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Towards we-mode neuroscience: An approach to inter-subjectivity
using hyperscanning functional MRI

Norihiro SADATO

National Institute for Physiological Sciences

Development of social cognition is embedded in real-time social interactions between individuals, i.e.,
inter-subjectivity. To depict its neural underpinning, we have conducted a multi-brain approach utilizing
hyperscanning fMRI that enables depiction of the neural activities of the two brains during a real-time
interaction, i.e., joint attention. Hyperscanning fMRI of pairs of adults performing joint attention showed
inter-individual neural synchronization in the right inferior frontal gyrus after all of the task-related effects
were modeled out. To explore how the joint attention and eye-contact generates the state of shared atten-
tion, we conducted hyperscanning fMRI in which pairs of participants performed a real-time mutual gaze,
before and after the joint attention task. During the mutual gaze, eye-blink synchronization, a behavioral
index of shared attention, increased after the joint attention. The increase of eye-blink synchronization cor-
related positively with the increase of inter-individual neural synchronization within the right inferior frontal
gyrus during mutual gaze. This enhanced neural synchronization also correlated positively with enhanced
eye-blink synchronization during the previous joint attention. Thus, shared attention is represented and
retained by pair-specific neural synchronization of the right inferior frontal gyrus. Furthermore, we have
also successfully treated the two brains as a single unit, in order to understand the neural substrates of
inter-subjectivity. We will apply this “two-in-one” strategy to various behavioral milestones of the develop-
ment of social cognition from mutual imitation to prosocial behavior. Our “two-in-one” strategy using
hyperscanning fMRI will become an indispensable and ground-breaking method to open the new field of
“Inter-subjectivity” social neuroscience.

Key words: cerebral blood flow, inferior frontal gyrus, hyperscanning functional MRI, joint attention,
mutual gaze, eye-blink, social cognition, action representation, Hebbian association,
intersubjectivity
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2.3 Resting state functional MRI
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DO Lo WEDHREZZETL2WIKETOZD
&9 % f#HT O T & % resting state functional MRI &
W52 EDd D, Z DU L, Biswal 5 (1995)
W&o THiE N7z, EEFELZIT> TV v
L hbh b —UGEB) I & & ¢ ) B I 0
BOLDfE 50w 5 XAHE T 5 & w9 Frilild
bo ZOFRIZE ST, HEEZIKRE I, K
FFERE S v T — 7 2 RAT 9 5 T RETEDSB 20
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DiE <, REFTRIEB ORT 9 2 SISO
T5Z EDH ST 7275, Raichle 5 (2001) 12
£V, default mode network & L CTHE&ZA L S 7z,
ZD%, EEIREBIZBWT, AH L ~L THE
DEBAL S TR L CHEEBOILE A v b T — 71
ERML TV RBRDPBE SN, ZORES
DB [R5 & L2 oMk o F %
[ resting state networks (RSNs) | & IFUF, =k ht
BB & OB EMEDIRIZE N TV 5%, RSNIZAD
FRFR & AT 2 D MR O 72 DI DO PRFF L T % Bl
OHIETFT NV EFEHZL TS E VDL (Berkes
etal, 2011), EEOREGE) LITE)Z GO DT 5
72O Ay b =7 OREZFHET 5 2 & HTEE
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tive) [ZIBIRT 5 Z L 2 1RE L 354 (Rizzolatti &
Sinigaglia, 2010) o Z3LIZxF L CTHEE I, FH&7EM
AHEE LTCHHT AR E STEY, -
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&%,

2 {44 [6] 5 FHill 1X,  hyperscanning fMRI & L C
Montague 5 (2002) 12X D AFIIAYICBHE SN TE
7ehs, FIREE TS — 2% A LHESER % #k-> T
BY, MBEAGPOSETLIHBEE I I 2 =7 —
YavEEER VY I AEORERHINE, ke
DR LIY AT A0 &Y TH 5 (Saito et al.,
2010)0 AT AT A0, AR O R AT AN G B % Ot
9 5 BTG %, FERIAIIEF A — 5 —, 22
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FHIIC & 2 S IR EE 2 &, Sk
R S 2 p el s 27 4, 2 LIt FHl
RO 2 EEOETHA, #E, EErLoaIa
== a MEHEMAT A IPRES X T L5 S
WS AL, BT T OMRRINE) & Ry T — % & L
THLY LT, 2 AR o #7168l o [R] IR T %
T EMHRE, ZOZLIZLY, EBEO

