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WE  (LHEBENEARICE B A2 B3 50 R Z A IR OC R o BRI ARS8 o ) 28 A AR 1 X St
[A] 25 Y ARR APEZ i E 38 (transcranial electrical stimulation, tES), FEah#ANIA] R K, A SRALE] A b $24E 1T 4
B SER AT . BEMR R, 238 i L il (transcranial alternating current stimulation, tACS) J&T “Esiidety” HLHI,
T o8 R A SRR G0 A8 T R B A T 2 BRI G Bl AT T G 5 B AL, 2L ER M (transcranial
direct current stimulation, tDCS) WiE P& 4L M X A 24 a1, Rl M G BALFE 577 ] . SSEMFR R, K
R SR A S UME T AT A S | AL A BRIAE R DL R iRt 2 AR, A Z s b s X 528 B Bl3k
e E R . BERRIROE S 2 )2 R AU st 2 E 8 R IR [P K, dRmifE RS 55 . BRARH 2z, If
AN EINTTH . AT N THESIESE R A, 1B 2t 4 Bl N A0, I INEAH B AR AE L

FRAL . W R T RN SV TR W IR AL Sl Bl 28l o] DR R AT S5 R T TR T B Be

KR BRI, b, fmE R, WhEEE, B
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HEHE I NI SRR ORI, BUoE
AR R SHHAE AR 2 R . ARG SN S
ZKH “ORSrK” (isolated brain) B, i SL5
EN e N NS CEZS -2 081 o Rl ) IR
LI . SR, B THE S SR 2 FIREH
FSEHT BhARHIE, = LU 7R B St SR
Z ERMA RS AEMEIH > BEMEA
(hyperscanning) & iR A R MIL 020 ff 7 22
A [ SR B2 AN liE sh (55 (A
T DhRetEE LI EiE %), | sl
G ShAERFA] | 2S [RRATERAE R A PR RIS, AT
TRACXT At 25 B3l 8 J5 T I I TR AL Ty B A 0 K
S0 R BF 58 R B, Wil ) [A) 25 (inter-brain
synchrony, IBS) 54t 4 H gl i g % PIAH & 57,
XU AR Fiki R R AL A B 7R T s EL Bl
ZRIa, B R A S BRI T 2 N A R G
AR RIS SR, B A ERA
CEENET, EEARBREA ST N0 HEERS E R R
IBS, MEDLE 0 IE IBS 54t 2 B 80 2 [a] i P AR OC

CSTR: 32369.14.pibb.20250402

F U W, IBSH LM S EIMIKS R
(R, AAERRYEEHD), MU TR
B4 (epiphenomenon), 54 fF%ET FE 5T iy
A S IR IR AR IE .

BE M % (multibrain stimulation, MBS)
A A AR R 9T 1BS S4B s R AL
AL TR ARA B2, R FER AR AE
Fiki 0 98 (25 /50 H il 8 (transcranial electrical
stimulation, tES) ) [P IHIEZ A HAMKRFEE
e NTTE 8 2 T ) i B 2 N N £ e P 2 N = M
TR HE R IR 0 ROTHEITR R
KR” HEIERET R i3 7 R
(interventionist account of causation) ", HAZ.0> £

KA. AR AR X (RSO ONIBS) SR TEEAR

= [E 5 HRBLFEA (62577047, 62207025), F sk i As AR
%5 2% L I WE 4 (226-2025-00127) FIHWE L4 H AR BF 2 k4
(LMS25C090002) #EHIHH .
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TRy ANEPERRER, RRUESIRAR S Y (RS0 it
SHE)) KAERGHRE, HiX—HREEAZIR
WRZERRZm, WA X & YEJEF . MBS A] 52
IR B AR SR S, A0 B AR S R 8 s
SRV TIRENLH], #E—2E B 1 f#AT IBS 9K Sl A
R G4 HEAN . AR, ¢ T MBS A9 J5 B CH fnfar
Xt 2 B ahiA TR D ISR . ASCEER
S5 K B MBS $ AR AE AT 25 BB R 5T v 0 52t J5EE K
N AT, AT A2 B SR s T T S A
FEHETTZHEAR B SR BRI S Ak & R 1 .

