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Abstract

This study investigated rapid temporal calibration during auditory-tactile multisensory integra-
tion. By using an auditory-tactile bimodal stimulation system and psychophysical methods, we
measured 11 subjects’ point of subjective simultaneity (PSS) in a simultaneity judgment task. We
showed that the subject’s PSS shifted rapidly after the exposure to single trial. We further showed
that when the adaptive trial’s stimulus onset asynchrony (SOA) varied, the PSS offset changed ac-
cordingly, but there was no significant change in PSS when the order of stimulus modality was
switched. We conclude that rapid temporal recalibration occurs in audio-tactile integration, and
the online recalibration mechanism is modulated by the adaptive trial’s SOA magnitude.
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1. 518

BAVEIRE N ZEAEBWHA R, FERERRFEM., . il s 2 MESnEE, —
IR I AT 2 EASAE B . AR, FRATTA RN mT AR H 2 15535 % & (Multisensory  Integra-
tion) FRIATL X K [ A [R] i v 38 T (15 BgEAT 0 L, XA 7R A AE B AL B R, T HAR O
TGRS T o IX b 2 A5 R RS B TR SEARAE T 2 AR AN U, B An A W o P A8 5 R fis i PR 4
S o NTRIBBLES B SRINCCE IR [R] b (0 422 00 4 o DR ) 87 12 53 68 8 1 TR I02E A7 3 6 1) — A B L TR 3R (Kayser &
Logothetis, 2007) 4P MHFIHAERS 8] _FJe— By, 2RSS I Ik B R . B AE R )
o, UE A A S SR RN R 128 PR, T S 0] B VR 2 i K4k (Van Wassenhove, Grant,
& Poeppel, 2007),

E2 T — S R 3R e an RS S IR 2 I A B RE BY,  AS [R) B i 2 1] (1 b 22 0 S P T 22 e 55
A AN AT 5 1E R0 B T] — BOME il IR A 2 0 0 s FRATT A R 3 Al 2 A7 AR IR B[R] AS
—FPERR AL TR IERIAMENLE . LA FE R T SRR A, BT A R G R T HLA 2 A R
RYE, MBTHGEM AL S RS, TR T4 30~50 ms (King & Palmer, 1985). KEWI 7R, i
o, R T DK AR 5 A 32 0 (5] B (Point of Subjective Simultaneity, PSS) @) #1588 B 1) 7 171 # 5
(Fujisaki, 2004). [FIRX PR IE RS RIGFRE R, AR &N . SIrF ki, BERE
I AR IR YNGR R, R AT DAPRE RS PR IE o I T ~F- 75 28 1 B B () R A 1 %of - R i sk
ot A iP5 A ) T A N LA R R Y (Der Burg, Alais, & Cass, 2013). I AMNE AW fish 5 3] 8 bt % B
T IXFRPRE R IEBLS (Lange et al., 2018).

W 3 A0 s B X AN B TE 2 (R A AEE ) V2 38 4 (Bellido, Barnes, & Crommett, 2018; Schurman et al.,
2006) BIUnAE & ARG, FRATAOCRT LAWY 29 SR, 0T DUR] A Al ot (5 RS2 B0 0%, L& & R0
Z2454% B (Huang et al., 2012). i35 ERP (Event-Related Potential) i/ 78 HilF 2 1, Wr i 248 TR & f 35 SR
TR B FT 5 & () ERP W8 FE AR T B2 (135 SR 1590 & 10 ERP @ B & THa, 2O RSB A P
IR RN (52 K & F /), 2016; Stein & Stanford, 2008). [ Hif 41 X I fid it 521 385 Ay ik [ 452 1E AJF 95 520>,
AR SCINFFH O BRABE S B0 i, WP IX — [ AT R, FF GO it B I R AT IR — P B AL
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2. 75k
21 XBWAR

