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CRAFBITRY: HEHREEARY R, KFE 130022) CHRMRY DY R, OS5 RRATFIT PG, TR 215123)

OB ETANEMLRE T, R 28R4 T AR ], stimulus onset asynchronies, SOA: 400~600 ms .
1000~1200 ms) x 3(HFRFESERL: M58, Wt . MITSE) < 2(REAME: AR, TTHER) WA LK
T, BRI AR S BRI 55, DA 22175 & iR B4l (inhibition of return, IOR)XHRNT 54 & 1)
VAR, M A SEAURRRE | 2 IR ANHA A2 T B Sl 8 [ 15 5500 B 2 S AR L S B gl . 255 R B (1) Bl
SOA ¥4, 5T IOR AN i 2 FAI%, PRNT e G400 W & 134, (2) % SOA (400~600 ms)it, HAXRRAE AL
Wit AN B 2/ NT IR R AL, {HK SOA (1000~1200 ms)f, AR5 ICRER AR [ AR5 3-A 300 -
TREZES ., GHREWH, TERFE SOA &M, Y3t IOR XL R A R 35 R = E A8k, 2ARTSS R SRR

B RS 0m E 2E SeB i

KB SMIEVEES IR R VTR A R ] e 2R

$FES B84

1 His

TE HH TG, FRATAY RN JC i To 2 AT #5532
AMEHE R IE B A . ZGEHE A (multisensory
integration, MSI) I &k I ¥ =5 [H] 7 2% (exogenous
spatial attention) & A BT 411G AL B [R] 20 38 1B
5 B 5 B B 2L HL I (Calvert, Spence, & Stein,
2004; Spence & Driver, 2004), £ 85 84 28 A
Bk FAS ) Bbi 8 18 (R . Tt . b 55 A5 5L
FEAEIF G G — 1) L 3% TR 2 SR
11 (Tang, Wu, & Shen, 2016), Hrh, K58 AT
AT B A O A N D8 ) R B RR AR T i A G
(audiovisual integration). PN 3% 45 HEWE {2 i il 3%
ARSI . TR 2 V7 (Stein & Stanford, 2008), A1
P23 ) 1 R A T s B B i R g ), B
S S PR (a2 E AR Ak, AR AR SRS Bl R LA AR
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R, J& = A N LAY T (Chica, Bartolomeo,
& Lupiafiez, 2013). [FIFE, SMEPEZS B EBEED
Pt B AR AT L TR E 7 (Spence, 2010),
Ban, AMIEPELZEE Ge s 1 5 W] — 7 B H AR 18R
B Ab B, DT AR XF H B B9 & N (Mcdonald,
Tedersilejéarvi, Di, & Hillyard, 2005),

U5 T AT 8 B A 5 AR M 2 [B] 0 A RE Y o
JEHI b AL B, B FRATT G b SO AR, S
FATIT WG AR 1F PR 2 (8] 7Y ¢ &R (Talsma, Senkowski,
Soto-Faraco, & Woldorff, 2010; Tang et al., 2016). 4}
Tk 2k R0 775 3 (cue-target paradigm)/2: i 55 41
T2 (0] 4 7 ) 22 175 58 (Posner & Cohen, 1984),
2 D AR (N HE AR S s AR )R S 4R
REIAELL A MSNE O E, BORBGTE Gt — B
A} 5] [] B (stimulus onset asynchronies, SOA)J&, Xf
B SLRME (RIA %L R, valid cue)mi A A

* E R H AR EE AT H (31600882; 31700939;61773076), VLIH4A FAWF5E 141 (BK20170333), 15748 w5 /K F- BT A BA = (458 1 B

F:351 H (2018LNGXGIWPY-YBO15)% i,
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(AP IERZR R, invalid cue)fy & I 1Y HARFIFEIETT [
N BRI, MR AL BRI A (B SOAY/ N T
24 250 ms B, ARG E LN T
TR R ALE, WK A« 5 Ak B D (facilitation
effect)”, #R1M 24 SOA KT 300 ms i, HRULERN
BRSO A R T IR R AL E, R
“ 3% [ 47 #l (inhibition of return, IOR) %X K 7
(Martinarévalo, Chica, & Lupiafez, 2015), 3T I,
5T B A1 53 0 2% 52 1 AR 23 A 5 | 2 4k
A5 7 A Al 3550 07 e FRL i 3 A R T VE o

HAKKFE, van der Stoep %5(2015)% %5 1AM
PENF LR RAESE SOA (200~250 ms)ZcE T 51HE Y
Gy AR ASN R T 38 A i R VR o S e A 7
5 R ANV S A R, BESR O 2 BAE e 5l
[ #L 52 (visual, V). W7 4E (auditory, A)F1AL T 5
(audiovisual, AV)H ¥R Jll 317 I ¥ (Go-trials), £
A H R A8 0B [ B (No-go trials) . 25 5 & B, #f
ORI NSO C BN E R 7 0N SE VAR T S - SR B
PR B . Wk HoAs, BRI, AR TUARE S RN
(redundant signals effect, RSE), [A]R}, ZMJEIEZS[H]
W REE IR R R A B BARRIB g, 7~
AN S, AN S ) R T
AR E RT3 5 RO o 78 5 ZeaF o v,
van der Stoep, van der Stigchel, Nijboer Fl Spence
(2016)F TAH A Y g0 X, B4 T MR e 4k
EIEK SOA (350~450 ms)scM T 15 & ) TOR v
XTARIT b B A T E T . S5 R R B, BORAE RN
2R b A S, BRIV AR )G G Sy o s A
IOR R, (HA R RN E LT 583 G RV AT
SR ENT IO RN E

LIRS R R, Toie RSN A A R
2 ) ) AN 3 =AM SO0, PR A e s A Rk
RAOLE LT 9385300 (van der Stoep, van der
Stigchel, & Nijboer, 2015; van der Stoep et al.,
2016). M, WFFEE 146 H 22 Fh S R R g RS
P52 (D BT e 5 AR T AL - (1)/8%R e
HUR R, SMETELR R AES I M A KRN E
) SR i UK EE DT A X 3 i B 4 S BAE i
B I BHHrr ISR B (Carrasco, 2011), T 280
hn T B S b & N R W) (principle  of inverse
effectiveness), 1= 5 & Il 5| S 1Y) 22 J8% 08 22 & U0
B /N(Senkowski, Saint-Amour, Hofle, & Foxe, 2011),
B 245 IR R R AL E LT v A RN I8N Y
2 8 (van der Stoep et al., 2015), (2)5% [a] ANHf & TE R

i, van der Stoep %5(2015) I\ A HMEE LR R0 FE
AP LR A RE T B 5 52 30 H Ar 7 & DL &= T
PR Y BARAL B ANEE P, PRI H AR Y
SN T 2 O T2 BT A 0 S ) ) o TEA Ak
RALE b, SMEPEZR S8 BARA B 5 R
B A5 B2 IUARIY, MRS L 28 (A 0] 8 2
PERE R I, T 5E H bR A 55 R Y 25 18] % [n) 821
2 BEAIG,  Foe 20 T 5 4 5 2800 o (3R i 1
(B 45 5 0 8 22 S Bid, >SS [m] Jend el i 22 [A] 145 5
EHES -2 S UWNITINE 2358 Sy VA I NN T N
TR T 2 [A) A5 5 o AR N, 22 B 5 000
T K (Otto, Dassy, & Mamassian, 2013), van der
Stoep %5(2016) % I 24 AN P vE 5 L A48 H FRE
AR HARE IOR BN I, AR E
BRI e 3 T [R)  TEE 2 S R S R BUE
SREE 2 R R, RAMRBAIAMEARAME FU
Uik Sy SR RANIUESE 8

