© 2025 BARN—F¥ILYTI)T4ER

3F2-09

This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.

A §F

AL REALITY SOCIETY OF JAPAN

F30EHAN—FvILUT )T 2o2AREHE (2025 F£9 B)

ERDEREFICE T FEERBRICN T IRERR

Sensory Attenuation on Auditory Stimuli in Multi-Avatar Embodiment

FEA RRE D R BIK Y, Ik 52K 2, Wik S Y, Bl MR Y, duii 7R 0
Maki SUGIMOTO, Sota IIZUKA, Ryota KONDO, Fumihiko NAKAMURA,

Sachiyo UEDA and Michiteru KITAZAKI

1) BHEFRIRY: (T 223-8522 i)l BEEETEILX HE 3-14-1, sugimoto@ics.keio.ac.jp, iizuka0912@keio.jp)
2) HERY (T 113-8654 HELEBSCHE XA 7-3-1, ryota.kondo@vr.u-tokyo.ac.jp)
3) MRS (T 567-8570 KIRUMZFAHIE BN 2-150, f-naka@Qfc.ritsumei.ac.jp)
4) HHEBAKY (T 187-8577 HLFH/NFHiEHE]T 2-1-1, sachiyo.ueda@tsuda.ac.jp)
5) BRI ERY: (T 441-8580 BHIR BB/ RKMANTEE 7 [t 1-1, mich@tut.jp)

BIE: ARWRIE, N—F v VERETEHEBO 7 N X —% FRHEE L 7280 SRR  BRERE % RT3 %
bDTH 5. (ERWFTE, HOLMHFOHMEAIET 275 FEINEREREICKIETTHES, G
WIH L7280 HL DI I TR o 72, F ZTAFETIE, N—F v VRREET7NZ -0
BRI EE, REUH K 2R OEEHEEZHEM L, PSE % JND W\ o z0H
PIEEAERITERL S K O BEHD &, BHGRMOE( e BREHEEOMGRENM T2 L 2 RET 3.

F—U—F o OARMEER, EEBRE, 05, FHHEE

1. LI
BIRIEERO—H L LT, D7 N2 —%FRFICHEL
TREBEEREZIMBER B R EDH 2. =6 D05
T, FIRHCHIEIS 2 7 A NR—DBH 11K, 21K, 41KDY;
BTRRAZ BT 1BOBREBEMETRIZ 25, BIREK
BEVEZEEEEREEHCDD DL T 2BEENT < & 2 A
BHZZeEHELPICLEZ(1]. LirL, HEMmEDOHRH
WIEES 20 B F A5 &l 2 UfilEss, EERECS
ZBEEBIMI XN TWRWV., AMZEROKEERIC—E
L7:fi%E 522282 T, HECTRABRVWX I —DH{KEH
COBKCERT 2R 2SR T. K{AIATVS
Bl LT, SN ANAYFALVa—VaryeWSHEHEMRD
5. I, EROFERLTRDODICBARICRZ 20E
WA LrHOFREEL, EEOFL I 2HOFICFERICHE
MafiEiEes 522, SAMOFZHPOFLELET
LESEHHRTHE. ZDXSBERBEHOERIE, N—F%
NTNRZ—=%, LROFEREFEMLIzn Ry b7 =0y
DIFRE N BETHEREIND

2. BEEHRR

BREBE2IE, ANBPERM e %, £
DORBEMEIREZIRZDDEERTHELCAET L0
SHRTH%. Blakemore H1F, WMHEEESERITT 2
BRiczoav—2z2ERL, EAHAET VO THIEZFEED
BRATNIDLELSIK CL TREBENRET S 2 2%
&I LTz,

CNETOWD S, BFNZITH & ME WS FRAE
SRIATHCRHEIMEZBIR L, MRk CEERE T
HIERZTHO & EICOWEEIMESFAE T 2 2 L 23R
STV [3,4]. k7, HREABIIHEWTD RBICEER
BOEZ 2 Z LR 5] ThTW3.

Kilteni 5%, BIMATEID OAHHE,SRET 2 ETD
Blic—EORHEMRE R, BRBEORTEBSE L. £
OFER, RITHBHZ B2 IFEBHBEREDREIARD,
BEZ 200 FTTHRERPSRKICES 5 2 L 2R L7 [6].
ik, EIHEN» OELNZEAE T ANZEEIZ 5
N, BET ZHHFEEIGECL TV o Z e Z/RLTWA.
BRISIE, N—F 2 LBEL2HAWVT, 7NX—%24EB0%
Bk Bz 2< v €V 7 TRIELBETHEREBELH
AL, ZOREZFHEFITERKROITRAERE L BEZ £
D7 ZeERE LR FRC, BFREDATFIIBWNT
b, HARFTERK Y EEBEO M (8] AHRE XT3,

BEWE ¢ BRRMoEBEHchitshTtss s, d
CLfthE DR D & 5 2B ICIFEE T 218580 B B KD K
HRBICED XS E LR RIZT O VDS T, Hhk
ST BN O BRI & IR OB £ 7oA X
QA INY

3. HEBEGCBRERR

D7 NE— B K2 ARICIRET 256, BREBED
BN EROB—SIRRE 3RR S REOEL 2 &
EZ5N5. IHEF VIR XU, EEREIZECOES

—-3F2-09-



© 2025 BARN—F¥ILYTI)T4ER

3F2-09

WX DAETZBEEMIFIMICTHIL, 20Tl ERD
BMEAN e 0ESZEFHXEZ 2 TELS. L2L, &
BOT7 2 —%FRFICERIET 256, BRIEEPITAE
RBERZNZND T AX = THEL, HLrDT7NZ—~
DO HCIRBEEPERICZ 2 Z eI hTw3. 207
®, MADIEEF M X ZBEETHHE 7 N =KL T
THAM 721399 F 2 AJREMED D 5. ZORER, HEr LT
ML ERMEINZ T AR —TIHERAD OBEREN RSN
32—7, BERBEDOEW T NR =20 U TIEERIRED
9D, MhFIC X BRI VHIEIE L ZATREND D 5.

