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IR, Z=—E X Pip-and-Pop M HIBSME

EmRW £&#%

B W RAE

(LTI RO BB BE 1074 LTS AR R AR T S8 R IR AHT .0, K% 116029)

S

W E 2B A G (B JE A R, G5 ER B Pip-and-Pop RN AE MR R ZBGEE A, A
Pip-and-Pop RS2 7[RI B 2 B] J5 U AT (E] S0 We 2 AR S8 48 = s, @ A IR s L % 4228
() — PRS2 5 1)FIBs ] — S0k (525 2)%) Pip-and-Pop RN A5200 . G559 &I (1) 4058 B ARS8 AL Al — ]
ATF Wy B3 B ST A2 1) Pip-and-Pop R e K, XMl 454545 & L Pip-and-Pop R . (2)#WT LRI AT 2 BT 7
H: 1) Pip-and-Pop BN B K, FEATLIT 3 852 BUAR A1) 1] B A 2400 Pip-and-Pop RN W8 55 B 2 TH K . 25, T
B, 25 —3MEXT Pip-and-Pop RN HA W TVER, XL BG4 1674 Pip-and-Pop AU H AR AR IE TR
K4  Pip-and-Pop BN, MVTZS A1k, WUNTRTE —E, il &k, MR

SES B84

1 HiE

H &AW T, AT 2 e Ok R R A
AN R i 18 1 AF B . TER 22 27 i b S
R FER B R . AN, AR S S A
FATEUR, DT A TR £ 14 FE— 5 I 1] o
WERINA — DT — I KR 245, B3
A Ta] 22 KR AR, TR A — it B Sk b
— o B W 5 Y B S A R S R . van der
Burg %5 A (2008)f FH 2 S8 R, 2Rk
TEZ A ASTRBARE AR FE ) TP 4 B v 48 R ol H sk
I H AR B, 18R e BB AT A T A 2%
b, AR, 7E B AL B8 Ak ) [ B L2 B0
— Al T, AR AR B R RUE,
X R LR PR N Pip-and-Pop AV (van der Burg
et al., 2008),

HWEFEINA Pip-and-Pop ZW F=A: 1 R A J& &2
J& 9 ¥4 4 (Chamberland et al., 2016; van der Burg
et al., 2008; van der Burg et al., 2011), ZEWEH% G
(multisensory integration, MSI)J2: 4§ K [ A [A] J&& 5%
HE M SMEAE, RGN GE—. EHHAR

W H 3: 2021-09-03

B98I 72 (Talsma et al., 2010; Tang et al., 2016;
van der Stoep et al., 2017). van der Burg A1 AR5
R, (A2 S A W v R S v B s e s s
50 ms FETRLIX &4 T R 2B &, JFHX
— W Z a3 A 517 k%% %) Pip-and-Pop RN
WEEADG, MR Z@an s G OR, MERPCEN R
%K o van der Burg 58 ATA K, it FAI A6 T
WS BARGEE, MR H AR TE R 2 A Wi A8 1k
F I R, AR R R, 5 R A M
H s S5 AH LA R AR o s, T2 a5
1E Pip-and-Pop MU WA 45 KA (van der Burg
et al., 2008;van der Burg et al., 2011),

SR, MRS B, SRR SE H AR AN LR I T o )
P BERE S RECR, P UM E A T3 A I
AHEFL/r Hufft B Pip-and-Pop R0 . RIHLARH T 5
— R R . B oddball il (75 S M RO W 5 1 1 5
T Pip-and-Pop A (Ngo & Spence, 2012; Tsai &
Yeh, 2013;Zou et al., 2012), Oddball H| i35 7F HAlb
e M 2% R 98 bt B Y IG BE 2% R K (Pariyadath &
Eagleman, 2007; Tsai & Yeh, 2013), #ioi#2h2
SR BT A OS2 — 1> oddball ¥, oddball

* LT ARBETT SR ERB S AR (1 )5 H (LIKZ0987) %t B

B I TR A S R A — R
WAEVEH: F L, E-mail: minmin19910420@163.com
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AT LA AT S50 W 51 B (Chastain & Cheal,
1999; Escera et al., 1998; Escera et al., 2002). 5%
RIEAGE H AR 55 oddball 3 [F] i 52 BLA,
B %) FE 00 e B A 23 S, B 3200 H
Bl v B B ] AS T, BF ST A A Bl B Bl vk
IRALNL” (freezing effect) (Vroomen & de Gelder,
2000; Tse et al., 2004), Joig ZMPFrE A ) oddball
J AR 7T e S BOX PN (Ngo & Spence, 2010b;
Ngo & Spence, 2012),

Pip-and-Pop &0 7™ A 1Y Jit R 22 18t B G il
J& oddball W51 BAIRAFTEF WL . IEFR
W] 22 J8evi B A A PO A 5 ) —— 2 [] Ji U (the
spatial rule)FIHf [E] 50l (the temporal rule), RJi 243k
AN [ JE i 3 T8 1917 878 R SO I A 28 ) 7 7
B}, 2R 3530w B K (Spence, 2013; van der
Stoep et al., 2017); 4% [ AN R i8 1E 115 B
KB I B I ) 52 B, 22 8 B 5 RO B R
(Fister et al., 2016; Stevenson et al., 2012), AT LI T
5% 38 of 4 S A — BobE 5 R R — B SR IR
Pip-and-Pop X i ™= A 1Y Ji K 2 5 02 2 I8 i B A
(van der Burg et al., 2008; Ngo & Spence, 2010a;
Zou et al., 2012), {4 Pip-and-Pop R v/ 1854 25 6] A1l
B E] ), AR4 Pip-and-Pop S0 P2 Ak 1 R K A AE
2B A VER; ISR Pip-and-Pop AW AN
23 [a) I [a] 00, R4 Pip-and-Pop R 7= A 1 )i
PRI RE A oddball HFEWe 5|, RISEER H BLAY Wy
B R R T A R AR

— 5 T, HNAA O W 3 A TR — SOPE X
Pip-and-Pop Z{ W 5% Wil 1Y BIF 92 45 SR 91 A — 3, Ngo
Fil Spence (2010a)ffF 57 & B85 Joak 2 [HfE B & &R AH
L, AT 23 )5 B T o 2 B o A v 8 2R K
2, BRI s ] — 3 P2 T Pip-and-Pop &%
o I, Ngo #1 Spence TAA Pip-and-Pop &0 A&
P I RE A T S Y, 28 (A B e — 3, T 38
75 5 4T £ A, Pip-and-Pop M #H K (Ngo &
Spence, 2010a).1H Fleming %5 A (2020)#/F 75 £, 17
A 5 i HL 45 R 34 S s T R S R B S
X} Pip-and-Pop RN 540 22 5 ik 2, AT P otk
P 23 R — 28U IR A 2 Pip-and-Pop B0 7= A 1 0
BEAE, LT R RGBSR
(Fleming et al., 2020), iR A HF5E 45 A —EH
JEL AT B 5 T 25 H] HES B 1Y 25 A ¢ . Ngo Fll
Spence (2010a)ft HHBEHLHRSIE 10x10 BYBRIE M
ke, e B R AR R/ NEZFRIE WA B BEHLAL

