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BRI ISR 2 A BT E R ARG S ARG 3, I 20 WG SR B K S AT 8 bRl i G R ikt 2
Q=) 1101 B " 2l i W A2 B £ 1 L0 A e ) S0 o KO 8 Bl ot = Y L e I P AR (o et e
wgtiic, Zlmst s mahERIE S FEMR ST BAEPRE =R R ESTE, JEME TR EARTIR AR R

K HASE R S 5 N e
MaEd AR REESEL wzgkRid

Fo B R NSRS ] s B 2 R Ay, %t
HAT J5 ph SR W0 A 1 ST AR R 5
B OGER S LR, FESsASIR &Rt
RO C AT — RAVBER, AN 5T 2 B A T
4 X (temporo-parietal junction, TPJ) 5 PN fil] Aif % i
JZ J5t (medial prefrontal cortex, MPFC) f) 1% i /K ¥ 5
DS A A E S S S T 3 B A
2% (van Overwalle, 2009), %14 #1 4 7€ & 4 (mirror
neuron system, MNS) WA A 71 52 At B AR Sh 4 1)
fift i (Hari & Kujala, 2009), F5807 . 155 HfE
o PR I 5 AR A R T e SR A (e,
HRER, MEERE, 2009). SRMI, HTHEIHZA
Z 5 BIAT, 58 OGS R B3 3 Y
T IeExt 2 NSl rb (i B AL A8 4 TR A B fi
1% (Hasson, Ghazanfar, Galantucci, Garrod, & Keysers,
2012; Koike, Tanabe, & Sadato, 2015), Afi#HiX—[r]
A, EEREOR DB A

2
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I P A N 30 4B T 2
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)20 ST IR G R, fmntt s B sk
(kB . Montague 55 (2002) 1 VK HEH: T HiHE
&, WM S MR 3 A [ B 1 S P 24 R 7
Fe[m] S8 U G A ARG 3, LAAR R AT A 1
Bl Beis, —FR 5T HE (EEG) (Babiloni et
al,, 2006). YIREMEILLL AR (INIRS) (Funane et al.,
2011) LA Kt ] (MEG) S5 AR 48 R i BOR
Doy Bl (1) o BT iFL 2 B L
IR E AR RIE: (1) BdER&EZEm, R
W4k 2 3 A1 [F) B BORE [ — B 0 e 4 2 N3
EelRIm R 2 AR5 17 0% (2) Bdla i
JET, AN G NN 3 B A 5 — A AR 3% 5l
1717 R A3 M DR R P 22 44 A B0 T ) 455 8 ] 20
(interpersonal neural synchronization, INS). i [H]
i 2l [) 2 P8 A AR AR ] I 5 5 0 AH D P ke 1
PE, AITEAMAEE SR, P, EEMEOR
3 LIE sk 2 N2 B gl vb i i Rl ) A G )
WA AR tr A R FIRE SR, &
W RS
2.2 BT

2002 AFLIA, BN S BLIVR Y A R
P hyperscanning 55 & JCH#1A], 7F Web of Science 5
Bl e AR 150 R ARIRSC (B 2A) o T8
AR FB I, EEG. INIRS. fMRI 55 MEG & %€
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e (A) EEG #HEHIHA Mu, Guo & Han, 2016); ( B) IMRI #BF1iH A (Montague, et al., 2002); (€ ) INIRS B A (Hu, et al,, 2017); (D)

