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The Effect of the Rhythmic Stimulus on Cross-Modality Temporal Order Judgment

Shohei YOSHIDA

Abstract — In this study, we investigated the effect of the inter-trial time prediction
by the memory and the within-trial time prediction by rhythmic stimulus on temporal
order judgment. Participants made temporal order judgments (TOJs) regarding pairs
of auditory and haptic stimuli under four conditions (Two sounds - Random condition
(unpredictable), Two sounds - Fix condition (predictable inter-trial), Three sounds -
Random (unpredictable), Three sounds - Fix (predictable within-trial)). The JNDs (just
Noticeable Differences) results revealed that the inter-trial prediction did not facilitate
the performance under the two sounds conditions (Two sounds-Random vs. Two sounds-
Fix). By contrast, the inter-trial prediction facilitate significantly the preformance under
the three sounds conditions (Three sounds-Random vs. Three sounds-Fix), and within-
trial prediction facilitate significantly the preformance under the fix conditions (Two
sounds-Fix vs. Three sounds-Fix). And PSSs (Point of Subjective Simultaneity) results
were haptic-first side under each condition and showed that the inter-trial and within-trial
prediction did not facilitate the performance under each conditions. These results suggest
that the within-trial prediction enhances stronger attention than inter-trial prediction.

Keywords
audio-haptic

simultaneity, temporal order judgment, time perception, time prediction,

1. EUIC

AR RET, it 2 EE RO G EHRIC
T, BREAEL 03, BE»LHES h%?ﬁ%ﬁ(@!?&
HHERIE, N THRAEIN 0D 5D, ZDRERIC
10@%%%4&mem%76%ﬁ% [Fl—DHE
WCIEY 5 & IEMEICHIE T 5 72121, /.AEF"?W)H%FH'?
NRBEAEDBRETH S LINTE b I, Motion
bounce illusion D & 912, 1ZADA LI REZDS
TN T, NBOHMENIRELLDb>TLE) Z
EbH2 B X NERBEHREEGDO A D= AL %M
g 2 72 I, HARTER O R RAIR R 2 A3
%2 LD \%Kﬂ/\“@% %,
2D & 9 i BRI M O AITER 2 A 5 % 7%
DHDOED 1 DI HMEFAIWTEE (TOJ : Temporal
Order Judgment) 3% % . R HIBEE & 1%, 2

MINZ2DDFHE L S TH > 7% Ml
LHETH Y, 2 >DIEEEZ o TR TR 2 51
T5 2 EHMKD W 1 ORI, MHDREE R
R CTH BRI D XL DFHIE (JND: just noticeable
difference) TH 5. 2 DHIZ, ARDPELHEHFTDH S
ERITE LT RTH 2 EBINFEIR A (PSS: point of
subjective simultaneity) T& 5. EEEE'J Hﬂ%,m , K
B A IHERE TI, YRR A L 3IE T 5
»bl, % oga, FEINIFE i%@ﬁ’]ﬂﬁm
BTLL—HLAv I EpPREInTwz 0 55
EAETUE, FIB O 2 L O 7l B BN R 5T
A S 105 ANBIDIFFERITER DS, HEPREEaZ: Ok
2 I BIPRNCARAE L CTEIIC LT 5 2 LSS I &
Tz MBl - zoko, ARORATRED &
DE) BERTEAT 20BHEHIN TS

Z D X ) (RIS 2 AV IR R



BT 2R SN TV E—4T, iy y ey s
U % > TR 2 E B ORI X = X 4
DOFFEIZ HI L L 22B2IC BT b BN EEE S 25
HEnuTwz P10 mWy v € 73 e g, M
IR I3 ) XLy v 7EEZ A S8 2
HMEchz M ZoRWY v Ey SHEIZE T
8y TEMEDSEETE I 6 L C 20 ~ 50[ms] 21T %
B DOIEMM (NA: Negative Asynchrony) & WX 5
FARpEZE s Tw 3 12 Z oA oIS
U572, MFsEP AR 2 E1c k> T
AU B INENZERE T 2 &, FROAE PR R
ZYHT2ZEBAARTHE EEZGNTED, Z
DFAERX ) = X LDIRHD 7= IZRW & v ¥y 7
Z TR Pl TOVICBE T 27805 6 0T
% 113 X 542 Thaut 51, HIEGE O RIS BI0
BELEMZ 7RIS v € v V3 BEO AT I B
T, BRI LT 1 ATy PERTE
e % 2 Lo, ERTOREELZ VTR OHHE
R Z FHLTWB 2 E2RBLTE Y M) HUR
SNBRPLICY) R LDH 2 Z LIk oT, HIRREE
AOWH PR ZFITHNTIT) T TEL EHEZHN
TWw3, FLFAWY vy V3BT 3 AaDIER
BIGE, b8y 7§ 2HEOREORE 2 e b W L
TR ERLPTOLETH 2 EENFARR E BT e
, MEARTERIC 3 W TR RN LT T 2 NS B
IR DS S B A A X R I A C D A L & —
T 208, A O R HINGENE T, BEE
I & PBRAY AN 5D R L 13 10 31 [ms) BETH b 8]
, BARHTIE LT3 EIEE AR\,

