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A A 3 45 1 32 B S AR X b B i — 5
RIIARLG, FRZ M “Sense of Agency” (Gallagher, 2000;
Haggard, 2017; Moore, 2016). [E A W55 & #15EH
“EhEEGUE Rl A, 2019; KA 4E, 2018), W
BHEFEH B Tash g e 45, 2021, HE
A 4, 2018). (HABGRGE — I, AR SCR“F )
PR X — B B [E] 4R 485500 (Temporal Binding)
S5 F ¥R IR VIR G —Fh R, $8 & =0
b E B SR AN AR 45 SR A B ] SO B R R Y IR
(Haggard et al., 2002), B} [A]4R ZB200 B A & 50
R FE R e bR, T S 32 Sha e B
1&75fk,(Moore & Obhi, 2012). #ix Haggard % A\
(2002) i FHH £ AW % 5 H 4% 2 — B FERT 2560 ms
[ Libet #h 0, 7E90X F 30785 250 ms 457
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TG AT YL, IHRRARRLN, RS, T shiEhlik, APICH, et SRl R 5t

B, R | ERRAE BAE R R AR (U Antusch et
al., 2019; Moore & Haggard, 2008; Moore et al.,
2009; Wen, 2019)Z 4, b 232 BIFLERYSZM, 470
SRS R IEE RN B . BFSE R, T4
M 23 52 W AR Bl 4R 45 3L 0% 9 RG] (Gentseh &
Synofzik, 2014), 7ERF AR ZRRLN bAoA AH N Y%
Mo ABJE, DATEXTE L5 R0H A ] 48 2B 5800 5 22 1
WFFREERITA—2, AU LM TS ShEE >
A TR 0 B A 25 SR 2 5 I TR R G800, 7™ A T
(1 Bl A 25 8 0 2% 1) 55 1 1) 48 28 2% 0 (Yoshie &
Haggard, 2013), LA A1 & A 25 00 % i [ 40
RN ANAEAEATAR] B 52 0 (Moreton et al., 2017), iX
SERIFST A, I 45 S50 Yo B 10 300 2 5800 %) 55 1 ]
i 5 HAW R R A7 A 28 HAE ] (Barlas et al., 2018).
SR B, A L6 X B[] 4R ZB R0 Y 52 k)
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Fil Haggard (2017)% 3 H A7 4R BEAZ To0 BIVRE 7~
A R B VE S SR IE BRIE J2 TR, A7 28 580 A 2%k
I TR B S50 7 A B2 o RRURR 1) Bl A 45 2R 4 5 ik (1)
TRIBRLNE, T Y S 45 3 55 I (AR SRR . SR
Ifii Christensen 55 A (2016) 41 & SLARM 19 s VR 45 SR AE
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4 A(Berberian, 2019; Wen & Imamizu, 2022), {4iiF
JHP %) T 399 s ot R 52 o S 9t 22 1) B A — 2 1Y A i
DN P 2 2 4 3 Sl 45 ) J ) EE 22 Bt (Madary, 2022).
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5% 2 A 242 40 72 ik 8 R R AT 4 1 s i 2
I B (947 M (Dittrich & Mathew, 2021), A4, &%
SR P AT T A 2 e 5 e 3 Sl A g 7 A BF
ST A BRI T AR 28 A0 T TR0 A X s R R 235 0 1) 5
MR, XSGt 3614 B 2 4t (Advanced Driver Assistance
Systems, ADAS)AYZZ B ¥ BA —E WS Z M E.
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AR =R G 2 W . esh, & SRR S A
T BE X a6 2k i B2 I (Ruess et al., 2018; Sarma
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B, 700 ms [ 5 AR AR BEAS B D) U ]
P 4 0 i IRE K (L Yoshie & Haggard, 2013,
Supplemental Information). *f F#Lw i3, LIS
W FORE ) IR 400 ms, {H AT A2
A A V8 2 (Moreton et al., 2017), S T #i 4 7E
Libet #0130 GE % R b 1H 51 50008 1) 15 28 It
I M 5 AT I 1] AR T, A B9 rh T o 3R 38 ) A B
KB 840 ms, PEJH Sauter 5 A (2010)HF 58
AT« TR PR R A AR AR, 3k E LA S B
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PVEAER 4.9 em WY BEDEZESH AT Je 2280,
2.3 LWiRITERRF