1 BEff) g EIE

MBS #z - i Novembre 55 7 [ F THE G T8
w45 (joint finger-tapping task) 5T, % b
T H KR A& A2 i L M 3 (transcranial
alternating current stimulation, tACS) [F]5 85
AR R A B 3l B2 2, B> U (W] B 422 i
20 Hz (BAiEc) M, B7E(E 55 it [A)
MR T, HAZROV KT B A B IBS 13
9o TEZ M AR ATERGRIEE AR T, (ES # A
M s e 4e, FERETLU T8, |,
tES, JLHUEtACS, RENE LIRS AR 4 5 0 1 X
FE VRS I 1, 0T B e e s 2l
ZOCH T, £ L (transcranial magnetic
stimulation) 445 AR H i i ¢ LS E0AR L8 (1) XL
WG, LT AT M AR SEUE S IE . HR, tES
Jit N AR O E R AT R KRR B DX [ R4 AC
HEWT. &a, B sRE, 5 T2iEiE
[k, BT 2 Wil S it B 8 R T S0 mks
JEE A HE G RR . BR T H RO ] R 2R
(interbrain neurofeedback) J5#% # A {2 #F IBS 34 5
PRETEARGER ", SR, 5 HK e e o A
TEERE S S B . AT B RN R], fhZe i
TR R A IR, H IBS 51778
b 2 18] IR 56 & 09 56 iE B A AE E PR AT A7 AR
Ly (10, 11)

1.1 FEARER

tES J&— A Sk B ARt s ra e, AR
AT TR K 280G SR AR . IR
FET U 28 s e VR T BARING DX, 38 5o
22U LA B 28R, DT 5 M ot 25 ) 5% (1)
Mpr kST 2 AR YR H R O R IE RN ]
tES Al #F — 2 4y O tACS. £ i U A R K

(transcranial direct current stimulation, tDCS) F14

fil B AL M A5 O] 3% (transcranial random noise
stimulation, tRNS) 3 Ffi s/, Hor | tACS Al
tDCS & HER R 5T i A HR T-Be . tACS Sk
MIE 5% A2 i, HaZ O HL oy e ay 07
(entrainment effect) , RV &3 jifi i -5 P9 P pib 22 %
TR VC RS MIEPE R T, 38 A e B (1 4k 7 [
o, DL R R B iR 1 T R R
tDCS 38 33 BH A 5 B AR it o 1 e A9 R 5 B LI FE
TR L A0 . PRI 1o 2R A 5 A i
PRZETTHT L LARG 5 H AR X A 24 ar b s AR )
3 3 R AR AR SON FEATR E AR X 2% P 2
1.2 {ER#H

FEAR B B, K i #2498 % (neural
oscillation) FAHLL Al SEHME B A, X —iff#
WK B X K A R B4 JE A (neural
entrainment) AL ', BAKME , MRy @ L
PAT P2 TORE RS A PSR, P T R A 3 (e ]
T 0, R 28 Iy IR SR A e (il
MNATNEGES i) 5 WIEMEIRG = A8,
K L AT RIE 20 tACS AR R R L
OTET “BMideds” (cross-brain entrainment) ,
RIS Z2 AR 32 AR [RDARR ) tACS B, AR HL
it AT R AR N IR EIR S AR SR, AT
B Gk 28 %3 I R IR 17 DR, B AR
Wi tACS IR S50 S50, W HER 2 A b
MBS FE G o tDCS A i ] 3 bL il ) 7
FEA PR, SRR A (PH AR
s/ ARG S AR S BB R 2 fE B
AR FRAE . M EE tACS, tDCS FYFF Mk ] i =X %ot
IBS iR FE S o a4, BRI S, s 2
PR —BAEAS E B[R AL B S B A
Kl X, AT AR IR K, DA Rt Sk
[F25 275 RSO B Bl A rh— 3 43 B 53 S it
) SRR, ol AR T A D DX ) %y AR P AR 22 5
N2 RS UK o