HNIEE T VIZ X % BMOFT 2% . Jeannerod (2006) 1220 <,

S EAEH DS 2 - T A BEOMIREGE) % 51
IR D Z LS REL %2 5o

4. FEFEMEMEIILZF—3>D
AR AR

FSFEENHII I 2= — 2 3 Y OMEREY
PRDICHT2Y, FEEBRIIBIT 2FEREE) D17
BIEEAERETL I EIIARTH D FFIERIC
9 % DA VBRI (Meltzoff & Moore, 1977)
THY, HEEBRIZEEORIA»SHET LS
EERRLTWL ZENnDL, ZORIZHBET 244
AR LE R0 L [ 2 E O TE A D S & 72 o
TWLZ e FHINS,

41 BEMERICH T ITANBHEABET IV
I I 22— 3 vy, HTEOWNEIRREIZ
WL TEEERIZZ) ETAMEEATHL T
57 61X, hEOEK % IEFMIZFEA L (Brothers,
1990) ZHUC & Wi DITE % Fill L THCOTT
R RET LI EPLETH L, BXICIE, 174
W2, A ERETALOTH ) ITANER
&, FAIENDD B [THDOHFITIE, FHES)
& FOHBEBOEMICE D TV BITAN
BB, TNHFRBEHEZREZ S, $72, 2
NETOSDbETAEICH LT, SOHICHREER
ZRAITTHEAENADH S (Searle, 1983 5 K1),
AT WAREREIZ B W TUE, EEIRIE O T TV
WO ITBNEIDOEFTIVPIRIBENT VS
(Wolpert et al., 2003) o Bl HATANERIL, EEHF
FOBERFEROTH OHEETIV) &, BEARE
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M2 Sasakietal. (2012) 232 < BB fie 8,
F, forward model; I, inverse model; IFG, inferior frontal
gyrus; MTG, middle temporal gyrus.

%o BUOHEFIREN L AME D72 A1 123E
TVERRHLI)DETLETVICED L, IR
PO E T CHE NS AEEMUIIEE 7V
EWETUDEREIEBA L Tna 2 L2k hiES
LI EDTHEEINS, NIBW X TR
MIBHEE & I IERGERS L Twab 2k, dhi
mirror neuron system ZJEH, L TV 5 2 &2 EE L
T, %K% (Sasaki et al., 2012) (%, FPIBEEE )
5T REHZEAO F I Z 2Ok A (effective con-
nectivity) A%%€ 7V, NEITHZED S R HITHEEA
O effective connectivity DS NHE 7V 2 KR T 5 2
Ex L, BREEMMRIERZ4T- 72, 2440
BEBRE S, MED 2 ODOR— NV ELFECTHERS
&5 0% BIEE L E OO RRHEE O x Ml
TLMEER L2, TOM, HEBEAE D 2OD
RV EFETSIEL SV FNEEREL
720 G LEOFERNA S, fiE ofhFEsh %
BIHI LX) HEEBORZ 25 Z &AL
72 TOBE, PABEREA S T RIBEIENO F %%
FokE A (effective connectivity) (Z¥85E L, —F
WERE DR =V 2 HFEICERA Lz e nb,
WET VAT 5 EEZ bz, — 7 NHIsHEE
25 2 b R HIBHEE A O effective connectivity 1&
DHNy =B LDL, HET VG T S E#H
Z 517 (Sasaki et al., 2012), 2 F Y HEIELKD
FFEFEMEL T T 2 ERT 5 MTG » 5 IFG |12
M2 G THH T EDHB L (1M2),

42 HERFEBETAAL R T MOMMZEE
HENEZ &L, 2WADLD Wik~ iFEE % 3t

BETAHLZETHY, TAa25 7 bHholaE b,
TAary s N MEFER) IHEITI =7 —
Ta VIV TEREREH A, F 730 FEEE
DFEZERRTODEEZ LN T L, WEHEE
LA Teo~127r AZAICHEIL, iAo
BHEEFEST 8D (LOMER) OB THD,
SESEORRE B SN, SHIZZOXRIMEHA
BASE ORI E & I Tw b (Corkum & Moore,
1998 ; Mundy et al., 1986, 2009) .

