26

BALHEHR

| B #® &’ i |

DOI:10.13811/j.cnki.eer.2022.02.004

11 2 S e WL 58 50 i 5 AR R R B

I F, OB OB, BT i F O

(LAFFHEAY #HERARFLR, LT

100875;

QERERAE HEARER, BAFAT E/RAK 30105

BMEMERERFE HENEGEETRER, WE AN

450016)

=] RS N IGRBOIR R 2k A, s N e ST ML LAt > w327 7 TR R B
WS AR RIS ST 15l 3T 1 DI ek e g~ I B AR A, D Z AR RS R
PEE B NTEALRI PR B T RS A R RIS . PS0E I PR SR A L S B AR A 2 R S BOR I, 4875 A
W R T A BB IE S — B S AT A M A8 bR S AR B BT A T 5 ABR iR PR bR R HGE RN R . B R R
DAZEAE g v (R e S BRAR R 45 A B O BRI T = B A ) A IR, S O A 2 A A 2 > B SRS 4 44
Bhes REHERVIYE . f)m , VEE DRI & B HER A Btk Ik B G 5 TT W AR AT TR,

(K828 [P, INFIRZEILE]; PR BEoR; APRINACH.; PME>]

[FESES] G434 [SCRRARERD] A

HEBBIN] £55(1992—) , %@, i 8 AT A, Mg, FENE STEM B F i H XX %I 5, E-mail
fergie_w@163.com, R R EE , E—mail ; 98086@bnu.edu.cn,

—.5l

[l Bl N SRBUIR Y B 2R e 2 — R
B BEE AT ) s PSR T A A SR AR
I AR E SR R AR ) B LSl Al fle e AR
PR EA FETHE R T RER N ARE R R E3h
S HARRCE AR B A/ NP TP R R B R A
HLE, A B T B0 RN R PSR BeE ks . R5t
AU BT EECR AT T . RIS TR A
VIRMEE SR HAG RAMELL R WS 3R 5 T 2 2] A
AR A TR R ATUA A, | BE S B A I S L A A
ARI7UEX AT FRAL AR 2R 5 AR B2
FHAS & BB 22 BT U, R 2B R i 2 5
BEAR R H BT ORI 236 L 5 50 R 3R
SRRk, B e e IR B S R W S
B BT S A BIE IR AR A K s

il

ASBIFSE 3 3 A S ) A L Sl B DA R R 2 AL A DG
WFFE, NEL Bl B A AR (AR 2 T Bk 2 AT 580
i, HNIA— BT R IS A H AT LA A
NSRRI RO, PSS A TR E
KR SEPRE O , XA AR R A A T B TR £
H T A R T B, LY oE 2 i o B
HAEVTRNAE,

— EHESEEN IR A REE

AHIFEHET W P ST SN 2 P R
KBRS R, R At 227 S O U . B
FERARZET T B A7 Bt — A7 97 T B
SR —REA LB A 22 Mk R 457 =Rk R Be, T &
1 R . WA ST R B8 T IA O B2
Bl ARt — PR R T BB T AT R A 2L
i, AR ARG T AR B RS AR MR

FLBIUH 22021 4FEEIESE A AR SL G BIUH “STEM 20 W52 T RIS IR HLE] R AT FE” (R B %85 :62177011);
2019 4F BT R4 R LR BT AA SCRFTH (A SRR ) TR BT T2 LR AT 9 W5 (91 B %5 51 2020-ex-030)



BRSO 19 5 AL (4 2o 28 B U1 BP9 (X
ST TR R A HL BB 1 — R e iR
S o 0 25 30— 248 7 )T 5088 K
IS SHLR B

b @ @ €7

1
4 i i -
ERfTHRER EfThEENRENT  BELIHNNSERS
B 1 FEHEsWENERHEE

(—)EMEESHITARR

FIAOTSE EER AT AR, =X BB SR
2 Z5H 56 R I5oh DR PER RF R i AT M 2 T
AW T B TR BARY B S 55 , INH TR A HOEsE
TG VEIAAS . BIMES: S IO B3 T R kAR
N A2 TR TR 3 R 2O B8 T
HFNEBNHOER BT LA S E AR 1 SR8
R EB RGN R B 3l 72
HAME A HAT AR E DGR , A br T AR R
[E] FIAT AR5 s B SRR LUT 55 58 UM G IE#f3E
VR BT EEECRE ST R RAUA , HAstR 245
B BB R 7 B A  FERI AR g R,
235 IR BLARASH RE AN, S PR st A 7
H—RF AT R BRI ABR T R X N2
i A PR [] 25—y i FIAH B AR 1 T-Be, AT
REMS P HERFAN ML R A UMM, 3G B T4 5 141 BAE
R, ZFRHIIE R G B I S A DT
FEARMLSI T BRI A S R