S ELL B ) (Ngo & Spence, 2010a), Fleming 55 A
(2020) AR W AN AR BEAL AL B T 52 B R B, 2
A4 /N T R IR H B T T B gy, [
Bf 3 T AHLER RS, FEAL 7o b Y 2 ] G ER
o BT LAASAIFGE Ry 1 0 - Ml 37 25 () O, AR
A4S R XIS R 2e A A (5 Rl R ] R R,
LR BUR ST HARSTE A% T (LSR5 36 A f, Zifh
SRR 3x6 FYMIAR), LT 6 b4 s ] — 2L
P TR T 25 8] — B ME dnfr 520 Pip-and-Pop
BN

T3 —J7 T, VAR AW il 33 s 18] — SCvE %
Pip-and-Pop R 5 i (I AF 58 45 SR R AS— 30 .
van der Burg %5 A (2008)f# FH ah 2500 3¢ 8 2L =L,
TEWMFRE S T 8 FhvA ¥ H A 6] Bf (Tone-Target-
Interval, TTDSAF, 450 & TTI H—100 ms .
—-50ms, —25ms, Oms, 25ms., 100 ms A (0 ms #
[F A 2B, GOECH W R AT S, ERCh RS
S, Wk A 2 A dE X B AR R4 &,
W )38 ] s 22 BN 9 £ 4R T ek, HLA 8 H bR
b 5 S N B 2z ) 5 U B ek ROC &R, RIVAE T ) 2 B
A B ] — B0 Ry, P8P . van der Burg 28 AT
Sy, TR B B A W ) R DL K TR R S B T
(—100~100 ms) Lt B W5t R 5| & BHR R AR 2
R F T B T B A 1 T s B AR M (van
der Burg et al., 2008). {H-1 A #F5¢ & SUAN W7 il 34 iF
[6] —E I AR Pip-and-Pop R0, Zou %A
(2012)FL% T 0 ms. —100 ms L4 K2 W7 58 30 384 Bt HL A
[F1) S B0 = A R) 25 0, R B = RSB S A
e BRI R BOR, (HENZ A B2, K
I Zou % A (2012)ik K Pip-and-Pop R A& oS [H]
15 B0 Wr ok 5| & | < oK R RN B B, |/
oddball Al 512 R AGAE T, TG W il i fof s
EIAR SR A R, AT I S AE
AY45 3R (Zou et al., 2012),

EIRBFTEAE B R R /NAR], TR REN
48 F1 60 HUBFIEH K BL T AT I [B] — 2 X Pip-
and-Pop AW A3 M) (van der Burg et al., 2008;
Ko6sem & van Wassenhove, 2012), 7E#8 2 4E 36 0T
FAEEA KB B 8] — ZHEXT Pip-and-Pop AU
M5 (Zou et al., 2012), Fr AT R AL K/ N AT RELEAN
N7 i 6] — P 520 Pip-and-Pop &0 1) A2 P %5
WAEM . oAb, FEWT 25 [ —F Pk Pip-and-
Pop SN BFSE , 2R AR/ NTEH A AR 1R H]
AR —F ) (Ngo & Spence, 2010a; Fleming et al.,
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2020), W] fg By RUR TR RE BN AT R0
B AR, HENr s A TE, o HE AR 5
H Aras ] sl (] b —BCER8 ] DU m e 48 RB0%
h T HE— DR E XA AL, AR A R RN
X —Ar g, A AT o 5 R 3l 7 TR R 5T A AN TR
v AT PR T SR ] — B s ] B X
Pip-and-Pop R 152

B R /N T e 1 N Nl TR S G E O
Pip-and-Pop v 0982 WWF 58 458 T A — 2, 4
P RAE S5 AT S N B B S R T b SR R
P ARG, AR Sh A nT LUAR A IR Bk R4 0
A S WA 2 B SERHE BACER AT AR . BTG, i
3k 2P A1 A RS R i B far R/, S AT HIR Bk
S WA IR Bk R B A5 B, AT 48 7 T i o)
PR A B S R AR . A, SR LA R )
DI B B A DR UROW 72 A2, T 568 Pip-and-
Pop RN F=A & 54A oddball FIFLW 5| EME
FH, PR AT LA SY Pip-and-Pop &8 B9 72 A ML o B
DIACHIE 52 44 IR sl R oz T 31 2h A e 4 &= X,
T aE A SR EE DL A R (D) R E R
/INFI T 5 B PR, AR ST I s (R — Bk
UAAT 520 Pip-and-Pop SN, (2) IR FE4E R KNI
Wit il 555 00 i B 1 [0 R s T) - R 5 R U ) 3 s
(6] — Z Pk an {52 Wi Pip-and-Pop X% N . Un R
Pip-and-Pop &My Az i i IR & 2 B 3 &, R4
Pip-and-Pop &0 3881 2 [i] — F0 1 R s ] — S0pk i
LD e 2 R (51 K VA R G e o ¢ )
Pip-and-Pop &N 8% K, HHL 1T ) 35 S 300 1% s (1] e —
, 7741 Pip-and-Pop RN B K . W2E Pip-and-Pop
BN PR A I R R S oddball W5 ER, ABAT
WS AV (] — 305 75, 5S8R 3 BRI 5 SR T iy
ML RAOR

2 SEEG 1. RN ES A — 2T
Pip-and-Pop AW F 52 M)

21 Ak
211 #iK

K G*Power toolbox 3.1.9.2 {15 505 fr T %
JINEEAS F (Erdfelder et al., 2009; Faul et al., 2007),
R F5 T o ) 6T AR o 48 2R 52 e B AF 58 (Ngo &
Spence, 2012), =& Wi 5 25 53 B B A0 W 25 [i] —E
PRGN ) = 0.43, B EBH T R o
error prob 4 0.05, Fi3n%LHE Power (1 — P err prob)
0.9, AR BIE/NEARRER 24, kG lR 3%k

PG FEFEABEA R, TERFA P 32
%, Horh 8 P 7E S5 i A i 22 7 RS SR ik
R, SLPrbEAE N 24 N(BA4 5 4, ok 19
£, I 19 B 28 %, FIAERS 22.5 % (SD =2.3),
PR A A R, W) s I T IR
Tt H 55 1650 58 MU PR S R A A i
2.1.2  SEIG{UEEAObF AL

SH % 1] Eyelink 1000 Plus 2140 5 5 2 SE R 2
5% 1Y (SR Research, Canada), ic 581l 4 MR AR 3
i, AR K 1000 Hz, HL56HIIE S ITE Dell
W B ts b, BISh P1914SF, Fiss al MR ~F K
19 BEF, BREDPERA 1024x768 12, RIHIHR N
75 Hz. WOXEEESHMEE A 75 om. SCEFEFE
Matlab2016a X {4 Fll Psychtoolbox . Eyelink Toolbox
il o

