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Social interaction enhance body ownership transfer to android robot
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Abstract:
body, and is evoked by operating android robot. We considered body ownership transfer as a crucial

Body ownership transfer is illusion that we feel an external object as a part of our own

factor for communication in distance places in order to feel telepresence.This paper examines the
influence of social interaction on body ownership transfer and telepresence during operating android
robot, and investigate relation between body ownership transfer and telepresence. Participants
talked about given topics with/without their partners and with/without operating the android
robot. Our results show that feelings of the operation of the robot and partner’'s presence are
crucial to experience a strong sense of body ownership transfer, and there are positive correlation
between body ownership transfer and telepresence. Furthermore, the response reactions from

partners enhance body ownership transfer when they observed the android and partner were in

the same place during operation.

1 0000

00,000000000000000000000,
000000000000000000000000
000000.000000000000000000
000000000000000000000000
000000,000000000000000000
0000000000000000000.00000
000000000000000000000000,
000000000000000000000000
0,000000000000000([1],000000
000000000000000000000000
002000 [3)0000000000000,000
0000000000000000.

000000000000000000,00000
000000,00000000000000000.
000,000000000000000000000
00000,000000000000000000
00000000000000000000000,0
000000000000000000000000
0000000000000000. 0000000

[y
[y
[y
[my
oo

000000000000000000000000
000000000000.000,00000000
000000000000000000000000
001000000,000000000000000
000000000000000000000000
0ooooo [4.
00000000000,000000000000
0000000000000.00000000000
0000000,000000000000.0000,
000000000000000000000000
00.000000000000000000,000
000000000000,00000000000
0000000000 [5.0000000,00000
000000000000000000000000
000.000,00000000000000000
0,0000000000000000000000.
000,000000000000000000000
000000000000000000000000
[6, 7).
000000000000000000000000
000000.0000,0000000000000
00000000000000000000,0000
0000000000000 (6, 7.0000,000
000000,000000000000000000



01:(00)000000000000000000
(00)ooooooo

0o0,00000000000000O0OO00OBOOO
O000000ooooooooo [8,9).Alimardani O O
BCI (Brain Computer Interface) 000000000
0000000O,0000000000D0000000O
O0o00o0ooO0oooooooooo [1o].
oo0,00000000000O0DODO0O000O. DO
o0000,000000000000000,000
O00000oooooooooooooo.oooo,
o000000000o0OoO0O0000ooooooO,
Oooooooooooooooooooooooo
oo.0000,0000000000000,0000
oooooooooooooooooooooooo
oo0o0O0o00oO0OooooooOoOoOoOooooooD.
oo0ooooo0o,00ooooooooooooo
oooooOoooooooooooooooooo. o
oo0oO0Oooo,0000ooo0o0oooooooo
ooo0O.0oooooOoOoOoOoOooooo,ooooo
ooooooooo,0ooooooooooooon.
00, 00000000ooooooog,oooooo
oo00ooooOoOoOoooo,000opoooooooo
0ooooooooooooooooooooooo
o00000O0ooooOOO0oooogooooooo.
oo00ooOoO0OoooooOooooOoOo,ogooo
gooooooopoooooDoDoDoOO.
oo00o0O0O0oooOo,000oooogoooo
Oo0000ooOo0ooo,00000oo0oOoooon
o00000ooOo0o0ooooOooooo,000ooo
gooooooOooOoOoOODDDODOOOOOOO.
ooo0,00000,0000000000000A0
00ooo00o,)yoooooooooooooo,2) o
0000003 o00oo00o0ooooooooooo
000000000 000,000000000000
oooooooO0OD0O0O.00200000,00000
gooooooooooooo3ocoooooooo
ooooo4000000O00000000O0O0C0O
oo.000600000000000O.