(Z)MEEFIT AT ERMENE

17 R 2 AT R A U EL SRR FRSZ i R 2R (H
TEHK, EH 24k, ATTHG s B sl b AT
g 5 R R A S AR MRMIRA DX I A i 7 A BRA T
NFL G B2 TE Sl AR, Sanfar i dil e ok
FIIF X —INFIRAE A& TFihis T 2R i) T B¢
N SN NG N 2 B ) [ N B RS T m TIOR3
P, T RHRIA R EARACEA R iz At 2 H 3l i)
SN P E R Z IS B 4 A AT B BT
I ARG 3

ZIZHRWTFE IR T a7 KNG P Ak 223 3 5
F1 R Z [ R SCIRAE | RIANMAK S EIRFEAT REE ) fiE
WMXZ5 T HEdR, |, B ag gt
) A S RIS i, A S e M T AN R AT N
o IR IO (5 5 LR i BES),
AR R AR P 2 17 U T XIS ), AR 4

2022 456 02 H (EES 346 1)

FERT Y BE R GH IR X BT B S AT 55, JF
SERHRIEE Mk o TEPAAT RN R 2237 5
ARIE IS , T HEAS Rl DR R RS LA S B g
R (AN XA 5 0 ] A e A ko) i T
T S Z MR  WREE IR R R
HAASGAFI D RER A 2 Bl 4 RS

(=) BHEE BN & B 4%

AN IK Y- 258 B S G T 58 S A B IS 2 A
FEAE B B E S MO A 2 bR, BT 2 AN AT
5 A ORI Bl 8] 3hZ8HK & 1Y 5HE B A Sk 2
W o INHIRLE ZH A B R S T IR R A [ kL2
T8 T 1Y 2R ] R A7 2 ) Sh SR R ARRE , I &
WE ST ERRMERIE “ APRIg R 2L —25 4
AR Ia) & A AL o BB R TG 2 2 [A] 2 R g 1 — Fol
o Ta) A4 T B,

EAER , 2 N[R AL A2 B AT (AR 4246 ) s ik,
BRTE) f e sk N s N Bt # . B AR |
Montague 7E 2002 FEEWAIH, 2—FEH T ARE
BG4 AU B AT DL B E
BT 03 AN B A2 2] S 3 W] IR R B
Ipur U R AT Y SNL (/s

P 22 il P 24 322 G R AR A AR AR DG AT
P s RO, RBORFE AN 2 frs . AHOCHE
SR A G AT P 44 1Y INTRS i sh s | &
7N P NAE B By A5 v Rl 1% 2 7 I 3 i DG B AR
JE o AR PR B — o U I S A T,
SRR BB R v B XU BN S Sh AR O
S 5 5 A XU 3l 8 /N A e BB fiki ]
i KPR AR, S48 B8 U5 i I TG s fERE
JE I ] AT N B ER R , 2 TASE A DLPE
16 5 B A RO TR A B A DX T R o ) i ) 2% 23
F R RE AL

ZNHH) Z I INIRS {55 2N 4

ik 2 4

2 HEBREEINZMMNERNABIRE

= R ESHHENFINTFRER

M BRI, MAE A SUR R 2R
RN FREEH N IIRE-5 SMERAT S Z [ 2 A
SEARNES, RS SERER)Z SR A H Bl A Y Ak
11, HRAFGRZ NF SRR AT M sl

27



28

BALHEHR

DL RS R 2R Z [l S 2SI & T 2 T i 0 P
T /NS AR S R S S RS 43 1 R A
PRI S04 7R S I 2835 B Z [ S AR R

(—)EEESNANEER

AMRZ TS TR AE R L B S FE i F)
FHBEE 73 0 R AN R A ARl 1 22 175 Sl 858l S8 Fe
H 5T B AT U R 04, R R S R R H
BT R A AR P 2835 Bl AR E 1 22 57 DA S i)
K2R, AR IS R RN A3 BT P25 32 B A48 4 i X A8k
TR FIRRE A7 R AUE S 5805