4. RERBRROANESZE

FRRHMO EBIREERE T 2802, LiIZUIEERW
SEZE S (Point of Subjective Equality : PSE ) & TEERIA]
728 (Just Noticeable Difference : JND) ¥\ 5 2 DDig
EaHWSsN 3. PSE X, 2 20KEANBTEHMCE
LWeEUONZE[9) THB. IND X, FEHER 72 HIEA
5 HAMEIC X T & 2 M OB ER [10] TH 5. EREE
HFEAT 2] LIXPSEFREICHD TS &2/RL, JND
WIERED N 2  DEATISE CRERR I LTV 5.

AWFEC B 5 PSE & JND &, JBfTH%E [7, 6] 1D
ERD XS RAETHET 2. EBRSINEE, 2 DOHE
FEEIREIN, 550 BB Y»EEET LS. 20
FION, —H ORI (BHEHED) XE R UMELRED,
b9 ORI (LEBSHE) 1 Z5T 2 2 ICHRENE(LT 5.
R oOREE %2 2, EBRBMEORIG (0221 D 2 1E
T=R) Byel, TX%kikT 5. DEERA(LIE
ZOIRHERYHBOREXZIRAT - LTREINS 2
®, WEERIE, OEAIEREKE FENs > 7 T4 Kl
FRESTFHIRIC T 4y T4 YT NG, T4y T4 I
X, 7uby MR (BREEIESD 6 O REE 0 16 oW
¥ zAVWEMET-20EFEFATHSZ Tuy ME
IREFEHT 3. Tuby VEEE 2, &y OEORCHE
EXNTARE o, TEOEE L T2, ROMIFRIER
Ih3.

z=¢ Yz)=ax+b

ZORED, ¢ (2) =05 43z DEL, EESINE
DRIEHTEE 50%1c 721 3fHT, PSE ek Hhz. [
IS, PSE X ¢ (2) =0.75 £721% ¢ (2) =0.25 %25z
DEDFEH 5 IND ZRD B3

5. BbHDIC

KRIFFETIE, BED 7 NZ— B R % FRICIRIET 20
BRI OBRBIEE Y U CBRIRER T T % 2 2 21K
L7z, TAERERFEMAEROENFAICB TR
BT E 2 2 e PRIh, RS RREROIEE T L
12 &2 RBRETHOBREERRENE . U TREBHEECEH
TEZDTREVNEEZLNS.

HEE AWIZRIE, BHFE 23K17460 OBIREZ I 72 DTH
5.
BE X

[1] Reiji Miura, Shunichi Kasahara, Michiteru Kitazaki,
Adrien Verhulst, Masahiko Inami, and Maki Sug-
imoto. Multisoma: Distributed embodiment with
synchronized behavior and perception. Augmented
Humans Conference 2021, pp. 1-9, 2021.

[2] Sarah-J Blakemore, Daniel Wolpert, and Chris
Frith. Central cancellation of self-produced tickle
sensation. Nature neuroscience, Vol. 1, pp. 63540,
12 1998.

[3] Atsushi Sato. Action observation modulates audi-
tory perception of the consequence of others’ ac-
tions. Conscious Cognition, Vol. 17, No. 4, pp. 1219-
1227, 5 2008.

[4] Maike D Hesse, Nobuyuki Nishitani, Gereon R Fink,
Veikko Jousméki, and Riitta Hari. Attenuation
of somatosensory responses to self-produced tactile
stimulation. Cerebral Cortex, Vol. 20, No. 2, pp.
425-432, 2 2010.

[5] Pedro Cardoso Leite, Pascal Mamassian, Simone
Schiitz Bosbach, and Florian Waszak. A new look
at sensory attenuation. action-effect anticipation af-
fects sensitivity, not response bias. Psychological
Science, Vol. 21, No. 12, pp. 1740-1745, 12 2010.

[6] Konstantina Kilteni, Christian Houborg, and
H Henrik Ehrsson. Rapid learning and unlearning
of predicted sensory delays in self-generated touch.
elife, Vol. 8, p. 42888, 11 2018.

[7] Masaaki Fukuoka, Fumihiko Nakamura, Adrien Ver-
hulst, Masahiko Inami, Michiteru Kitazaki, and
Maki Sugimoto. Sensory attenuation with a vir-
tual robotic arm controlled using facial movements.
IEEFE Transactions on Visualization and Computer
Graphics, 2 2023.

[8] Maria Pyasik, Irene Ronga, Dalila Burin, Adriana
Salatino, Pietro Sarasso, Francesca Garbarini, Raf-
faella Ricci, and Lorenzo Pia. I’ m a believer: Illu-
sory self-generated touch elicits sensory attenuation
and somatosensory evoked potentials similar to the
real self-touch,. Neurolmage, Vol. 229, p. 117727, 1
2021.

[9] R Darrell Bock and Lyle V Jones. The measurement
and prediction of judgment and choice. 1968.

[10] Carmen Weiss, Arvid Herwig, and Simone Schiitz-
Bosbach. The self in action effects: selective attenu-
ation of self-generated sounds. Cognition, Vol. 121,
No. 2, pp. 207-218, 2011.

—-3F2-09-