bR ST A R T A T AT S 1 LR
FRVE AR I AT AT 3 T AN [0 52 35 55 (O [m] 2 o
MAMNEEL R, A SOA ZAF)Fr#g i i (van der
Stoep et al., 2015; van der Stoep et al., 2016), B IRFE
11 R 2 R AMIEPE T E B AEAN ] SOA 4547 T XL
W5 R 5 O O 15 4 2R — B, (B AR 2 L a] REIFAS
— & (Martinarévalo et al., 2015), K, A5
RN X AT v A R VE T, G — 5 RSN
PEZS BB R LR, AL SOA eS|k
IOR R0 8 A Rk, B 400~600 ms (Tang et
al., 2019) (in press){Eh % SOA 4:4%F, I HZ%
T8 AW T 3R (8] 49056 AH 56 SCRiR (Reuterlorenz, Jha, &
Rosenquist, 1996; Spence, Lloyd, Mcglone, Nicholls,
& Driver, 2000), #EH 1000~1200 ms /f } K SOA 4
o ZEAEANTR SOA "I P& I [m] 41 1] X 1AL W i
B R AR

gi b, APPSR T AR L R, A
P 25 K AMEPEAS AN R, 1545 SOA 441
(400~600 ms . 1000~1200 ms) . H Fri] i % L
WroE . BWTHE) . R RMECH LR . THAR),
(] Fof 7E AN IR e 2R 5 H AR B ) A b e 5
%€ [1] 35 ] (central reorienting event, CRE) (Prime,
Visser, & Ward, 2006)Li% & A2 € 1) IOR RN, %
FERLE TOR X LT 5 8 & 1 I 19 VR L DT Ay Sl
CAURRE | S (AL S P R J2end 1 1 [R) 45 5 ik 3 22
SERULER AL SRR . BT TSRS R, A
W AMENEZS MTERE S A9 TOR BT SOA i
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WESE: NTA] SOA T AU IR 1400 i X 0L 0 8 5 1) 30 3 40 1 761

ARAR, - DT 532 e o R 2 5 2010 ) 81 4

2 ik
2.1 #HiRk

— 7, FEF LA FAME A RS 2
B A O RS R AN i (van der Stoep et al., 2015;
van der Stoep et al., 2016); %5 — 71, F&TAHEHF
FE i A B OR B DL BR Y D) 3K {EL(0.8) i T
FYREA T TR GPower 3.1.7), AWF7ET
RIFEAL 17~34 N, ARG ERIERSE 27
HORAE 4 %, L 23 £), TSN 18~29 %,
M=21.74 %, SD =3.46 % , i3 B il 0 1L 1 895 1
MITIEH, WrIiEH, YRARF, BIRERE, T
KoM RGN, ToIiERI L . B o8 S 50 IS AR
15— E R .
2.2 LI FARTRL

SHS IS PRAE AOC G2770PF(270LM00009)
RIS B S o b, ATOURSE Ry 27 95, By
PERN 1024x768 1R R, Rl A K 100 Hz, S:50FE
J¥ HH E-prime 1.1 8P gnf2, FirA 0o e 0 AE 8
OIS, SN 0.4 cd/m’®, #ATE SRR Y S
5 2 RS ik, B S LA R AR 60 em

WK1 ZRR: GRS, RO 2RA6
(RGB: 255, 255, 255; 155.2 cd/m)BymS" + "7
MO(KEE: 0.05°%0.05°); RBE, 5w/ 45 MikE
HUH B 60 5 (K 1ox1°; B i g 3 90 45
4.5WERAMNEPEL R TR B R, PRER
B, e R R AR (R B 0.1°%0.1°)fF
rh g for B R R E ) BRI, S S B
b, Wi AR o 8 v B A O 2168 (RGB:
255, 0, 0; 27.5 cd/m®) 5 [ 8 21 W 19 BE B A% (K
BE:1°x1°), Wrag B AT R A SoundEngine Free %X
PEHIVEFILLBE, A 1000Hz A9 4E75 (65 dB, 100 ms,
10 ms [ rise A1 fall time), A F 5585 Wi (Z2/

S b RS RN B A o T S B
23 ZREFEXIIZIT

SCHR ] 2(SOA 25fF: 400~600 ms. 1000~
1200 ms) x 3(HARRILSEH . A58 . Uras . AEVTHE)
X QRBEARM:: S0%HRMLR . 50% LML RN
BN LI LA 2R ) FIE R SE S, 252
Sy 56 Ak, EASCE A 4 2, B 210 ik
W, Hirh 2 4 0% SOA (400~600 ms)&1F, #H4h 2
ZH K SOA (1000~1200 ms) 5514, 4 HBEHLE P,

Segerh, BERR A 6/7, WIARRIEY 17 (JeAEA
H AR 3, ZOR BT H T 48 Btk X
T T AR 0 BOPEA T 1 B B B CBE A A “B™) o T
S R AT AR AR AT AT H At B,
AT AL B AR R LK (6/7), 3 720 MK,
PR ST 60 MARBEPLE B, AL
WG, AR s, B ar RLE 4 ] T
FIRRE . AT R AFFLE—A /N

SEE B BN A B IR AR I 1 A s A,
TR S B AL B 800~1000 ms, 2 F 3K 5 5t 22 /45 )
BEAL B IR TR (e 2 E), IFEY 50 ms, 28
150~250 ms 5K 450~550 ms BEALIT [a] [RIFE )5, HE0R
B RASHL (LBE D), WY 50 ms, Hl
LRWRIG, FFEL 150~250 ms 3§ 450~550 ms [
BEHLI AN AIRR S, AR R (V/A/AV) TR 5 35 1Y
e, KRSty 100 ms, e, TR
1000 ms FVFROIRKIEATIRBE RN . BEOR B TE R
S R AT A e A R R 2
2.4 HEES

SN IR 1% R LA bR e e T I BR = S nz
R, A IS JEIRZINT 100 ms s5E 1000 ms.
BRI R B 5 SRR 1.3%.

T A [F) 5 AT AR RS 22 8%t S 07 1
(relative amount of multisensory response enhancement,
tMRE), >R F1Z23 2 (a) W AT 58 H A5 Sz i -5 B 58 i
HARGLSE . W7 ) v e bR 52y IR A9 A R 22 (B4 73
5. rMRE fESME 75 I IE HARLGE . W o)
SRR Y RN AR L, S ARX] Z2 8evi 8 3 H bR S st
FRT 03t S R i, AR IR S I M SRS
rMRE =
min(median(RT, ), median(RT, ) — median(RT,, ))

min(median(RT, ), median(RT,, ))

x100%

(a)

X FTUARAR 5 500 W ff e, A 5 G B 7 (race
model) FNFL I IE R AY (co-activation model) B FHR 15
(A5, 2010)0 2510 T 22 8 ni e 38 T, AN [) e
T I O A N T, R A S8 UM T A JE v 388 T AR
e fioh & w1k Y S, 3K R AR B BR Ol 4t T AR
(statistical facilitation), f& 3&#i%{1% (Raab,
1962) . 5 A [7) Jgk v 38 1 %) S 30340 4 8 0% O A o
Y R[] 5 b B 5 o 58— 3% 51 09 R0 e A BT 3 R AR
FHTRE G RN T, G5 B 5 B S ] 5 BEAH L
A —HuE A {5 S B o B AT SRR AR, AR A
LIRS, B A PG B (co-activation
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SOA
400~600 ms

1000~1200 ms
v
ST

800~1000 ms

MHLRER
50 ms

ISI
150~250 ms/450~550 ms

MAHEHLRER
50 ms

ISI
150~250 ms/450~550 ms

HERHE (V/A/AV)
100 ms

ITI
1000 ms

B 1 srRnEE
o B2 AN R A B AR B, B B R AR B . B A TR LS R R (HOIE T ) 2 BAE M, B AR (RUT 50 ) 22 B AE A2
MCED, AR RNE), ZER R B bR R BT LR S B R s R . e, H AR R (V/AJAV) 53 S R GE (visual) . T GE
(auditory) FIFLWT % (audiovisual i@ i H Fr . IST J2&F8 % i [a] B 18] [8] f% (inter-stimulus interval), ITT J&48 32 ¥ [8] A% B 8] [7] B (inter-trial
interval), SOA B33 2 t 3% 26 R I [6] (50 ms), 2 > ISI B 8] (150~250 ms/450~550 ms) LA Bz 93 0 28 ZZ I [6] (50 ms) AR5, B