DTS v & 7 HE & R TR
I & o TR 1L 2 RERRIFERRIE 1, S84l —30 L
Tk, ZOA—-ZUE, FHY vy 73z i3k
FEIME T R 2 Pl OB R P & v o 72 B
WEEFNTEDITI S EEZ oD, FHCKHHE
TFHNE, BIREOREINEHIWERE % o 72 et i
BT, FHEERRRFHITE 3 X 9 ig, ISI 2%
W, FERW L) ERE EAZHTEROD Cue %
5.2 7-Ws, FHED IZ Target & % 2 FES R X
24D TH3, FHLED I Target & 7 % fAMER
SN VLML D DR O XL o RpilHE D 5
SIS TV 2 Ep s 18] BRI % 3
BT LCTHEETHL EEZONS,

PEDZ 05, BTMATIEIR €Y 74128
VBRI PHITIE B 2 A3, W 2R IR o S

ThDEEZIUL, BRI O R
BEWTh, REFHDHEEE O 2V ofilHl% %o 2
EWVIHIRFENTS I EDRS. 361, RICHIEK
PERREZ DRI D XL D Rl % 5o 2
E¥ 5L, U RLHEAE 2 & ERT ORI S
ROFFFERIEZ % X b IERECRERE P 2 2 & A0
KpEEZONDO, X0 —FHEHED R L D75
Bk 25252 L3RS,

Z AT, BRI OBToEI NG 2 F
Gk L 3 EFBDZNTNDOEMICE LT, FEEEH]
HMOIRREZNTHTE 2 Fix e FPHITE 20
Random Z&fF0 2 45t (B 4 40 TRl o IRt
FHIBEE 2 1T, &SRB 20 O XL o5
BB Z LT 5 2 & T, EEICE > TEL MR
KR ORATRICo P (BUT, SATHETFHE $5) 5
D XV DRI Z D 2 & ) PRSI % IR
5 LHkT, 2 E Fix &fF L 3 Fix &z ik d %
22T, U RLHRKIC X o TA U B IE RO RIBRE A
5 OFATN ORI (BAF, SATHTFHET3)
23, EEIC X 2R ATHITHNK D SR O XL o
Bz KE (DD L) EERSIZIEET 5. £72F
BINFIRE RS ED X H BT 202 BI5L, VAL
D37 0 2 € — 8 )L ORFHEINERARTIC T LT ED &
VB EGZ 00T AL 2HNET S,

2. RERAFE

2.1 BhE

ML, 20 fR (T 23 %) DR H & D Edk
104 (B4, KiE1H) THY, FHiio7vr—
I T RTOSNNFE DI W 2 17 - 75258
DN EHERL 7.

2.2 RERREECRH

FEhaIx, HETERE 2 R 2 B & 5 4 2 HEbR
T 27012, BEEOEVAIFLIAL TDL X Ry
EAY—=72EMSEB LT, HEEBRDEET
Tfiot, BESEHEE, BEOEEN LV EIND
F7A4 b/ A X (50[dB], 15[ms]) ZWMiHIZHRL 7.
¥ 7B, Haptics Device T& % PHANToM
Desktop (SensAble) 2 H\>THE (3[N], 15[ms]) 2
SIHZEDHT IR L7z (Fig. 1). 245 ORREEER
> AT L%, PHANToM Desktop DEIELREED & %
PC (HP xw4600/CT Workstation) % F\>CTHEZE L,
OS (Windows XP) L Cl&Ei¢ 257 7)) 7r—> a3 T
& % Visual C4++ 2008 % v Chl¥® & Ol % 17



