR RAE T, R EH AR AT IR, £ %2 IOR X T4
WT 5 T 0T W (RIS o BT 50 3 NSRS 1 RN R BRI H A 8] 10 (B 2k R A itk
N5 RS A H AR 8] R E TE 0 S — B, #R 5T TOR RN 50 WT 125 S X 2 [8] 1)
KFRo S 1k, &5 25 B AL B 8] (R T 5 8 T S R AR AE RN e K, R 52 3
JAELEAR RN LI B 1) TOR RN RIs,  HHELARIT 58 0] B 5 TOR 24872 [8) i 52 BLA
F o SEag 2 dmd B SO 75 I, FR ST TOR #N 5 Bl i 5 35 U L5 75 2 IR ) 9%



o S 2 W RN A AELE Al U, T A s R A D P R N T A
AN BB R 5 A #8742 (Chiou & Rich, 2012), Rl H R —F 5 A2 5305 H
P 1075 ) Ao B 7 A T o S 2 1) I — 7 TR BRAIEZE H Tt 7, FEAI 5 i
A B0 2 DT SR 255 TOR 2P AR A8 L, 1 3R A W i R 5 A D b A 1 T
A 455 TOR MU= A 38 By Iy — 77 & HE R T REARTE (KB 5 U0 T 45 RIMTRE . =T
PAERF U R, 850 AR BA—Fh [ L1 R 77 2Q st oxsh 38 07 J8 41 (Kusir et al.,
2011), 1M IOR PAE Wi b7 2 a0 15 (Berdica et al., 2017; Jia et al., 2019), 525
2 B8 TOR RNANS: ST S f B IS A P2 AE 38 B, — 2B SCRESEE 1 4592 B TOR
RS o LT 325 0 T S F B2 WAL BT 2 80K o S 3 I RN AN H AR Z A1 SOA SKER
TIOR FRIFI RN, HRFT TOR RS F AT B8 TG T B TS HL o AR 22 I8 S 48 58
{1 52 L 082 JE M (principle of inverse effectiveness)(Meredith & Stein, 1983; van der Stoep et al.,
2016), WFF RIS L2 A H bR (8 SOA #440, TOR 24N A8 /N Lupiaiiez et al., 1997),
ST A4 2 FR A B P AT 5 SR X AR AR /)N, HL TOR US4 W 257388 1 5% 2 1) 1
TR

2 SEES 1: TOR RN AI i i 30 T 6 . ) 5 i
2.1 73k
2.1.1 #i

KH G*Power 3.1 B FEA R AT 1T 5. (Erdfelder et al., 2009; Faul et al., 2007). &
I BERIIMZR o error prob 5 0.05, K58 34HE Power(1 - B err prob)y 0.8, RN & H &K
F(f=0.25)(Cohen, 1992), THHBHAFEAR N 24, HEVLHE RRTERYA 31 4, HF 5
144, LHE1T 4, FE18~24 & AR NARIT, T, M EUR IERL)IEH,
TEAP 2 BRI 5, ToMb A s o ke S8 5 U 23 SR A AR B R HR N
2.1.2 LRSS MHR

LG FEFF 4 ] E-prime2.0 g, 3847F Dell 3020 MT EHL E. S2E& 51 £ HILE 23 3
PR A s 28 (Dell E2316HD) F,  BEREM 20 #5564 1024 x 768, Fl#i# Ny 60 Hz, HEANSL
B Sk R SR E, BERSHERE 60 cm. SEERTERE & IUMEFREE T AT

FITA R3O0 L 7E 1 T 5 1 B 5 (RGB: 0, 0, 0)Zk 4k 2l . AERFAMAIK
i, 3ANIETTRITHE(L5ox 1.50) R EHRIIFE R b, Hop— AT R T RER IR, S8
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JIHEE T BN, A HEAREE LA 4.5°0 R R (10 x 1°) R ILLE T AR
W, ERZE IR TR R L7 B R U7 AR TS AE IR 0.5°SE 3, v gl ZRod i v Sy E L
MR 1.5° % 159588 Ao H AR — AN EIBE(1° > 1°), Wradflich 250 Hz 8% 2500 Hz 1)
1E5Z (50 ms)o A7 o Sk 8k = A H 22 (ATH-WS99) M2 A B AT R 0L, 5 f%
HI7E 65 dB.
2.1.3 EXWFITHS5RE

S 1R 2B MR R A RN REAR vs. LRERICRL) x 2005 WX — ek X
— 3 vs. MBA—BORIBA A BTt B R RAFIERR, K, Pl b — sk
PR AR R AL E L H bR, R 5 R IURAL B RS H bR Sl IE X RA
—HEMN S 2 M. BRIk 5 A, A s3 AR, P s Ak, 3t
265 MR PARTEREAT IE 2 SLE0 AT 52 A 53 AMRIRINGE ] S2e, BN S K LT 35 4
i