BTN 9250 7 U E BT 55, e AR R
HANRIAT A 245 TN R B RN 54 i . MRS R A
BN, KK T R SRR I A X B |, ik—20
XHFEAHF TN, SHEESFAESERN TN
SIS B X0 SO IS ARTE] 5 0 B Sl I 9T i
DX SO T | R85 T R PR 0 i 450 P 2 B S
k58 B8 R B R M 4T R 4 (Mirror
Neuron System,MNS) #1.0» B fb & 4¢ (Mentalizing
System ,MS) 1, Bl #& #2525 B AR BN AT B AR 1Y
B, BRI Z AT S L ERT A R R
TR DX i Totrt 45 X I 7E 22 N B gl
A RS Ko N Bl [ 25 R ik

AR I BEAE AN 938 2o 1 SR AR R ki 1 30 7
WA RRARDIAE 2 T B 5 A ph AL, (EE S
BRBRIEASKE A, AT 55 B B EL AT il Bk
A5 A8 B HE BIPIRAS WA AR B4 SN TE X T
W2 W L S IO Y 2 A DT [l S VR B HE L i
TS P A TR P R A T b 02 2R R A i
[F] AT S5 AP, o 253 ORI 3h 22 5% o thten] UL, AN
6] 5B AT 550 B i Rty 2 22 5 B R, JL-F-HE AR 3]
— PR, SR BT ] ABEAR)Z TH T, DA
TR R BRI R S5 R AT PR T B
TEFPR R Z A SRR

(Z)EEESNEEER

PSR BRI AL FATTRE 14 2 T 4x i | %
AR B ZHLE] 20 PR 2R BT TR, AR
BLHIBIFE 5 N R ] A5 i A OC  SSERFFR A R 3R
B, A Brlisi ] 25 2 —A 0T DL B R A58 B 2 0] G R 1Y
ATEEARARS, VR A B G sh Mg bnic , APrix
A TEA A M TV 2R h E R, e
BRI VR IE AT BB A

L AT R 3 6949 22 36 47

FB B A4S S TS A PR B[] 25
(A 248 bR T RR 2 I BE 1Y 3 B 7 5. 2011 4

Funane 28 A\ B A INIRS #6147 [5)£F B sl # 4 15 BT
5%, RN/ NAAE B B 56 A VERSAT 55 2 Ft v A3
UL AR I B2 J22 R AE M RE G B , Cui 558 A
AL/ NS AR T k20 R R, A )R
BT PEREIE BRI FE7E 0.08~0.3Hz (484 T A
H 3.2~12.8s )R B N OBV E L8l T M, A3
BN Bhid e AR TRIZ5 R, i SR Ay A PR g R A
50 828 )T 55 AR B B a] 54 5% MAIRRHES , /N
A A TR R A TR 1A A T

B2 F A R 7T & R, T2 AR IE S, Y
ANRIE] A= 5 AT A B R i 22 [ 25 H BN B i (]
o IRZFEEE R R AR PE R B . B AE H B
AT S5 Bk, — 7T, AN DR A VEE 5l
R UEERHE 4, AR il [R] 25 1) H B0 AT BE R R A A
B EAET AL, KEMRARSEELSS%
AN FAED I HBK R 26 5 B O 52 2] R )
AHSENS 5 —TJ5 1T, AT BT AR AT 55 (B A
it , F YA [ A AR B S50 B[R RE A 55 B, A AR ] i
A PRI,

2. AFRHE R 3 69 % e B &

ANOMRERR T ARG FEE R, o
S, /N DS ERI PR S S4BT . miAs I DX 3 s i
[FPAR KRR BT R AR, SRl A B st e
w2 B s A Bl ] 25, i 1 S AT R s e
HEXSUN R INH AR R AR SIAE B sl 2
SN H BT SRR . BN . fF5E R BAL 7 B
(RN B SR T Lo MNP de i, AP 2R
2SS B S R R PRI R A, 7EX AR
WA BEAE N =P R s 58 & B, A8 N4 H 5
FEIL LU A 2 RNBE A N, DR R A 2 N )
WU RS R R T A PRI R, B sh &
PRGN BR A T A B 1 o S TE AR G S 2R AT M2
PEIMNZE R DL R PR 26 R TE R AL B 3l i fE R A T
R

NBRB R RS R sh i e 3emt . B Bh e
KA R EEAERR, B 5 RMbR Lm0 W 14 53 Hr 4
U 2 SN Tk O ey (o AN [ TR = 7 N
W &I, e B S R rh AR S R & AR BN
(25 B R g M X SN — R AR, XIS AR
BT PO 2 ) B R — i X A B RS A T 4 4TS
SR TG T X I A St B PR AT PR, AR
BLIIE B Bl R B S & A B A
— A MBEHRZ T, RS S EHAR)Z 1w A it
5%, A BEAA A R AE S 2L 0 56 2K T I