It SOA iy 400~600 ms/1000~1200 ms.,

model) (Miller, 1982, 1986)., N T ¥4k tMRE 45 %
S 48 12 i (statistical facilitation)id 4 22 Ji& G 3%
GRMERE, RAAR(b) GERBAIASEN, race
model inequality) (Miller, 1986; Raab, 1962; Ulrich,
Miller, & Schréoter, 2007)4 #4711
P(RTracemoga <) = P(RT, <t)+P(RT, <t) (b)
TE LR A, P AR B R £ (cumulative
distributive functions, CDF), EIYE45ERtR] t NXT H
BRI AEZEAE . P (RTa < )2 Bp 1 W o a0k 7E
25 5 IR € N A S SRR AE, T P (RT, < )2 5 iE
B IRIRTE 45 € I R] ¢ NI RO AR 34, iz A
BB 58 AL Y T 22 B (predicated
cumulative probability, CP), Bl CPgrace moge» 14770
WG 2E Y 1 FRAE (Miller, 1982, 1986; Ulrich
et al., 2007), Race Model (Probability difference)f{;
FHWT CDF 5324+ B8 CDF 7 RT 3 Fil P9 (A 52
4 0~1000 ms)%E 10 ms [ AYAE R 22 7 (Laurienti,
Burdette, Maldjian, & Wallace, 2006)., #77E 25 5& i
LI, SEPR CPay 3 KT I CPrace models Y
L S o S A B A U S Y G
(Ulrich et al., 2007), #NT &1 F 1) CDF 53544
Bl CDF Z RN ZREGEREHI KN BT 555
BARURERE Rt 2k, REASTHE i M2 1 i AR
(positive area under the curve, pAUC), XJAS[E] 5

T b 3 5T S A AR R B (R R T I AR T
Hl(Yang et al., 2014)#E77 FL A BE NS 1) 2 255 AUV 1Y
KMo

DL b T A g B DA R0 T B e 1 22 ke
%N . Race Model (Probability difference)/&:+8 7 %
ASEF AL A R, B, £ A)
B RN R/ o T Hh 26T IE(EL T FR(pAUC) 248 T A7
A LA RN B TR B B B AR R AR A 2= 5, D,
R IS ] B (51140, 280~350 ms) b 28 & 8408 1Y K/ o

3 ZER 550

BRI, UL AR MERIBRBGR . (DA
N7 B B TE A R RS R BT L IR SR A IE B 3
AFRUEZE o Q)F R BB A N R KT
10%, IZHIBRER 3 A, IR L 24 N &
giit, BPAEA S I BREE, BA Gt a4 AL
I 5552 A FH G o 2 Pt e AT el 2%
31 EMmE

X IE B R AT 2(SOA 4514 400~600 ms .
1000~1200 ms) x 3(HFRFIFERL . MoE . Wrac . M
Wrdi) x 2(RRA M : AULER. LMER)WE
527 25307

IR : SOA TR A, F(1,23)=0.13,
p = 0.72; HFRAIFSRA ERON AN W, F2, 46) =
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WESE: NTA] SOA T AU IR 1400 i X 0L 0 8 5 1) 30 3 40 1 763

235, p = 0.11; LEAKMEESARE, F(, 23) =
0.01, p=0.92; F£HERBMKYLEEHIALEE, Fs
<235, ps>0.11,

WoE a5 R Won, BT A B AE 25 H A il g s A
(B8 . Wrdt . BT HE) b A9 IE A R 25 558 95% L) I,
R FRON LI B B, JFRA RN
O BGE TE B AR fy i TALH . X AT T A
F R FH ARG AT 55 40 b LRI 5T Y Go/No-go &
A NAT: 45 (van der Stoep et al., 2015; van der Stoep
et al., 2016)FE fij 51, B IRAEMRLN 1M Ak, DAk
J5 TS FEXT IR R AT i — e .

3.2 LAY

XF RS AT 2 (SOA £54F: 400~600 ms .
1000~1200 ms) x 3(HFRHFETL . e . Wrad . 9
Wrok) x 2(RBARME: AMEER. TULKR)WEH
T 2238 o

IR SOA FRN W, F(1, 23) = 4.60,
p=10.043,m,=0.17, J& SOA 44 F [ i} (322 ms)
HEPLTRK SOA 414(334 ms)., HARMIEE R 54
N, F(2, 46) = 99.06, p < 0.001, n;= 0.81, #F—
HorMr R, MW oE B AR BT (301 ms) i@ T
W5t HAR(331 ms, p < 0.001)5#5 H#5(352 ms, p<
0.001), Wr+E H AR SN (331 ms) i & P T 95 H
FR(352 ms, p < 0.001), ZeFA &M B2 3, F(1,
23) = 165.27, p < 0.001, n; = 0.88, JoRLLL RN & I
(Y SV (319 ms) d 25 BT 804 % 07 (336 ms),

“HRZHEAEMEE, FQ2, 46) = 6.95, p =
0.003, np= 0.23, 7EJH SOA £ F, Hbnkl s
SERABMEZEAAHLE, FQ, 46) = 59.15, p <

(a) 400 - Kok ok
e S o
O LR
350 ,—|
é’ *kk s
- ] 1
iz 300
1
oy
B
250
200 -

Wi MUTAE W

% SOA K SOA

U DT W

0.001, ny = 0.72, HARZERLNE 2(a)fiR: TEWTHE
Hir L, TR RME G320 ms)5AMERMNE
(322 ms) I WS BTG B 2 25 5 EALUT R H bR L,
ToRER RN E F V(M = 287 ms, SD = 42.55 ms)
ERT AL RN E (M =303 ms, SD = 42.27 ms,
t(23) = 7.43, p < 0.001, d = 0.37, 95% CI = [11.55,
20.45]); EMSE HbR L, JCRUE R E LAY SO s
(M =330 ms, SD = 52.23 ms) i FRTHULRN
(M =368 ms, SD = 48.41 ms, t(23) = 11.09, p <
0.001, d = 0.76, 95% CI = [31.54, 46]), 74, 7EK
SOA ZAMFT, HARKIEEA S LKA ML AR
A3, F2, 46) =14.42, p < 0.001, n7 = 0.39, fif
BN AT A R R . ZEWTE HAR b, TR RN
B RSV EFM = 337 ms, SD = 60.14 ms) i P
THML RN EM = 343 ms, SD = 56.57 ms,
t(23) = 2.26, p = 0.033, d = 0.1, 95% CI = [0.51,
11.24]); ERWTHE HAR b, JoRERRALE L RN
IH(M = 300 ms, SD = 52.72 ms) ' FHHRTH KL R
£ '8 (M = 311 ms, SD = 55.61 ms, t(23) =4.51, p <
0.001, d= 0.2, 95% CI = [5.88, 15.83]); 7EMLHE H AR
b, LR E ERRBET(M = 342 ms, SD =
59.82 ms)f/35R B E RTH ML RN EM = 369 ms,
SD =56.51 ms, t(23) = 7.38, p< 0.001, d = 0.46, 95%
CI = [19.42, 34.54]). "I UL, BRJE SOA &1 R IWT
Bt AR AR &4 B30 IOR RN Ab, HE KTk
P TOR 205 o A Cohen 42 Xt n? B4
B R/ NEYHIWTERIE(Cohen, 1988), AHFZE R ETA 5 2
ST BRI R, LA R AN F#s R . 54, K
i Cohen £ X d {ERSUR & K/ N FIWTARHE, d= 0.2

ok ok

b 451 ﬁ

40 4 M 5 SOA
35 | O 1K SOA

) _ﬁ
0 = T T
W ot AT 5 R

Lyl

K 2 OR[ESAET WX SR AT TOR B0
e B (@) BN IS 45 R R A B (b)H TOR %00 A A0 R AL E L H bR B934 500 i 25 JeR R R A & L B AR SE I

Rt * p< 0.05; *+% p < 0.001,
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d=0.5 F1 d=0.8 53 HIXF R F /N o R IRLN B (R
AR, YLV, MELE, BRI, 2016), HLTER
SOA Z4FF, BARWTHE HAr I IOR RN ik 2] b
PEAKSF-, (HAN A/, IEARREARIZ SR T Wit
HprBE =B Fa e 1Y TOR R0 .