SIEYCh 2 (IEESCH T I . TR . AT
Ty > 2 CRNEABEAS . Wrod . A0 oe B0 TR A5 15



38 1N B

L

55 %

TFACE . 5 2530 T RO S g P AR o, R
B AW AE &, SRR SR FIZE AR R A

(WFEL B ZB B BT SS, 3%
SRR BT () R AT 55 o A s S R B[]
FIWHTE S5, BT ZAE TS £ TR 55 o )5 — 2 Wi el
Z[](2560~5120 ms)#EATHEEBNME, I H, #AA
e ER B A B ] S T e, B — 2
BEALYE . WO R T 5T 2 PG 5 1000 ms, FfiJ5
Libet $h R IH 5, PO MR A 1~60 MBEFR
F B AT BT AR A B AE B A ) )
R4, B B AR L b S5 A T i 0 S A
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N2 WEE ik, F(2, 87) = 35.26, p < 0.001, 1) =
0.45; MLBEHIHL, F(2, 87) = 340.65, p < 0.001, n; =
0.89. )5 LbB KM, W Fl b, T BRI
AR (M = 2.00, 95% CI [1.44, 2.56]) %A% Tk
(p = 0.001, Cohen’s d = 1.31)FIEWHI#(p < 0.001,
Cohen’s d = 1.79), MR HIITES(M = 3.49, 95%
CI [2.92, 4.05]) W E LT AW WM = 537, 95%
CI [4.80, 5.93], p < 0.001, Cohen’s d = 1.00); 7E1
SERNE, TR A PE S (M = 1.39, 95% CI [1.10,
1.68]) B FH K T rh:(p < 0.001, Cohen’s d = 4.32)F1
T3 (p < 0.001, Cohen’s d = 6.46), LRI Y
PEIM(M = 4.86, 95% CI [4.57, 5.16]) WL F K T
Hi M = 6.73, 95% CI [6.44, 7.03], p < 0.001,
Cohen’s d = 1.99), [iRZEIRFH, AWFFE MY
SEESBARE A R, T E A S 35 A 1 4 A AR
BEME B R T BN ELVE 2 X (L3R 1),
3.2 B AT T T X B 18] 35 48 S0 RL Y 2 i)

REMEXT S VRS SR 15 45 U TE LTI, B T
YR IR IL, AT B — 2 B ) S IR AR R e
A 4 % (Moore & Haggard, 2008), X F ] Fiim £ £,
H 4 AT RERK, 17 A 800 2 AE0L
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SO, LA R HCAE Wi o ) R A0 i o 3R 2 v Y R B
DI 2630 vl T sl N IR 2R, LRSS Sy
BRI ZR, 2 5 SR8 TS5 SN k4T 2 <
2 EE W Tr 2250 A RR W, TESEIRERh, 1F
LEA RTINS B, F(1, 58) = 0.09,
p = 0.764; i 45 550U AT T A R SRR S A8 B
MW, F(1,58)=6.49, p=0.014,n; = 0.10, FH)5 b
R, TEALSE I BLAL b, 1% 45 3800 S mT S50 A Y
SHAEIRSR(M = 28.01, 95% CI [5.38, 50.64])3 T A~
AJ I SRR SR (M = 16.02, 95% CI [-8.58,
40.61], p = 0.049, Cohen’s d = 0.33); M 76 W75t 4l 34
Hrh, IELE RN R AT U Y BRI SR (M = 32.24,
95% CI [9.60, 54.871)F1 A4 0 15 isf (1) 3h 4 418 456
(M =41.69, 95% CI [17.10, 66.29], p = 0.118, Cohen’s
d =011 EER . ELRWI T, HHHMm
AT ) RN B3, F(1, 58) = 4.17, p = 0.046,
n, = 0.07, R Z&500 kvl F000 s 114 235 SR 4R 40 (M =
—46.28, 95% CI [-72.04, —20.527])38 T A a] T i} )
ZEBRINIB(M = —33.59, 95% CI [-58.13, —9.05], p =
0.046, Cohen’s d = 0.13); 15 £ 244 AT Fu 0 4 F 40 33
WA BEAEA B3, F(1, 58)=0.10, p = 0.754,
DL S5 RERW, IF AR Sl ey, Joig 3 shi%
B 7 A W RO SR A R, 2 AR SR L B
TR, SIS SR S S S 7 AR A I
A B SR (LA 3),
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Tt ek itk
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LB i 84 1.39 +0.42 4.86 +0.93 6.73 £0.95 p<0.001 TR <R
<