S 1 R EMRRRAR I 1 PR, B, BERT RS RBP4, RN (E
750 ms. BEJRERL A B ECE T T HERES ML, ME R, EILRTE Y 50 ms,
LR RN T B AR A A B A TR . E 250 ms (I 18] EIRR J5 . VERL SRR Ak sk R
. R ZR L7 IOR WHFCHh IR E, A BT I0R 208 H A€ 1) H 3 (Prime et
al., 2006). HRZE I 50 ms, 5 HEHL R IAE E R AT SR W SR B R
50 ms, fE 200 ms A IEJIEJRE 5, WEo0 HARFEVERL S 07 808 R 77 i J7HE A 2 31 100 ms.
WAXTFZEEDM B SE H AR AT BEAR SCAE R Fcsa S s, i R O 75 4% B . i 1000
ms PR AT T8, WA T — MR bR TS5, Seih b B 45 Tl e
BB R 1R S 152 -

5 MR8 PE 0m,
1) .
[ [ ]
25008, [ 250 Hz o st
EK
QO _ & Q -
250 Hz 0 2500 Hz .

Wi i
EACES: Q
®
e ¥
]
=
[+] 1000 m
O




[l B

22 BRE5SH

BEURDCNL A SOREANSREIN 5 (100 ms LA A BIGER 1135 S 2 TE A7 3 AMFRiE ) I
BARATEN SIS 7307, 2R BB B S S B E R 1.09 %o SESG 1 a7 B g BRI S BEAT:
5, BRI IR AR 98 % LA L, PICANER N IR AT 2 — P Gt 04

X AT 2R RA MM LREREA R vs. RBETCH) * 2085 @B X L —FPE: X Ri—
Bovs. MNMA—BORKEZMETT Z 0. GRWE 2 Pos, LRARPETERRIEZE, (1,
30) =122.26, p<0.001, n,*>=0.80, LA MK TR (325 ms)ie 18 TR LU
%A (288 ms), IOR S H I, P5i@E N B — B E N R, F(1,30)=4.95, p=0.034,
np2 = 0.14, KR —E0EAF T 1 [ BT (305 ms) 5 2 P15 N — 304644 (308 ms), AW S H
TEX NN L. B, AR RN EIE N N B AR B2, F(1,30)=
6.69, p=0.015, np>=0.18, TOR RN T ANT 5 E 38 X 7 A2 1 5 1E R o Bl B3804
Br&il, MERRAR, BIEIER BB SN (322 ms) i PR T RS — Bk
#(327ms), #30)=3.26, p=0.003, Cohen’sd=0.59, 95% CI=[-9.29,-2.13], HIL T ¥
B IE S AN M2 R IO, B IEIE T N — B T I SRR (289 ms) BTG A — 5L
M TRV (288 ms) A BEZE ST, 1(30) <1, A H I ESIBIEX N AR, F—
Yk FEE 1 1 BSOS AP TR, AT 0 I — BN, R 28 O R IR ROBEI (322 ms) 2.3
18 T2 R IR (288 ms), #(30)=10.19, p<0.001, Cohen’sd=1.83, 95% CI=[26.76,
40.19], TOR ZCRHHL; Mg @B BB, ZR2RAG MM PR BN (327 ms) & E 18
TFRBET A (288 ms), #30)=10.76, p<0.001, Cohen’sd=1.93, 95% CI=[31.79,
40.69], TOR N IR I, X TOR RN (LR R ROk 22 LR RIS AF I35 R N
I EAT RO FEAS ¢ A6y, 285 SRR LS A 0 I — B2k A1 F ¥ TOR A 5(33 ms) 2 2 /N A
— %39 ms), #30)=2.59, p=0.015, Cohen’sd=0.47, 95% CI=[-10.31,-1.21], ¥
S X 0T L7 A A E A FH ARV 18 2) TOR M.



] ®e—s
I 1 [ ] wpiA—u

550

150

H IR = TR
B2 960 1A ORI . A B RN R, DU i, IR, FRR. B

FONAMEFE R B . (FE: *p <0.05, ¥*p < 0.01, ***p < 0.001, ns. KX L EEER)

23 IhEs

S 1 SRR, BOATELR RA BERAT T I L8 T 2R RISk, TOR AUt
W, RUISLIGAE h LR RS BT BRI A S TOR SUREF=2E . Iesh, WARAERSE
TS R — B AT 1 S R PR TS AN —BUS% A, W o YA 5 W 2 1) B 2 [ o 5
IR, EERE, TOR N 5T @ b= A4 72 HAEH, &AM NIl
T AR BB IE R RIS, T2 R AGRAE T IA H IAT 5 R f ARN,  R AETE LN
BET BRI TOR ZUS0S T AT 15388 18 0f 7= A 7 I 15 VR