MEG #HH AR (Hirata et al., 2014),

MFBEHEF5E (K 2B) . EEG HA W 455
. A BAE . RRASSEIL S, TEZ R oA
T, H3AR ) 25 (8] 43 $% % (Hari, Henriksson,
Malinen, & Parkkonen, 2015) {5 H:JC K5 B 52 12 i e,
T R R, XE LA AR i 1] 3 [ 25 A Y
fift 200 MR SR Rl T A 4 R
23 A4 B, (LR e 1 AR B i s A g Bk
SHEZ AR I ARG TIZHEAREEZ IR T
i i (Liu & Pelowski, 2014b), fNIRS 7 4 # i ¥F
r— LB A G s, )7 e AR AR
T T I0 s KMk B JZ 16 3l (e LARE I LA 2
TG S R S A IESY (Scholkmann, Holper, Wolf, &
Wolf, 2013). MEG 3 A [m] Bef H 2858 55 1) 25 8] 43 ¢
2 55 [|] 43 ¥% 2 (Hari & Salmelin, 2012), T-iE4E
IS EEG [A] iR T B9 i i (Ahn et
al., 2018). ILAh, AR HY B0 T 28 i 52 I H
(tACS) #B it 58 (Novembre, Knoblich, Dunne, &
Keller, 2017; Szymanski, Miiller, Brick, Von Oertzen,
& Lindenberger, 2017; Varlet, Wade, Novembre, &
Keller, 2017), #if& 1 BUATHESR T 4k 2 5. 3l i L il
AT .

UTAEE, AR R, A 2R
HARFE . kS5 2ere, it a4
PRS2 AL S S S N TEDLIIESE . A SOk
(G shRIEE bR AT, XTBUAE BRI A T
S H LI T 7RSS R, TR R
FEBEIAT T HiE

FRFHE

FHIPLEESF PSSP
FELSELFL LSS I

tACS 0.9%

MEG 4.5% |

fNIRS 25.5%

MEG & EEG 2.7%

EEG 47.2%

2 2001-2017
A B

B LR B % Web of Science, BIOSIS Citation Index,
MEDLINE, Inspec, KCI, Russian Science Citation Index, Pubmed,
SciELO Citation Index, PsycINFO, PsycARTICLES, Psychology and
Behavioral Sciences Collection; S HR 1% 2% fifr JT] ¢ 4t 1] « hyperscanning,
inter—brain coherence, inter—brain connectivity, inter—brain correlation,

inter—brain synchronization, interpersonal brain synchronization

3

T IL R T TR RS B h 24
AN Sh SRR, WHZE S 2R B Bt
AT I OB SRR AR, AL
PEIHs CA BRI 0 g LU R =R (R 1) -
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a. WRIBA Sz 82t m 5 2B
PR AR A RTE AT AR R AT: 55 15 08 i 0% sl 1
55 WNEZ RafE (it 5540 ) (Dumas, Nadel,
Soussignan, Martinerie, & Garnero, 2010) ol % 4T 55

({#7Z% (Lindenberger, Li, Gruber, & Muller, 2009),
IH (Osaka et al., 2015) ) , AP Saf UF B AL 58
A FNPR =m0 YEe, POk EAfEEES B
RSB 3B

b. WRGBEB SN T2t 555 %k
WY B TER R AR 5 22 i h ey ki % 3, ik
DL 1 (Spiegelhalder et al., 2014), 475 (Stolk et al.,
2014). % 1% (Anders, Heinzle, Weiskopf, Ethofer, &
Haynes, 2011), HE#f (Cavallo et al., 2015) %577 =418
JEHFEARSIEA

c. REEGEHICRIZ MM S T8, IR
WRERASEIPRMEER ., SIPLS ORI
KNI BT . INBSAMATE “BE” 5 “mE”
ANFMESS HFR T BTG 225 5 (Cui, Bryant, & Reiss,
2012; Funane et al., 2011), sXZHRRAESH “AE”
BOCERT L EAET BT R B AKBLE] (Chiu
et al., 2008; De Vico Fallani et al., 2010),

3.1 BN S EE a2 T AL

Dumas 45 (2010) T X F ] EEG #4713 £ R 4R
RAEZNAVER D B I BL], A 30> PR A4
e ey, Hgh A —BorE 5 A 0 T R mu,
beta 5 gamma J31 BZ i HL {5 5 (1 [F] 20 IE A5G, Yun,
Watanabe A1 Shimojo %5 (2012) 5 i INIRS #4714