EEEFEOMREE IOV TR BITHEL H
Bo EER JA) 121X, FNEHET L UA L
MHTPEOBRBIZIST A RIADD L5, TNLHD
MRRILBE ORI OV TCITFER DD L E ZATH
%o Williams 5 (2005) &, RRIZx$ 2EED
WAL - 7 E AT - 72 LFEEBESRT ORI
&, BEIT L AR E T NS — S H TBW T A
ISR S 7ze — 7 CIRMER S ORRIC
IREEN T A s 7Ny — OB ENE—E L
WV E D IRIE ST\ o, BRI SR % 8
BT 5 L)k BNz, HEEERMEISHIET S
i 375 358 A7 1 | T K Bl T @ o 725 Laube et al.
(2011) 1345 TR & A HGSRIR AT, RIA O
DI b B A OIRICFIE L T b
& %R L7z Redecay 5 (2010, 2012) (%, =&
TRFEEE L ZTT5WEZ HWT, UA & RIA
DG B O FLF 2 #ET L 720 RIA TIEIEHEIAE
RUBARTERAS, 1A CIZBRTRM I & w88 | A5G &)
T5ZERR LT, UA & RIA BRI T
&, WRINRIETEERTE, ABERIEER, 7% 5 NTH
B LMBEE ICH SNz, —F, N—=F ¥ V)T
) 7 4 % A 72 BHER) MRI 925% T, Schilbach 5
(2010) 1% DA (ZHFEL 1Y 20 16 B 2 10 100 210 4% 4 1
12, RIA RS0 70 15 B) 2 JE A0 P00 A7 B iy 7 1 32
D72,

Db Z e AL FENEEOMRERARIZ O W T,
RIZEFNI o FFITEARBOME/EHTH %
[ ] ORI Z S 2T 5720120, 21
RO ARG %[RRI ZFUERRIT 95 2 & ST
H BN, EATHIZE I LERFHIIIC RS DT
Holze ZIT, 2BDMRI % H VT 2l AK O
AHEAEH O REIGE) & R ICERl 5 5 2 A7
LAERSELC, HFEEEETA I8 7 MEOH
FAEEh 2 5HI L 72 (Koike et al., 2016 ; Saito et al.,
2010 ; Tanabe et al., 2012) -
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X3 Koike et al. (2016) (ZF&-0 < SERETVEZF BB X 0 58 S NAIFE L 72 M6 04 A Aok 17 39 o0 1 5 6 %o F, forward
model; I, inverse model; IFG, inferior frontal gyrus; MTG, middle temporal gyrus.

MR (RooA ) &HEFIC, 46
FERERICHEBEORL YY) 2479 b D TH o
7oo ETORENFEREMAEREE 2, E7 VI
L DMLY B 7238220 R & F VT ZE Ol R
F7—% DR 7 e VEOHBEEZR -2 25, f
TREARNZBWTART (FEFHIL722=8%) Ok
T (FERFHIL TwARwn3) b L4
DENZ ENGhoTze 2O EIEZ OMHEEAH
HEFEHL TV RBOEROXGICHEE L TnwE 2
LERTOLDOTH S (Saitoetal, 2010)

ZOERRE HHIEAXZ M54 (ASD) B#&
EIEFEORTIZHEMA LT, FAEOFHIEIT-> 72
EZAH, ASDOMTFZE LIEFEEIL LEFEED
MT% LAEFEHEIZ6RT, REEEREO K
B EN o572, ASD-IEHHERT T, IEHH-
EHHERTTHRSN, AT RIEE T o E 4
IR AL LT\, I O & A5 _EHIEEE
DOFERENFE AL, ASDOMT-% L72IEHEHTO
AMETLTEY, ZOmBEIEIL R IR E O R
CEMB LT, 202 bk, RENEE O BE
X, 74387 MERA LM FBEIC SRS
5L Z L &RIET S (Tanabe etal, 2012)