PAEERLIT 588 & R 7L R, A7 R TOR BUSLRAER, ZR%RA BOAE NI 5
BEMBNHERHEBER 45, 2020). B 708 I S G808 S5 UDaE i DARRE, B SE S5 L
W EAE SRS K T IR F) ¥4 (Meredith & Stein, 1983).  H ETHT7E 4 IOR #0522k
RAALE I B AR BRI, AR E I H AR 22 A X2 i (Satel et al.,
2013), FIRESECT AL H AR SRR (8] (s G A TE LR R B . X R
S L AORE JE U FT R AR I F T AT B i B, B TE BT IR p iR . S 1 iR
I T TE 0T B — B AT R ) TOR RSB BE/)N, SR WL 1P 0 T 6 S 38 73 41K 1 TOR A%
T H AR TE R R A B L], X 5 R 5 B A 7T R ) R AR —3(Tang et al., 2019).

SO0 1P SRR W A - A TR B T ) S X R TOR 28N 3 Kk AR TE
IR B, NP 2 M e A B EEERTEFCH, Je TR H br 2 BRIV
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8 S 77 A M 5 0N (Wiegand & Sander, 2019), X RV 5 %87 1] e AE £k R AL i B AR
AL E B RN F (Botta et al., 2017),  BETX T SLE0 45 K™ AR IR . N T 3E— 0 3CRFSEER 1
(¥4 2 0 TOR 280X TR 538 T8 0) 2 BEAT P95 BT 2 3800, AR FCTh 7 988 2, SR
2 I BT BRI S I, RF TOR BRI S B2 R oe R . S5 2
(¥ H I — D7 T2 50 UETE H A e, FEALSE AT Al S BT SRR 22 5 TOR 2R
PERE L, T R TSRS A E bR R A BB IE R B 43 5 TOR AR AEAS Ly S5 TH
T HERR T BEARTE IR B 50 AR T 45 RV -

3 528G 2: IOR BN S5FHEENEHHIKR
3.1 ik
3.1.1 #iR

KH G*Power 3.1 HAFXFEAEIITIHE . WE 1 KERIIMZE o error prob 4 0.05,
56 3 e Power (1 - B err prob) Ay 0.8, Z & A H & 7K F(f = 0.25)(Cohen, 1992), 1154k
FEARTN 24, HFLHE @R FA 34 4, K5 154, LB 194, Fid 18~24
%o FTAESRBINAFRITF, W, MAERIEM A IES, TG aloR iigems 5, TR 1
s BARTE SR T8 UG 22 PR AH R AR o
3.1.2 EWUFSHH

S8 2 PN SERIECA 1600 Hz IESZE, HARHSEIAUHS 15 SLg bk 5 5256 1 A1
]
3.1.3 EHIFITALIERIE

S 2 SR 2B MR B A MM REA vs. BB <2 (FEEI: HHE vs.,
TorE E R BT, AR RN RN A IERG SR . SEI0 2 55006 1 AN ) 2 A 2 Wi i
1600 Hz 14, mRgH ILEALSE R Al, Ml RE AN I, AR Limmatkiy g
55256 1 4R F— 3L
32 B/RESR

FEAR N YA ST RN S (100 ms AP i H S35 S SR TE 67 3 ARt ) 1Y
HEEATE NS 5347, SR s & o5 SR S 1.88 %, 7ESEH 2 v, il IE
I E 98 %L b, UEAVER X IERAZEHEAT B I GE T 04T

Xt SIS HEAT (LR B R RBRAR vs. RELR) < 2FEEM: AFH vs. L

9



FEMERNE T Z 0. S5RME 3 for, LEA MR EE, F(1,33)=237.78,
p<0.001, n,?=0.88, ZLRA KM T KIS (313 ms)iE # 18 T LRI (294 ms),
IOR M B A EIM TR E, F(1,33)=8234, p<0.001, n,2=0.71, HFE55ME
T BB (283 ms) i 3 DT T 7 5 45 (305 ms), it B e ot T3 1 A £ I
io A RNENE S LRI EAERIARE, F(1,33)<1, BAIEHREEY IOR RN T
W R A R (e 5 7 A

500

400

300

RBIBY (ms)

200

100

HRMEH TR R
B3 sl 2 AN FIIFLRE. 4E L RN LR, BV, i, ROt FR. 8
FONAMETF B ORI . (FE: *p <0.05, *¥p < 0.01, **¥p < 0.001, n.sAEFLEFHER)

3.3 IhEE

SEEG 2 A REIR, SORTELR R MR T IR B R T2k RIS, TOR 8
Bl 73 EEL AN R, AT 200 ms EHLAIIT SRR BE T B st T B AR
RN . AHERRA RIS & R AR AZ HAE A2 . SE80 2 85 RN, safifl
T REIALE IOR MR AALH, WA RIS H bR A B I IE X N4 25 5 TOR 2%
7 AR o SR 2 T S RO TR H BRSSO AN, TR
R A A IOR RN = RS B S56 LMERTTT, i RN BL—Fh i T B9 77 20 s
TR B (Kusnir et al., 2011), 1fi IOR EAE T ifiy_E 77 2520 4% 1501 40 % (Berdica et al.,
2017; Jia et al., 2019), HI T PRNRCSAE D@ AR, A2 AR AR . 5858 2 3¢
S S A WL MEP QPSR (0) s AR a g -3 (i =R NAT I - A S S G