1
T O Tt
T S R L T
B AR T 2 4% AT Iy KB 2 WEFBES
3 SRR 5 R 2 R R 3 %G AT
S | S 1k T
fFRAEESNTEE 2 A L] 2 MR, T AR
| A 24 L | B ST S
B R T 2 Bl SIS 2 IR 5 AT

3 B S A AT AL

3 BTPSIITS

K, AR T AN — R B EE55 ),

HAERIE K S5%F B, mrdnasE . 555
Jiki (B35 s [0 AR 204w . Sadh, Rlalis shfm) 20 ]
SR Z2F AT 55 1 B BE AR & (Filho et al., 2016)
AR T B A W A 2 B (Kawasaki, Yamada,
Ushiku, Miyauchi, & Yamaguchi, 2013), MEG # 1
T 5 ) e I ) B J2 46 DI ) i (1) 355 20y ] 2
5 F- 4 [m] A F2 B 1EAH G (Zhdanov et al., 2015; Zhou,
Bourguignon, Parkkonen, & Hari, 2016), L) [ #F551
2 B (8] 3% B W) 20 5 ShVE —Zvk el iy OCHk, ik
— RV [ A R AR OC &R, Szymanski 55 (2017)
TFIE T tACS BT ST : W48 pl il [l 4552 7 15
tACS BEAF T A7 M5 A A T it 45 5 0%, JF
PRSI R 5 Xy s AL AR R T 2, AN
[ SEge 24, Bk fs 5 s ———3
5% (B sHz BHEAEG )  E—BUES (4351
4 5Hz 5 THz, FARIANFE]) KA GRS T RS
o GiREM, —BHIE-BUETEMT, wlah
VE R B AR i 25 A 30 P, iR AEN
BLIFZE R B, AMARTEREIR tACS il 1 iy 22
SR F B BUF 5 ARG A SRR R AL

Varlet 55 (2017) BRSS9 44 Bl ik [m] ) 432 32 9] 4
1850 K )2 R Y tACS JilEL, & IR IRII 4552 10HZ
Y5 20Hz WA 5 I K 52 i 1 3 1 2l A ] 20 72
1Mi Novembre %5 (2017) W & B X A2 #) 2% iz 2 iz )2
20Hz T 1Y tACS [FIARA IR T 1 8 gh VR 1540
AIRIAERERE , IR R A A S 1S 1 1 s
2. T Bl tACS B R E AR, 1708
(] 25 5 Jii (E) 55 3 ] 20 1 DR R A D3B8 o A A H — e
W, MERRBNEAF 5 1B 5 ik X oA 3 E
[FAD 2 M BRI T2 AR IS 1 HE
BRUCLASE, & SR AT 22 5 A5 o) — R DL
[F2PAES5 B SR EEG Hif3#i+R, Lindenberger
55 (2009) A BLT AT 1) A 22 i H AT theta 37 B2
B LR ] TG B [ 2, BRI S & ZE P —
MR EM, BT EEG BAMMIRE Bx, &%
AT M T HL(E 5 theta F1 delta 45 B fixi 8] 376 2l [
A 19 H 2 (Sanger, Miiller, & Lindenberger, 2012), i
alpha H5UBC 4 AR [E]3% Sl [R) A0 00 S e 15 23 v i i et
MY (Babiloni et al., 2012) FIHITRILZFEREF (Novembre,
Sammler, & Keller, 2016). fNIRS #474#ififf 5 | 2% 1
AT A [ 3% 20 [ 20 g 4 Tt R /MR B 5 22
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(Balardin et al., 2017), & M (Osaka et al., 2015) 5
¥4 (Duan et al., 2015) H7,