SIES 1 AR E 1 R, AT B
(AL 7 a2 9k 22.5°, 45°, 67.5°, 112.5°, 135°,
157.59F 1 A A& BLOKFE8F = H, HbpJ7m
IR P H I, ALk ha@
(13.9 cd/m?), 75— N5t (46.4 cd/m?), EITEE
(0.4 cdm) s L, BAOLBERDR
0.57°x0.17°, SEE A 3 NMERE, 4300 36, 48,
60 (I 1 DL 36 i) #Iwe B0 o3 B AH 25 0 1
Ve, RITESERAA IR RER 36 B A
3.4°x8.5% RN 48 Wl . Bl 5.1°x8.5°; #RLE
g 60 . RN 6.8°x8.5°), AN A 384 3 Fp e vE R A
KOFREES A 3.74°, SLg i fit b, SRBOR B iEf T4k
ik, IR AL B AN R (R E R 36
AF, AR 1,385 MBI GRS REN
48 Bf, BER 1, 4 850 7 NERBE AL, R
o0 60 B, FR 1. 58 9 MBI G RENLEL).
AL B R 50, 100 535 150 ms, —Fh AR fk [a] B b
MU, 245 9 ASARfbig e (— 284k 50, Dhtk
L B ) R A T A A A AR v A
HArg B (AR LG LA T 3 FhALOU . (1) H AR BE
i ARk, I H A A R BE s —k, HA
28 B A AR S 85% R 1.11 Hz (HP4E 900 ms
BA—K); (2) BFrEi AR Z A& 150 ms (1945 4k
E b, HAREGEAR L2 J5 2 100 ms A2 fLIRIBE . F
T A AU I A] 26 K 29°8+100 ms, 78 B2 1k
T S A ESF ] () o a1k 188 8 DA A T s A AT I S
QYEAJEI R ET =~ e B AR BB A 237281k

W5 JECH 1000 Hz Y 2E7 (65 dB, 60 ms, £
5 5 ms IR A 5 ms ¥R H AYEFIRD), @0 T 5 A
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ZEAT PN A 7 2 2 B W RO 2 A 4 FhE
SLOLE 1) (D)TEr & 5% AZEIUTSEfE; (2)1H
) 45 A (B AL AT 25023 Tl AR 1) - W o 8 5 R i
H s m B, RIRSE HARAEA O, T 58 H5OA A
FEIE A e EARTEZE M, W o BN 22 75 T Kk
s GRS AR AL TE RS MR B4 . Wrsd ol
WS E E ARSI LB, BUALE B AR e A, Wb
SN ZE 75 T A s PRE H ARAE 22N, 7 o SR
A A () SR RS s Tl 4F B4R :
TCE L AR 23 2 A 0, P s SRS DAL
K, TE R —ATE ) B T 8 R
2.1.3 Wit iR

SEEG 1R 3 (B EREKR/N: 36,48, 60) x4 (M
Wras () —FPE . Jors T, [, ), 3w s 2R
A LR T, 7R IE SIS Z T Se A T T E
RS W o 23l DUl 1 b S T o A o =
AR 25 )7 B B 75 3 e AR Seib AT S2 86 . o T sk
Bl LIS IBCH e O BR S8, SCUR T AA T, 15 S8k
IRATBARAE AT 5E, T EAE PR, #HfrJus
K. BHESERG, IR,

FLRSCE AR 1 s, B R B2 AT,
Bt o R — MR RUE A, AR R A UE
MIHOE, ARG R BUR YL AL, 1000 ms J5 HELE

1000 ms 3405

T &M

Kb, ZERYPOARETR X HERHR 2] H bR B, Jfd i
FERE (Z B El M) SO BT E PR 2k B T B 2K
e, FREEE P Z B . G 9 AN RIBR R 2
Jo R S SN, D P R A A S S R
H BN OB BT — AR SR B
12X 22 M W 5 0

AL 6 4, MRS RE 2 H, BHA
96 MR, 4 FIILIT 23 [B] — BOH: S5 e T4 P Bl bL
R, k576 MK . BHAZHTERA — AR S,
45 20 MR A Z B Rk R, BT R
TR L AT LA o RS S50 KR ZYFFEL 90 434
2.1.4 HEESHT

1E f & (Accuracy) ¥8 9% 128 1F 8 52 B3 vk 1 A
R} (Reaction time)#5 18 22 5 55 B4 2] 93l fl
SN 22 ) P B[] () o o 480 2R 3803 i A T A S g ) i
fih b, B B R . RO B R, SRR 2 H
i 1 B R0, AR AR A, S I I A, 1]
B AR B B AR Y R, R SOR

SN B R IE i 2 R 15 B T 0 K RE A 4
HRECE, N T 2L RS WT 5E CELR dn fe 5 e
HWRAFE, WU RERET 3 MRS
(Zou et al., 2012): (1)FIFM k% (Mean fixation
number)$§ V& A Y 1T 248 X E S IR ZTR R

b
A

€

X 2%

@

(
@

N~

1 S 1 e P AL T 2 B A
TE: A 1a SASEEe 1 AR, B T IR RO, RO 2B LR, 1000 ms 5 2R R G R LA R i e
B R, DL LA R A 36 A, EEE 35 A THRL B, 1 A BB, Bl 1b 4350 S AT ) A A o A TR 2% L % 2% 8

XU 25 A1 (PR 1 135 77 125748 53
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CINYE SR & N8 S5 s N NS AR L N
BRE R BOl 2, RGBT, (2) 7 4R Bk iR 2
(Mean saccade amplitude)$§ M\ Y HIEME] T — kT
ML B R o R B R R R, 1 BH A MR Bk iy
RBNE B2, 8RB, (3) B )
(Mean fixation duration)fg 7% A 4T 248k X fr f7 1
PR A B TR IS ] 1 ~F- 22 o G2 AR Sy B AR 1 n it
T2, Zou S5 (2012) LIS AR B UK RGN, FRIT B
{18 W s SRR s 75 B T - A ]

N T G A ] — B A R XS Pip-and-
Pop W HSEMA, XF BT A Fa bRt AT 1 3 (M RER
/e 36, 48, 60) x 4 (WWras ] —EE: oA, W
], XA, XA Y B S Ty 2 A
22 HRESH

SR B2 A % LA R S I 3t HR A I 18 iR, e
IVEUR S == R NE R/ I A AW N LY i €3 s VAL
KK, S g galre HbRZ2 46 T 10 AL =
R TH B A A SR B 3 YK (van der Burg et al.,
2008). A BRIAI GBI 5.5%.

221 EHR
A W A IE A A 1k 21 98% LA b, IEH ATy

ZE o W 45 R R A R AR R/ ERON A B, F(2,
46) = 0.74, p = 0.48; LT HIFL 2 0] — 0Pk 2500
AN, F(3, 69) = 0.25, p = 0.86; —EAZHAEHAN
WL, F(6,138)=0.66, p = 0.68, £ L8 441 F 1Y
NSRS OL g =
2.2.2 &RZAt

0L 7 28 53 B 4t R e A 2R AR KN 00
W3, F(2, 46) = 5.34, p = 0.008, n;= 0.19, #t—
ST, RN 60 FHAFN R NET3.5 s) B E K
THIREN 48 51133 s, p = 0.03)FHERE N 36
ZAFBY T (3.2 s, p = 0.004), J5 & 22 8 G B #
225 (p = 0.47)o WIS o] —350vk 22800 W 3,
F(3, 69) = 11.86, p < 0.001, n2= 0.34, #E—40Hr
FEH, A 25 S L (3.07 sy, I H g
TR Z5AF(3.27 s, p = 0.006) . X Z511(3.50 s, p <
0.001) LA Je TC 7 ¥ 45 14(3.43 s, p < 0.001) ¥ S i o
XU 2% A4 1 2 o Bsf -l 4 38 0 X 25 (p = 0.005)
FICHE 3 451 (p = 0.038)AY LAt o Xl 4% 4 1) 2
BB, JFHMIESE T XML EEZRP =
0.35)0 18R R/NARLNT 25 0] — B s BEAE AN
W2, F(6, 138) = 0.46, p = 0.84 (VLK 2a),