VI AR ML AT S5 R a5 — i etk
R A5 A& IBS, R4 Sl AH O X St
B R o TR S — S AN A, B
FEARERN ] [F]25 5 e 2 U 2k 3 4k 25 A A% 0 D)
KD RIRAS, M WA T S AT A PR
WML B 2 G, DA LR . B
& AR B A AL, tES Jit i B[]
AL AR, DAL A SRR B rh A S R
AFG R R R R00 o YA B 5 42552 AH R4
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A tACS B, F I Y JEL U P 35 e ok A 7
(phase resetting) 875 #1282 TCAE TE (1) 4 Aoy P4 s 1]
F, AR AEAS R R  IN REIR % T AR e >,
BT IBS K-, it ss B, b —Jrm,
Tk 2 1 DR ) PR AL, MBS AT ) ] 4
o BB OGP ZIR B, TT B AT IR
IBS. X —ENLEH EZAEH TR ZOME R
4. BEMLICRS (mirror neuron system) FlL»
B A4 (mentalizing system) . i & W N A1z 8l
2L TR /N ASERX, R R
(internal simulation) HLIfF#RS A SRR K] 27 >
Ja A RN R 2 G G X AE I,
SAE XA O BRI A HE W S A S IE R R
G0 RN, IR RS BB ¢
HEAR S o a0 AR G DA T R A 1) R
Al A B ATE A S IE B R A 2R, AT
Wt S H AR,
1.3 BARESR

e LIREFPLEI SRR, MBS I X 5
TR BOR 5 SRR AR L AR TR
FEAR, MBS HAT B om0 Eahjiiatk . ais £2
T LI AN B A AT 2 B Bh il AR v A & AR B IBS B
G, & YT T E S, TR R Rz ]
A TAE A XA PR T MBS NGB 6% 1o
X H. B3 IBS KB AR, #E— 200 IBS
SHSE T ARMEIRER, HRRE AR
FRELSIRE R S, MM “ABUEIBS, A
B E BT AR anfa A8 Ak X — AL P, A
TEUMORN , MBS W EAA S5 [ 2P A AR i
HEEP AR IG SPIRA, AR i A A
G T R, SR — 7 S ToTk E R
AR RR 2875 B A SERT ARG OC &R . T MBS I 7E 2
FARJZ A SRS, i SEIA  E S
iof FE AR R 22 B ALY B R A, BT
“IBS-#hosH B PRIREE . LA, SHERSZ N
P TR LG, MBS W 4RE s 7R T LA i i
¥ s R mnlE SR R IBS S E R, 51
HAIEA R NIRRT [ S g B LS
BIED, HABUE R T2 0 I
Ao M MBS W —FpoMEED #1070,
Jit fIT P O B AR P 2 TU AR I L AR B, MK
Ty EM SRS R, ER i,
MBS fEM% 52 I 5 =k B I 25 PR, IF A SHERR

ISR IS SRR I R, VAT IBS A= AR 2
PLEIR B TR

2 MBSk H

EA MRV, 2 MBS #ARi% % 1BS 1l L
HoRAt S ME . BRI 5422 S F TR
(F 1) BRI A AT [F] I A2 B3l Y N TR A
DERES3 NGRS S S I JB B i A S5 7 ki i ()
e, HEPRIEE R, FEASESIEDE (FFEAME
RGN R NS 515810 (REAMRE
AT HAZAE D) s NIRRT E 2 W Kt & H5)
F B NN MO, R R ER K, £24a
FEERE R F > (AR AR A E BT
J1) o PIAMNIE R 25 5540 o 15 76 AS R A 425 3
o, AR UMESRIASEA TR RIE, AN RS 5
FF5 ABRIGE & IMERI RIS S5 NFREIA N,
AN LT BB A6 w2 S N A R
SWFEAUCE, NIES N EHICHE, XSRS
#e3h T MBS £ AR AL IR ZR 1] 52 Br iz FH A 5% 1k
RN At s RGP ) BRI G TR” [
BETITERAE TR
2.1 HEWME