28 LTk, B A 45T (Schippers, Roebroeck,
Renken, Nanetti, & Keysers, 2010), J& ¥ iz g X
(Zhdanov et al., 2015) . Fi&iM5 4 MIER i (Balardin
et al., 2017) 7¢I BH 5 19 i (6035 B0 [R5 AE 4t 2 B 8)
MBS SN2 R FE TIGERVEH . 45— S aifEAT:
SRR S K S At AT R A R S BRI RE (Liv &
Pelowski, 2014a), AHICHFSE A I TC B IRTEIE T ik al
() BIAE [R5 [RIRE R B S 2 A I (B) 35 3l [R5 (Yun et
al,, 2012), FMASHVE—ZPE S IS 20 [ 20 A7 72 2%
PIPS:

3.2 fFBMLB SN T2 w2 5 sh i HLS

K IMRUBHFEH AR, Spiegelhalder 55 (2014)
T 5 — M A T, DIRRFIERL
TR REAILE], & B T R R OGN X5 i
{14 T 5 21 e AH G i DX A7 B [0 B [R] 20 IS Y
EEG M4 57 [RIFF & 30 5 3 28 U v o S0t -
TOT I 25 [X 35 119 S 3 i (8] 355 2 [W] 2 (Pérez, Carreiras,
& Dudabeitia, 2017; Tadi¢, Andjelkovi¢, Boshkoska, &
Levnaji¢, 2016), UL4h, HEF 167k 4 % (Jiang et al.,
2012) 74 38 74 18] 19 5% %% & & (Kinreich, Djalovski,
Kraus, Louzoun, & Feldman, 2017) L2550 5 152
W e B R12E . LA & i s B T i se it
T, G0 H Ot (Saito et al., 2010) . HR¥HAZI (Cavallo
et al., 2015; Hirsch, Zhang, Noah, & Ono, 2017; Leong
et al,, 2017), THIFPERIEZCUT (Anders et al,, 2011), £F
FACT (Stolk et al., 2014) . FHAEI (Schippers et al.,
2010) HREIE A | W 1230 B2 A DX A AT
P2 EA A e o

FRMERI B8l — St B4 1 =
AKX = ANV B E s, = AT s/ M S
(Jiang et al.,, 2015)., JE P} 5 2 2 W AR[H] 5] (Tadic¢
et al,, 2016), PRALZ - th (1Yl A B 3 (Dikker et al.,
2017). £ A\ & 54T %5 (Babiloni et al., 2012; Duan et
al., 2015) 5k (Astolfi et al., 2010b) £, % W %[
B FE AT R e 2 N ESETE, andLlH
AR T] XA A S N HE T G 3 2 SRS S
# (Jiang et al., 2015), MEAAFIRHEE KNG L 2
H: 2 5 A (Dikker et al., 2017).

A B W il 1] 3% 20 [R) 20 7T e et 25 B g
M5 BACi SI0EIEIE, WAL 575 (Stephens,
Silbert, & Hasson, 2010) 5 E 5 18 A % (Jiang et al,,

2012) AFEMR o BN SR A B AL B Bl v A R T 3% 2
[ 25 s A T B H 8 2544 (Cui et al., 2012; Funane
et al., 2011; Kawasaki et al., 2013; Piva, Zhang, Noah,
Chang, & Hirsch, 2017; Tomlin et al., 2006), & B i
(] 97% 20 ] 20 B AT 2 g i Hh A Ak 2 R AR TR A5 R T
(Schoot, Hagoort, & Segaert, 2016), [fij E.5C H 8l X} %
[R5 B A H B AR