ARWFTE A B, [F) P B Sl 2L A AT AR S EA
oy ST A M A BT AP L, — T
T, B H AT R A B S A TR | AR RS |
FH R A L EEOCTEAR B AL A R A KA
Xt A R 45 ¥ S DI RE 5 53— T, S 2R B Eh AT O B
X B TR S 2t R T 2 A
TR E. ST B H Sl R R R A 5 i 2 5k
I AU 1SS S TR0 ) 3l W (i 2 G e
BRI S AE AN RS 50 IR BERL G, U AR
I EDURFAYERIY <R 2N

(—)E—E3HTA

1. &R

FORS TR R A B SR AP AR E
BT AR BRI IEAE 55 R GEA R E 8l 7 X B 2 A
A R AR L AR R A2 AL

B, FET AR ESE A AFFEUEN] 1 T 2SR
T R P B s BP9 Soil i £ [ A
FRFR] AP SZ IS ARG Sl &SR i F R X
TR, B B ] AP i EORTAN SR AT
Rtk o IR A BETE A B, A A TR T ) o A
T, T S M B R IR R A g s I, O
HIX R [0 2Ok Ak Z A B B, X
BERIFFE I, T T A% 35 S HAT HA R T A H 5
ST B RFR A 2L, I HL RS i T3l ik pE
Z1A] BN PR [ 20 B et A, HABIE e 25 A T
> B5 R STEM #0F S8 WMo LB Ui B
AIOLFARBE T IRL IR , SN TR DM S BEAMT
FEHRBL BRI

Hk, SRS S N R Rz —,
RIS B35 FECHE 73 AR B BR A A  7>
A 1P 0 755 S 530 A A AR Sl DX K A T
P NPRIR R 222, 1545 TR BRI AR BB e
LRI TR, FET AN TC AR
155 W& R ZE M T & X (2 e F g B &
AR ), IR N BRI R s A B T /N e
AT PIARIMEEAESE R H TR S0 Bl XA AT
FEUESE T R BRAEZ N RS P AR, A
HE B, %) HL ) A R RS A BIE SN LIRAIE T 5 22 B
ZAEhR L RERSHE BT U AR R A B3 i
AN A, SR 7 2H SR S SR A

e, T AR F AT 55 BT AR EAR G
i XA RIS, A B T SN S8 s 75 =X il . A by

2022 456 02 H (EES 346 1)

VESE LR PE R AR RAT 55 I, AT R B, B
UL 12 1) 7 2 E Sk I R B RE RS 9 =~ 3 B LB
DL AR 2 AL E AT D A
A ) B e 243 AL B 5y — I 5 I 114
ZUFIRAT 545 1, A7 R B DX i B i [7] 2548
SiR ) PH T AR B S A 22 PR, 0 AR T THIAE
g ST A ) P 2 ) g 3 ) T T, DTG B8R AU
HOARR B VR R AR AT 3 2 S Pl

2. A& L5 Ay

TR SRR P S T T A
RRMAT R R AR 2 A A Rl B A
BTN A TE R 2 NS =X R LR G
VEAR A, BEAT LA A 3R, dnl LA Rl AR AR, (7]
PR IR G T R IR B DG T AR RE A R B Al A Y
FHAEATT 10 ARE ST , M0 1 B AL B 51 R e
i F A IR B BRI 5 | SR RIRE ™, 1
RIFEE S AR, £ don] g Eah AR ILE Y
TERE NGS5 ) BT iy ) AR 5
R R ] B2 HEE AR A TR B K

xR P E R SO T T RS R T
BRI 55 . SO XU T T B HEAL 7R
PRI, KR35 P B DD R L[R2, ml— AR
] RERE A TR] AT R PO EEA T . X — 2R
TRR TR SEOT NRREIEAR, Tk T AR
DIAES HIBEFE R B, B BRMR] AL B X A BIr AN TR
A B i A B R B AOUN LB
Drect B AR 2T 3, #E TRzl
JZ BB R A ] LA AT i 248 b 20, T
HA LT AT 55 BB SOR AR B J= A9 AP i)
AR AT RIS, X EIRE TR A
Bl A BEA RS TS5 b S R AR T L
FI A FH B R DX A RN S REALA i AN