LFEENED L) ICHEEOLEEZERT L0
», FLCEELAORBEIEAET 20 %ML T
H72002, 2 HICH 2 2 RIR R EHIAERE Y MRI
FEER AT o720 1 HEIRT &7 o 7 WERE 1358
FTRODEVDREIT, FO%I IR
#iTo72 2HHICRDOEVEFUITT- 72, B
EOMAIEEXFOMTHEELEZOND

(Nakano & Kitazawa, 2010) %%, JL[FE:ERE X
WX ORI, fHELEZRIEIR > T
WL EPHB L, COBEoORFIE, 2HEH
DREDODEVOBIZHEALTBY), 1THHOR
DOEYD S OFFIOMREE A\ L, AT RiEE
ORI DM S LA L C\Wize —HT, £
TRIEIEO A M oM S 1%, mri o0& FEEE
R OB & OFRFARRE L HBE L Tniz, 2hd
DOREFIE, EEIA AT A 2 AR
fKoTHEL - GESN, BALVISETTE R
WHRTHDLZEDPHOENI ko7, DF 0, H
FEEB ORI R A, 2 MAEOHEIEHIZ L %
R L) R R AR R 2 BB R O MR IR T
HHIlx, MOTHEIZLZLDTHS (Koike
etal., 2016),

&5 (R IE B o R R R BB TR o0 B, & 7= 4
THEIBEEZE L, DA, RIADOWTNRTHRIFILI T
W7o A5 T RITEHZE AT I BHZE & 3412 mirror neuron
system X L TWAHZ L2 EETHE, HTHI
BE 3E o0 1 I B 0 AR R R B 6, MTG 20 &
IFG |21 7-FhEiG & (Sasaki et al., 2012) (2 & D
KREINDWETNPFEIZL o TG S I72HE
WEEZDLZENHRL, EBMTG & IFG O
PRPIBEREAS G XL E R ERE R IR L, 2ok
SREEL, TFG O i [ B i B & B 9 %o
DB s, FENEEIC & 558 L v ) 2 R 4
FNY 7% AIFEBG 1L, mirror neuron system & /1 L 72
bOTHLZEPHBHLE (K3),
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5 8H1IC

51 #ZEENFEDEREICEIT

RIS BIRRAS & O ISEOHIRIL, (LB
BT NORERL & BFEEZ 2o T %o Ttk REEI{5
FE, eV BEfRSEte LTz 5281
L0, CHETVORR L BEECFS T 5. EE
GHETIVIE, & 5.0 (%5 I 2
TH)) BT 572010 E N 525, 2000
RIS T A &2 S 3 72 B A HWCET
VIR REE 2 B0 Z OB, ZORitEEIZ B
LD FEMOM#EFHT 52 DTS
bo ZORT, MibkERMIGEEZ, BITEE K% AR
DERE LoD D B FHAFIBOFERE, AH D5
FELOHEICHE DT 57200 IR T b FE
B, FREEDY MRI % W C, #H&RET) O 5 EATE)
BEOMBEEBSHAL 2R 2OoH 5 GER,
2010)o LA L7255, AMotSfreig, Ak
HMOMEFEHICEAbDTHY), ZOMELSEH T
DOFHEIGE) % MR SRR RNT 3 2 2 &%, AH
DOFZRET O MBI LN L 72D IZIZNETH
5o K CTHIELIZEBY, 2HBDMRI & w7z
hyperscanning fMRI |2 & - “C, BIEERY 72 A5 a4
I3 2= =3 Y OMRERE R 2305
HE& 72 ) DD & %, Hyperscanning fMRI T/R & 41
AR H O SRR X, hE & ORRMEICBIT S
2R DRI A v T — 7 ORI SR & 44
RENBBOMGENEERET200THY, 4tk
[Z2a] oMEERICT T —F357-00%
ERFERERD D B, BHEISRRZAHEFRAOE
PR TH L EMNAM L OBRTIE, 1TANE
[%] ¥E#% 1% mirror neuron network, B & 3P fE X
mentalizing network 73K 4 O ffifE A & g S
LS, REIIa=r—a iZhrsInso
WHEOHEER LT 52 LY OE
LEZbND,