3.3 E[EHIFI(IOR)

HAEITTE AR SOA 45 4% B Anil g2 Al
) IOR ZR 0 it (7 AR R Il TR = A &
By, FEXFHEFT 2(SOA 4544 : 400~600 ms
1000~1200 ms) x 3(HARFIFSEAL . g . Wrod . AL
Wb ) i) B 52 0 o 5 25 53

ZEERNE 2(0) &% 1 iR : SOA ERUN B 3,
F(1,23)=4.81,p=0.039,n;=0.17, % SOA /)
IOR A% (18.87 ms) {2 # K T4 SOA (14.57 ms, p =
0.039). HAFRHFIFLIEA FR00 3, F(2, 46) =47.95,
p < 0.001, n2= 0.68, #5E HFRE IOR &) (32 ms)
i E RTINS HAR(13 ms, p < 0.001)F1UF 3¢ H AR
(4 ms, p < 0.001); PWTHE HARE IOR Z (13 ms)
BERTWE HFR@E ms, p= 0.001), H AR
5 SOA L HAEA W, F(Q2, 46) = 6.09, p = 0.005,
Ny =021, FUXTH LA R R . 7T s 5T o B
Fr b, AN[E SOA Z [i] i) IOR R A #5255, H
L B Ar L, J SOA Z& 4% IOR &L (M = 39 ms,
D = 17.13 ms) B E KT K SOA (M =27 ms, D =
17.9 ms, p = 0.001, t(23) =-3.72, p=0.001, d = 0.67,
95% CI = [5.24, 18.34]), % 4h, 7£% SOA &M4FF,
HL5E H AR TOR 208 (M = 39 ms, SD = 17.13 ms) it #
K TR 5 HARM = 16 ms, SD = 10.55 ms, t(23) =
—6.41,p<0.001, d= 1.6, 95% CI = [-30.12, 15.43]).
TEK SOA 51T, #lve HAR IOR (M = 27 ms,
D = 17.9 ms)t g Z R THIT5E(M = 11 ms, SD =
11.79 ms, t(23) = —3.21, p = 0.004, d = 1.06, 95%
CI=[-26.51,-5.74]). K4l Cohen #2& i X% d fHHCR
HAR/NFIWTRE, RATA BRIy . MK
SOA %, 5 IOR FE% SOA F51F N IR 1t T
K, HIGEHEMEILRK SOA KM, Mot IOR %
AR T LTS8 TOR 2300
3.4 AN % BTG58 (rMRE)

HAEX AR SOA KRR LEREAMER
tMRE ST HAEA t K050 (5 0 4T HLEY), ts (23) >
7.58, ps < 0.001, 5 ERHEEKRKT 0, [CES5H
3 (L0 VT 5 ) B A PR B RN B AR L, AR
XoF [F] s 55 308 %) XSG T R T o E s S B B R, 7 A T
SAG SR . T KA tMRE 4T 2(SOA 444

¥ H 518
F 1 7T SOA %% T Cueing effect. rMRE. pAUC
LR
95% CI
&A1 M — t p
TR LR
%1 SOA
Cueing effect (ms)
\% 38.77 31.54 46.00 11.09 0.000
A 1.83 -143 510 1.16 0.257
AV 16.00 11.55 2045 7.43 0.000

Cueing effect X Lt.(ms)

AV vs. V —22.77 —30.12 —-15.43 —6.41 0.000
Vs A 36.94 28.53 4534 9.09 0.000
AV vs. A 14.17 9.06 19.28 5.74 0.000

rMRE X H(%)

TCRL vs A %% 320 1.53  4.87 3.97 0.001
pAUC X Lt (ms)

TCRL vs AT %K -430 -6.64 —1.96 -3.80 0.001

K SOA

Cueing effect (ms)

A% 2698 19.42 3454 7.38 0.000
A 5.88 0.51 11.24 226 0.033
AV 10.85 5.88 1583 4.51 0.000

Cueing effect XJ L. (ms)

AV vs. V -16.13 —26.51 -5.74 =321 0.004

Vs, A 21.10 1424 2797 636 0.000

AV vs. A 498 -2.88 12.84 131 0.203
tMRE % (%)

TR vs. AR 04 -1.78 259 038 0.706

pAUC X H(ms)

TR vs. B 2.14 -1.12 540 136 0.188
1 : Cueing effect i A ZLLR R F: TORULL RIE, M 15K, 95%
CI N 95% {5 X ], rMRE {RFRAHXT 22 3 S i35 5, pAUC 1R
TN FIEERA . L3 vs. ARRBEXIRLRGHULR
HEFTBEXFREAS tOBUR )R 50 .

400~600 ms. 1000~1200 ms) x 2(ZR KA %Mk : A%
LR, LMK R)WEZN &I 2001, R mE
4(a)ffi7n: SOA FRNIABE, F(1, 23) = 3.66, p >
0.05, LRARMEEMN BE, F(1, 23) = 6.63, p =
0.017, ny = 0.22, JoRLLR RN & L) rtMRE (8.97%)
WERTAHBLRNME(T.16%), SOA SLERAER
ML HAEH R, F(, 23) = 4.98, p = 0.036, 13 =
0.18, FCXTHLERAS R WR: FE% SOA ZMF T, Joak
LR E FIY tMRE (M = 9.13%, SD = 4.07%) .3
KTHMELRNEM = 5.93%, SD = 3.83%, t(23) =
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-3.97,p=0.001,d=0.81, 95% CI = [-4.87, —1.53]).
SRIMTEER SOA &M T, AMLERNEM = 8.39%,
D = 3.78%) G ML ENMEM = 8.79%, D =
3.93%) 1 tMRE NFEFE I %2 5, t(23) = —0.38,
p=0.706, #&K#E Cohen 2 X] d (AR H R/ H
WrkrfE, FoATAA 20 B . 40 SOA 41T,
TR RN E LAY TMRE BUHf R T AR RALE .
3.5 ZHEE S H(race model)

B, 7R VT 0~1000 ms X JE], R H 4 10 ms
BB LARTE] SOA 454 N AR R A st g%
fi: P58 P (RT, < t). W3t P (RTa < t)FIFLIT3E P
(RTay < t)o AT PR AV BB (CPA) S
a4 B T 22 B 38 (CPRace moder) TE S i (0~
1000 ms) FAYZERAE 3(a-b)fin. HIK, FKAHE
SOA M FAFLRA MR CPav Il CPrace model
() B R 22 SEAESE 10 ms _EFRF7BAREA ¢ K056
(5 0 #HATHE). 4R E 3(c)Uin: 75 SOA
(400~600 ms)Z&F T, ARMLRNE R EiERE

%1 SOA
@9
0.8 __ AV
¥ —— race model
KR B 04
0.2

0 =
100 200 300 400 500 600 700 800 900 1000

SUNiET (ms)
® 10,

0.8- - - AV

b 05 — race model

L E20.6-
&
KR 04
0.2-

0 Y
100 200 300 400 500 600 700 800 900 1000

JREAT (ms)
(©) 0.15
- - BHERER
0.10- — RHAR
& 0054
=
g 0 —
B
—0.05 4 _—_’;_
-0.10

JZViH} (ms)