Teleoperation room Controller

Reflective markers for "{ Motion capture system ‘
motion capture sys. - - -
(S%f)layb) -)‘ Speech-driven lip motion generator ‘

I Experimental room

agd L

Participant

b—r>

=== Audio stream
== Video stream
=== Motion data
= Motor commands

‘ )‘) Geminoid F

Partner
(Assistant)

02000000000

2 Joooon

000o0,000000000000000 (0 2)0
gopooooobo.0ooboooobobooobobooo 100
gopbooooboo,0oogobobooobbooooo
goboooooooooooooboboooooo.oo
gopooooooboooobbooo,oobbooooo
gbo,0b0ooooboboooooboboon,n
gooooooo.ob,00000000000000
gboboobooooboooooboo,obooobooobn
gooooooooo,0oo0obooobocoonn
OO0 11]. 000,0000000000 300ms0O0
gboooooooo,0oobooooobooooog.

3 0o

gboboboooooobooooboobooboboon
goboooobooooooboooobooobooo,o
gbobooooooooobooboobobooooon
gb.000,0000000000000A0.

3.1 00U

bobobooboooooooboobooboobon
obobo.00o0ooboboooocobooob,booon
goboooooobooobo,cbooboboobgoon
oboooooooooboogob. oo, 000000
gbbogboooaodoo,boboooaobogobabd
gboooo,bgooooboogbooooooboaa,
ggboodoboobbooboobuoobooaboa
guobobood. gbooobobooobooooboa
g, 000bgoobooboboboboboo,bobbo
gbobogobogoboobobob,obobobobo
gobooobobboobboobooboob.



R
=
Oooo
IjI:I
DD
EJD
DI:I
DI:I
OO
OO
o d
OO
OO
Ogog O

OO g
Uog—.
Oood
oo
D\.

S|

O

Og o

05O

DDD

Oopgobfoag

oo0o Oog
OO
O

gobotdng

oooe
Oog
Oopobog
ODoobog
ooooYog

O
O

oooOoOoOoOoood O
oDOooOO0O0ood O
OooooOOo: OO
oo
ooboo:
ooooo0loo
ooogottloo
oooodg
oooodg
oooobg
oool0g
oooPEg
D!:’I:ID
O_Oogtbo
O

ooo

gbooboooobooobog 30d

O

oooooooYon
oooooooPon
oooooood

—Oooooooooooono

O

O

O

OJ

O

O

O

O

O

O

O
O
OO,

OO
OO
Uo
Uno
Uno
Uo
Uo

oo1

a) 0000DDOO0OODODOOOO
ooboooobOoooboooooo

ooooo

ooo,o00
ooooooooon
b) 00DO0ODO0OODOODOOOOO,0000000
000O000000000000

oo 2

a) gobooooboooobo,000bobo0obobooonon
goboooboooooooooo

b) 0O0O0O0OOO0ODO,00000000000D0O0
ooooooo

oo 3

a) 0000DO0ODDOODOOOO
goboooooboooobooooo

goo,0000o0000
goooooo

b) 0O00000O0OO00DOOO0OODOO0,00000000
goboooooooooboo

oo 4

gboboooboooboooboo,00bobooooo
og.

3.2 0000

00000000 (0)000,0000 (V)0oo,
00 (R)D000D0000000000.0000 (0)
00000000,000000(V)00000 (R)O
0000D00000D0000.0000000 46P
000, 000,,00000,0,000000.000
00000000,4,000000000000000
000”*00000000.000000000,V,R
00000000,00000 +,00000 —00
oo.

03:(0)000000000000000 (*CY)0
(00)0000000000000000 (*¢Y))0
(0)0DO0O0DO0DODOOooOOoOo (*¢Y)

00 0000000000000 (©'¢y)ooon
0000 (P cxnoooooon.

0000 00D0000D000D0000D00000
0oo (*¢cY')(030,00)00000000000
00,00000000000000000 (*¢Y )(O
30)0000000.

00 0000000000000000 (*CL,)(0
30)0000000000 (*C5.)(0300)000
0000.000000000 (*¢Y))0000,00
00000000000000,0000000000
0000,00000000000000000000
00000000000000 (0300).