2 BEEII1Zh—-Ya ~ORRBEICH

B 7= UIcEv, ETERE (RRICk
7)) BRI OF BRI B A 2 W EE & Bk
HEE o TWVDED, ZO¥EEAHZ X LA
DR\, B TR Loz izida
2= = a UGB A HEERAEET
HHEZEPMENTWE, — T, Sidfia3 =

== a rEEUHKIFENPMME L Db
GVOPRTAIZENIZIGET 5 2 L1, i & o
HAERH BERICH SR8 % S 5 NTER 22 B
BIDHIET 2 2 L2 RIE LTV 5, HAEIO
BB B D X B ERE T O 4 R & AT
THILIED, N EREHASNFEZL LD LE
BHL PR b EEHIZ, TOFEME NAEIZ
T 2L ICL ) ESHEME A IGE LS
B0 [RUAHMAMELD & [HEEME] 12X o TREAHT
SNAMET I 2= — 3 a ¥ OFREIE O HiE
MRS 2ICT B 720120, HAEFHLTWS
2R % R ICBISE - fEiT 35 2 L12& D, 218
PRI EAER & L COMEBIEDLHN, AR
FHETIWVEERT S 2 EDRLETHY, hyper-
scanning fMRI % H V> 72 5208k & BGEHEEE 2 P17 L
THEDDLUENHH )

5.3 FEMHIRIES & DIEE

REHE 2 O — 338 T & & Rirm Bl 1L, b A3
RO, BREMED [HW7Z] OFL shTn
%o HOHFTEDEARNHIETH LA LT L
IIRREIIEE L LCRCEDLZEIZEY, M
FEME GO LN A EmomiE Y
TENEBOHEN 2 FEICE | 2 FE 570, BRE
& b 5H N 5D, Hyperscanning fMRI 12 & - THE
HESNDHEBEOREEOHMIE, [H\72]
[ HWIE] 25 LoTwAEYFHEMEEIHS
PIZT B ETH Do FFHIRILF I & OXEE -
WA BB S Z LX), "HE
LZD [H\W72] OWEREE,» S OHR = H
feLoo, % - By - SRRty k3 %
(A AHRY] 2 BET 22 LD THEIC R 5,

54 HEERANDODRZE

BRI BT LHENS C1x, AEORHL
MEITENCEE L CB Y, ToBIcize &
ETNVEE T2 ROBFEDSAT K TH Y,
DZFDIEFENLEIN TN L, HE L MMEHEDH
fR&ZE L OOfTE) % e L T S A 2R
NOEFEEBREL, @R T, EEE L X
WV, FEEREE L NV BTEIL XV ET—EH LT
WAL L CHFT 22 L1k, HEEZIZLD
&I AHARNEEOIREMIIE S 5 2 L8
¥2, ZORPEEMSZITHAT A-0121F, AT

— 280 —



SEN% © We-mode neuroscience (2 [A)1F T

DOWEEY AT 2 & L TORED R — Mg & Ak
ENINELES A p R N G IR B 3 0 0 o A g
ETL00EMmEERT S EHVEETH 5,
AT LD, BT O 2 SRS X A 1E
WAL, LT, S b 21 X B EITRERCH S
BEE OB R BALD T, ADBAREAET 5 e

CARPE R Y RET A 2 L 2R A A
THREDPEFEENL, b FOEEIIONT,
ZOWE L~ DR S NERITTEI L SOV
W DA RERZ Bg L, GBS R
PR, mhRERbAE, RAE, fE, LA
EEHYDPS I a— RV EET, A
IR B BRI R e OHEREATRC EE N B,

B

RWFFED —E0IL, SCHRRF A R ZE a3 A 7
U772 E)FEMINHED : [HEWTE %=X 2
BB OFH - LM OS] B L OHAREMR
BRI B S (FEAEIFE (S) 21220005, (A)
15H01846) DEFETH 5o

X 8

Berkes, P., Orban, G., Lengyel, M., & Fiser, J. (2011). Spon-
taneous cortical activity reveals hallmarks of an optimal
internal model of the environment. Science, 331, 83-87.