100 200 300 400 500 600 700 800 900

R ERT ORI % /2 80 ms (280 ~
350 ms), ts (23) > 2.64, ps < 0.015, WEE7E 320 ms,
9 0.07, JCANZR RN E b 25358 w4 AL 1% B[]
% 1142 130 ms (230~360 ms), ts (23) > 2.25, ps <
0.035, W{HTE 310 ms, & 0.08, 7EK SOA (1000~
1200 ms)Z&AF T, ARERALE b0 & T e P
R B} ] % & 160 ms (220 ~ 370 ms), ts (23) >
2.78, ps < 0.025, WE{H7E 320 ms, N 0.11, LRLL R
OB b R e P L W B R 2 120 ms
(230 ~ 340 ms), ts (23) > 2.24, ps < 0.035, WE{EHTE
290 ms, 4 0.09. BI7E%E SOA &1FF, JCak &N
A A 8 R AL i T AR () B R] R
K, BAMETE R HIEETE R, K SOA 414
T, R R AL E N TCAER R A i R S AR
AU B ) 7 10, & A B (] 7 1 O e L
Ko BbgE R, 725 SOA (400~600 ms) 514 T,
TR RN B LT 53 A 30N K T AL R
fAEE, SRIMAEK SOA (1000~1200 ms)5:E T, ARk

& soA
1.04
» 0.8 1 __ AV
¥ — race model
0.6
=
g 04
0.2 1
O =
100 200 300 400 500 600 700 800 900 1000
SR (ms)
1.0, =
0.8 —_ AV
M — race model
0.6
=2
ﬁﬁ? 0.4
0.2

0 ;
100 200 300 400 500 600 700 800 900 1000

JZ iRt (ms)
0.15 -
S

o 0.10 4 " AR
m 1
Eér 0.05 4 \\
B N

—0.05 - - _*_*_ )

-0.10

100 200 300 400 500 600 700 800 900
JVAT (ms)

K3 A SOA Z5MF T AR L3R AT Rk Y B R v 5 4 A58 84 73 A
TE: E(o)h Ik R 2em 3 3 R e iR (I PR AV R 26 (CPav) ik 35 K T 3 S AS A TN 22 AHME 2 (CPRace mocer)) YIS AT B4 1, 41
ORANEAMLRAE, BOLLARTBARME . R R MR B IH
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e RANLE b LT 6 R G N SR T ICR R &R
fE
3.6 HZ& TEEBEF(pAUC)

X} pAUC #EfT 2(SOA %fF: 400~600 ms,
1000~1200 ms) x 2(ZRRA M. ALK . oLk
R E M )5 225007 . 25K 4(b)IrR: SOA
FRN B, F(1, 23) = 6.66, p = 0.017, n; = 0.22,
K SOA &4 F iy pAUC (9.92 ms)fi. % K T4 SOA
ZA1F(7.23 ms) . KERARNEERONA W E, F(1, 23)
=0.55,p>0.05, SOA H5LLRAXMMA HAEH B %,
F(1,23)=16.28, p=0.001,n3=0.41, FLX} HL#4h
N 7ER SOA KM F, TR NE Y pAUC
(M =9.38 ms, SD =4.92 ms) 2 & K TAHMERNE
(M =5.08 ms, SD = 3.73 ms, t(23) = 3.8, p = 0.001,
d=0.99, 95% CI = [-6.64, —1.96]); TMi7EK SOA %
T, TR ZEM = 8.85 ms, SD = 6.03 ms) 5H%K
RRNLE FH pAUC (M =10.99 ms, SD = 7.35 ms)
Tl & 25 MKAE Cohen $H X d AR B R/
FIWTARfE, FRAT1A 7T BLEIA N - 7606 SOA %44 T,

*

@ . nAHAE

0. ’—| D RHAR
S
&
= 5
2
0 1 T
%1 SOA K SOA
SOA 444
®) 45 *x | WA
\ ORHARR
10+
g
S
<
[=1
5 .
0 T 1
%1 SOA £ SOA
SOA %14

Bl 4 A[F SOA £ T AR KA SN tMRE/pAUC
H: *p<0.05* p<0.01,

TR RN E E pAUC & K TAMLRNE.
37 BRBEM. MRRNNERERSH

XN BB TE AL (V) . W0 (A) S ) 22 S5 408 %8
{5 rtMRE (M = 9.21%, SD = 3.16%)# 17 i /R b A
KT SR R B ALV RV I Z 2% 5 tMRE
[ FEAE BE A E(r = — 0.716, p < 0.001), HJI, B
WIE AV N Z 248078, tMRE #0k, 2 IR .
AT & 302 A () 2% 38 38 2 (8] 1) {5 o o 8 2
SR KA, RS BN T /N, i A [R) s
T8 22 (6] (415 5 9 BE AHIT IR, 22 8 4 5 3800 T K
(Otto et al., 2013), KKIt, A ML RN E - HiEE
AV R Z Z i KEF, (G52 SmE R, M)
U e TR E VRS WA N 1B €20 W0 5 ¢ VA= - ST
ALV RN Z ZEAIE R, {5500 25 Sl T,
AT i 5 355007 D B K

R [ RA RN E EANF SOA 4%
PR SETE A, V N Z 25300 7 g . 25 an
K5 BN EA R RN E b, 5 SOA 44 R
I ALV RV Z 25 582 KT SOA 4544 [46 ms
vs. 35 ms, t(23) = 2.42, p = 0.024], T1ETCRL RN
B I, % SOA 5K SOA &M FHSEE A, VX
M Z ZIF TR FE2Z 519 ms vs. 21 ms, t(23) =
-0.398, p > 0.05. Al UL, FEARMLRNE -, &
SOA £PMFFHEE A, V VN ZZEEEKRTK
SOA 41FF, i SOA £ F MR 5t 543k
IVETE 2

55 4
W /4 SOA

O+ SOA

'
a
1

w
w
1

W B8 SN 22 2% (ms)

25 1

HIEE

-

BEREER ToERR
Bl 5 A[F SOA &M F AR RA BRI . Mg S
i 2 2%

15

VE: *p<0.05,

4 g

AHFFEHE T HMEE LR R AL T, EA
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PN B 140 1R 7 A R NIRRT TR kR, R
PEE AR [E SOA 451F(400~600 ms, 1000~1200 ms),
HARRHE B (I 6E . ot . AT 98 ) FIZR AT R0
(ARLRR . TR ZF)RFE LA IE TOR X PLWT 5 B
A EPEAAER]
4.1 AFEBRRIMER LA IOR M

WA, TEWrEiEE B b, {UFEK SOA 4%
P & B IOR R0 LIRSS R B, A&
[Fi] — /R B 3 T8 P Y TOR, #5338 TOR 9 & A= & i
FER . N, PAELEELE SOA 1050~1250 ms (Spence
et al., 2000)4 & 1000/1300 ms 514 T (Reuter-Lorenz,
Jha, & Rosenquist, 1996)INi75 % Wi 5 TOR RN .
M 7E SOA 350~450 ms (van der Stoep et al., 2016),
575 ms (Schmitt, Postma, & De, 2000)LA & 650 ms
(Yang & Mayer, 2014)4% 4 N If R & Wit IOR
BN AT UL, S8 H AE TR Y SOA 5 N A RE WL 5]
1538 8 A —Wr & IOR % (Spence et al., 2000; Ward,
Mcdonald, & Lin, 2000), Rk, A5, Uit H
FrAY TOR 0 HAE K SOA (1000~1200 ms) 214 F #
pUE =28