3.3 Uugon

000000 18000 230000 360000 20
0,00 1600,0000 202000000 1.9000
0.00000o00oooo,000oo00 FoO0DO
0doDo0oooooooo,0o000ooooooon
gddddo0o0oooooobobbbO.ooopooooo
00000000000 000000000000 (0 12-506-1).
000o0Doooo0oooooooooooooon
oooooooooo,000o00ooooooooon
ooooooo (o).

ooooooo (O+CED oo0oDoOoooooooad
odoDo0ooooooooOoo,00ooooooon
00000000000,000000000 (9 C)
doo0oooooooo.0Dooo,00nooooon
odooooooooOo1o0o0300o00ooano,d
od0odDbO0b0DOoooooOooooo.ooo,o0
oo0ooooooooo3000nooooooooa
oo, 00000bDo00pDooooUuDoOooonon
Jod0o00ooU0oO0oDoOooDOoDO0DoDOoDOoOoooon
00000, Ddo,00000o0o0ooooogon
Jo0.0000,0000bD000odoUoOo,oon
godoooodoooo 20000000, oboa,



B operation
no-operation

— N W R

Ql Q2 Q4
04 000000000 (f:p < .05%p < .01,
Bk < 001)

00006, 70000,000000000000
000000000000000000000000
0000000000000000000000. O
000000000000000,00000000
000000000,000000000000000
000000000000000000000000
0000,00000000000000. 000, 0
00 (*C.*CY, *Cc¥  *CY_)0ooooonnoo
0.00000000000000000000000.
0000000000000000000000000
0300000000000000000000000
00.500000000000,000000,000
0000000000000000000,00000
000000000000 000000.000,00
00000, 0000000000000000000
000000.00000000000,000000
Oo000000000O0O0O000.

3.4 00400

0000000000000000000,0000
000000000000000000000.00
0000000000000000000 100000
0000007000000000000070000
000000.Q1000,Q2,Q300000000,Q4
00000000000O0O000.

Q1 0O00000ODOOOoooOOoOoobooooboobogo

Q2 J00O0OO0OO0,0000O00O0O0boboooooDo
goooood

Q3 0D00DOOoO00opoooOoOoDooOo,cogooo
gooooooboobgao

Q4 UO00OOOO,0000000000000DO
gbooobooboooood

B visible

invisible

_ N W R N

05 000000000 (*:p < .05%p < .01,
Bk < 001)

4 OO

goboooo,oobogo,00000booo00,000
00000 (ANOVA)ODOOOOOoOOoooooooo.

4.1 0O0O0O0O0

01,02,030000,0000000000000

g.0000,000b0b0bo0oo0oo,0bbboooo
000,000000000000 (Q1 : F(1,34) =
20.68,p<.001),0000000,000000000
0000 (Q2: F(1,34) = 10.60,p < .01), 00000
gooooobooboo,0o0oobooboobooo
000000Q3: F(1,34) = 5.61,p < .0500 0000
0000.40000,000000000000000
0000000000Q4: F(1,34) = 3.97,p < 100,
0oooooboobo,0b0o0oo0boobooooo
00o0oo0oooobOOoOoooD.040 Qo400
0000000 (9C*:operation, © Cmo-operation)
gdddooooooboooobouoo.oobuooao
ogdoodooooo.oooboooo,ooog 5,6
goooono.

4.2 000000

01,Q2,040000,0000000000000
ggoooobo.oboog,gogoobbobbooooa
g, gggoooooodoog,obbobbooooa
000 (Q1: F(1,34) = 6.95,p < .05, 00000
00,0000000000000 (Q2: F(1,34) =
921,p < .01),000000,00000000000
00Q4 : F(1,34) = 9.67,p < 010000000
gooo.0s0QIUue400000000DO0O00OO
(*CY wvisible, *CY :invisible) 00 0000.