ARSI SR FH T R IS S AT 4% 96 2K (Simultaneity Judgment, SJ), AH b T At i 7 2451 G B 1) M5 240
Wr(Time-Order Judgment), IXFHE55 N5 THAT o SLEG AL KL N BEHL 2 I A A [ SOAS (Stimulus
Onset Asynchrony) (+300, +150, +125, +100, £75, 50, +25, 0 ms) ) U fir o XU A Hll B fe %, Herbi st . fib
BRI click R,  RIBERFSS ]9 10 ms, SRAEFY 44100 Hz. SEIGRIEIEL MATLAB £
B, RIRSE R Psychotoolbox B ELTE MG B 12 (14T 55 7 H Wi P A R 75 2 [T IR R AR 1K, AT 7S
BB [ B P4 4

2.2, #R

KIS RN 11 AiE R, Ao B E R 5, PRy 2122 %8, LB
IERLIIES, WP OIEs, fugiEs, BONARIT. Bolind mseievets, HARE iR AT SR
GRS RS, BARBIZRAG 7 AR AR -

2.3. SLARSL

SR T 4 SRR 5 AR SR T 00 S0 00 == (U b i R e, S0 R A Rs 2 3, —A
T DA SRS R, 53— NI LA S RIS . W SRR RRBOR F L 20 i) PR AR AL (Y
5 HD280 Pro, Sennheiser) /50254 2o ik o 90 50 U ok H v g 32 ik o 3 (PTS-C2, Dancer Design) &
DML T4, RSO NG S 5B E S ERRZE /N T 1 ms. BEA ST TE BAA RS 2O 1)
BUZ B 2 (IAC 1202-A) A IEAT o W 5 S8R fid i 581 38501 5 350 4 7 1 QS 6 8T 28 2 25 A B R 3 7K

24. BRI

POk B CEPE LB AR E AR T b, IREENUIFIEX AT W E R EoRbE. Fe La R
AT SR, 15 ANARTH SOAs FIRIB AN E A 30 ¥k, Hit 450 ANk, 43 3 N, %85 4= BEdL
IR S ILLE AR, WA EO B RN P 4 S S o B2 SRS 2 18], Bk T BLEEAT 5~8 73
R, BEASLIRATYZ) 40 708 SCIRRRE AN T & 1 PR

&. Rl 5501

A I A 45—
N (Simultaneity (Simultaneity
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Figure 1. Experimental procedure of auditory and tactile simultaneity judgment
[ 1. WrihsaE] e HI R e LI RAE

2.5. HEALTE

15 3 AR 1 [P 45 (Simultaneity Report, SR)¥dE J5 , N 1 15 21 #% i) PSS (Point of Subjective
Simultaneity, & AR R 2 ) [ s 1A 2R i R IR e I Py B T ) ) » Bk WS 00408 A RS 0, R
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I ES A S IO (A YA RR A, DRI SR B i 25 v 7 A1 0 B 1 AT 7 AR5 (Yarrow et al., 2011;
Van der Burg, Orchardmills, & Alais, 2015; Lange et al., 2018), HF AR F:
SR(SOA) = norm(SOA)*e*cdf (SOA)

norm = a+],/b*exp(—(SOA—c)2/d2)

cdf a2 RMEFRZZ WAL a, b, ¢, d, e IS,

N oA B AR Trial (t—1) %8 23l o0 ()R I i dl VR L, B e 5 3 3850 PR AR TE 2 75
7, FRAT 3 ZE 3 RS G (BPWT o R 1) 2 J5 ) FD SOA KX AN se R 3R . FRATTE B TR 4)
KT AR, %M Trial (t—1) FIRBEZS 2T 738 “Wrfh” (AT, WroafeEar, flodse/a)m “ mhir” (TA,
W AEHT, DTSR )P4, FRATIE Trial (t—1) 19 SOA ZXf /T 100 ms 434 “%i SOA (Short)” , KT
5T 100 ms 434 “+K SOA (Long)” W4H, 40 mldtAT 0 G 704, 19 BIPIFME G T 1) PSS X REFHE L~
FIBHE AT LA S, BT ELE 0, T PSS_AT F1 PSS_TA, PSS_Long F1 PSS_Short 43 7347 XU it
SPREAS t A 06, HZEE  IEAPES 4 FH Kolmogorov-Smirnov J7vEHEAT ISR, ¥ & p < 0.05 1E 9 i Z 1k
KFo

[FIS 1 2% BRI T A1 SOA KA R 32 Z 1Al & BAFEAH BAE R, FRA PR A 0L (W fk,
fililr). SOA (K, K% 1 2 x 2 WEZMETT Z 04, 577273 Hrii A FH Kolmogorov-Smirnov x4 £ 4
(I IEAYE A BEAT TARSG, FIF Leven J5 it Bl 7 Z 3 MEHEAT TR 56 .