FERLSE T TE H AR L, B SOA RYRIK, M3k IOR
AR ik 2 AR, X5 DATE I SR 45 R 5 — B (Agusti,
Satorres, Pitarque, & Meléndez, 2017; Wascher &
Tipper, 2004), SRIMEAHFFERI, 75— & Wi (1]
41, 1000 ms)yEE N, BE SOA HyHEK, IOR &L A it
1455 (Tassinari, Aglioti, Chelazzi, Peru, & Berlucchi,
1994; Wascher & Tipper, 2004),

TERWT e HAs b, TifEmid 2K SOA
SR ¥ R A B A TOR RE, HH & 2 ] 0
%725 ,van der Stoep Z(2016)7E SOA A 350~450 ms
SRAET, RSB LR BB OS5 L T e H bn
IOR MYZER . ArHr . —J5 i, ARl A
WFFE A Hh e 88 5E [9] 9545 (central reorienting
event, CRE) &8 T AR, 5 I 00 v 2 iy Ji i or
H 8] 2 Fp g3 P 45 (Pratt & Fischer, 2002; Reuter-
Lorenz et al., 1996), % —FTH, KEWFFTHRM, K
B4 55 MR 2520 TOR A9—~EE 2L K 2 (Martinarévalo
et al., 2015), AH AT 55 MBS a7 SR R AT 55, B
HIMESS h IOR (9 R Z Y SOA HHAN i
T /]\(Chica, Lupianez, & Bartolomeo, 2006; Lupiéfiez,
Milan, Tornay, Madrid, & Tudela, 1997; Lupiaiiez,
Ruz, Funes, & Milliken, 2007), K itk, #H L LAFERFFE
) Go/No-go &N ATINAT 55, ASHIFFE R i ]
R IAT: 55 e A% B8 S b 75 &t MR 5 E AR % TOR RV,

B 7E%E SOA (400~600 ms) 2514 F .
4.2 1OR W ATTCEE S ATIATER

TES BT AR I, TORTfE iR &K SOA A4
T, BT R SGE TE H AR ) BN ) S 2 T B TE
PIRLSE . Wrsk AR, BIP=AETURAE 5800, X5 L
W 5% 25 R — 30 (Hershenson, 1962; Talsma &
Woldorff, 2005). X RS0 AE A VT 58 A 7Y
EEIT NFIEIRZ —(Raab, 1962; Stein & Meredith,
1993), (&S T XGHE AR B TS, 7o, T
rMRE. Race Model (Probability differenc)}% pAUC
X = R B 2 SR B A O I GE T e b S (LA
D738 48) o WFFE LB, 16 18 H bRl 52 B A7
BHOMEEA SRR E | TR RME)NELT,
B SOA MBS K, VAT 8B 5 A00 i & 35 .
SR, 38 35 A5 T 5 As i BT B AR LR R,
X3t B AN EPE R R R SRR AL, &
W SOA (400~600 ms)Ff, A KL RO E T
DA RN E KT IOERR N E, 5O,
H—%F(van der Stoep et al., 2016).{H K SOA (1000~
1200 ms)if, AR5 TR RO B LT 5 3 &
BN I TC I 2 25 5

Bk, 15 SOA KT, AMNEMEE R/
AR RN E F T 588 G0N o FE TR B B
G RI3, van der Stoep 25(2016)iA K #5 IOR R4
SRR R B I HUREE ()RR IR AH 5 (Slagter,
Prinssen, Reteig, & Mazaheri, 2016), H T 5 LRGN
Jir 0] v AR SR T | R ) 22 R B A RN TR R, Y
AT N2 25 I A SRR R UL . JE T 25 AN
PR UL, ARERRALE EANEM LR ST H bx
A B R A 2 0] 5E mE IR IUR I . Y HAR A E Y
23 AN o P 44 v 2 2R 28 () 1) 1 EE B B, AT
e AR BB 2 R, A RIA LR
(VA /TR S S N SR TN UESE O S B 8 i B
B 15 5 0 8 22 S U, PSR R g1 T vk il i
HAR0 IOR R0z, I3 5T 33 8 H bR Y IOR
RN o AR R A E L ALSE B AR TR ] i T
IR P AR TS, W ek H AR I A TE g, AR
W JE% i 300 A [R) 0 R A 22 S K S S U e
JEZE R ZIE R, RLAFEA KRN E LT
VAR I EE R  TTIL, 45 SOA 4 1F T 14
IR SR 28 o) AT 2 P A1 U S S 3 S5 i 3 3 [ {5
SR R 2 AR

SR, 7EH SOA &M N, ARG LR N E
B IT B R A N I TG 3 25 5, ELATE B AR
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WO IE Y X KA WE R IOR RGN, TR S i Ay
g2 B RATH SRS SRR BN o SRR AR 0 o ik T4 [l
AN AR, E A o 35 AT A A )N T —
HAFTE, P2 Eas 85 RO TEA R R AL E B
AR, BERIEA SRR ARG, FRATTHEN, K
sy [1) SE Fof o £ ) 2 R 40 i =X b B 2 S MR
BAERMELEE b oy NIRRT TELMER T
WIRPEE R ST G O R IBETE T, BFE AT
2 B PN R T R A 3 e R T AL T BRI R i 1A
SRR EISONIE TSR ESE RN E A S
(Macaluso et al., 2016), AT EN E@FIH T
AR RN E) F LT 58 B 5 &0 (Tang et al.,
2016), WHELEUL, BT SOA HFHAIGE, WRefl
RS SR R A T D BE RS, TR A
DRPELR R 23 () 1) i B Mk, e 45 B U R A
HSERRNE BRSO T E AR
BE TR0 T W) 45 50 B 22 BN, MR R AN
SR 1 H bR 5T i iE H AR TOR &L
J7, R TE AL W I8 ] 52NN 2 22 AR EL AL SOA 5%
PR WD, YA RABIEH LR T
FONEE b BREE AL W 0 T EE AT, AN [E]
LR E ET e8GR I TR & 25 .
AIOL, K SOA Z5fF T By 45 A S 4 J o 1 [l 55
54 B 22 SR U
43 ATSEE SN IOR B
FETABIF AT 2 L A5 3, IOR 5T o
BGNAT REAFAEAC TR R, WY, Lo B 5 L hg
520 IOR . AR E, T TERIL 21K SOA 44F
T, WG H AR TOR 500 3 b 2 /N T8 Hbr
DIEDFSE A, 5 00E H AR ] i 52 30 A9 T 58 3o
A BT DL B 5 8 0 B9 AL 9 5% B (Stein, London,
Wilkinson, & Price, 1996), i A] LA AL 38 X HE 15
{E (Lippert, Logothetis, & Kayser, 2007; Noesselt et
al., 2010). 73 4b, FAERMITHEEE G /Y P50 B> (Giard
& Peronnet, 1999; Talsma, Doty, & Woldorff, 2007)
558 B AR RN 0T 2 PR N 5 (van der Burg,
Olivers, Bronkhorst, & Theeuwes, 2008; van der
Burg, Talsma, Olivers, Hickey, & Theeuwes, 2011),
WAL, [ AR 2 B %) W o SR 3 RE 8 1 s L5 I A
FR)JR R i db M o 1T TOR AR Ay i & SRR 7 5L LA i
PR 48 2R 3R B HL T (Klein, 1988; Klein, 2000;
Posner, Rafal, Choate, & Vaughan, 1985), T DLl it
AR e TR 2R i 25 (B AL (R0, A AR AL E )Y
FHERAEH IR R, A b B AR R AL

B, JCRLZ R AL E ) RE S BRI
(Koningsbruggen, Gabay, Sapir, Henik, & Rafal,
2010; Prime & Ward, 2006), 41 FJrig, 58058 H
b TOR (FA I fnb 5P ) 388 1) A0 W o 8 5 (3G I gk o
B E PRI, BT a8 R A AT LURE B AL o H AR KT
HAE RGN A A B b el o R, FEAHER
H, TCIRTER IR &K SOA Z&1F T, PWT 5 IOR R
By /N T ALSE TOR,

Zi A, TOR 59000 o B 5 Wi 4 ] 7] BEAF7E
LHKFR, —J7H, YN -G Res 1 1 s B
B B E 0 2P, AT S BT 58 B AR T ZE S
PR LR R X b R 80N, . 3 —J5 T, TOR
REA I8 19 AT 58 B8 5 A0O0E, YT 45 2R SRR Int e i
(] 45 5 5 8 22 S Al it

5 &g

TEARTR SOA 411 F, ¥4t IOR XF N34 &
MR = A28k . 7650 SOA |, FL4E TOR Ui
IR R ARV, FEE SOA L, fiHEiiE IOR
RN B RAARG, 553 XoF A T 5 4 5 30 18 98T P
2RTHI I 25 S 5 A T ()15 5 5 P 2 S IR

2 £ X #

Agusti, A. 1., Satorres, E., Pitarque, A., & Meléndez, J. C.
(2017). Effects of SOA and age on the inhibition of return
in a localization task. Current Psychology, 1-6.