Fig.1 Haptic stimulus (3[N], 15[ms]) was pre-

sented to participant’s right hand by
Haptic Device.
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(a) Two sounds - Random condition (b) Two sounds - Fix condition
Cue Target Cue Target
Auditory ﬁ p ﬁ ﬁ
Stimulus Random Fix
Haptic
Stimulus
(c) Three sounds - Random condition (d) Three sounds - Fix condition
Aud Cue Cue Target Cue Cue Target
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Random = 600, 700, 800, 900, 1100, 1200, 1300, 1400 [ms]
Fix = 1000 [ms]

Fig.2 This study has four experimental conditions. (a) Two sounds - Random
condition (unpredictable): ISI (Inter Stimulus-onset Interval) = 600, 700,
800, 900, 1100, 1200, 1300, 1400[ms]. (b) Two sounds - Fix condition
(predictable inter-trial): ISI = 1000[ms]. (c) Three sounds - Random
condition (unpredictable): ISI = 600, 700, 800, 900, 1100, 1200, 1300,
1400[ms]. (d) Three sounds - Fix condition (predictable within-trial):

ISI = 1000[ms].
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Table 1 Mean and standard errors of the JND and PSS values (in ms) for each

conditons.
Condition Two Sounds Three Sounds
Random Fix Random Fix
JND Mean 56.2 48.2 52.4 42.2
Standard Error 11.7 8.2 9.5 7.1
PSS Mean -18.4 -10.8 -14.9 -14.7
Standard Error 13.1 6.0 8.3 5.2
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Fig.3 TOJ data and average psychometric functions across all participants un-

der each condition.
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Just Noticeable Difference (JNDs) for the inter-trial prediction (Random
(unpredictable) condition vs. Fix (predictable inter-trial) condition) for
within-trial prediction (Two sounds condition (unpredictable) vs. Three
sounds condition (predictable within-trial)), showing that the inter-trial
prediction did not facilitate the performance under the two sounds con-
ditions (Two sounds-Random vs. Two sounds-Fix). By contrast, the
inter-trial prediction facilitate significantly the preformance under the
three sounds conditions (Three sounds-Random vs. Three sounds-Fix),
and within-trial prediction facilitate significantly the preformance under
the fix conditions (Two sounds-Fix vs. Three sounds-Fix). The errors
bars indicate the inter-subject standard errors of the means. An astarisk
indicates significant difference (p <0.05), and a plus indicates marginally

significant (p <0.10).
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Fig.5 Point of Subjective Simultaneity (PSSs) for the inter-trial prediction

(Random (unpredictable) condition vs. Fix (predictable) condition) for

within-trial prediction (Two sounds condition (unpredictable) vs. Three

sounds condition (predictable)), showing that the inter-trial and within-

trial prediction did not facilitate the performance under the each condi-

tions. The errors bars indicate the inter-subject standard errors of the

means.
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WHIETTH S, Z ORI, TRIIEIR ORI
PHETT BTN 2 e PlENs, Lol
M6, AZEORERTIEFEBNVFEIR ISR R E T R
<, Repetition suppression DENHIIIRN o7, %
DFEIEE LT, AHFETH - HIERIRETH % ISI 23
1000[ms] &\ i b HERIHREE Ch - 7720 L5
Z 641%, Repetition suppression &, HISEZEPIHIER
(Medial Temporal lobe) DiFHE) & HEA dH b [26] [27]
, MBHZEAMRETR L GERIPRICIRO CEHEETH S L 3N
TW3Z ED5 29 Repetition suppression (& ZE
DoDHEEZTLHIENRRINSG, ZDI DS
, ISI 73 1000[ms] & \» 9 HinzHEERETH 2 729,
H% 4G CofE L 72l z2 Juic R AR I o L
THIEZ BN 5 2 & T, MoRFHEERRICHRTH 518
JEIEREICIR IR Z T 5 2 E3TE, 207D
Repetition suppression DN NI o7 LEZ 5
na.