N T AR ST TOR RO TN 53 0T R AR A B, ABF At 1 sese 3, sk
10



Yo 3 MR L H AR SOA FHRE IOR MK, FRIE TOR AR A /ISR
BEEAPIAB. H0LR LSEERRSE, TU) SOA AT SELH IOR RSN, 24
(R A B LT R SRS, FL TOR 2T 0T 500 o7 3 R
5.

4 SEE 3: AN[E SOA T TOR RN HAL U iP5 3e A %f N7 ) 5 i)
4.1 F33k
4.1.1 #ik

KH G*Power 3.1 BAFXFEARIATIHH . WHE 1 RERIIMZ o error prob 24 0.05,
46 24 i Power (1 - B err prob) iy 0.8, &N & 1 55 /KF(f = 0.25)(Cohen, 1992), 11541k
FEARE N 16, S HE BRI A 37 4, KB4 94, @A 28 4. BIBR#HR 3
Y, BIRARWRA 34 4, KBB4 94, LA25 4, Fik 1926 5. Al msF]
F, Wi MTEERIEAL I IER, TorR SRS M S, ORI s o 4 ATE SRS e US
SARAHAH L (KR o
4.1.2 LB/ EMHR

SIS 3 FESNER 1 AL b, AR 5 BRI R SOA BB 600 ms F1 1300 ms P
Ko 600 ms ySEE 1 H AR A HARE K SOA, 1300 ms 2 ilid i KAMEIEL R 5 g
2R ZR 2 IE) (¥ (B BRI TR SEIL o AR IR SR BRAN 28 5 SRgaphRL 5 5288 1 AR
4.1.3 LRSI TR

S 3 KM 2 MR B AR REAR vs. LRERICRD) * 205 WIE X — ek Xt
—3 vs. XRA—F) x 2(SOA: 600 ms vs. 1300 ms)RIBE kA ¥eit, RIAS &y e SN AT IE
M. EASER 36 4, F4 69 MAR, Hbad s MR, 3t 414 Mk gk
FEHEAT IERSEIG AT 56 AR 35 MR GRS S50, BEANSLIG KT 50 o8l ARSI RAR
55256 1 4R F— 3L
42 HER55H

BEARIONE A RN S SEI S5 (100 ms LA Py Bl HE S 2 S BT IE £ 3 MRtk 28)
HHRATE NI ST, 2 R O B SR R 1.22 Yo SEBG 3 N TRT SRR S BT
%, ORI IERERIE R 99 %Ll b, HUIAE G IR AT i — 20 G 4T
42.1 RRIAY
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XS REI (AR DT 2B A RN RBAR vs. LRI = 2(85 HIE XS R — 2
P XN —F vs. FTRA—E) x 2(SOA: 600 ms vs. 1300 ms)) B & &7 2041, 455
BoR, RREHETEMNEE, F(1,33)=89.44, p<0.001, n,2=0.73, LLRERFMTH
S (355 ms) i 18 T 28 R TR 4(336 ms), TOR RN I, 15 w5 B — Sk 5 2400
W3E, F(1,33)=9.57, p=0.004, n,°>=0.23, X8 —F%AM T 1R (343 ms)d 2 PRTX)
A —F A (348 ms), AW ESEE XTSI HIL. SOA FRMARE, F(1,33)<1.
SOA MLLEA MMM T HAER B, F(1,33)=6.89, p=0.013, n,2=0.17, SOA %} IOR
BOSLFAE T RTE R . WIS R I, 2 SOA J 600 ms B, L8 A MM T IR
i (356 ms) i 18 T LR R IS IE(334 ms), #(33)=8.34, p<0.001, Cohen’sd=1.43, 95%
CI=1[16.33,26.86], IOR RMiHHL; 24 SOA A 1300 ms i, ZRZA &M T I NS (354
ms) & E 18 TR R I BEME(339 ms), #33)=8.52, p<0.001, Cohen’sd=1.46, 95% Cl=
[12.13,19.74], TOR RAMZ[AFEH L. SOA T IOR A H 1 15 A IILAE SOA 24 600 ms K
IOR 243 5 (22 ms) i 3 KT 1300 ms Ff (16 ms), #33)=2.63, p=0.013, Cohen’sd=0.45,
95% CI=[1.27,10.05], Ffi# SOA fIEK:, TOR ZANAE I