(Z)EREFHITA

o) AN ANE S, BAREE T —H 5
AT A AR AL B 5 REAS AT S HE R S8 P 9 0 e A2
T T S A IS B R PR A G R (H A
BT ARZ AR H L T Gk R N 2R R
il TSR R BISERE  HRT S AR E B AT O B
JL ERR P AER TR PR 5 58 AR S s e
BRI, T SO B T 4,
AARFEFHF NIRRT MBS
S IR RIS

1 iR 5 A

T oA PR 5 SRR (R A B Bl ) B R AL, 2

29



30

BALHEHR

JEH BRI BALRR A eI R S,
TR AR BT 493 8 ) i1 €A AR TR 810 7 XU L B
S AR SR — A P M — 242 H7 0 H
TN AR AR A B R, <2E S T S
“EOTEME A C AT . WA 1E BB, X7
SRy R AR I — N Z [ B N B i [R5, i A ik
T Z A R AT Ak TR iR T
5] 35 Z B R FE TSR TN, BN . 7E 3SR I ok FiE v
TR R A,

INRR2A AT AR5 22 SR TR e B L B AR
WERE LSRN AE, WRARFEE A
FTHUH R T LT ShRFE BN . A IFT a6 H
Ke2EAAE SRR 7 AR R SE AT 55 i e v
B ABRIRAE, R IILREAEAE N R Ak B sl
SEAT SN PP ZE AR HR2, I FAXTF A7 AR,
B PR A A BA T S A R, TR
B SR A [ T R R R 2 B, i A
WIFEHIARR TGP 25 S50 T 6425580
PR 2R, B2 S R T A . B0 s R4
B S BRG] 25 BE 1y , lE— fResit xfiimg |
Fha B 5 BRI R 2 A G, AN
T SIS LRI, XTI R T
PSSR M R 2 IR bR, AR PME
I R NS R SR AR S

2. b5 %

FETRIEH Bl 2] b A b, BOm slds 538 75 2kt
AT U SO SE e S B bs, Hob A
V5 5 Gt SR 0 P 3 MUBRL A1 58 % R F
TR, TEIZIEL b Pl S 51
P NTE A VRS SE AR EE T 52T 55

e, HRAES P T R sh 7 R i
ZEAEAR IR I A 5T IR A B A AT R
BAVERY BT , T EE KW XA A A A
& EAIAE AL B AZ A5 B T AR T B A AN T, DAfE
s BHARAMAR T RS VES, Blin. FESVEE S A
(R R4 P 1z )22 B N s A ) 2 3 i, 22 24 [ £
A ETT ZD R BHE R, % X S T RS Wg 1, It
Gh BB RGE RI, A VR R R A L I
BRI A4, Hh T2 O B B 5l W05 % AR
TR ERLE D LR AR R A VR AR S i
FLEZS 2NN

Hk, FRAMEMES TSR W 28, B
AIE AR LR bRt ANHRIE] B . 3% T AT 55 1
I, LI 45 R WoR e A ERR B

L [ B TR BN PR i [R) A2 30 25 PN 5 1R 5E
AL T SEHLB ST, A 18 U BhA T o 25
FARFERSUN T R T, eSS 26 0F i X Y
VR R U 2 52 81108 T ) BEL A4 7 A FR) 532 W T 595
AW TR B SR 55, RIS R AR
VERNZE AR 1 B B i A oA 2 1 B 0 2 e [l
AL [l DI N B [0 g i, R XS5 T
FUbR S 100 B [R) A EL 8, i . 2 2R W #5 ad shVE LR %
PRI, R TR 0 DX A B [ 25 B 2R3, EAT:
G5 S L IHTE R BRAE S8 A& PEAT 55 15, A AR
. BICR 2L S S oY

RJa X AR A R AN DTSR T TR
J G O BB S A RBCR B2 AP A5 A AR
HAIE A BT A B, R A DR B R D, B A4
(NPT PNSEE N (s y C i N E RO K ESE i=E Ay S EWAE =X 2
AORHE T4 AR R T, Y B B i g A A — i
figp PR B 3 g ()RR, AT T AR LA RS, S A
B, i AT —SEmi I e B R P A R S B R AT 55
RN TP AR TEAR OGS, kTP
=TT PRI R AN 2250 TR 14 5 A i P AT
55 WIRCR = AR,