402 16, °
o en=36 T -
A—An=48 _ I 1
% — -x n=60 P |+ — % gs_
- 35¢ L i =
= 21
= i
213 F
3.0} 2
B
12t
25 ' s 11 ' ' - .
[ XU by T Gk byl b T
WL A2 1o — Bk ORI 2 e — Bk
550 ¢ 2401 4
T T
* L
®50F 1 I S T T = 23
i 1 Z 230 |
g5 N =z
= = *
%n' — g 225+ |
B a0 B n
220}
35 215

AW X x| A
WIS

FTEE

I
R RIS 5

B2 S2Ey 1 455K
H: Ea, b, c. dHARRESM TR (s) . FEERREKR) . PR IE R (%) . P47 P 1] (ms) B9 45 5t
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2.2.3 ERBVEIE

(D) P43 A

B R BT 25 57 BT 4 R R A R AR KU
TRV B, F(2, 46) = 3.44, p = 0.04, 12 = 0.13, if
— R, BREN 60 KR MK EL(14.20
W) & L2 T REN 36 5:4-(13.11 K, p=0.0)AY
TERREL, HRER 48 5F(13.57 )BT K AL
SREN 60 551 = 0.183)FIH R E N 36 &1
(p = 026 1)K ELHR TG b 2 25 57 LT B 2
) — &tk F ROV BE, F(3, 69) = 7.45, p < 0.001,
np = 0.25, dF—24Hr R, R4 1 IR A
(12.77 Wi, IFH 2 F R AAM(13.45 Ik,
p =0.02) K S5 F(14.16 IR, p = 0.002) L Sz T 35
ZAF(14.12 K, p = 0.003) A FERL R B, AU 45 A1
HEAE I 20 TR 25 (p = 0.036)Lh ST &
FME(p = 0.048) T . XTI B 22,
I H TG & 4 TC % 22 7 (p = 0.90) . REKR
SN 23 (0] — B0 9 22 BARE AN i3, F(6, 138) =
0.92, p = 0.48( L& 2b).

(2)°F- 3547 HIS 9k e 2

ST 247 HR Bk R 2 7 25 53 B 45 SR ke B4 AR AR KU
FRON B, F(2, 46) = 63.31, p < 0.001, n2= 0.73,
dE—2L o Hr R M, HREN 60 S0 IR Bk i
(4.96°) 1 FH K THH RNy 48 1F(4.50°, p < 0.001)
24N 36 4104.21°, p < 0.001) A4 HR B IR B,
RN 48 IR BRIR L 2 K T REEH 36
A (p < 0.001) IR Bk B . AT 23 (] — S0k F 3%
N, F(3, 69) = 5.63, p = 0.002, n2= 0.20, i#f—
RTINS B4 HR Bk B (4.64°) Bk, H
525K T AU £ 1 (4.55°, p = 0.017), XF I 4% 4
(4.54°, p = 0.028) LA S T ¥ 25 1£(4.49°, p < 0.001)
AR BRI, SUI A5 5 X 55 (p = 0.875) G
FEFMP = 0.154) 0 xS, MEMFS T
B AT 2 5 (p = 0.156)

R R/INFAIT 23 (8] — BCH: 1) 28 B AE R B
%, F(6, 138) = 5.61, p < 0.001, n3=0.20. fj B4
SATRIR, HATEIEREER 60 5510, AT
s [ —BUE SR B 22 5%, F(3, 21) = 13.05,
p<0.001,n,=0.65, [RIMAAFA IR Bk B2 (5. 14°) %
K, JFH B2 KT X5 14(4.87°, p < 0.001)L) K&
TorE 3 451 (4.80°, p = 0.001)A IR BEIR RS, 55 300
%A (5.03°, p = 0.34) Y AR Bk R B 0 b 35 22 5 o XU
S 1) R Bk i 5 A, b 2K I8 75 45 (p = 0.004)
FXHI 2 (p = 0.018) AR BEIRE . JCF & 2140

AR Bk IR 32 /S, IO 45 TG i 2 22 5 (p = 0.42),
TEH R 48 FIHHREEN 36 51F T, AL
WS —BUEAM R 25, F3,21) =237, p=
0.099; F(3,21)=1.24, p = 0.32 (WLI&l 2¢).

(3)°F- 24 A A 1]

2 W () 7 25 43 B 45 S R A AR AR KU
TR AR, F2, 46) = 0.51, p = 0.60; ML H%
25 (] — et ERON A 3, F(3, 69) = 1.52, p = 0.22;
THELEAEAR R, F6, 138)=0.87, p =0.52 (W
K 2d).

KRB —LH T 4 BT (L H bR
PUAE [ —7 B )R Zh B F 5 I (L8 2R 4E 60
B, WLIE 3). 5T RS E, R AR
T R, RS, Bk
Zoo R S5 1 () R IR R B L TE 75 B 1) T L TR K
b fERA Ll T AR AN S, R RO
%, WMRBCEY R,

2.3 itig

SEEG 1 3 S AR R AR KN W B ) R B
B, BEYWras ] —E XS Pip-and-Pop XU HY 5
M, Z55 LI, SI0H & LA, R4
R 1 S B B e, 48 AR sk R R T R I R
b, SRR B R R K, W RN SRR T B4 R AL
i, BRI =469 Pip-and-Pop %0 fix
K HRBUN & AF 74T Pip-and-Pop b7, {H
77 B RIONE LU TRV 25 A2 55 1% 2% A2 A L iR A8 A
SERST ek o S UL W T E =8, N IDaR P S Lol .2
P Pip-and-Pop RV o S8 45 R, P )38 2 [A]
—H(MEX} Pip-and-Pop RN AR TR, ARWT L
TEZS WA 8 P —2, Fr=4:09 Pip-and-Pop A
il g8

[ERIE: S G o S it b N SR A DB A T
TEWT 5 A 2 T B E TR, #aalnT DA
FE A B H AR TR, 76 B AR D 5,
R R AR kDR b 2R 3 H AR B, AR A,
BORE, FrLAFE A Pip-and-Pop U0 i K - 3X 154 BH
Wb 0038 T RE B M AR R R R, T T BUE RECR
(4R o o (LT B 00 98 5 | S g 31 ()0 /s O Y8 A S B
ENLE]HbRLE, EE TR RS R, U
AR B 3G s e B AR S A WA VR, B R
FERUM 2540, RO BA $n R R PE A, kBt
T Pip-and-Pop W o FT LA T fi 2 W5 35 ) $2
FH 558 H ARG iy 2[R 2 808 R0
5, 774 Pip-and-Pop R o MXHIEE T, 2407
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a TFEEAM R

b [ ToR 5 5

S S Avs o A

XA XA A

XU R fpvs Tors 8 S [ S s 3o U 2544

K3 S28 1 RSP AN AT R
TE: 1 3a 3000 4 B 5 SR IR BB I, Herh B (2 R AUSRIR S, /NI AR RS . 18] 3b A S 2 T ) L Y 22
SRR, A PR E T vs ZEMI SR 6, SRR AL,