4.3 BIEHSERALIEME

AW DOEFRSMEX 10 ZHTH oD, ZON1 4
ESATIITE D EHE DT e, T SR L 72, R
Broe & gk L 7223 12 Random &fFIc BT 5 2 &
FthB X O3 F5METIE, SOA=200[ms] (fil 5 HlH
o U CHESEHRIEA 200[ms] J6fT L CHRR & 5) 44
<, BEERETH B LRI L BIED T5[%) & D
< <, FREE O XL O FRIEDS 140[ms] FREE & A7
DREVWHEZIN->TL I, Fix FfFIcBIT2 2%
GEE X O 35T, BRI Th 2 LNl
L72BGD375[%) & D KE L, AT DFHEIZHE S
EF=F D5 INTLEISMFICENTH, i
W RIRZ DA T PSR 0 2 L o Fp il % 5k
O LEADMER I Nz, FLEHRBEOT V77— T,
i H OBEIRIR I A M D S NG 1 MR TS I A6 > 3 1R
BRETH-7-, 20780, BEICETT 2 LR
WETH o, T RTOEMCREFINEFR IR DR
WEBoTLEoEEZLND,



5. FeH

AWHFEClE, WEREHRR O IR OFATH AT
& 72\ 2 1 Random 5, SATRIFHITE % 2 ¥ Fix
e, TN PRI L 72 3 3% Random £, Y
R LR TH 5 7= DIEITHTFHIDHFT % 3 3 Fix
S D 4 Sl CHEfR T DRI AW 2 17V, 2
NZNDEMEEOREE O XL D75l (JND) & 3
BIERE AL (PSS) Z L9 5 2 & T, U X LHIREIRE
FEINE I 1 P9 5B D TRt L 7z,

Z DGR, FIBEERRFZ D FHIC & 72\ Random 55
LD b, HEMERRZDSTFHITE % Fix £FEO 7703
ARITHBEEIO X v OFRIBIDE - & v ) #2157
7=, FEEERRZ O TR P cE 52 8T, #l
WD XV OfRRIREZ D 2 &0 ) G E R 58
RefGl, SoIGEITRIPHIZTE % 2 5 Fix 5&fF &
DY, BATHTFMDINCK 2 39 Fix &FD D3,
MDAV DRI £ 2 AR 2l iR I 7z
&, FEEERRZ OFITN TN T E 2 5D T5 D3,
AATHIPHISTE 2540 & D b RE CHBEE DO AL D
FABZ D 5 & ) REZ RS AR bR, C
DT DS, BATHTNZAIREICT 5 VU X L%z 1
w5 ZET, KHEFAFOKEZ FRIE5Z L%
MR L7, F 7R R o TPl E X 0T
NFHNE, Repetition suppression DEIH% & & 3 4L
1, FEIRRRSICEET 2 RELE R 5N 5D,
AWZETIFFBNFERRIZBZE L 2w e v ) iR 25
7ete®, VA LHEIE FBINRIR RIS EL 2w E
ZRRL 7z,

IRF FEIME -1 T 2 U3 ASE-SETERZ 55 (TPJ: Temporal
Parietal Junction) 235 L CTw 3 & Tk h Y
(22| BSR4 E O RE T, o XL
DFRBIBHDIED B &) HR S 5 BOIBUBA -z
Z D6, IR U TR 2 N 2 A
T3, REREHRADX =X LRI T
%, NHDOREZ2EZRLIzta—~ry A vy —7=x
— A DG, HESOE P IEERIE 7 £ DR REA B O i I
TFHIHARENH L LEZ NS,

B

Asezittd 210d 7 h hELRRE 2% 2 TIHE,
Bul7e CHRETEE ¥ U 2 Sz I 0 & 0

ZHL LIPS, £ IFAEECPREEER,
MG EZI 1, Gz EIET % 9 2 CIFMICHEE

KMSREEE L, HOE)ITI0FE LT

F - EERSAT ORI, SR DS £
BLTECDTHEZTHE L AHFETREDO
FEZEZBIE, HUREEDRETTREBIRRIC R C E#ho 72 L
E3

F-PHFEBRICB I 2 MERZRFE LTI D, W
s ETHE K OYFRELS B E, ZEBMAED
BRRICIIATA L DICREBMEGICAR D £ LA, Rt
JEEE D 5 LTRSS DI L ERATIHE S
L 7@ LR O R 271k, KEZEBRE, g7 v
— TR DDOHA T A A Ay avitiiboT
(RS o FAWOME@EESR, VRMEH, —FFo 7L
—7°& UCEE U C & 2B oo < lEdihe 72 L
3

ZDXITHL DA TIRERB X O H 2 EE
F L7, WICHAOEFHEZ LB LS TR
SR ERHIHELCEH A LET, HOEH TS
FL7.
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