H2ME (social coordination) 358K DL
AR SEIAE R H AR M T i PRE AT Y X
— IR KA B AT AR BhASVEEE (s i
[F2), WK TR R s 2 on R G IBS ML

Novembre %5 17 SR IR A ACS FA , T30 %F
fdt e )8 N 1 22 iz 2 K 2 (left primary motor
cortex, 1-M1) Jifi il B 4% Bt (20 Hz) 1Y [\ #H £if
(0°) sRECAHAL (180°) A, JFEORFOLTEMT
fRFEL AR . SRR, FEIESHIGITE:, (A
AR ZE ) [R] 20 3R b 2 v A AR, T Al
i Koo (10 Hz) , & (2 Hz) BB A
TSR . X F W] BAIE A (B AR [m] 2 7] g
A S R R, R M ERUT 3)
YeRshlal2brE, M2, Szymanski 55 B 7E 0 Jii
Bty MBS i mh 5 2] T AR R 4hie . ixitotis B
WANZ B ACSHA, [P JAFE N & 8T 55
#9 A7 0 %% i (fronto-central, F4) Fl A5 ] 1ot i
(parieto-central, P4) PHMINIX. SAT, BF9E KL,
S, [RIAROLRE AL AT R 2P BT
B, WA, X —IR T REIR T 0 M
W e S A 2 o T, AR A E T8
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EPATR G . R IX 55200 X (GB8K
2) ZIApHhReE Ak, SO BT U 2
FR . X SLifF 5T HE/R, MBS TP FEARDL . BB
TR DX AR

55 DIRe R 2L A6 TE % (functional near-
infrared spectroscopy, fNIRS) 4% AR, Lu % %
2T RS AP LS UMER S . BFSE Kk
B, XFAMA T M (right inferior frontal gyrus,
rIFG) Jififin 20 Hz tACS B¢ FH% tDCS J& ,  # i AT
Rl AT, HRTA Y IBS s 54T 55 3k
PUEIEAHDC, Al IR [ DX B 4G i
L MR, R M A E (neural
efficiency) #&Ft, HiZf8tn 5171 g /K% VA
Koo (HARERERRE, IBSEUN TERIFLES )5 nT 45
S—Bifa], 1 RSB AR 2 ROR A B T B T
W RS DRI, SRR T,
HEZE 10 Y = 7 B MBS BE5 & 35 1 DMET T R 1
T, Hizx ZRRGEEAE T g R — R Ja ok B 2%
IZAIFFE R A T TR B B A =X
HIEARTEAT S A TR R [ AL it ki, DA St
P SRS ARG ETG 3l 5 E WAL 55T G
b (1))19) |1 =R €S R N D TN E S i PR 4y 6 SN}
X T 55 R A T e Ak . SR 25 SR BT
T 2 LS AR tDCS FE175 & X P AT N
A A RS T TR W3, RN tACS
)88 WO o BEE AR T PELR R0, 4R [l
B RO AT BRA T T Fl B AL 5 RGN A

bR TRIEMEPE TR, AR E CE TR
GAERBE . Zheng 55 PO FIRIRR T MBS X4+t &6
£ (social cooperation) HYFZM ., %M 58K H [F 2
XU tDCS I 1 B35 TE AT INAE R BEAT: 55 15 1)
A i) 355 T0 B A X (right temporoparietal junction,
rTP)) . 2545 R, (A0 0 351G 0 1 1.3l #l
T Bk & X - 3 i J2 Jfi (temporoparietal junction-
temporal cortex) ML, MR T G VERBE
CEEsEm, BHsb) JHEA T EEETIGE
22 ABRigid