HERE, LRARE. T EEIER N —ZEA SOA =RERAL BT R, F(1,
33)=6.40, p=0.016, 1,2=0.16. 24 SOA N 600 ms I}, £&ZA R AEs I8 w5 v — Bk
22 EAEFR 2, F(1,33)=19.45, p<0.001, 1n,2=0.37, TOR &N TR I 146 388 408 6F 7 7
TN RN AR, LR RAT RN, B EIE X R B R (KR BN (350 ms)
BERT I A —F (361 ms), #33)=4.97, p<0.001, Cohen’sd=0.85, 95% CI=|-
15.36, -6.43], tHIL 7 AN S IEIERT AL MR IR, S IEIE T B — SR T IR RN
I (334 ms) FIA BAN—FURAF(335 ms)iH B3 7R, 1(33) <1, A MBI s I8 IE X
RBL. 24 SOA 24 1300 ms I, BEIEIEXT N —HE 3408 B3, F(1,33)=5.41, p=0.026,
npt = 0.14, FFR—EUME R 1B (344 ms) & 35 BT 5 A —EU44 (349 ms), LHTIEE
TEXS RN B B R A RN @I N — BUE S BRI AR, F<1l, TRELR
WAL B LSRR R AN B AT L T B I NN, (R R, SR 2R A fr
B NN AES T E R (1(33) =2.11, p=0.042, Cohen’sd=0.36, 95% CI=[-
9.73,-0.19]), AR ZR AL B 8 T8 X B RN IR B0 2% 8 3 (1(33) = 1.78, p=0.084,
Cohen’s d=0.31, 95% CI=1[-9.44,0.63]), XEMEIK SOA T, LEMALE AT EIE
T T JS2 288 B NS S
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1L 3 FARKM P RINE (M £ SD)

LRA WA BRI
SOA
X5 X RIA—E xR —EL XA
600 ms 350 52 361 %51 334 %55 335453
1300 ms 352 +53 357 56 336 57 341 %57

4.2.2 MWTESI@IERT R

EAETF AT SOA S F AR R ZRAT RO (KA WT 5 188 T8 065 8 A0 8 (O A — B0k
N N E T B, ST HLEAT 2(SOA: 600 ms vs. 1300 ms) x 2(ZR &R A &tE: 2k
RAR vs. BRI EL I &I 25047

ZERINPE 4 . SRREMMERMNEE, F(1,33)=1045, p=0.003, n,2=024, %
A RGRAE T (R X TE X R RN (8 ms) i 3 K T2 RIS (3 ms). SOA ERNA L
#, F(1,33)< 1. REAMES SOA WA BAEHEE, F(1,33)=6.40, p=0.016, n,°=
0.16. FRIERRAMN TR, ELRAMFMET, SOA ¥ 600 ms B [ F5 8E X B3N & (11
ms) & KT SOA A 1300 ms (5 ms), #33)=2.20, p=0.035, Cohen’sd=0.38, 95% CI
=1[0.44, 11.44]; MTELRILRGEAET, SOA Jy 600 ms B 15 HE X B 44N & (1 ms) 1300
ms I (4 ms)& A BEXER, 133)=145, p=0.156. H—DLEFFRITRIHABN MR, 4
SOA 24 600 ms I, ZRZA RGKAT T IR B TE X SR F (11 ms) i3 K TR R TRGEA(1
ms), #33)=4.41, p<0.001, Cohen’sd=0.76, 95% CI=[5.35,14.50]; T34 SOA 4 1300
ms [, ZRFARORAE T IEEIE X AN B (S ms) 5 R T (4 ms)BUA W& 25+, 1(33)

<10
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11.8.
S0 |:| 600 ms

_ T i -1 ] 1300ms
B .

oglee
1] H s .
% 'i;s 3,2 . !' ::.
% [T EXRRExE E«;Ig uuuuuu :.I‘ ........ » ;- ::-E .....
2 _:L RN
@ ——
#

-50
AR LR

B4 S8 3 A SOA ZEAF N AR Z A UL RS I TE X BN B AR & 226 B B o B, |
WU, A, PR R BRSO MBS EIE R N . (7 *p <0.05, ns RETCREE

)

4.2.3 TOR 3R

ERUTH AT SOA M FAFRLZRABIE T IOR N &, FXf IOR RN # i
1T 2(SOA: 600 ms vs. 1300 ms) x 2(F5 @ IE N B —FPE: XN —F vs. MRA—FO)HEE
W& T5 22504

ZEREIR, SOA XXM EZE, F(1,33)=6.89, p=0.013, n,2=0.17, SOA N 600 ms
IS ) TOR 23 522 ms) %2 KT SOA A 1300 ms (16 ms), BE% SOA IZEK:, IOR N
HRERC. EEEs NS ENEE, F(1,33)=10.45, p=0.003, n,2=0.24, B
TEOF B —FF A T TOR 2485 (16 ms) &2 /N TR BA—F 26 F(21 ms). SOA 5i5iliA
SN —SE AL BAEF B3, F(1,33)=6.40, p=0.016, n,2=0.16. faj RN £,
2 SOA ¥ 600 ms I, FEIHIE XS B — B A T ) TOR RN (17 ms) 2 /N T-xf A —Fof
f4(27ms), #33)=4.41, p<0.001, Cohen’sd=0.76, 95% CI=[-14.50,-5.35], LA i@EIE
X L= AR R AR PRI 1 849 TOR 248 24 SOA 4 1300 ms I, #4518 T % . — Bk A
N TOR 2S5 (16 ms)- 5% W A—FUF A (16ms) % A B3 2R, #33)<1.
4.3 INE5