Calvert, G. A., Spence, C., & Stein, B. E. (2004). The
handbook of multisensory processes. MIT Press.

Carrasco, M. (2011). Visual attention: The past 25 years.
Vision Research, 51(13), 1484—1525.

Chica, A. B., Bartolomeo, P., & Lupiafez, J. (2013). Two
cognitive and neural systems for endogenous and
exogenous spatial attention. Behavioural Brain Research,
237(1), 107—123.

Chica, A. B., Lupianez, J., & Bartolomeo, P. (2006).
Dissociating inhibition of return from endogenous orienting
of spatial attention: Evidence from detection and
discrimination tasks. Cognitive Neuropsychology, 23(7),
1015-1034.

Cohen, J. (1988). Satistical power analysis for the behavioral
sciences (2nd Edition). . Erlbaum Associates.

Giard, M. H., & Peronnet, F. (1999). Auditory-visual
integration during multimodal object recognition in humans:
A behavioral and electrophysiological study. Journal of
Cognitive Neuroscience, 11(5), 473—490.

Hershenson, M. (1962). Reaction time as a measure of
intersensory facilitation. Journal of Experimental Psychology,
63(3), 289—-293.

Klein, R. (1988). Inhibitory tagging system facilitates visual
search. Nature, 334(6181), 430—431.

Klein, R. M. (2000). Inhibition of return. Trends in Cognitive
Sciences, 4(4), 138—147.

Koningsbruggen, M. G., Gabay, S., Sapir, A., Henik, A., &



557 1 %

WESE: NTA] SOA T AU IR 1400 i X 0L 0 8 5 1) 30 3 40 1 769

Rafal, R. D. (2010). Hemispheric asymmetry in the
remapping and maintenance of visual saliency maps: A
TMS study. Journal of Cognitive Neuroscience, 22(8),
1730-1738.

Laurienti, P. J., Burdette, J. H., Maldjian, J. A., & Wallace, M.
T. (2006). Enhanced multisensory integration in older
adults. Neurobiology of Aging, 27(8), 1155—-1163.

Lippert, M., Logothetis, N. K., & Kayser, C. (2007).
Improvement of visual contrast detection by a simultaneous
sound. Brain Research, 1173(1173), 102—109.

Liu Q. (2010). The research on brain mechanism of the
multisenory integration (Unpublished doctorial dissertation).
Southwest University, China.

(X585, (2010). ZECur A M HL# B8 (I 1A 30). oY
B

Lupianiez, J., Milan, E. G., Tornay, F. J., Madrid, E., & Tudela,
P. (1997). Does IOR occur in discrimination tasks? Yes, it
does, but later. Perception & Psychophysics, 59(8),
1241-1254.

Lupiafiez, J., Ruz, M., Funes, M. J., & Milliken, B. (2007).
The manifestation of attentional capture: Facilitation or
IOR depending on task demands. Psychological Research,
71(1), 77-91.

Macaluso, E., Noppeney, U., Talsma, D., Vercillo, T.,
Hartcher-O’Brien, J., & Adam, R. (2016). The curious
Incident of attention in multisensory integration: Bottom-
up vs. top-down. Multisensory Research, 29(6—7), 557—
583.

Martinarévalo, E., Chica, A. B., & Lupiafiez, J. (2015). No
single electrophysiological marker for facilitation and
inhibition of return: A review. Behavioural Brain Research,
300, 1-10.

McDonald, J. J., Tedersidlejarvi, W. A., Russo, F. D., &
Hillyard, S. A. (2005). Neural basis of auditory-induced
shifts in visual time-order perception. Nature Neuroscience,
8(9), 1197-1202.

Miller, J. (1982). Divided attention: Evidence for coactivation
with redundant signals. Cognitive Psychology, 14(2), 247—
279.

Miller, J. (1986). Time course of coactivation in bimodal
divided attention. Perception & Psychophysics, 40(5), 331—
343.

Noesselt, T., Tyll, S., Boehler, C. N., Budinger, E., Heinze, H.
J., & Driver, J. (2010). Sound-induced enhancement of
low-intensity vision: Multisensory influences on human
sensory-specific cortices and thalamic bodies relate to
perceptual enhancement of visual detection sensitivity.
Journal of Neuroscience, 30(41), 13609-13623.

Otto, T. U., Dassy, B., & Mamassian, P. (2013). Principles of
multisensory behavior. Journal of Neuroscience, 33(17),
7463-7474.

Posner, M. 1., & Cohen, Y. (1984). Components of visual
orienting. Attention and Performance X: Control of
Language Processes, 32, 531-556.

Posner, M. 1., Rafal, R. D., Choate, L. S., & Vaughan, J.
(1985). Inhibition of return: Neural basis and function.
Cognitive Neuropsychology, 2(3), 211-228.

Pratt, J., & Fischer, M. H. (2002). Examining the role of the
fixation cue in inhibition of return. Canadian Journal of
Experimental Psychology/Revue Canadienne de Psychologie
Expérimentale, 56(4), 294-301.

Prime, D. J., Visser, T. A. W., & Ward, L. M. (2006).
Reorienting attention and inhibition of return. Perception &
Psychophysics, 68(8), 1310—1323.

Prime, D. J., & Ward, L. M. (2006). Cortical expressions of

inhibition of return. Brain Research, 1072(1), 161-174.

Raab, D. H. (1962). Statistical facilitation of simple reaction
times. Transactions of the New York Academy of Sciences,
24(5), 574-590.

Reuter-Lorenz, P. A., Jha, A. P., & Rosenquist, J. N. (1996).
What is inhibited in inhibition of return? Journal of
Experimental Psychology: Human Perception and
Performance, 22(2), 367-378.

Schmitt, M., Postma, A., & De, H. E. (2000). Interactions
between exogenous auditory and visual spatial attention.
The Quarterly Journal of Experimental Psychology. A,
Human Experimental Psychology, 53(1), 105—130.

Senkowski, D., Saint-Amour, D., Héfle, M., & Foxe, J. J.
(2011). Multisensory interactions in early evoked brain
activity follow the principle of inverse effectiveness.
Neuroimage, 56(4), 2200—2208.

Slagter, H. A., Prinssen, S., Reteig, L. C., & Mazaheri, A.
(2016). Facilitation and inhibition in attention: Functional
dissociation of pre-stimulus alpha activity, P1, and N1
components. Neuroimage, 125(6), 25-35.

Spence, C. (2010). Crossmodal spatial attention. Annals of the
New York Academy of Sciences, 1191(1), 182—-200.

Spence, C., & Driver, J. (2004). Crossmodal space and
crossmodal attention. Politics.

Spence, C., Lloyd, D., Mcglone, F., Nicholls, M. E. R., &
Driver, J. (2000). Inhibition of return is supramodal: A
demonstration between all possible pairings of vision,
touch, and audition. Experimental Brain Research, 134(1),
42-48.