NPFri4i@ (interpersonal communication) #5{~
KREEAE S . ST R L s R 5 Ac s
B ¥, Chen 5F % FHAUA tACS F2 AR
BTy BB (40 Hz) IBS 7EME& X 55 (conceptual
alignment) HFER . SEEGZER A AR gl i phE

559 %% (coordination semiotic game) # v/ L5

TR R GE . Z5R LI, PR R SR Y
25, ZEME T X (left superior temporal gyrus,
ISTG) Yy #iEIBS .35 TR, HIFD i
SRS U R R IEADC, tehh, fF5RaE—2 A H R
FADZ tACS HIFLISTG, K BRA L) 20 ) 1) 3l e o
WEARE T, WG R y A5 B IBS AR S L PR
AT g XS S5 2 . >k A TRl —H1BA Y Liu
M R T I E B K (shared intentionality,
SI) i i 344 5 IBS 7K P-4 7 38 1 3 R 46 S 1 Pl
il o FEVMRAFS VA e, R STALAE A il
[7] (right superior temporal gyrus, rSTG) FIBS /K
P TSI, HAZ R OKFAE ST 5 1 38 1fE
BRPERER ARt AR . IR O R, 5t
— s FIUAtACS THLrSTG: R AT $2 7+
IBS 7K P-4 o VA fEAff 1, 10 SRS S0 1 55
TAHWOCHK, EIERERE, AR RS
TEHHIHAETE, RS REAE ST IBS K- (8 5 1R
METIHR, X408/ EKW, MBS TN LT
PSR A K BT BOAHVL L, FL DG 5 IBS AT
REABIT “Hie” L ORAER T

WA BFFER AT tDCS 5276 MBS, 5718 IBS 7K
B B R B e Gk Y IR T A
B V) 38 ) BE R R P L R R RG B 8 L U PR R
(high-definition tDCS) 1 F 1% 48 1 A7 0] 1 35 i
(right anterior temporal lobe, rATL) . #F5% & 8,
TE H. R 20 Pk rATL 3047 FRAK RIORT i 2 A B
3 W 18] H 5 55 M 89t iz B % )2 (sensorimotor
cortex, SMC) M [m] 26 7K -, I ik 2D 17 ek 2L
(emotional empathy) 7KF-. X AJ 58 J& B T X H.3))
XFG H A AR 5 | 2 A X B il 7% 20 2% A
S FEARRKE S M BB MR IBS . WA, B
AT NTE IBS K AR AL 5 HRs B AR ] A 43 rh A1
o ZFFEHEIR , MBS AT 3E o 454> 1 ) AR e i
XEZERE, RIS AR, JFER T
IBS RN 2 G S (A rATL-SMC it 7] 38 % £
SEORIKILAE, MHEHESNRAT )
23 #HEFEI

#t 222> (social learning) J& 38 /> 138 1 WL
g2 TECE SN, A AKEIRBGET AR . FREEL MY
BN, HAR B T4 25 5 8 i SEHE B
b S5 ', Pan % ¥V 7E HAR T IREUFTE
BErh Bk T MBS Xt 232 > iy RUR R HEAE T . B
FE K IR 2D tACS B [ 42 Ui A ) 22 85T [l iz J2
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(left inferior frontal cortex, 1IFC) A0 45t (6 Hz)
PHZERG AR AT 5 oSG BRI AR B e Bt 24
AR5, JREE R E I SRR R TG
ROR . AR WoR, 6 Hz [AlAR 7 il = 4 T 12
2 HE B EME (intonation) FEILAIGA: [B] B % 13
YER A, H3X — %00 BA 002 5 A8 605 = 1k
10 Hz 5% 6 Hz S AR B3 A 72 A 2R RO o itk
gh, BETIHEAE R SIfERE & B it — s,
[RJAH 7 H i T M A= (a1 B & SHARSIERR 3
YERIZEAE MBS X2 > R B H TF ROV Hh &3 13
S ER