b IR H AR PS8 A, 7 W v i e sk s
BEBAERT, #aleredE Bl K e R )5
PR B R, 7EdE HAsMltr 2 Ew, 1’
BRI B AW A /N T B R, R R H ARk B
Jo B2 H AR BEA T AR, A LT R SR, XA
FRAFTEAR B AR A O 27 A TR A, d it
PR A S5 A8 08 0 P UK 5 22 S R BT T LA I el i
B S5 A AR B An i E 48 R A (WA 3), Br
DATRI 25 A2 )48 2 350% 3 T 24k o DAFEAF
R B G AN BRI A ()45 B A T o RO L, B as
(] 5 2. 149 WUy i 1 95K 3 408 ik /D g 3K 9l R i B
ROTEAR I (Perrott et al., 1990), AL, Wrotge AR
b H AR FEAS AL B —30nT DUA R Bl i =5
() 3 A AR H s, SR T R B
bro oAb, WA K& BIR B AN R 3E E A
FEATIE, 77 A ) 22 8 A B AR I dRco; AN ()38 18 1Y
T 9 2 [R) 25 [A) B S 4 i ik 22 08k e AH B4R T IR S
(Lewald et al., 2001; Slutsky & Recanzone, 2001;
Soto-Faraco et al., 2003; Stein & Stanford, 2008), %%
b, ARSI v A (RN S A PT RER W  4 s R
FRR . TR 5 —BU™ A= T B 2 B A H
EM, &R H T RBE, L™ AW
Pip-and-Pop RN fie K5 10 X 45 44 1] BE S It 5 Al
TR TC RS s A R 9 A3 1 REOT A —2L, BR
BHOR, 2 BAE WSS, B DU 2 DO A
Pip-and-Pop R -

S A U A&t 7= A2 T Pip-and-Pop RV,

PR Sy X 07 i B ARG T s, TR T T8 25 )5
4 W o AR, TGS )4 2 8 W o SR A e B A [e]
AR, W R T e B AR SR 51 (Giard
& Peronnet, 1999; Ngo & Spence, 2012; Yang et al.,
2014) WFFE ok B AR BUN A fE 3E AT REJE 2 I8 B 5
B4 i £ 24 i (multisensory performance improvement
effects), 2& L F DL AE W 58 o 19 00 & A5 5 80 0
(redundant signals effect, RSE) (Mishler & Neider,
2016; Mishler & Neider, 2018), HI/™A % £ 8 i
D) 52 L B3 T ) 3R 1 AN P RN A (van
den Brink et al., 2014; van der Stoep et al., 2015), LA
TERT IR K B 22 ot 5 T 1) SR8 L B 3 R 38
WA G (Lunn et al., 2019), IAh, Zou %5
QOI2)WFFE A IR, 2 [m] 20 2 BT v fl iy, S53EH
FRMAR LG, HER A E ST 2, SRl T
REFE 20 B ML 8 B AR —M, I B rpR IR Bk 45
i) H AR AT FE ) —1] (Zou et al., 2012), 5K XU 55 1F
TR W R SR A R A TS R, (HOSUE I 1Y
H A AR R AR FH R O 5 T 2 AR
R, TS A B Y T 8 JI o0 T IR Sl 0 1 5
AT DU RACREE E, M= 4 Pip-and-Pop A0 .

25 L BTk, Pip-and-Pop &0 28 1o Ja /b {3 I Uk
B, WEIIR B RE, AR A R R A Y, S
5o 1 Joiae S I 45 RS2 IR Bl 46 brat SRAT R I,
PR 3382 18] — Bt Xt Pip-and-Pop B0 =4 T 52
Mel, A0 AT O 3 AE 2 TR B B — B0, B AR
Pip-and-Pop R K .



511 JEIGERT S DT

75— PEXT Pip-and-Pop RN A9 5 M

1317

3 SCHG 2. AW HSHR]— EopE T
Pip-and-Pop 5w A% 5 ]

fm

mHEA P TER .

3.1 A
3.1.1  #Hik

K G*Power toolbox 3.1.9.2 1B S0 Fr & i
/NEEAH (Erdfelder et al., 2009; Faul et al., 2007).
A48 P s O 0 5 48 S e ) i 9 (van der Burg
et al., 2008), = & il 15 7y 2 43 A1 B R T B ] — Bk
IRy = 0.53, WESH 1 BERMIER o
error prob A 0.05, Kz5uaLHE Power (1 — B err prob)
0.9, AR E/MEART N 24, AEERIRSIEL
PR REEAR AR, ERFETH S 35
2, Horp 8 2 90R7E 528 A o 22 1 IR S B8 Bk
RS, SbrREARR N 27 N(BE 5 4, @ik 22
#), FEW 18 & 25 %, PR 20.7 ¥ (SD =2.4),
FA BRI R R T, Wy L T B8 IR T IR
TEE O TR 50 UG PR S AT AH R R
3.1.2 LI {ERFst el

SCIRANAR R SEES 1o LSS A A PR AN [
TOEE 1: B, AP RERNE 36 F 60,
A TS0 1R H 7S 2 AR R R X A8 AR B R BT
R 48 5 36 F1 60 A W& 225, MM Nt | SF-1
b

1000 msyER A

T A&

TTI(—200 ms) |

TTI(~100 ms)

LB B4 0 AL a] 130 8 2 25 %, T LA
BUH T REN 48 41F 58 =, EWr el 590
b B —B B IAMT, N TV S
e TR Y A2 A Ta) 20 S B0, WA S i 2 B
AR A B S5 1 9 A 50 ms. 100 ms, 150 ms =
FIEk 4 100 ms —Ff 28 Ak 6] B

Wb SO R RS2 58 1. T S 9 5 0 A
(5,73 Ak 2 1] f%) Bf 6] 8] B (TTI : tone—target interval)
A6 ()Jor &4 ARSI (2) TTI =
=200 ms ZAF: WEEERECSE T E AR A AR AL
200 ms £ H; (3) TTI = —100 ms 504 Wras g sE
T H AR (7254 100 ms S 3K; (4) TTI = 0 ms
Z A W s il S e B bR B AR Ak R D
(5) TTI =100 ms Z%{4 : Wb 30038 0 T 400 L b 200 €2
54k 100 ms P (6) TTI =200 ms &5 14 : Wr ot 3%
M T8 H A5 0284k 200 ms 23,
3.1.3 LIiFitFERF

SCECR A 2 (ERER/N: 36, 60) x 6 (BLUTHT
() —ZtE: Jo & 4%k, 200 ms, —100 ms, 0 ms,
100 ms, 200 ms)P A R B LI veT T, LI HMAK
TARANE 4a R, 55050 1 LIRS A — 5
IER LIS 12 4, BRI ZR A I/ NI I o 8
B ) — B 2 AR R A S 8, B2 48
Ak, 576 MK, BAZATEA 12 %2
WK AR AR A, AT R AHFEE 90
VAU
T AT |

\

(€]

\

¢

\ 4

TTI(0 ms)

\J

(C ]

TTI(100 ms) |

(o

TTI(200 ms) |

>

Time

|- BL3E H AR s DLBE TP
TTL: WSR-S A58 B At ] ]

B N

Bl 4 S 2 FRE LT 3 S5 1R
TE: [ 4a JySeu 2 AR, A HEAT ISR RO, RUES R0 h RTELA, 1000 ms 5 BIE R GE . 1925 LIS TR S 1 b R
T, T LA R B 36 M, fdE 35 A FHRLEEE, | A EARZEEE . [ 4b 2 6 Rl TTI (WF 3 35 5 005 3 ik 22 14 fy s i 1]
W : tone-target-interval) 55 {2, v B4k BERL TS HIARRBEI @B (L, R AL BERE TG B @A 1L, /Nl WURAE & 0T 58 R GoF