3. SLIRGER
3.1. Tl RRE B RIES R : ESEMIFFAEELE

2 PsiIN A Trial (t-1) 735009 AT A0 TA B8 DL H 26 G B0as . ihE 2(a) T RUE Al
U KRR M5 A 2 R e 1 10 ) A 2 75 B (K 70 PRI D0 (Rl 7 st 2 R R AR ABL R
1] 2(b)f) PSS (4l 1 22 (W AEL K00 2 PRI A bR SOA FMEL) X [RI I PRttt A7 1 Ak, SR oK, PRSI
THI PSS i MBI FEA t I J5, NSRS EER.

0.8 i BT ks 60 * T — R KA
= Wik 40 Ly
06 — 7 % ¥ * by
= 20 3
=02 a * *

-20 *
0
-03 02 01 0 01 02 03 —40 *
I R fitpE A iy
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Figure 2. Mean simultaneity reports and PSS measurement with the preceding trial’s modality order into consideration,
PSS_AT and PSS_TA respectively. (a) Mean simultaneity reports for two conditions: Trial(t—1) with AT order and TA
order, black represents the preceding trial’s modality order is AT; red means TA modality order; error represents standard

error of mean. (b) Each subject’s PSS in AT and TA respectively and averaged PSS across subjects, each “*” represents the
PSS of single subject

B 2. sT—it R BIRZSIRAF AT ANAR T ST, SOXBIER MRS HES B MERETERNE. () BMIER
THAHRXPEHRRERERIESH, BEETLEURESINF 2T, 46R7E—URBRISIRF 2
W, FtRREAEREIRE; (b) RMELT, AAERKHENENESHEMTESE, 845 7 KREMHR
B EIEHE =
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3.2. ITRASERPRIRATB)RZIELS R : K3E SOA {HELER

3 s 22 Trial (t—1) 373 9K SOA Fifii SOA BIFHMEHL 4 ki S L L fUL A 45 R . H ] 3(a)
ALAEH, Trial(t-1) A4 SOA Fl Trial (t—1) Jyki SOA WF L T, Wk i [F i PR o5 B o A1 R AR —
PR EAR, Trial(t—1) 4 SOA X T Trial (t—1) Jykd SOA B, a2 1 (7] Bef 14 pH 282 i fd 5 B 1 11
HIRRET . E 30)ERIPFIE T PSS st XMt T 7 &k, SREMRITFEA t KL
278(t(10) = 3.730, p = 0.004), PSS_Long ‘&1 PSS_Short. ii—h, FATHAPSS(PSS_Long —
PSS_Short)kAE AR IR R/NIEAN T, XA HTHAPSS 24 16.36 ms.

0.8 f—ikksoa 80 T—iX %k SOA
= KS0A % *  KSOA
fﬂo.a wsoa %0 % JSOA
= 240
504 ) *

@0.2 [ ,—LI *
0 i
0
0302 01 0 01 02 03 20 *
SR fi
SOA(s)
(®) (b)

Figure 3. Mean simultaneity reports and PSS measurement with the preceding trial’s SOA into
consideration, PSS_Long and PSS_Short respectively. (a) Mean simultaneity reports for two

conditions: Trial(t—1)’s SOA longer than 100 ms (Long) and shorter than 100 ms (Short),

show in red and black. (b) Each subject’s PSS in long SOA and short SOA respectively and av-
eraged PSS across subjects

Bl 3. BI—iREY SOA RKFERMIFR T, HIXHEMEREHESHMERENER
HIME. () MHER TRARRHN RN RERES T, LER R E—HLREK SOA
BRI, BRERTLHRZNE SOA BIRIE; (b) AMMIERAT, AAEHRKMENENM S
REMFIE