24 HfttE3Z)

B HT A A T ) BB 2SR Ak, MBS £ R IE
IR B2 B NFA S B M58 . Takeuchi
i Terui > WK MBS 1 FH 2 1 L 25 fili 52 (social
touch) [, DIAG 46 O A5 B4R T 5y oF (1) S50
BUR . SRR O HBAR S TR (RS2 i
PR SREGTE Gl ), IE A4
WP KA 5 B2 )2 (primary somatosensory cortex,
S1) Jihin T 2= L tACS Hli . 455 &8, 10 Hz
[ 20 AU tAC'S J3 T A S 3 i AT A AR 1 4
SEMMBAEIR AN, Ak AR A L A R AR
PRt TR
2.5 HMYEZF

MBS #Y# 23 B 3 P 2 80CR C A B Y Fh B
%) 5.5l (animal interaction) 48 %) 1A [a] 38 12
TR G ARG BT RHASIS R, AL
DigeaAE e g . SRS . KSR TR
9, Yang 8 Y CAOGIE A (wireless
optogenetic devices) 7t /)y B N M |/ A i K2 2
(medial prefrontal cortex, mPFC) i% 5 1BS, SZiE
Yok 1 IBS X st 2 0 8l S ak o o i) DR AR 4
YEHT. s it o2k 2000 2 H/INE L mPFC 1192%
AERZTT, HSRHRNMEITIE IR, 5
HAEFF A it scA T 284k 782 /N 3)
BTl a2 5, 5 Hz 9 mPFC [6)25 Jl 3 i 25 4
/NS (BESRE) 5H 3hHFE0T
| 783 /N EZh R Attt ik m2b
I (5Hz) MmN LS b — HU/NEL (25 Hz)
HHEZF D),

2.6 NG

BRKE, FEF MBS SN e 7 i 2 (1]

MR (RRIBS), 7EZ2W4E 55 gy 2 A4t

SR (AR ARSI 178 AL GG
FELA S A2 IhRemy [0 o ARG IBFoE 4 th LR
WEH/R: A, MBS THIRCREAN B, #
X R MRS RN R (RSB AT 5526
R ), R MBS B/ ML TR R RCR
) OCHE; HR, MBSHAIRETE K T IBS (1Y RL i Al 2
£, HZE I IBS SN AT AT R4 — Bt ), i —2
PRI AT R AR P T S ME R e 7 s B,
MBS X 4t 2% B2y (%) P4 45 A7 7 — 2% ] 45 1 o i %
Al HESE . T LRI ZRIE  (co-representation) RE2NH
AR 8

AN, MBS EHF9E 7 B — R I I L I 454
DL DR M IBS ZKF- 1284k 2 4k 23 B 34T R el 28 (1)
MR B AR50k Hirpr, ™R 2 R SE g
SEEPR PR AT AR DGR o 38 A EL S A A
D HRZH CAndesZAoRis . A BARISBORIEL, Bl
WA R AL H B)) T RGN, AT
ARAEBRAL S A 55 AT IBS 224k, AT
AL SRR N ERALE . A, KBRS A
IR PR RAEWT B SRR, i, SR DU 4hAy
Ji £ (Bayesian structural equation modeling) “*
T, TR 2 T T Dy M DAY IBS 51T
U 2 ) PRR DG 2R Y e BE 5 7 1) 1

TERMRSE T, MBS S8R i B X T4
P8O 1 S LA Rt 22 BB HL] i B 2R G
HE, MEIRGMZANERENE T Bistt s aahk
Y AR ) A O N I D RE R B o AN, 6 AR
(4~8 Hz) Z ¥ J W ot 4b B R0 % ) 45 I\ 1
g Lol AR R A 2T A TR i T i S R
() 4 25 T2 IF N 75 R 5 OZ O By . HK,
MBS FEA S FR  (ff FH tACS P AT) IR HA7 8
YER o MRAE 98 S HF73 7 (communication
through coherence, CTC) i, 4Ry WA
— B B T (B 55 A5 38 2 Yo P
tACS REHE A R B N IR MEIR G AR 6 DL a4t 25 B
TR HBCERIAAAL (0°) B, fem RIbiE Tt s
{5 BAGEERCR, B AR BT “RIEHE”
RA, RS ERCE . M, BWE AEN
(180°) WI+4f5 BFbid e, b IBS X474/
RAEHREERT IS5 . Jn, EFRRIEA A H
BRI S ) SR 451 0, S R I
MY 5SHWCE, DL E S AL kS
HET IS HLHAIR A
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Tablel An overview of multibrain stimulation research
F1 BERRIER—R