B with-response

B without-response

—_ N W AR NN

Qr Q2 Q3 Q4

06 00D00D00000 (% p < .05%p < .0,
k) < 001)

B yisible
Binvisible

" IS B NV B N |

07:QUO00000,0000000000000
000000000000 000000000000
0000000 (% p < .05%:p < .01, ¥*p < .001)

4.3 0000

0000000000000 0000000000
0.060QUQ4OO0000000000 (*Chy
:with response *C7, :without response) D 0000 0.
000,Q20000,000000000000000
0000000000 (F(1,34) =8.13,p<.01).00
0000000000000000,000000,C
000000000000000000000000
0000000000 (F(1,68) = 16.87,p < .001), O
000000000,00000000000000
000000000000000000000000
(F(1,68) =4.12,p < .05).Q20 0000000000
000000000000 7000. 00,Q2000
030000200000000000000000
00 (F(1,34) =3.22,p < .10).000,000000
000000000000000000000000
0D,0+000000000000000000000
0000000 (F(1,17)=9.31,p<.01).00000
oooo, ¢V oooo,000000000000
000000000000000000000000
(F(1,34) = 5.19,p < .05)(0 8).

B yisible
Binvisible

—_ N W kR LN

conversation speech

conversation speech

operation no-operation ‘

08 QD0O00D0,0000pnoooooooon
godoooboboooobooooobobooooooad
O (*:p < .05,*%:p < .01, ¥*:p < .001)

44 000000

Q2000 Q4000000000000000.0Q4
000000000000000000000000
00 (F(1,34) =6.25,p < .05).000,000000
000000.000000000000000000
0000000000000000000 (F(1,34) =
8.25,p<.05).00,00000000000,0000
000000000000000000o00n (@ ey,
F(1,68) =8.16,p< .01).0 90 Q400000000
00000000O00O0O0Oooo.

4.5 UO0O0OO0O0bObObOOOoOoOobbOOd

0000000000000000000000,0
0000000.Q20 Q4000 Q30 Q400000
00000 1000. Q20 Q40000,00000
0000,0500000,0000000.Q30 Q40
ooooooooo ooy Crertetey nonoo
oooo.

5 U0
5.1 0O0O00OO0O0DOO0O0O

00000 Q2,Q3000 (0D 4000 10000
gboboooobooooobooo,0coobobooooon
gbobooooooooobooboboboboooon
0000o000o0o0.000,Q2u000oooo (o
5)000,00 2e000000000000,000

No. OtcV__ O'cy, ©o'cVl o'cyl
Q2-Q4 053 0.52 0.60 0.67
Q3-Q4 0.14 0.30 0.34 0.23

0 1: 000o0o00o00000000oooo



7

6

5

4 B yisible

3 invisible
2

1

operation no-operation

09 UD0OD00D0O0,000000000DO00O0
pgooooooooooooooooooooonod
goooooooooood (*:p<.05,**:p<.017
k) < 001)

000000000000000000000000
000000000.000,00000000000
0 (Q1)O000 (05 00000000000000
00000000000000000000.000,
0000000000,000000000000,0
0000000000000000000000. O
00,00000000000000000000.0
00,Q200000000000 (08)00,0000
000000000000000000000. 00,
00 3.0000000000.

5.2 0O0OOggoobooOo

Q4000000000 DO (0 456)00,0000
OO0000O0oO000oooObo0oO0oooOoo0o0.og,
0000000000000 0DOoOoUoUoOOoo (o
9)J0U00U0O0o0o0oOoO0O00O0,0o0ooOoOoOoOoo
ooooOoooooOoOoDo. ooooboOo 20000
ooboooooo,0oooboooobboooooobon
oboooooooboooooboobooobo.oo,oon
oboooobo,00 1e000000b0ODbOobDOn
ooboo,0000bo000boboooobobo0ooobo
oooooooooon.

5.3 UOoOoobobObuogogoboboobood

Q20 Q4,Q30 Q40000000000,0000
00000000000000000,0040000
000000.000,00000000000000
00000000000000000,0000000
000000000000000000000000
000.000,00000000000000000
000,0000000000000,0000000
00000000000000000000000O0
DoOooooooooo.