1 B 3T EE R A3 ) o
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3.1.4 HIESH

VEMCHEBRIFISC0E 1, A T 5 ST B[] — 351k
F R EE K /N Pip-and-Pop SN (5200, XF AT A
BARARIEAT T 2 GERER/N: 36,60) x 6 (TTL: &
7%, —200 ms, —100 ms, 0 ms, 100 ms, 200 ms) A% E
ST 2238 o
32 #EREHW

BAEMBRARERI LR 1, B HIBRRK & Bl
WK 2%
321 EMmE

FIr A WO IE B R A IA 5] 98% LA |, IEHRTT
2 a5 R R A R K/ ERON A B, F(1,
26) = 0.49, p = 0.49; TTI ERNABE, F(5, 130) =
0.89, p = 0.49; —EHEXHAEMAEE, FG5, 130) =
1.64, p = 0.15, FANLIEAME T I IEM R K.
3.2.2 BB

SN B 5 25 4 BT 45 S % B 2R A KN RN
B3, F(1, 26) = 102.81, p < 0.001, n; = 0.80, #—
MR, WEREN 60 KU 4.61 s)i
FRTHREN 36 250F(2.82 s) BT TTI F5%
N2, F(5, 130) = 8.91, p < 0.001, n3 = 0.26, i#f—
ErAr R, TTI N 0 ms (2.73 s)iF, St &,
I I 35 T HAth 5 AP TTI 54 (ps < 0.001), HKJE:
—-100 ms f(3.26 s, p = 0.001)F1 100 ms {4t
(3.44 s, p = 0.021)1% 52 o7 By 8 ik 25 6 1 T s 21
(4.40 s)AY LIV F; =200 ms 2515(3.85 s, p = 0.174) Al
200 ms S5F N I (4.60 s, p = 0.744) 5 To /5 4%
PR RN TG B 3 25 55 —200 ms S50 SN B ik
F KT -100 ms 544 (p = 0.001) ) S BT, 200 ms 2%
1 520 B 8 2 KT 100 ms 544 (p = 0.001) 1 )2
o7 B

HWRERNE TTI W EAER B #F, FG,
130) = 3.96, p = 0.002, n2 = 0.13, fjHRL T %
PR, PARMERELSAE T TT BR300 B 3. eI RE
N 60 £ T, F(5,22) = 17.26, p < 0.001, n; = 0.80,
TTI 4 0 ms (3.35 )}, it iedd, 7 B % T H
il 5 F TTI 24 (ps < 0.001), HSE—100 ms 5&1F
(3.96 s, p = 0.002)F1 100 ms £14:(4.22 s, p = 0.02)HY
2 B Sk 2 T TR i AR A (5.65s) 1Y I N
—200 ms 551F:(4.77 s, p = 0.15)H1200 ms 5514:(5.74 s,
p=0.921) 14 2 )i Bt 55 T 5 8 S5 A 9 s g et G b 35 22
5o —200 ms 50 N AT K T -100 ms 250
(p = 0.00)Y LT, 200 ms 1419 52w it g 21
F 100 ms 251 (p < 0.001) Y S W Bt 7E48 R EEH 36

Z1FF, F(5,22)=8.30, p < 0.001, 2 = 0.65, 0 ms 5%
PR R (211 s)ythde i, Jf 30 T HAL 5 Fh
TTI %% (ps < 0.001), HIKIE-100 ms £514(2.57 s)
[ S5 g B S 265 TG AR (315 s, p o= 0.01),
100 ms £514:(2.67 s)AY g B 5 TG 7 3% 44 G i 3%
Z5(p = 0.092); —200 ms 5514(2.93 s, p = 0.372)Fl
200 ms 515(3.47 s, p = 0.489) 1% J v i 5 Jo i 35 4%
PRI JE 2 22 5 . —200 ms 2519 S0 it 5
—100 ms 514 1 520 B 2 57 ik 2 (p = 0.018), 200 ms
SRRV S 100 ms 08 By SR I 25 5 Wk 2
(p=0.013) (WLI#] 5a).

3.23 ERINEE

() F ¥R EL

B R BT 2557 BT 45 S R A 2R AR KU
FRN B, F(1, 26) = 113.85, p < 0.001, n} = 0.81,
iE—2L o TR, REN 60 M0 EMIKEL
(16.88 )i & 2 THH RN 36 Z541(10.31 YO)MTE
PRREC, TTI E500 3, F(S5, 130) = 1147, p <
0.001, nz=10.31, #E—4Hr &M, TTIH 0 ms (9.85
YOI, R E /D, IF B30T HAb 5 FF TTI %
H(ps < 0.001), HKIE-100 ms Zc4(11.93 1K, p <
0.001)F1 100 ms £54:(12.65 ¥X, p = 0.006)F4 =R I
o FH /DT IE E A IFQ6.46 RO HEMIKEL
—200 ms £514:(14.03 X, p = 0.082)F1 200 ms £
(16.64 X, p = 0.926) A IEM K EL S To s & A& AF
PRURBTC i 2595 5, —200 ms 451 B9 9 0 v 0 2
£ T-100 ms 5/ IR EL(p < 0.001), 200 ms 5%
PFREMR B B EZT 100 ms A5 LR B
(p < 0.001),

HWREKNG TTI WELEAEREE, F(S,
130) = 5.11, p < 0.001, n; = 0.16, faj AR 04T &
P, PR RSP TTI E50% B3 TEHRE
60 £, F(5, 22) = 19.33, p < 0.001, ;= 0.82,
TTI N 0 ms (12.02 YOI, TR EERD, If &>
THAh 5 Fh TTI 544 (ps < 0.001), FHKIE-100 ms
ZAMF(14.43 K, p = 0.001)F1 100 ms £514:(15.56 X,
p = 0.0 )AgIEM K E . & > F Jom & 2514(20.90 1K)
TR AL —200 ms 257F(17.27 IR, p = 0.079)F
200 ms £14:(20.10 X, p = 0.943) A EML B S Jo s
BT B 2 22 5 200 ms AR
MR R EZ T-100 ms M RERKE (P <
0.001), 200 ms £5/FMTEM KB R # £ T 100 ms 4%
HREMIR B (p < 0.001), TEIHRER 36 4T,
F(5,22)=10.19, p <0.001, 1> = 0.70, 0 ms Z5FAY 1
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Tra n=36 241 b T —
% — — x n=60 | - |
21 _—
-~ ’L //T- T
1

1

FHERREL (R)

—
o N

/

/

/

b=

\

\}\

—
W o0
ko
/
/
/
N

200 -100 0 100

200 100 0 100 200 56?:-5'% (ms) 200 T (ms)
AT S T — Bk AR st ] — Bk
55rc¢ 255 - d
@ 50 g st
245 2 235+
m
;‘E\“. pal
Eay
a0t 5 225
3.5 : : - : . . 215 : s . . . -
-200 -100 0 100 200 FEREH (ms) -200 -100 0 100 200 R (ms)
R R s o] — B ORIV S o ] — BB
K5 52 2 5 R K

E: Fa, b, c. dIMIPARFESEME TR (s), TRERREER) . THIRBOIEE (), T2 (] (ms) I 25

PR EL(7.68 YOI /D, IR E/DFHAML 5 Fh TTI
ZAF(ps < 0.001), HKZE-100 ms £514:(9.44 W%, p =
0.002)F1 100 ms 25 14(9.75 UK, p = 0.019) 1) 1 IR EL
AT IE & (12.02 ) By TE AL IR B
200 ms £51:(10.79 &, p = 0.18)F1 200 ms &1
(12.19 1K, p = 0.902) ) IE MK KL 5 To s & S
YBT3 25 5 . —200 ms 251 A8 1 0 8 i 3
ZF-100 ms /IR B (p = 0.018), 200 ms 5%
PR EMR B R EZ T 100 ms 400 AR B
(p = 0.006) (VL& 5b),