A LA T B T E Wi i X BB /MHz Bk
ML ME MNFAa it F 5% tACS / 60 (3051) 1-M1 20, 10, 2 [17]
PIONG T da tACS / 76 (38%1) F4/P4 5.6+ 7 [34]
BN [F AL BT 5 tES fNIRS 124 (62%1) tIFG 20 [27]
[N GE R B A 45 tDCS fNIRS 162 (81%) TPJ / [36]
WA 4% AT 55 A AT IR tACS+DCS fNIRS 272 (136%) tIFG 20 [35]
N Tt ] T3 U iR tACS / 54 Q7% ISTG 40 [38]
PR 5 VA A 3 AR tACS fNIRS 140 (70%1) 1STG 40 [39]
H AR AT % tDCS NIRS 60 (30%) rATL / [28]
thexs] it 2 ST tACS / 28 (24%P) IIFC 6. 10 [41]
Fh i AT A EAT 55 tACS / 32 (16%1) S1 10 [42]
Y EE) tox T AR LT 55 Tl R / 98 mPFC 5,25 [44]

=45 =475 ML ZEMRI9iz 2 )2 (left primary motor cortex) ; F4/P4: ZH810-20k f2 A 8 R 56, H P F4R%IH X (fronto-
central) ; P4}y T H1 J¢ X (parieto-central) ; rTPJ: ZE il 3 I EK & X (right temporoparietal junction) ; rIFG: #7ll%i [l (right inferior
frontal gyrus); ISTG: ZEf#i I[7] (left superior temporal gyrus); rSTG: Al [ (right superior temporal gyrus); rATL: A MlgiG#H
(right anterior temporal lobe) ; 1IFC: Zefll%i N Fz /2 (left inferior frontal cortex); S1: HIZHKIARESE )2 (primary somatosensory cortex) ;

mPFC: WRETA 2 (medial prefrontal cortex). /: nothing.

3 MBS#E it EZEEBEVLE

MBS RE% @ & it fin [R] Bt (HL) SRR/ sl
A S E A OCIG X RN IBS K-, g w2
), SR, HEARG I A AN T, B TR
A SER S, AT MBS P8 £/ IBS Al fig il
152 BBl 2 p S R R AR K, AT Rk
g, BT, HHEFRIE SRS ER SR, Ak
[ETEAT e . INALR SIS BUA R 55 R 2 B
IFAEFRRI)— R SRR . BIF AR I A5
ST 2 2D T R X A BOGS [R]— SRR S A T RN
MM — AR Bl 38 X ) S A 1 AN
U2 SO A R . e FIFRAEA S A
S H SRS P RICRE Ak BT ik 2 18 1Y)
DHFEBLRER AL T EEE A, Ak, o CdhFER
fE” B T2 Mt S A AE S T B TR AL L N T
I EE LT HAREER B ( CSHRTEME” ),
T [RIAE AEE T A S B H bR T 09 2 2N
FXEFE O AT ME” ), NI AR S R IR A A
MMt P, OHEENEHE A
PRAEBAHEWT O BRAS . A L [R] SRAE SR T 5
fith, TWAEE B2 IBS JE B sh A RAEXT 57, W
i 4 3K BE AR RE 1 BN A0 A DM BRI
Urfig o #B4r SCHR R SR 3k 52 R AR (shared
representation) — i) 2 3 FE P IFJOAR
JIX G, AR SCHRAME 4 X 55 HIESRIE N A AN