EIRBFTEOAR R AR S AR5 LB BB T
N BRI B AL B AL T — S5 S RN
W AR HOE W B R B AR R, 15, i B 3CnT
O, AT 58 WU 55 I8 A T A S 0 T i X R G
TG SRS IR S R, RV A 5 ) —AF: 55 It
AR PR M 2o O 289 B i 22 57 AR AEHR 2
FIA R RFIE AR , B0 BIFFEI R HUHPLE AT 555K
REFEEEHLHWE ? Ho, Toig e T ades Bl e
it R IR 7 S5 AR 2 R 2R 208 P 3RS 1Y
AR AT 5 R4 T B UG ARI " B J7 45t 22
SeAE, X RREESRAEAE BB UL BRI X TR S S AT
G5 AT T ORI, A BE UL IIZ S PR RE 8 S e iy
AARUESS B BB RS, fea , RZMSEHTSE
T Ife A 745 3550 [ A0, EMERT AF 5 3 BR T 1 7 S-S
TEVC & P AT TR B/ NS VR A BB 2SI, T 22 3 )
EEG il {NIRS B2 BRI T80 30, (H 2%
s PO AL TERT 7 LS SR 55 . HEL A s
T HIRIFE SR E ) Sk HAZ TE 2RI R
M FY) 33005 A R AR BOR R TR T Bk

B RARAREE

WA BT 1 B R A0 M2 R
MASURAY R A BT, AWFESs & Bk,



P R,

(—) U SLEHERS , MBEREEHTENS
Hrigsy

R P A A 2230 B AAD , R . Sl B v af
L3PPSR WS RAE TR RSN H AR,
ZIRBRAT S A A BE R W S s >) 35 5 TR) £ 1 B
2R 2D 50 BRI W e sh s AT s LA S
BRI TUMNE AT, R A A R b 25 B i SR
2B SURMIR MG E AT 2 — AR T ZAE
M ZAR AR 2 2 TR VTR | A A
LB AAAREUA A i R A AR T A A
G BN D Bk 2338 A EE Bk B A (RIS ) s ]
AL B Z BRI A e A AL R 2 Sy
MR | 0 Je SRR 5T S JE Rl A BRI S AE 2R | 3% T 2L
HINAISHZ AT W R B S o i ot oA 2
B SR S

(D) REEGHEE G, RIBANNHEEREH
B IR A

ARSCMITFE B AT RS IS R B R 2 5105 4%
ARIRR L 3h5 > NS R ISR AT B, Bl
DHSINAFE Y s M BAHE B ERAESS, HiE
Faf R, iR e B B E T s E
Y BRI A RENE I ARk ) B (TG L, L
STEM & A& E I H X 2e ) a2z ) Bih
TEZUE L A5 ROk 22 iy, (H BTN A ik
Z R i TR B R MR ORI B Bl R
HRM T LA B E BT Bee 07 2R HE S
S FFEMEE S, IR SRl S E A
MR Z IR BSOS 5 41E, st i HEE2ARHY
HRR WFFET A AR ISR AR TR 2 4
FINH , E B 2 E NI 2R AR B AR R

(Z)KEMEER, AL B RREIRERTE

AR ZALH ARS8 7~ AR AR 1 8T Be
AT RO A A 22 3] S CR R e F1 42 T PE T,
A7 38 2 DA A 2 AR B s B (R By B 8 5

2022 456 02 H (EES 346 1)

W PR R FEAT UM, IR xR ALY 2 ) I AT
W7 it BEAS 4R 2 MK 454 K B A M Sh i A 2%
H, ML REA RO T il alGa )y P iR itk 4R 7+ B 3h oK
-, 2R 2 RO . ARTEABIEHGT 1222
[F] P . 5000 B2 DR AR T B R BB A by B fis
BB BN, e | R — 0 i I 4 SE R X L
PRI RISl R RN sh A 22 57 AN [R] 5% )
A ARIRE ) KRR, BETT R BOE AT $ X R Ak
ez ] et

(M) R L EEmEL KL E, BRARE
=

BIR GRS AR B PR RE LR S TAFRTE
AARKAET  (HHAF AN A S BUEA IR, FEEEA
ARSI BT SE R, B R RO 2825 | A i
7 A TR0 gl SR A A A A B R A &
WEFME, SR AT S AR il E e >
(A 4 3 22 R AR Lo R ] 2 %ok . gl e o v e 22
W SPIERR . BN . SGETE INIRS B4 FUKIE AN
HLEE RO e 1 25 i P s 2 ol RE A PR R PR
(RN kA € = R [ R I S S A o7 3
JINECE B AR 2R AL TR U /Y
SRR BE KBRS NI FR 2 R ST R
A BRI R 5

() UHEREAETEES, BGSTUHART
%

HEMER AT RS A T
RIS =R AT SR SR AT R L K
RS A BB 2 IR T —2 BRI i, K%
TR e =P e R A oG, PRIiaE U] T
AR B EE RSt 2
SR AR EARFEARCHE TR, F A5 Ao
LGB T A7 0 W AR R T N TR RERY
BT ERORTB, BERPRARSEE | SR
5 ATEIIE RS AT, I 2R 2
GBI R TR R AR AT R AL

(5% 3Tk

(1] TRHRST , &7 B T I RHRE A iy ) 3 58 D IR F TR I

AL ,2018(5) :91-94.