SEIG 3 IS BN R AN HARZIE] ) SOA SKERH TOR AR/, #RFT TOR RUBH)R
NIRRT 5 T TE 0T R PRI AN o X T TOR R 70T KB, e SOA FIAEL:, TOR M

RIS, X5 ET AW IS BAH— B (Lupiafiez et al., 1997). ZEEGiHEE K, 24 SOA A 600
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ms i, TOR RS 5 WEWT FE@ R B4 T A AR, R ROk I T A0 T 5 3 3 6
BONL, LR TR IR IR B A A, X 55000 1 4 A — 5. Bl
SOA FEK % 1300 ms, —J7 HIZREA KR T AT 5 I8 IE X R AL AHEE T SOA 4 600

ms IR E IS, 55— 75T TOR RUSLKT T REWT I8 e B (1 AR s, RIWALRRE
RO 5 S TE T 8 — Bk 2 RS A P AN B85 (SR A ORI T NN 5 20 R T
R W ZER) . HTES BTG I LA J5U U (Meredith & Stein, 1983), 14 SOA 5
1300 ms I, TOR ZONEJR 55875 2 2 AU AL BALSE H A IR 0 S22 35 MR AH EE T SOA 79 600 ms
R, SRS SN SR T B IS IALT ESEIE X R [FIES, T IOR MRS,
RN E S AR RN B AL S F AR IR0 52 P 1A ) 22 S0/, 343 TOR RURixd T4
T 255 S 6T IS (R 4T PR, 5 SR R AT BRI AR 2 2R A o7 BB Y MR T 58 Tt L 8
AREES. A, BHTAE 1300 ms &0F T IOR ZNASRAELE, LR E H bR &
FPERAX AR, BRI G vk 45 SRR 2 R AL B IRAI T 25 368 8 0 B RIORIAH EE TR 2R R AL
FLEEIFSE . BAh, MHEET 600 ms 2514 T, SOA 24 1300 ms I F& il IE X B —F %A T
] TOR R B 53 R —BURAT A B & 25, 7RSS WUIT IS8 T X S 540 14 9 55 3 BOH
XFF TOR 28 IR RE 7T A1

5 vk

AT FUTE % I A S0 F S AR L, ZEOLSE B ARAT ST SN, R 2
A R 5 R — B0, 552 TOR RS0 T RUUT B S 0 S OB . S0 1 R0
TOR R 15 A 5 LT 7 7 A 250 T, A PELR A 8 B 7 LT 0 2 R 92
1RGSR, WU I R 8 A 7 SRR B DRI £ 5 D RE AR A 1 S5 B
TOR Ui/ /E A2 B, S8 2 o, SF IO e — 5 A, TOR ORI X7 S R T
WLSE BRI G P P2 A B, I3 R A W 5 0 5 MR 4 A A 0 e 42
5 1OR AR . BEAN, S 2 RBLFS 3 I IOIT 51 M550 N AR 2 5 TOR 0mi=2k
ST, SRR T 1 55 5L H TOR RN R i A OB BT S B . 5
53, BRAIEIHRAL RS H AR A SOA KA IOR MK, 45K BEH
TOR RS, £k 2R AL B AL B B R4/, L TOR 2% R 5388 18 %
7 R 1 PR o I S T AETE T A 2 R I R 9 £ 2 L U 35 T
VLT 5 R
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S 1 RI TOR S5 A0WT FS3@ 1% RLAEFEAS FLAR R, AR N B8 30k S R iT (¥ 48, A
PR 3 AAAE RS FLAE AN B 3 A F T 18] — AN I LB B (Sternberg, 1969). Klitk, A SCHF
R 55 JEE of . & A= 75 TOR ZCREHE AR o TR B, 3 5 DA — SR 70 R I 5L
(Kovic et al., 2010; Maeda et al., 2004). LT 53 A T\ 9 HLHT 855 38 18 0T B % AR A 15 2 T
_F(Gallace & Spence, 2006; Martino & Marks, 1999), BI¥L. Wr{E E#aE 7 AHE K5 X9,
FEESEER M BFFREH ET R BAEIEE A . RN E N, R
VBTG A AL E TR R S s R v DB 58 18 %] B (Gallace & Spence,
2006). BT EHARCHIE X, WHCETE S S B R, s Ry “ A
K7L R IXFPE SCIRHEAH S iRl 7548 L T R 25 T8 X Y (Martino & Marks, 1999).
H A TR B, AW 25 S8 e S AN — g I 1R SO A, TR W LUK AR TR Al
Mo XFFE—LH ORI, —SAH “B7. IR R S AR R AE & 5 2 A AL
1B I TE X S (Parkinson et al., 2012), 1fi—%8 A 211515 5 192 ) LRI HH AL T i85 36 1 0k
¥ (Dolscheid et al., 2014; Walker et al., 2010). 248X H i 7045 R HF- A INTE Umit ] GE7E 1%
S TE R LR AR o AR TR 4 B 0 LA P AN SE AR R AE (B L S R B ) 2 (8]
(RIE R, T P B R 2% )5 AR B st A7 7 SR (R AH G (Spence, 2011), 7E H SRS
5 IR AR R P AT A A AR G A (R U ), T A R A S K RT RE AR AE T e o
(7). T, NSRRGSR R B & I R, AR A A
(Parkinson et al., 2012), IX#A] G850 VHAN 25 18] 37 B 2 (R A7 AE IR b Rk N2 i A 7 B i
S T SRR SRR P R CRAE 2 TR], B0 S A3 4% P R o T R 5 3 0
N A] BE R R A Sk 7 4E (Parise & Spence, 2012). AL,  DLAE MR #5383 5 B (3E SR
T, AT S SR AT 1B X 4ih%(Martino, & Marks, 1999), tHr g S8 115 AL IE
TEXF 82 PR A FH S m