(2) - 3547 HIS 9k e 2

ST 247 AR S R 5 7 25 43 B 45 R R A AR AR KU
FRON B, F(1, 26) = 9.01, p = 0.006, n; = 0.26,
=R, WREN 60 A8y R B iR A
(4.59°) B E R THHREN 36 514370 B IR BEiE
B, TTI E80% 3%, F(5, 130) = 4.67, p = 0.001,
Ny = 0.15, H#—L4PHIRW], TTI N 0 ms (4.78°)H,
AR Bk i B e R, I I 3 R T At 5 A TTI 454 (ps <
0.021), HIKIE-100 ms Z514(4.49°, p = 0.032)Fll
100 ms £514:(4.50°, p = 0.003) 5. 3E K TIo 3 544
(4.25°)F R WK IR EE ; —200 ms 251 (4.43°, p = 0.055)
F1 200 ms (4.45°, p = 0.151) X9 R Bkl B 5 J0 /5 35 45
4 PR B S 25 Wk 3 25 555 —200 ms R R Bk R

JF5-100 ms LVFRMIRBEIEE ERFH 2 H%@ =
0.545), 200 ms Z% /I HR Bk IR B 5 100 ms 544 A9 HR
BRIRIE LB E2ZE @ = 0.727), WREKR/NG TTI
I HAEFA 2, F(5, 130) = 2.13, p = 0.066 (VL
&l 5¢),

(3)°F- X5 L[]

ST 0] 5 25 50 B 45 5 B TTI Y 3500
B3, F(5, 130) = 4.39, p = 0.001, 2= 0.14, #t—%
SAHTFERIA, TTI 9 0 ms (245.04 ms)F, VEH ] 5
K, IR ERFHA 5 Ff TTI &4 (ps < 0.026).
100 ms £514:(237.03 ms, p = 0.031)F1-100 ms &1
(236.11 ms, p = 0.036)FFHLF ] g K T o 3
% 1F (228.14 ms) W 1 BB [E]; 200 ms F%
(237.25ms, p = 0.061)F1-200 ms £51F(234.59 ms,
p = 0.187)WF MLET ] 5 JC 75 £ 4% 14 ) 1 A0 B [ g
#2555 200 ms 5 100 ms B ERLI [E] G i # 2% H
(» = 0.909), =200 ms 5—100 ms fi4 3 HLHT a] TG 2. %
ZE5(p = 0.691), HREI/DNEBNIANE, F(1,
26) = 1.42, p = 0.25; #RLER/NG TTI B2 HAEH
ARNiEE, F(5,130)=1.26, p=0.29 (JLI& 5d).

3.3 itit

S 2 38 3k RN A /NI S

H A 0 ] BE B[], 25 28 00 T i) 84 B ] — 3501 XoF
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Pip-and-Pop R Y5E0A o 25 R A B, 5 IJ0r & 1) Kk
LARA T, Wress S PR B AR AR 1k 22 1] Y
FF 1] 5] B& (TTI)7E 0 ms, —100 ms, 100 ms 54T, 1%
FIN R I AR, R AR R R B D,
S-S5 HIR Bk 0 R HE 0, SPYEEAR R AR Y TTI N
—200 ms F1 200 ms if, H5IH H R LREER
X PEHH TTIZE—100 ms % 100 ms 74 T Pip-and-Pop
s, Horp TTI 2 0 ms B Pip-and-Pop W 5% K,
—200 ms F1 200 ms FFP 554 3% A7 7 Pip-and-Pop
BN o ST B 4 AL 3R WYL T R )RR — 2,
Pip-and-Pop R #E K

IR EE R RN, NS TTI ZH A ERE U
RUMZE: TTI BY4aXHE /N, SOV BT#ET . TTL 76
—100 ms #] 100 ms =4 T Pip-and-Pop RN, X4
AT H A f  R] B — 2 (Lewald et al., 2001;
Lewald & Guski, 2003),Jf H7E R OIS h &, 5
PR B A I ] 7] 25 1 W 5 SR 82 185 im 10 o il 38
(Y A1 55 B (Stein et al., 1996), FFLA 0 ms 544 T IA)
A5 0 W 0T e S R e H AR B, R
f) Pip-and-Pop B W iz Ko 1Mi—200 ms F1 200 ms 5%
AT AW W 5 0 IR ) 7 90 T PN, R T o e
e, HAREA R S5 B bR T84, FrigA
7=4 Pip-and-Pop RV o

TEF- 2 73 A0 R BIR sl 48 A b & BT 55 5 I
AHFEIR SR, IR ES TTI Z E R E U
RUMZE  TTI A XA BN, PR B b; S
FTHIR B T 5 15 - 34 T A ) 4 SR 3 B A TTIAE
0 ms, =100 ms, 100 ms 5, A S RAGHR
TR XFFEIR AT R L AR AT LRI i
NN VKRN (freezing effect) ITEL, Zou 45(2012)
{68 - 259 T A T ke it A VK R RN o RITJE S [B) 45 B
A4 T i SR vk R T R BT, S8R Hh 3 A W i R
il TR Bk, (R ke IR, DT 48 2R A A v Y S 2
BRI AR S, IR 2l AT D7 SR A B[R] R B
IF8] P14 25 ) P 3 3 184 R Bk R 32 L s e A B5OR R
e BAR AT R, NI SRS o b 5 | 22 T ke 3 R
fe 10 bR, ARt BAR 9 E 6. HAh, BRI FPevk
R T | A s [] AR KN AURT DL 8 H AR TE 2 if X
W RECE, WAl DI 4 5 AR ASTE /Y X,
M 4 5 H AR 1 18 R 3R (Zou et al., 2012), 5 DA
TR LS RAF A, ABFFEAI 0 ms S/FREYF
PR BT () e K, 33K 148 BH Wy 5 SO PR i 48 2% 1) 42
HAE I 2 2 KRN 51 B 1 . 28 F R W
Pip-and-Pop &0 3 A A [1] — S50 JEE 0], 490 W 3 98

SR —5C, 7R Pip-and-Pop AUNHLK .
4 Bitie

AR BB R, 8 WS S5
7% S0 WY ] % 2 (A — bk L Bk — B X Pip-
and-Pop BN 5N o SEE 1 & BN S5 A i 7 AR
) Pip-and-Pop SN fc K, XM A&/ =4 T Pip-
and-Pop &0, XHUZ&A4 1A 74 Pip-and-Pop R
SEEy 2 SR W R A 2 BT PR A Y Pip-and-
Pop RN f5c K, I8 AU W S0 3850 % TR 1] 1) B i) 35 fn
Pip-and-Pop RNk 55 . W5, W0l 7E 25
6], AspfE] bk —3%, XJ Pip-and-Pop AW &K .

41 HMEAFELFE. =—FEX Pip-and-

Pop 30Kz 82 M 7918 15 1€ A

A B GE B P S8 g 1 A BT 4 R AR RN X
Pip-and-Pop &N FSZ M, S5 1 773 IR Bk i B 45
Frrh 280 T 8 2R 5 K/ WY 23 (8] — B A 7E 2
HAEM; SEE 2 78 KON I RN AL A FE A v
LT A B RN T B[] — B AR 2 BAE T -
AW TR, AR ERAS B AR 0T 3B
i, WA AETETE R AYIAM 1 40 (Pluta et al., 2011),
BB 25T Hh 3G A8 2 e 3 R G 1S R T R B
faf, WA SEER A5 AR WIS R AL KA 25 F B 7= A= 1)
N 7 fwf A1 Pip-and-Pop 20V K .