o *FRIR p <0.05, **38IR p < 0.01, ***3K/R p < 0.001,
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ggg{ﬁ PRAOEREIE 1. (L, 2 7 B RS
glg ﬁw rﬁ o 7 ) B A N, 30 A U PR B 5o R 2
%H-10} F| 1 (Gentsch & Synofzik, 2014), TEABIZE 1,
%é& MJ LM J QJ SEAC S AT BT, AT ) A B s
oy J ] TSI 1, A SR 9 5 B R
ol - N A 6 4R 50 7 6 B S
—80 F \— N N ™ N .
5 : AT 5% 245 55 8 o BT 24 S0 T 0 % 30
T AT AT A VRN RNZE AR AR WA 7E 25 5 2528040 o Tl
WTBE 8 B

B3 14 A T T X st [ 4R 2 2550 114 5 1) ¢ B
T * IR p<0.05, **FIR p<0.01, ¥**¥*3FK /K p <0.001, IRFEHE
RFIRAER

FEAR I 7 A W o U O o B ) B T S R, T
SRR I AN AE 7= A 8 R S s A H IR 5 200,
ABFSE FEE RGO E AL T 0.8 LU E, £
ARG F2 B EAG B m Al FE A

TE G T1% 26 550 RS ) 4R 25 2800 56 &R 19 1 i
I, B4 KRE —E 4 F (Kaiser et al., 2021), 740,
Yoshie fil Haggard (2013)HF 57 3% BH A% 25 5000 52 1
Asf (] 4R 2824 2, Moreton Z8 A (2017) B0/ 5% 413 B 1%
S5 AN T S [R]HR S 380 0 o A 9T R A 2
A5 YT B T 4R 28 2880 7 8 AN — 5058 ) 2 F T 1 4 4K
W] w8 R AR, 2SO A R T
Y1 B0 R A2 % I [R]HR B R0 7 A= % i (Yoshie &
Haggard, 2017), {HAWF 5% & B 25 504 o AN AT Tl
W B 2, 25 52 el B 5] 6 25 2% 7 (Christensen et al.,
2016), X ELURAE TEAH 46 AN RV 26 204 wT 10
(38 HAE PR A e AR TR 2R . B TRTAR
W5, AT B 28 05 26 R0 A T T 4 Xt st ] 41
GRRLN WIS, e BRI S8 A AT S A B e s
Wi EF [R] AR SR R4 0, 33X 3R I 4 30 vl 300 P AN 2
% 45 530 RIS )48 2 2500 56 & i — SR T IR &R
I S B TR R 800 1) — A B R R

AN Bl 1R 25 S 00 U3 R 22 S5 0T BE RN 46 AN
A RO 5 M 41 296 380 0 A S PR o DA A 3R
W, B R4 2P R0 23 32 B B VR 45 S0 15 7 AR A
& &R (Moore & Haggard, 2008; Moore et al.,
2009), 1HA 2352 ELARBE AP 24 45 57 28 B A5
B (Desantis et al., 2012; Hughes et al., 2013),
Haering Al Kiesel (2014)IAN L) 2537 FTHER(G
BRI SRS i £ fE = B
VA RIHERE o A1 3RR E BSR4 WA s 1 45

P, JCie S 7 AR Y W o 2
R, S5 RAM SR B R AR E SR M SRR R
TE7 A Ao R AR B B ok . LA B S5 R
— 2P UESE T SRR B F 25 AR G 7 AR AL AN (]
(I0 Tanaka et al., 2019; Tonn et al., 2021; Waszak et
al., 2012; Wolpe et al., 2013), S5aEIRFBAHLL, 45
AW G815y A2 Ak BE K AT AT S5 M (Tanaka &
Kawabata, 2021), T H.Jhy JHORE 25 235 Wi o [7] 410 2
BN AL TR 22 B UEE S HE (Ruess et al., 2018), JG
IR B A 28 AT R[] 418 288 280 7 5 2R P A A
#21 (Sarma & Srinivasan, 2021),