3.3 B4 5URZ At B ah kL]

Funane 55 (2011) i 7 FI] H ¥ BEAT: 55 B 585 1F
TR BIRALE . A5, PR BaENT B R IS
(ke U v S VAR K S s E =[] R v g m v
DIREE T 28, AT REI] IR, 2 Bt (R B i A
FAT N R . SRS, TS5
BT IR ROy [l A THe SR, Wk
[7] Bt H Bl (concurrent interactions) (Liu & Pelowski,
2014a), WF5E A BLG A T BT H 3K ] 355 2l
)26, HAT 55 UG 0 il 2R i 1) 16 3 ) 20 W 25 v
TR, RIT GRS S5 ) 8 R 20 1
FHG. Cui 55 (2012) AL EEL S AE55 T
BT (B 2h WD R TSRS, R
1155 B B 22 252 e Bk )3 2l [ 20 i .
IR, T A BRI S [R]20 A] S WG R T
S5t AMAMERIE S (Baker et al,, 2016; Cheng, Li, & Hu,
2015), SEHEMAEI5EZE R (Pan, Cheng, Zhang, Li,
& Hu, 2017) /=& (Mu et al., 2016) 5E2x U1 (Mu,
Han, & Gelfand, 2017) XA AR

i ml & Hl e aESw it 5 b, GESES
SR BT I (8195 3 R 26 (Liu et al., 2016; Liu,
Saito, & Oi, 2015): 1% J AT 55 h A~ 1 1 £ 1 38 it
AT sh e AL, B G il 5 5 (turn-based
interactions) (Liu & Pelowski, 2014a), Liu 4§ (2015) f)
BUSERAT 55 b, A e A e A i B R4
— AT AR R BRI RLE IR, 75— 441
RINFTAEAAE S 504 25 T 5 B sl BHAS A 128 0 A0
ERIE . S ARG AERSE G 550 N A S8 Y
By BRI G B[R]0 s (EAAESE S 55 0F T, AT
A F A% F A (Liu et al,, 2015). T K/t (Liu,
Saito, Lin, & Saito, 2017) #3437 4 21 BH I i &) 7 2/ 7]
A, RN BRI RIE— “B1F” 5 “5%
G Y AL R R Bl A AP R A

AR, —LERFFE A Bl 28 55 U SRAT: 55 3w ) 77
ShEA AT A VE ST IR (Astolfi et al., 2009; De Vico
Fallani et al., 2010), {5 1T 5 ¥ 9 (King-Casas, 2005;
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Tang et al., 2016; Zhang, Liu, Pelowski, & Yu, 2017) A
LA (Astolfi et al., 2015) SR ZONMIIGE, ANIAFERE
Z% (De Vico Fallani et al., 2010), |- X {#H 2% (Astolfi et
al., 2010a) BAFBIFE P, M TR=D—TrkE 8
B, A5k AR BRI A DK I
Fisi TG B[R] A

DL EWFSR R, fEA S H A RgE . Bk
GONAITIRe)Z T, A E)E 3[R AE AT s A sy H
b, BEISIERZS, $077 1l (King-Casas, 2005;
Tomlin et al., 2006)., & [l I 5 [X. (Jiang et al., 2015;
Piva et al., 2017; Tang et al., 2016). Fij % ' (Babiloni
et al., 2006; De Vico Fallani et al., 2010; Jahng, Kralik,
Hwang, & Jeong, 2017) & fixi X 7E LA LA HIaE # v &
B TEM B2 FUL MK AT S, AR
Fi A48 R T fE (van Overwalle, 2009), RJ A A H:
a5 [ s e T MR A S B TR T i — &R
SIEeAFYine, W ERT T OB SRR

4

4.1 B EL,

ZE LTI, ARSC R N B Sh [R5 nT AR ik
HHAES 5 S IE S & 2Rl 7F
FESARFA A AR B SR R T 5 o FHVE AT o
[, W RAARFEIE A M2 B MA 5 5l hg
FEAE R L OB S L], HTEanpLs A Tt —
R SR, Y AL ST EE R A AE
WARERR, REUE (1) 3RS SEERRER A M
TCEESBN AR FAESH B, (2) #h4
TR RS . AR PRI S LA S IR A I A
b, TFEEATTH - AR - MRS - s s
PG, (3) WIS TE, IS 5[
5t B AR R BT R SR SR
42 MRS