[, IR RAE AT 53 A7 . INH 51 3 A
JE 1

TEAT HIZT, AMEAT R St 0 8 5% OCHK,
MERNE . FIEFAT HAURS Rt B B ni
A, BORALBAE B S B EE R, MBS
AP IBS AKF, RS MATEA S H BT Y
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Fig. 1 Potential mechanisms of multibrain stimulation in modulating social interaction
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Abstract Deciphering how the brain enables humans to interact, coordinate, and learn from one another remains
one of the most compelling challenges in contemporary cognitive neuroscience. Social interaction is a dynamic,
reciprocal process. Over the past decade, hyperscanning research has consistently identified inter-brain
synchronization (IBS) as a neural signature accompanying successful cooperation, communication, joint attention,

and social learning. However, the correlational nature of these findings leaves a critical question unresolved: does
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IBS cause better social interaction, or does it merely reflect it? While traditional hyperscanning paradigms are
powerful in revealing inter-brain neural dynamics “in the wild”, they cannot on their own determine the direction
of causality. This gap has motivated the emergence of multibrain stimulation (MBS)—a new generation of causal
inference tools designed to actively manipulate neural coupling across individuals. MBS leverages non-invasive
transcranial electrical stimulation (tES) to modulate neural activity simultaneously in two or more interacting
brains. Unlike conventional tES applied to a single individual, MBS employs coordinated stimulation parameters,
such as synchronized waveforms or matched frequencies, to directly perturb the neural mechanisms underlying
social interaction. By providing an exogenous, precisely controlled intervention on IBS, MBS satisfies
interventionist criteria for establishing causal relationships: researchers can test whether modifying inter-brain
synchrony leads to predictable changes in behavior, communication, or shared understanding. This capability
represents a fundamental methodological shift, transforming interpersonal neuroscience from a largely descriptive
discipline into one capable of mechanistic inquiry. The biophysical underpinnings of MBS vary depending on the
specific modality used. Transcranial alternating current stimulation (tACS) functions through cross-brain
entrainment: when two individuals receive oscillatory currents matched in frequency and phase (e.g., theta-, beta-,
or gamma-band stimulation), their endogenous neural rhythms tend to align with the exogenous signal and,
consequently, with each other. This alignment effectively instantiates principles of the communication through
coherence (CTC) framework, which posits that coherent oscillations optimize information exchange by
synchronizing periods of excitability across neural populations. Meanwhile, transcranial direct current stimulation
(tDCS) exerts its influence by altering the excitability of targeted cortical regions in a polarity-dependent manner,
thereby tuning the computational readiness of social-cognitive hubs such as the temporoparietal junction, superior
temporal cortex, or inferior frontal gyrus. A growing body of empirical evidence demonstrates that such
manipulations yield robust behavioral effects. In joint motor tasks, in-phase tACS enhances interpersonal
coordination by aligning motor preparation dynamics, reducing temporal variability, and enabling individuals to
anticipate each other’s actions more effectively. In communication and social learning contexts, MBS targeting
high-order integrative regions promotes conceptual alignment, accelerates knowledge transfer, and supports more
efficient encoding of shared representations. Notably, the effects of MBS often persist beyond the stimulation
period, suggesting short-term plasticity in cross-brain networks. Post-stimulation improvements in
synchronization and coordination indicate that MBS may temporarily recalibrate the neural architecture
underlying social interaction. However, these benefits exhibit strong parameter specificity—precise phase
relationships (e. g., 0° in-phase versus 180° anti-phase) and frequency matching are essential for generating
reliable behavioral outcomes. Taken together, MBS represents a transformative step toward establishing the causal
principles of human sociality and offers a new avenue for probing how multiple brains become functionally

aligned during interaction.

Key words multibrain stimulation, social interaction, transcranial electrical stimulation, inter-brain
synchronization, hyperscanning
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