Stein, B. E., London, N., Wilkinson, L. K., & Price, D. D.
(1996). Enhancement of perceived visual intensity by
auditory stimuli: a psychophysical analysis. Journal of
Cognitive Neuroscience, 8(6), 497-506.

Stein, B. E., & Meredith, M. A. (1993). The merging of the
senses. Journal of Cognitive Neuroscience, 5(3), 373—374.
Stein, B. E., & Stanford, T. R. (2008). Multisensory
integration: Current issues from the perspective of the
single neuron. Nature Reviews Neuroscience, 9(4), 255-266.

Talsma, D., Doty, T. J., & Woldorff, M. G. (2007). Selective
attention and audiovisual integration: Is attending to both
modalities a prerequisite for early integration? Cerebral
Cortex, 17(3), 679—690.

Talsma, D., Senkowski, D., Soto-Faraco, S., & Woldorff, M. G.
(2010). The multifaceted interplay between attention and
multisensory integration. Trends in Cognitive Sciences,
14(9), 400—410.

Talsma, D., & Woldorff, M. G. (2005). Selective attention and
multisensory integration: Multiple phases of effects on the
evoked brain activity. Journal of Cognitive Neuroscience,
17(7), 1098—1114.

Tang, X. Y., Wu, J. L., & Shen, Y. (2016). The interactions of
multisensory integration with endogenous and exogenous
attention. Neuroscience & Biobehavioral Reviews, 61,
208-224.

Tang, X. Y., Gao, Y. L., Yang, W. P, Ren, Y. N., Wu, J. L., Zhang,
M., Wu, Q. (in press). Bimodal-divided attention attenuates
visually induced inhibition of return with audiovisual
targets. Experimental Brain Research. First online 15
Feb.2019, https://doi.org/10.1007/s00221-019-05488-0

Tassinari, G., Aglioti, S., Chelazzi, L., Peru, A., & Berlucchi,
G. (1994). Do peripheral non-informative cues induce early
facilitation of target detection? Vision Research, 34(2),
179-189.

Ulrich, R., Miller, J., & Schroéter, H. (2007). Testing the race
model inequality: An algorithm and computer programs.



770 1N H

L %51 &

Behavior Research Methods, 39(2), 291-302.

van der Burg, E., Olivers, C. N. L., Bronkhorst, A. W., &
Theeuwes, J. (2008). Pip and pop: Nonspatial auditory
signals improve spatial visual search. Journal of Experimental
Psychology: Human Perception and Performance, 34(5),
1053-1065.

van der Burg, E., Talsma, D., Olivers, C. N. L., Hickey, C., &
Theeuwes, J. (2011). Early multisensory interactions affect
the competition among multiple visual objects. Neuroimage,
55(3), 1208—1218.

van der Stoep, N., van der Stigchel, S., & Nijboer, T. C. W.
(2015). Erratum to: Exogenous spatial attention decreases
audiovisual integration. Attention Perception & Psychophysics,
77(1), 464—482.

van der Stoep, N., van der Stigchel, S., Nijboer, T. C., &
Spence, C. (2016). Visually induced inhibition of return
affects the integration of auditory and visual information.
Perception, 46(1), 6-17.

Ward, L. M., Mcdonald, J. J., & Lin, D. (2000). On

asymmetries in cross-modal spatial attention orienting.
Percept Psychophys, 62(6), 1258—1264.

Wascher, E., & Tipper, S. P. (2004). Revealing effects of
noninformative spatial cues: an EEG study of inhibition of
return. Psychophysiology, 41(5), 716-728.

WEN, Z. L., FAN, X. T., YE B. J., & CHEN, Y. S. (2016).
Characteristics of an effect size and appropriateness of
mediation effect size measures revisited. Acta Psychologica
Snica, 48(4), 435—443.

UREBE, JEEW, MM, BRI, (2016). MR &N A
HIME BB A RO B A B OB FIR, 48(4), 435
443.]

Yang, W. P,, Chu, B. Q., Yang, J. J., Yu, Y. H.,, Wu, J. L., & Yu,
S. Y. (2014). Elevated audiovisual temporal interaction in
patients with migraine without aura. The Journal of
Headache and Pain, 15(1), 44.

Yang, Z., & Mayer, A. R. (2014). An event-related FMRI study
of exogenous orienting across vision and audition. Human
Brain Mapping, 35(3), 964—974.

Visually induced inhibition of return affects the audiovisual integration
under different SOA conditions

PENG Xing'; CHANG Ruosong'; LI Qi*; WANG Aijun’; TANG Xiaoyu'

(" School of Psychology, Liaoning Collaborative Innovation Center of Children and Adolescents Healthy Personality
Assessment and Cultivation, Liaoning Normal University, Dalian 116029, China) (* School of Computer Science and
Technology, Changchun University of Science and Technology, Changchun 130022, China) (* Department of Psychology,
Research Center for Psychology and Behavioral Sciences, Soochow University, Suzhou 215123, China)

Abstract

Both audiovisual integration and inhibition of return (IOR) can facilitate the processing of sensory
information, such as enhancing the perceptual processing. Previous studies found that IOR decreased the
audiovisual integration at previously attended locations. Several hypotheses have been put forward to explain
the effect of IOR on audiovisual integration: perceptual sensitivity, spatial uncertainty, and differences in
unimodal signal strength. In present study, we used cue-target paradigm and manipulated the SOA conditions
(400~600 ms vs. 1000~1200 ms) to investigate how audiovisual integration would be modulated by IOR induced
by visual exogenous spatial cues.

The current study was a 2 (SOA conditions: 400~600 ms, 1000~1200 ms) x 3 (target modalities: visual,
auditory, audiovisual) x 2 (cue validities: cued, uncued) factorial design. Twenty-seven undergraduate students
were recruited as paid volunteers from a university. The visual (V) target was a red and white block (1°x1°). The
auditory (A) target (duration of 100 ms) was a 1000 Hz sinusoidal tone presented by speakers. The audiovisual
(AV) target was composed by the simultaneous presentation of both the visual and the auditory stimuli. At the
beginning of each trial, the fixation stimulus was presented for 800~1000 ms in the center of the display.
Following the fixation stimulus, a visual white square served as a exogenous cue was presented for 50 ms at the
left or right location randomly. Then, the fixation stimulus was randomly presented for 150~250/450~550 ms,
which was followed by a central cue with a delay of 50 ms. Before the target (100 ms) occurrence, the fixation
stimulus randomly appeared again for 150~250/450~550 ms. Thus, the SOA between the peripheral cue and the
target was completed in 400~600/1000~1200 ms. The target (A, V, or AV) randomly appeared (6/7) for 100 ms
in the left or right locations, or no stimulus appeared (1/7). During the experiment, participants were instructed
to respond to the target stimulus at any possible locations by pressing a response button as quickly and
accurately as possible.
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The results showed that the responses to AV targets were faster than V or A targets, indicating the
appearance of the bimodal advancement effect. A smaller magnitude of audiovisual IOR as compared to visual
IOR was found whether it’s in short or long SOA conditions. In addition, visual IOR effect was significantly
reduced under the long SOA condition compared with the short SOA condition while the audiovisual integration
effect increased by SOA. The results of the relative multisensory response enhancement (rMRE), race model
(probability difference) and positive area under the curve (pAUC) showed that audiovisual integration decreased
at cued compared to uncued locations under the short SOA condition but not the long SOA condition.

Based on the aforementioned findings, it is assumed that visual IOR decreased the audiovisual integration
in the short SOA, and audiovisual integration would be modulated by different SOA conditions. The current
result supported the hypothesis of differences in unimodal signal strength.

Key words exogenous spatial attention; audiovisual integration; inhibition of return; race model; cue-target
paradigm