SEE 1 R R A TR R 60 55T, s
] — SO A S 34 0~ H4 AR Bk B o AR P8 0 v 1 ey PR
F P o/ o8 A AR TR o e W =S i AR 7 S
H BT EE T A EERES S TS+
(Lavie, 2005), A58 HAH b T H A A8 2R 4R 5%
e, HRER 60 FMUTHIRWA THZHEEDR
TR, B LAFE A2 19 Pip-and-Pop R0 e K .

SEH 2 RIS RN 36 ST ORI A
PR~ A 8 W o B P 39 /s o 78 S iz
BRI BOX AR bR b, RN 36 KM
AN BRAR T 30 38 1) B FE 0 ms 254 F1—100 ms 254 Bsf
SHEZRAG MLV, 100 ms 257858 RS A {2
YE . BLAL, 78 Zou £ (2012)fi FHIB R4 36 (A
PR, S 55 R Sl 45 S A& 30 TC e I T R
EII AR — B, X REA SRR, {H ]
ZAFZ B B EE R (Zou et al., 2012), FHJRE AT
AE 2 P fiff FH A3 R AR /DN, AH R A 008 £ ey /)
CL A B 52 3R W 158 7 £y 52 0] AT o ) 55ORT 1L o 48 R
A AR HEAE T, FE48 2R 2 2% 0 IE 157 B 1 400 5 o
7 AR UEROR B 5 (Knoeferle et al., 2016), AF4
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TEHRE T 36 5540 T, M RAL 55 i, (VRIS
P B A ) Bt AR Ak B R R = B e H Aw, 1
FERER 60 Zthrr, HARIE BT e il 3 5 0
b HAREE G WS E 2 ER, A Re i py s RE B
W B AR o £ PS50 25 R N b 67 4 78 AL T
25 1] — S0 AT B[] — 252 Pip-and-Pop 2L
N AR E] T IREATER

4.2 Pip-and-Pop MBI~ 4 R H

A 5 22 WAL T 30 3% 2 1) — SO R ] —E
PE5Z 0 Pip-and-Pop ()i, X Ui Pip-and-Pop R
TG 22 S e A B P S ), IS 1 MRS
RAGG 2GR G RS B IR0 258 2 ST 45 AT
G 2GR A BT R B . BT DA ARG R AR I 5
B 25 S AT LAHED Pip-and-Pop R 7= A ) J R 28 /0
H—EB ot 2B A TS R . ARGt
Pip-and-Pop RN Il BEBR T 2 /B 25 LAk, l
5T FH N K& oddball FIB W 51 EE =T
Pip-and-Pop R - Ngo Z5(2010b)WF 5% & BH, S EA
W2 BRI XL H AR AR HEVE ] S R AR
PR H A AR R A 0% 22 5%, iXSRIWITC
Ve RO FRAE A A R RGHE, HZE S5 H brlE
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The impact of temporal and spatial consistency of audiovisual
stimuli on Pip-and-Pop effect
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Abstract

Previous studies usually used the dynamic visual search paradigm to explore the Pip-and-Pop effect, which
suggests that the Pip-and-Pop effect is influenced by multiple factors. But the impact of temporal and spatial
consistency of audiovisual stimuli on the Pip-and-Pop effect is still controversial. In the present study, we
applied the eye movement technology to the dynamic visual search paradigm to systematically investigate the
impact of temporal and spatial consistency of audiovisual stimuli on the Pip-and-Pop effect. Based on the results
of previous studies, we expected that the spatial and temporal consistency of audiovisual modulated the
Pip-and-Pop effect. The more consistent the spatial location of audiovisual stimuli are, the greater the
Pip-and-Pop effect will be. The more consistent the temporal audiovisual stimuli are, the greater the Pip-and-Pop
effect will be.

Experiment 1 was a 3 (set sizes: 36, 48, 60) x 4 (spatial consistency conditions: ipsilateral, contralateral,
bilateral, no sound) within-subjects design, recruited 24 participants (5 males; age range: 19~28 years; mean age:
22.5 + 2.3 years). The visual search displays consisted of 24, 36, or 48 red (13.9 cd/m?) or green (46.4 cd/m?)
line segments (0.57°x0.17°) on a black (0.4 cd/m?”) background. The auditory stimulus was 1000 Hz pure tone
(65 dB, 60 ms, including 5 ms fade-in and 5 ms fade-out time), presented through speakers on the left and right
sides behind the screen. Each trial started with a drift calibration point. The drift calibration point would not
disappear until the participant gazed upon this point. This was followed by a central fixation point of 1000ms,
and finally a search screen. The participants were required to find the target line segment and judge whether the
target line segment was vertical or horizontal by pressing the key (Z key or M key) as quickly and accurately as
possible. Experiment 2 was a 2 (set sizes: 36, 60) x 6 (temporal consistency conditions: =200 ms, =100 ms, 0 ms,
100 ms, 200 ms, no sound) within-subjects design, recruited 27 participants (5 males; age range: 18~25 years;
mean age: 20.7 £ 2.4 years). These temporal consistency conditions represent the tone sounded before (=200,
—100 ms), simultaneous with (0 ms), or after (100, 200 ms) the visual target event. The tone could also be absent
(no sound). The experimental materials and procedures of Experiment 2 were identical to those in Experiment].

Regarding the results in Experiment 1, compared with the baseline condition (no sound), the search
response time was the shortest under the condition of ipsilateral, the mean fixation number was the least, and the
mean saccade amplitude was the smallest, indicating that the search efficiency was the highest in the ipsilateral
condition, the Pip-and-Pop effect was the largest in the ipsilateral condition. The bilateral condition was the
second. The contralateral condition showed no significant difference in the above indicators compared with the
no sound condition, indicating that no Pip-and-Pop effect was found in the contralateral condition. The results
showed that the more consistent the spatial location of audiovisual stimuli were, the greater the Pip-and-Pop
effect was. In Experiment 2, compared with the no sound condition, we found that the response time of the
search was significantly shorter, the mean fixation number in search decreased, the mean saccade amplitude
increased, and the mean fixation duration became longer under the conditions of 0 ms, =100 ms and 100 ms.
Compared with the no sound condition, conditions =200 ms and 200 ms showed no significant difference in the
above indicators. This indicated that the conditions of 0 ms, =100 ms and 100 ms produced the Pip-and-Pop
effect, and the Pip-and-Pop effect was the largest under the condition of Oms, while the Pip-and-Pop effect did
not find under the condition of —200 ms and 200 ms. The results showed that the more consistent the temporal
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audiovisual stimuli were, the greater the Pip-and-Pop effect was.

In summary, the results showed that the more consistent the audiovisual stimuli were in space and time, the
larger the Pip-and-Pop effect was. Therefore, the findings in the present study suggest that the temporal and
spatial consistency of audiovisual stimuli modulates the Pip-and-Pop effect. The results provide evidence that
the reason for the Pip-and-Pop effect is multisensory integration.

Keywords Pip-and-Pop effect, audiovisual spatial consistency, audiovisual temporal consistency, dynamic visual
search, eye movement technique