DAREAT A 03 F AR S AUV (R vone o 88 528 B 22 () (0 5 S0 0 L EAT A 7, R
MW 25 8 0 A S R A, R S BRI PSR R AE (Marks et al., 2003), {HIX—7f
¢ 5538 BT R 25 S o R AR R, B T T S ARSI 2 S, AR
DEeHE A A, IR RIS R 1 AT SN 2 R T SO . Bz, AR 1]
ORI 25 SR X I T BE A7 LE AR R AL (Spence, 2011), R [RIRSEIR AT 45 th ] g7~ 42 1 R A
&5 R

TESEEG 1 Hp, AT BTG RN ELR RO B B, X 530 AT 5 8 & O 7 45 1

r
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FHSRAL. DR B S IBtFi T, A7 R IOR USRS, RSB AT 3 B &
RS R(ERRT 45, 2020), BIF 7080 S ORGSR 0T 45 SR AT ke, BRI, Wkt
5 AN TR FE 2 SN AT 0 B 5 SRR RN o AR S EE2KORE R T (Otto et al., 2013),  #RLE
RS EREE TPANGEHE 1 L Rouki: S v VA 9 NI TR s AR SR SRS TDANG i
I, AT 3% A5 2008 B /)N (Senkowski et al., 2011).  J¢ RIS J5 ) 55 ] A2 45 Sh A ) SR 4270
W58 A & L (Meredith & Stein, 1983; Stein & Meredith, 1993), 1T AL F RN 5t R A
FAARI 2 180 S5 B3 SR AT ARG 1X — i U (Rach et al., 2011; Senkowski et al., 2011; van de
Rijtetal.,, 2019). S HEAON RN A BT b S B AR BE 59 I TURVE(E B 51K 7 iR & o ASHE
TR B I TE S B, AL TR IR A B AR TUARTERT, (HA R EF NI L
WL T 0o BRA bR A TR — 3, 200 v R v 2 A7 B A R R A L T AV s 7 o
“F” —um(McCormick et al., 2018), PFIULABeAFAEIL RIS, 74 T IiRME, A
M 52 80 5 D0 ] -t FH T R B Al TE 6 B o 24 TOR RN R AR, SRR AR B H bR/
A 5 LK (Slagter et al., 2016), MLUEAF SHIAIRGS, KT 2E T A2 € BT 28 I8 )
RERGSE, T AR 2 AL B AR vE ) B AR B 2 2 A 7 A AN T I T T X SRR o
SCU6 3 SR, BEFE TOR ZONISS, LR AL B FXALIT IS 3 T I A5 A AF L sk
55, [FIS, TOR RGR0ET- 40T 5 38 T8 Xof 2 PR R 15 1 FH OSSR R AT 31 5 15 T T 0
I8 —BE 2 TE] FR5 AR AN S8 38 (R A KA P I TBIE X NN 5 2R R IC RS A A
EFET), EAEIUE TS HG RS0 T Dt TR W 5 30 T T I )3 FH A o A 22 e SR R R AT
For, R ECRBOSJE A AEAE T J0 8 SR W88 & 1 (Senkowski et al., 2011), 147
TET 2 AN R 10 5 18 505 1 (van de Rijt et al., 2019), BF 5t &I T2 ot 4 N ik
MEDER N, SR DUBCRT R SRl B N 51 1 BRI 22 Jent S N3G 58 . E RTHOT 7045 SR SCHIL
W i 3 T 0T L PR R AR A e LSRR T, 97 F 17 e L 280 Jir T 2 i e 7 1 8 S )
& I
WEFCEIRE AL, LT 5 A N RIS TOR RN ™A 1 i, BAAKRYE, 24 SOA 4 600
ms i, TCIRTESCES | B30 3 1, BRI X B — %A T 1) IOR RN S 2 /N T Xf
FEA—Z A, I B T s S 5 E bR ] R i R SR N 1A H AR )RR
BEME, MK 1 IOR RN A H AR R G, MHEE SOA i<, il
XF N —FA A T TOR BB — B & 2 5. X2 T SOA T, #WrEsid
TE X NN PR GS ,  ETTARAT IOR RARIFKI e B2 BEAIG,  MTTTAEAF AN R0 B — Btk 2641