AR IR S AL S S AL T B
MR RIBF SN E 5 N TV RE , KA LA T O A A
B (1) FEATRE AL AR K R B [ 25 5 2
SRR (Holper et al., 2013), #(2#X4% (Dikker et al.,
2017), 22 5 (Dikker et al., 2017) %5 Z Fh#2%
P AHDG AR N AT S B RS SRR
. SIASTERRE.  (2) S AR STIREEE
VAL i (B9 20 [ 254 bs T DX ofa AR 5 il 2k
MG TS (Bilek et al., 2017) K = LAk E PHAE %
(Chiu et al., 2008), XJ#E2xThREGFE AL G BT L

FERCHAKMIFE A, (3) B TS B
H 7fj (Kawano, Majima, Maekawa, Katagiri, & Ishigame,
2016). 4S5 11Tl (Jiang et al., 2015; Venturella, Gatti,
Vanutelli, & Balconi, 2017) S0y EEE )5 577 L]
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The Brain-to-Brain Correlates of Social Interaction in the
Perspective of Hyperscanning Approach

Li Xianchun, Bei Litian, Yuan Di, Ding Yana, Feng Danyang
(School of Psychological and Cognitive Science, East China Normal University, Shanghai, 200062)

Abstract Hyperscanning approach is a type of neuroimaging technique. It refers to the measuring of neural activities simultaneously from two or
more agents involved in the same social interactions. Then inter-brain coupling (or interpersonal neural synchronization, INS) is analyzed and used
to explain brain-to-brain neural correlates of social interactions in the perspective of group level. During the past decade, hyperscanning approach
has become more and more popular, and has been a powerful approach to elucidate intrinsic property of higher cognition with social interactions in
condition of higher ecological validity, such as cooperation/competition, behavioral synchrony/imitation, interpersonal communication and economic
decision-makings, etc. In this paper, we first review and summarize the previous hyperscanning studies over the past decade, which are followed by
limitations and future studies on other research fields with social interaction.

First, stronger interpersonal neural synchronization (INS) emerges in prefrontal cortex (PFC) and/or right temporal-parietal junction (TPJ) with
better coordination performances during singing, instrument playing and game of charades. More interestingly, several pieces of evidence show INS is
correlated with the empathy and shared knowledge. Second, enhanced prefrontal INS is also observed in the interpersonal communication task (face-
to-face verbal communication task, emotional transmission and so on). Further, INS can predict verbal and/or non-verbal communication quality,
such as teacher-student interactions during teaching, leader emergence during a non-leader group discussion task. Third, enhanced INS is consistently
obtained in PFC and/or TPJ during two participants performing both the concurrent cooperation task (such as joint key-press task) and the turn-taking
cooperation/competition task (such as disk-game task), while no or much lower INS is found in control conditions. Such evidence indicates that INS
can serve as a neuromarker to depict the cooperation and competition behaviors in social context. Moreover, prefrontal INS is also found in economic
games (such as trust game, prisoner's dilemma, et al.) and spontaneous deception, etc. To summarize, interpersonal neural synchronization in widely-
distributed network in the brain, especially in fronto-parietal network, could explain social interaction in the group level, which gives us a deep
understanding of the nature of social interaction from the level of sensation/motion, decision-making and information transmission.

However, the limitations on hyperscanning studies should also be mentioned. First, portable equipment and much higher-resolution fNIRS
equipment are required to be used in many types of natural social interactions. Second, eye movement and physiological activities are important in
social interactions, a multimodal hyperscanning platform with combination of behavioral, physiological, eye movement and brain data needs to be
developed. Third and most importantly, an optimal mathematical model should be built up based on multiple levels of data, which can help us to
understand the nature of interpersonal neural synchronization and intrinsic property of social interaction.

Finally, the hyperscanning approach has huge potentials in both scientific research and clinic applications, such as dynamic evaluation of
teaching quality, dynamic evaluation of psychological counseling, measurement of social function deficiency and optimizing inference resolution in
patients with autism, and schizophrenia and so on.

Key words social interaction, hyperscanning, interpersonal neural synchronization, neuromarker