Biswal, B., Yetkin, F. Z., Haughton, V.M., & Hyde, J. S.
(1995). Functional connectivity in the motor cortex of
resting human brain using echo-planar MRI. Magn
Reson Med, 34, 537-541.

Boynton, G. M., Engel, S. A., Glover, G. H., & Heeger, D.J.
(1996). Linear systems analysis of functional magnetic
resonance imaging in human V1. J Neurosci, 16, 4207—
4221.

Brothers, L. (1990). The social brain: A project for integrat-
ing primate behaviour and neurophysiology in a new
domain. Concepts in Neurosci, 1,27-51.

Cohen, L. G., Celnik, P., Pascual-Leone, A., Corwell, B.,
Falz, L., Dambrosia, J., Honda, M., Sadato, N., Gerloff,
C., Catala, M. D., & Hallett, M. (1997). Functional rele-
vance of cross-modal plasticity in blind humans. Nature,
389, 180-183.

Corkum, V., & Moore, C. (1998). The origins of joint visual
attention in infants. Dev Psychol, 34, 28-38.

Donders, F. C. (1969). On the speed of mental processes.
Acta Psychol, 30, 412—431.

Frith, C. D., & Frith, U. (2006). The neural basis of mentalizing.
Neuron, 50, 531-534.

Jeannerod, M. (2006). Motor cognition. What actions tell the

self. Oxford: Oxford University Press.

Keysers, C., & Gazzola, V. (2007). Integrating simulation
and theory of mind: From self to social cognition.
Trends Cogn Sci, 11, 194-196.

Koike, T., Tanabe, H. C., Okazaki, S., Nakagawa, E., Sasaki,
A.T., Shimada, K., Sugawara, S. K., Takahashi, H. K.,
Yoshihara, K., Bosch-Bayard, J., & Sadato, N. (2016).
Neural substrates of shared attention as social memory:
A hyperscanning functional magnetic resonance imaging
study. Neuroimage, 125,401-412.

fGiff 12 (2006) DEDVEEDIDLEVH) T E A
ERLEMEER I 4T 7EE.

Laube, 1., Kamphuis, S., Dicke, P. W., & Thier, P. (2011).
Cortical processing of head- and eye-gaze cues guiding
joint social attention. Neuroimage, 54, 1643—-1653.

Lauterbur, P. C. (1973). Image formation by induced local
interaction: Examples employing nuclear magnetic reso-
nance. Nature, 243, 190—191.

Llinas, R. (2001). I of the Vortex: From Neurons to Self.
Cambridge, MA: MIT press.

Meltzoff, A.N., & Moore, M. K. (1977). Imitation of facial
and manual gestures by human neonates. Science, 198,
75-78.

Montague, P. (2002). Hyperscanning: Simultaneous fMRI
during linked social interactions. Neuroimage, 16, 1159—
1164.

Mundy, P., Sigman, M., Ungerer, J., & Sherman, T. (1986).
Defining the social deficits of autism: The contribution
of non-verbal communication measures. J Child Psychol
Psychiatry, 27, 657-669.

Mundy, P., Sullivan, L., & Mastergeorge, A. M. (2009). A
parallel and distributed processing model of joint atten-
tion, social-cognition and autism. Autism Res, 2, 2-21.

Nakano, T., & Kitazawa, S. (2010). Eyeblink entrainment at
breakpoints of speech. Exp Brain Res, 205, 577-581.

Ogawa, S., & Lee, T. M. (1990). Magnetic resonance imaging
of blood vessels at high fields: In vivo and in vitro meas-
urements and image simulation. Magn Reson Med, 16,
9-18.