i
i
B

o
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¥] IOR BB 235 7 5+

HATHTFE 58— MR T TOR KOS5 WEWT B85 3@ 18 36 B2 1] 6 R I T . DR AR 90 75 22
PR S8 (¥ 58 FLAE F A 2 E TOR 280800 T AT I3 Tt R AT 5 BT A 1) o 556 2
FESEHG 1 HA R AR FEAR AL b, @I BT SRR 5 I, SRR TSR Al 75 5 2
AEARI FC R AOSEME o F T AT 5 S X 7 & — FfAF KT (RIS (Chiou & Rich, 2012), 75 %2
PN AEST s RS RIE VA RE S . A BRI, RIS a5 AN 25 5 R WL 5
IR 45 R R TOR RN 5 Wr 5t IO 75 AN AE A EAE o S48 2 (R4 R — 5 T
BOUE T BAl i RIS TOR B A8 H., U W o A5 A0 o R R A= 5 Tt
A2 55 TOR RS A58 H o 55— 77 THI 2 MW 800 7 A 1 e 8 28020 A A TOR R
AR, HERR T AN TSI 4 T REAEAE IIRVE . AT TUREA, W R AR
i 25k 7 5 4 e A R S A D (Kusir et al., 2011),  F5 FUAR MBI 55 35 0 77 A 58 HLAE
(Botta et al., 2017), FIW B0 E VL S 10 B AR =4 T 3 RIS . Sk BAT AR &
ERUESE R, e RN 2 5 7 A R AR A Ho(Botta et al ., 20145 2017), e 2SR G
IR 22 4t (arousal system) 2> 51 B R GAFAEAMENLH (Fischer et al. 2008; Portas et al.
1998). {HSEE 2 25 KR, 78 HATAF I T B 50808 5 AMEPEZR R 51K 1 TOR BBk 2 48
HAEH . X —J7 A REthF, AU ELB i b ) R o e i 8w 2 ]
AHH.AF F (Botta et al., 2017; Chica et al ., 2016), 1A 7T AL SE H b HIUAE 2R R AL E A1 E
BRMATEH AT I, TOR RUSR A TS B B AR VI 22 A 2 LB R i %
JSERI AT o 53— 5 THI 1] A e RN A TOR AR AR A & B Ao R A . R A
FOREH, RS TOR RIS HB 5 M P S 3 2 2 1k (Botta et al., 2014; Prime &
Jolicoeur, 2009), H.#5 &I M 45 ({0 4 < (Bourgeois et al., 2012; Kusnir et al., 2011), 1H
et N PL—Fp B B R 8975 S IRk T R ) 2 A (Kusnir et al., 2011), Bl @ BuE 4
PR BRUTR N 265 DABCRSR N RIS B RE s TR AMIRE 2R ZR 51 (¥ TOR LA T L Ay 77 25 o
RN 5 (Berdica et al., 2017; Jia et al., 2019), I 4 NI BL KSR, S0 5 R0 5 X
S0F TR T 0 2% (1 325 (Botta et al., 2014). 44K, 30BN 5 TOR RN 8] ) 5 75 2 A
G LR 1R T, H AT IB TOHERR 7B N T 45 SRR, SR T E WS
V) 57 5 2 ) PR W 1 308 T X 7 A A 2R i 7K~ PR R e

6 45

18



TOR R Rxf T B X ML 2E TSR, TOR AR Ee AL AL B B 1 FSUE (1)
MUWT B T TE X N, AR R AL B A I W 5 RIS A s N %A 5 TOR 2L
PP AR H. BEAE TOR RN IS, 2R RN B AL B TS BRSO B 2 ok gy, H
TIOR R4 XS T4 5 S TE T 2 PR A PR OBk o X A F FE 45 RS RE 1 W ot 3 R 5 AL e 2 )
7 B 2 TRV PRI 15 S 6 LA AR AR R BE /KT, ELARIT i85 S 0 L R A AR A 4 S EE O SR

IR
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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
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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 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,
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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.

Key Words audiovisual cross-modal correspondence, inhibition of return, cue-target paradigm,

alerting effect
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