(Ga FITEBHEAR B0 154 2] 3 O 2 2 B 4500 ) R IT()). A ME

[2] ANDREWS J J, RAPP D N. Benefits, costs, and challenges of collaboration for learning and memory [J]. Translational issues in

psychological science, 2015, 1(2): 182-191.

[3] MONTAGUE P R, BERNS G S, COHEN J D, et al. Hyperscanning: simultaneous fmri during linked social interactions []].

Neuroimage, 2002, 16(4).: 1159-1164.

[4] R5EE LA AMERE T RE AR (M) AL BR2# H ARAL, 2020 125-127.



32

BALHEHR

[5] BABILONI F, ASTOLFI L. Social neuroscience and hyperscanning techniques: past, present and future [J]. Neuroscience &
biobehavioral reviews, 2014, 44. 76-93.
[6] WANG M Y, LUAN P, ZHANG ], et al. Concurrent mapping of brain activation from multiple subjects during social interaction by
hyperscanning: a mini—review[J]. Quantitative imaging in medicine & surgery, 2018, 8(8). 819-837.
[7] TAO L, SAITO G, LIN C, et al. Inter—brain network underlying turn-based cooperation and competition: a hyperscanning study
using near—infrared spectroscopy[J]. Scientific reports, 2017, 7(1). 8684.
[8] XUE H, LU K, HAO N. Cooperation makes two less—creative individuals turn into a highly—creative pair[J]. Neuroimage, 2018,172.
527-537.
[9] MAYSELESS N, HAWTHORNE G, REISS A L. Real-life creative problem solving in teams: fnirs based hyperscanning study [J].
Neuroimage, 2019, 203; 116161.
[10] LU K, YU T, HAO N. Creating while taking turns, the choice to unlocking group creative potential [J]. Neuroimage, 2020, 219.
117025.
[11] OSAKA N, MINAMOTO T, YAOI K, et al. How two brains make one synchronized mind in the inferior frontal cortex: fnirs—based
hyperscanning during cooperative singing[J]. Frontiers in psychology, 2015, 6(127). 1811.
[12] NING L, CHARIS M, WITT EE, et al. Nirs—based hyperscanning reveals inter—brain neural synchronization during cooperative
jenga game with face—to—face communication[J]. Frontiers in human neuroscience, 2016, 10: 00082.
[13] PAN Y, CHENG X, ZHANG Z, et al. Cooperation in lovers: an fnirs—based hyperscanning study[J]. Human brain mapping, 2017,
38(2): 831-841.
[14] FUNANE T, KIGUCHI M, ATSUMORI H, et al. Synchronous activity of two people’s prefrontal cortices during a cooperative task
measured by simultaneous near—infrared spectroscopy[J]. Journal of biomedical optics, 2011, 16(7): 77011.
[15] CUI X, BRYANT D M, REISS A L. Nirs-based hyperscanning reveals increased interpersonal coherence in superior frontal cortex
during cooperation[J]. Neuroimage, 2012, 59(3). 2430-2437.
[16] DIKKER S, WAN L, DAVIDESCO I, et al. Brain—to —brain synchrony tracks real —world dynamic group interactions in the
classroom[J]. Current biology, 2017, 27(9): 1375-1380.
[17] PAN Y, NOVEMBRE G, SONG B, et al. Interpersonal synchronization of inferior frontal cortices tracks social interactive learning
of a song[J]. Neuroimage, 2018, 183 280-290.
[18] ZHENG L, CHEN C, LIU W, et al. Enhancement of teaching outcome through neural prediction of the students” knowledge state[]].
Human brain mapping, 2018, 39(2): 3046-3057.
[19] NUMMENMAA L, GLEREAN E, VIINIKAINEN M, et al. Emotions promote social interaction by synchronizing brain activity
across individuals[J]. Proceedings of the national academy of sciences, 2012, 109(24): 9599-9604.
[20] CHENG X, LI X, HU Y. Synchronous brain activity during cooperative exchange depends on gender of partner: a fnirs—based
hyperscanning study[J]. Human brain mapping, 2015, 36(6): 2039-2048.
[21] BAKER J M, LIU N, CUI X, et al. Sex differences in neural and behavioral signatures of cooperation revealed by fnirs
hyperscanning[J]. Scientific reports, 2016, 6(1): 26492.
[22] JIANG J, DAI B, PENG D, et al. Neural synchronization during face—to—face communication [J]. The journal of neuroscience,
2012, 32(45): 16064-16069.
[23] JIANG J, CHEN C, DAI B, et al. Leader emergence through interpersonal neural synchronization [J]. Proceedings of the national
academy of sciences, 2015, 112(14). 4274-4279.
[24] NOZAWA T, SASAKI Y, SAKAKI K, et al. Interpersonal frontopolar neural synchronization in group communication; an
exploration toward fnirs hyperscanning of natural interactions[J]. Neuroimage, 2016, 133, 484-497.
[25] OBERWELLAND E, SCHILBACH L, BARISIC I, et al. Look into my eyes: investigating joint attention using interactive eye—
tracking and fmri in a developmental sample[]J]. Neuroimage, 2016, 130 248-260.
[26] HECKE A, MUNDY PC, ACRA CF, et al. Infant joint attention, temperament, and social competence in preschool children[]].
Child development, 2007, 78(1); 53-69.