3.3. FMEREIZE TR EHIE (ESIRF SOA x {K58)

K 4 it — DR TSI F1 SOA KA 2 M MAZ HAEH, F 4(a) Ron i VU FE B~ B gl i 7]
IR EHE A, 1 4(b) R PUFPEBL N 1) PSS AB I 73 A BB S R . FAT UM LU (W fid,  fifr) < (SOA
K, SOA %47 T Giit /0, RAMEENE 2 x 2 ANOVA BHT T 4iit, R K, SOA KA W i
fby BRI ) 452 1F AT 35 208 (F(1,40) = 5.558, p = 0.023), ARSI 1 LR ANE %, [ SOA KiE 5
BERSNGF [RANAFEAEAE AR
4. ¥1ig

BAVATE RIE— N ZEE R, K6 288G B RS G B T3 m s ol A . a0
TEAREESE SR, SR RS 30 i R SR 0 A B TP A S it mT A S B M 2 v 223 T B 75 (Lappe et al., 2011).
HIR IR, ZRASAE BRI [F 5 A N 2 KN AT 2 B2 (5 B8 4 0 21 (Meredith, Nemitz, &
Stein, 1987). AT KA AT LA B T4 B 4E IR 53 #P VB AR AN [R5 i 43R, 3EAT RIS RS IE .
KPR IEA T BEARACHT [ FE N, EAEERAEAR R, Btar DU AR F sl [FD AR E . 7EARSRES
o, AT R R SS, R IR o R, AR X PR R R B, I X R IR 2 E
IR SOA KA I i o
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Figure 4. Mean simultaneity reports and PSS measurement with Trial(t—1) modality order x SOA length. (a)

Mean simultaneity reports for four conditions: auditory leading and long SOA, tactile leading and long SOA,
auditory leading and short SOA, tactile leading and short SOA,; (b) Each subject’s PSS in AT_Long, TA_Long,
AT_Short, TA_Short and averaged PSS across subjects

4. BI—RURAESITF x SOA K" 1ER T, i R IR S IR S B A ENE A SHNE.
(a) HFMER TERBHIRAEIR MRS HIES Tt SOA, BilfTi SOA, ITfiliZE SOA, iTEE SOA;
(b) FFBE#WIXELMERL THEWREE SR ERNFEEE

AHAE T 2 B4R L AR I 5 SR B DA IE B %, PSS #2558 30~50 ms, W fir it Ff) [7] At 24 w948 1 A 55
— i, AR R — U, SRR AT SIS [F Al B 0 R B (R ) e, BT DA R A
RS R R P P DR 25 B, L B A e () I ) P AR P LA/ o R T flk 5 G AASE 28 1y [ 20 1 A T
R BR RN R AR BN — 28, FERS IR (B ) RO B2 BT AN A

FEAHIF 7T b R BT i it f) PSS 3% _E— Uk SOA K AE i . 78 E— V25K SOA LT,
PSS M fts & B 2 s T b — R B SOA TH UL T (HRIFAZ SOA K, PSS M sl K. Kk
YT 2RI ES, A NBEREE, KBRS RENXANE N, 5T A R — AN R
— A, A B AR R T IR AN TR, R 2 34T i (A HE(Spence & Squire, 2003). {H 2T
(A o () A FH Y Lt A BRI ), ZERRT U3 P, B IEZUSAE SOA 25 100~200 ms B e K, 3X — (Al g i
PRI R DO AN R, (HEDR AR SS (Fujisaki, 2004) . BEAE TRIRE AR R, K4 A A B ANl
BORAAE IR, KA A 3 A IR R AR o 7EAR T 45038, N TR0 4 (9 4 FH S L 7E 2500 ms LAY (Der Burg,
Alais, & Cass, 2013), XTIy fis i 4 kit 75 258 2 (A 90 o

5. &g

AT X W i i AT A 75 A7 AE PRI I (A I3 — [, Beit 7[RI PR ST, iR — AT 1
WHFE. G RAH, Wirfih o A7 ARG PRIEAE e AR (B AL IE, I HAX A IERE 2 32 3] E— K SOA K
IR, o T W i G B AR I () 4R FE L AT 28
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