AWFFERB, ELE R AT O i 25 1 5 32 5
PR X s A A S AR BRI 25 R rh ks
FETEAE RIS 22 5 o QRTE e S B B R e
o B P 28 Ok 3G 5 3 Bh4a iRk, JEBUS T fg
MR AR LA 255800 i) — 2Pk, E A AR AR S0
W3 — I LR RN S B dst . A, dilfE
D AR A A R v (O P L R, A A R
(s FALT S 20 G 0, DASR e 3 o 3 Sl 4% i Ek iy

T RE A 43 ) A5 3 Sl AR 8 25 RN 2 1 2
A, BTN T b2 S 25 R ] BN A X P ) 418 £
BN SEIR, AU T Libet SRR, BAR
ANV E R I A T O BEAE | IR &R
THABURL = SR AU A S o 7 (Rl 45, 2019),
THRTEA O F S HIR AL ARG, S
iz S HIAE 55 T RS A R SE R I . Hoh, AT
T Libet $p st M AT E M T gL
12 Zh ¥ 4T 55 (Wen et al., 2017), AR5 1] 2645 5
& T AP 57 e AT 55 S
5 e
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GRS e
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Abstract

The sense of agency refers to the experience of "I am the initiator of actions, controlling the external world".
Temporal binding, which is related to the sense of agency, refers to the subjective compression of the perceived
time interval between voluntary action and its action outcome. Previous studies have explored the effect of
emotional valence on temporal binding by setting the predictability of emotional valence as the control variable.
However, the effect of the predictability of emotional valence on temporal binding remains unknown. This study
explored the effect of the predictability of emotional valence of action outcomes on temporal binding, based on
the hypothesis that temporal binding is stronger when emotional valence is more predictable.

This study used Libet’s clock paradigm to investigate the effect of the predictability of emotional valence of
action outcomes on temporal binding. A 2 (predictability of emotional valence, within: predictable vs.
unpredictable) x 2 (stimulus modality, between: auditory vs. visual) mixed design was employed. A total of 60
participants were randomly assigned to one of two between-subject conditions, resulting in 30 in the auditory
group and 30 in the visual group. There were two main phases of the study. During the baseline phase, the
participants in the two groups were asked to either press the key at a freely chosen point from 2, 560ms to 5,
120ms or perceive the auditory/visual stimulus randomly from 2, 560ms to 5, 120ms after the trial start. Next,
they were asked to estimate the position of the clock hand at the onset of either the key-press or the stimulus.
During the operant phase, participants were also asked to press the key at a freely chosen point from 2, 560ms to
5, 120ms. The key-press would cause the auditory/visual emotional outcome (negative, neutral or positive)
following a delay duration of 250ms. Next, they were asked to estimate the position of the clock hand at the
onset of either the key-press or the emotional outcome. When the emotional valence was predictable, there
would be a fixed emotional outcome to the key-press (negative, neutral or positive) in 80% of trials and the other
remaining emotional outcome in 20% of trials. When the emotional valence was unpredictable, the key-press
would result in one of the three emotional outcomes.

The results showed that temporal binding was enhanced when the emotional valence was predictable.
Furthermore, when emotional valence was predictable, the outcome binding was stronger in both the auditory
and visual groups, whereas the action binding was stronger only in the visual group.

In conclusion, the predictability of emotional valence is an important factor affecting temporal binding. The
predictability of emotional valence can enhance outcome binding in both auditory and visual modalities, but can
only enhance action binding in the visual modality. This may be due to the difference between action and
outcome binding mechanisms or between the timing systems of auditory and visual stimuli. These results have
an important implication for the interactive design of Advanced Driver Assistance Systems (ADAS) since
temporal binding is the main index of the sense of agency.

Keywords predictability of emotional valence, temporal binding, stimulus modality, sense of agency, human-
computer interaction, advanced driver assistance systems