2022 456 02 H (EES 346 1)

[27] HOLPER L, SCHOLKMANN F, SHALOM DE, et al. Extension of mental preparation positively affects motor imagery as compared
to motor execution: a functional near—infrared spectroscopy study[J]. Cortex, 2012, 48(5): 593-603.

[28] WILSON M, WILSON TP. An oscillator model of the timing of turn—taking[J]. Psychonomic bulletin & review, 2005, 12(6):957-968.

[29] BALCONI M, FRONDA G, VANUTELLI ME. Donate or receive? social hyperscanning application with fnirs[J]. Current psychology,
2019, 38(4): 991-1002.

[30] LIU T, SAITO H, OI M. Role of the right inferior frontal gyrus in turn-based cooperation and competition: a near —infrared
spectroscopy study[J]. Brain and cognition, 2015, 99; 17-23.

[311 LU K, XUE H, NOZAWA T, et al. Cooperation makes a group be more creative[J]. Cerebral cortex, 2019, 29(8) . 3457-3470.

[32] LU K, TENG J, HAO N. Gender of partner affects the interaction pattern during group creative idea generation [J]. Experimental
brain research, 2020, 238(5): 1157-1168.

[33] 6T B3 1 I Rh AL SO F B 2R E e HE,2013,42(2) : 63-73.

[34] MCGILLICUDDY D. "They Would Make You Feel Stupid"—ability grouping, childrens friendships and psychosocial wellbeing in
Irish primary school[J]. Learning and instruction, 2021, 75; 101492.

[35] NOZAWA T, SAKAKI K, IKEDA S, et al. Prior physical synchrony enhances rapport and inter—brain synchronization during
subsequent educational communication[J]. Scientific reports, 2019, 9(1); 12747.

[36] QU Z, CHEN J, LI B, et al. Measurement of high—school students” trait math anxiety using neurophysiological recordings during
math exam[J]. IEEE access, 2020, 8: 57460-57471.

Analysis of Cognitive Neural Mechanisms of Peer Interaction and Future Prospects
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[Abstract] Peer interaction is an important way for human beings to acquire knowledge, and revealing
its intrinsic learning mechanisms and rules is of positive significance for optimizing learning strategies and
improving learning outcomes. Cognitive neuroscience provides the basis for the study of brain interaction,
breaking the cognitive black box that previously could not explain the interactive learning patterns, and
providing a new multidisciplinary approach to explore the intrinsic mechanism of peer interaction from a
multidisciplinary perspective. By exploring the foundations and technological applications of cognitive
neuroscience of peer interaction, this study illuminates that existing studies focus on the discovery or
validation of neural indicators of single interactive behaviors, interpersonal brain synchronization indicators
behind complex interactive behaviors and their influencing factors. The results provide a valid basis for the
integration of physiological, psychological, and behavioral modal data for student —centered teaching
practice, and provide a scientific and accurate basis for teachers to optimize their strategies for student
collaborative learning. Finally, future study is prospected from data fusion, contextual focus, gadget
development, and methodological integration.

[Keywords] Peer Interaction; Cognitive Neural Mechanism; Neuroimaging Technique; Interpersonal

Brain Interaction; Collaborative Learning
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