Pauling, L., & Coryell, C. (1936). The magnetic properties of
and structure of hemoglobin, oxyhemoglobin and car-
bonmonoxyhemoglobin. Proc Natl Acad Sci U S 4, 22,
210-216.

Raichle, M. E., MacLeod, A. M., Snyder, A.Z., Powers, W.J.,
Gusnard, D. A., & Shulman, G. L. (2001). A default
mode of brain function. Proc Nat Acad Sci U S A4, 98,
676-682.

Redcay, E., Dodell-Feder, D., Pearrow, M. J., Mavros, P.L.,
Kleiner, M., Gabrieli, J. D. E., & Saxe, R. (2010). Live
face-to-face interaction during fMRI: A new tool for
social cognitive neuroscience. Neuroimage, 50, 1639—
1647.

— 281 —



LR

Redcay, E., Kleiner, M., & Saxe, R. (2012). Look at this: The
neural correlates of initiating and responding to bids for
joint attention. Front Hum Neurosci, 6, 169.

Rizzolatti, G., & Sinigaglia, C. (2010). The functional role of
the parieto-frontal mirror circuit: Interpretations and
misinterpretations. Nat Rev Neurosci, 11,264-274.

TERERLGL (2010) L2318 T) O 56 5% AR — b n o 15 05
W2EB7 70 —F— BNEIEE 42, 185-190.

Saito, D. N., Tanabe, H. C., Izuma, K., Hayashi, M. J.,
Morito, Y., Komeda, H., Uchiyama, H., Kosaka, H.,
Okazawa, H., Fujibayashi, Y., & Sadato, N. (2010).
“Stay tuned”: Inter-individual neural synchronization
during mutual gaze and joint attention. Front Integr
Neurosci, 4, 127.

Sasaki, A.T., Kochiyama, T., Sugiura, M., Tanabe, H.C., &
Sadato, N. (2012). Neural networks for action represen-
tation: A functional magnetic-resonance imaging and
dynamic causal modeling study. Front Hum Neurosci, 6,
236.

Schilbach, L., Wilms, M., Eickhoff, S. B., Romanzetti, S.,
Tepest, R., Bente, G., Shah, N.J., Fink, G.R., & Vogeley,
K. (2010). Minds made for sharing: Initiating joint
attention recruits. J Cogn Neurosci, 22,2702-2715.

Schilbach, L., Timmermans, B., Reddy, V., Costall, A.,
Bente, G., Schlicht, T., & Vogeley, K. (2013). Toward a
second-person neuroscience. Behav Brain Sci, 36, 393—
414.

Vol. 59, No. 3

Searle, J. R. (1983). Intentionality. An essay in the philoso-
phy of mind. Cambridge: Cambridge University Press.

Tanabe, H. C., Kosaka, H., Saito, D.N., Koike, T., Hayashi,
M. ]., Izuma, K., Komeda, H., Ishitobi, M., Omori, M.,
Munesue, T., Okazawa, H., Wada, Y., & Sadato, N.
(2012). Hard to “tune in”: Neural mechanisms of live
face-to-face interaction with high-functioning autistic
spectrum disorder. Front Hum Neurosci, 6, 268.

Toyoda, H., Kashikura, K., Okada, T., Nakashita, S., Honda,
M., Yonekura, Y., Kawaguchi, H., Maki, A., & Sadato,
N. (2008). Source of nonlinearity of the BOLD response
revealed by simultaneous fMRI and NIRS. Neuroimage,
39,997-1013.

Trevarthen, C. (1979) Communication and cooperation in
early infancy: A description of primary intersubjectivity.
In: M. Bullowa (Ed.), Before speech the beginning of
interpersonal communication (pp.321-347). Cambridge:
Cambridge University Press.

Williams, J. H. G., Waiter, G.D., Perra, O., Perrett, D. 1., &
Whiten, A. (2005). An fMRI study of joint attention
experience. Neuroimage, 25, 133—140.

Wolpert, D. M., Doya, K., & Kawato, M. (2003). A unifying
computational framework for motor control and social
interaction. Phil Trans R Soc L B, 358, 593-602.

—2016.8.28 ¥ —

— 282 —