54 0OUOO0OOO0OOOOOO

Q200000000 (0D 7OoOOo,0000D000
gogboooboobboobooboobooboo
gboooboobobooboo.obo,o0boobo
gogboooboobboobooboobooboo
goobooobobobooboobo.ooo,bobboo
gogbooboooboobboobuoobooboo
gbgoo,b0booooboboboooonoobo
gooood.bgbg,0obobgoooobobo
goboooooooooo,booobobooooon
gboboooooooobooobo. oo, gboo0goon
gob,0b0boo00obooobobooobobooooon
gbooooo.ocob,00booooboboon
gbO,000000000b000000,000000
gboooobooboooobobooooobon.

5. UUOUOOobObOOOoOodn

000000,Q4000000000 (06000
gbooboo. ooooboooboboboooobooon
gboboooooooooo.cooboooooon
goo,00000000000b00000:0000
obobooboooooooboobobobooooon
oboooooooooboboo.obo,0oooobon
gbobooooooooooo,0oooboboooooon
obobooooboooooooobo,oobobooooon
oboobooboobooobooooboooooboooboo. O
gbobooboboooooooooboboboooo
gboboooooooooobooog.

6 G0Ud

gbobdoa,gboboooboboboobooban
gogboooboobboobooboobooboo
goboobobobobboobo.ooob,obboo
gboboboboooooooo,0oboobobo
gboboboboooooooobogo.obooboo
gbobobooogoboobobooo,0opgooboo
gbobobobo,gobooooooooobobo
gboboobooo.obooooo,0oooooooon
gobodooooo,bo0oboboooobooooon
gboooobooboooboooboobo.

0

0000 JSPSO OO (20220002,24650114) O OO
gbooooo.



godd

1]

S. Tachi, N. Kawakami, M. Inami, and Y. Za-
itsu. Mutual Telexistence System Using Retro-
reflective Projection Technology. International
Journal of Humanoid Robotics, Vol. 1, No. 1, pp.
87-95, 2004.

E. Paulos and J. Canny. Social Tele-Embodiment
: Understanding Presence. Autonomous Robots,
Vol. 11, No. 1, pp. 87-95, 2001.

K. Goris, J. Saldien, I. Vanderniepen, and
D. Lefeber. The Huggable Robot Probo , a Multi-
disciplinary Research Platform. Communications
in Computer and Information Science, Vol. 33,
pp- 2941, 2009.

H. Sumioka, S. Nishio, and H. Ishiguro. Teleoper-
ated android for mediated communication : body
ownership, personality distortion, and minimal
human design. In Proc. of Workshop on social
robotic presence in IEEE International Sympo-
stum on Robot and Human Interactive Commu-
nication (RO-MAN), pp. 32-39, Paris, France,
September 2012.

D. Sakamoto, T. Kanda, T. Ono, H. Ishiguro,
and N. Hagita. Android as a telecommunication
medium with a human-like presence. In Proc. of
International Conference on Human-robot Inter-
action, 2007.

0000,0000,0000,000.00000
00000000000000000. 0000
0000000, Vol. 94, No. 1, pp. 86-93, 2011.

S. Nishio, T. Watanabe, K. Ogawa, and H. Ishig-
uro. Body ownership transfer to teleoperated an-
droid robot. In Proc. of International Conference
on Social Robotics, 2012 (in press).

0000,0000,0000,000.0000
0000000000000000000000
0000O0O00.HAIOOOOOO, pp. 1-2A-2,
2011.

K. Ogawa, K. Taura, S. Nishio, and H. Ishiguro.
Effect of perspective change in body ownership
transfer to teleoperated android robot. In Proc.
of IEEFE International Symposium on Robot and
Human Interactive Communication (RO-MAN),
pp. 1072-1077, 2012.

[10]

M. Alimardani, S. Nishio, and H. Ishiguro. BMI-
teleoperation of androids can transfer the sense
of body ownership. In Proc. of Cognitive Neu-
roscience Society’s Annual Meeting (CNS2012),
Chicago, Illinois, USA, April 2012.

C. T. Ishi, C. Liu, H. Ishiguro, and N. Hagita.
Evaluation of a formant-based speech-driven lip
motion generation. In Proc. of 13th Annual Con-
ference of the International Speech Communica-
tion Association (Interspeech 2012), p. Pla.04,
Portland, Oregon, September 2012.





