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SRS ARE S AL] o IR, ABFEES & 1B MR 5 TR SR AT 55 L T INIRS AR EIAR, AR
JRi7KF BB EENBR AR L] o 47 045 R R, ARG A6, A0 TR i Reamnt s, B
SR, SHCHGELT - iC. INIRS ML R EIR, FE31 AT SMURTEI B2 | TR /N FIRS- TOU 5 XA IR
[E1) 35 5 [ 2L S 0 T ICAG S A, T L A PR B0 20 L B 2 S B, A 0 T /0N P Al ) 355 30 ) 0 1 22 St e
Ko L b, W) S [R]85 R BRI U & U6 ER, WFFE AR PR B INTERL T B0 18T

LA

ES3= 31 BN 7/ S 51 L6 i | 1 P & S £ A A 5 N E R B E SN

SES  B845; B849:C91

1 55

N B A, N R T AN 34 ) AR 4y A
A NNTARWHESR - (R, AR, 2012) 2 FAF
R EEA A 2N, FENRA TR i
EH, EAUREE T AR EEAECR], (AL 4E 4
THoMRRERRE, REWRER, AKX
PR, AR B AT R SO B B SR Y — Bobk
(Knoch, Pascual-Leone, Meyer, Treyer, & Fehr, 2006),
BRI e B 3 55 UESTZ ATy, A&
BUE B B S A P RS A RO %, AAT A
FRN-BOTE 1 (Fehr & Gichter, 2000; Henrich et al.,
2006; Makwana, Gron, Fehr, & Hare, 2015; Wu et al.,
2014),

H HEXT A BR 2P i 00F 58 3228k AT M & T
P g X, b A 5 38 R T 2R 4T 45 (Ultimatum
Game, UG) (Giith, Schmittberger, & Schwarze, 1982)
J& N R Tz B — B 92 55 20 (Feng, Luo, &
Krueger, 2015; Gabay, Radua, Kempton, & Mehta,
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2014). MY e IR SRS A A, 41
WL (proposer) 144 3% # (recipient) . ZLRABATI X —
B RAT I , Feh R UGE AT, R
T R AZ YR A BT 58 o RS2 FA ]
AT R, AR IR R VG T e, iR
fags, WA ¥ TCAE{T I %5 . Spitzer, Fischbacher,
Herrnberger, Gron F1 Fehr (2007)>K FH& 1T aY i )5
IR SRS T ARSI X T A HE 8 A
o IETRMT, HHZF NI RZARNF,
AT DR BGES A, B2 5 a1 oo, wiAn;
W BLE SO0, PR R, TR TR
4 53 BC B B R S A 10%, AT R 40 Bl 4 40
KEEEHE 40%, FHGEFHHL(50%). T35h,
TETISMET, ECE P ECHA AT 50 Y25 {E 8K
R), HZHWETISEER, HILAT W, fES7EfE it
NBRAEJ7 T % 20 H (Makwana et al., 2015).
Biti 5 1 AR BRI H 25 iR, BFSE &A1 R )
A6 W LR A% B AR (EMRI) R A 45 5% B i i R 19
FEAT: 55 vh B2 UE 42 52 5 8 N2 7 R i 22 L
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il CAHEMR R, MHETEETEN, AN
FEUCE B FC G AU g, S PO AR P SUI A S i
Wit i JZ(DLPFC) 2 MR i B2 J= (VLPFC)
HE 451 K )22 (OF C) LA B AU 2 IR #% (caudate nucleus)it)
SR W R i B Y A N R 1 = A e Ry 2
JZ . ZEMIBERUE R A 0 R KA TG R B Y 1 i 5
ORI 0 MR BE A9 B T (AR STT T J3 PE <6 ek 25 T
FEST T 0 I 4 80) &2 1F AH ¢ (Spitzer et al., 2007), iX
e W TESY 2 F- B T LSO 5 45 il (Miller &
Cohen, 2001). L% S B (H AL A ) #01 #] (Aron,
Robbins, & Poldrack, 2004) . #E5i] B4 (O'Doherty,
Kringelbach, Rolls, Hornak, & Andrews, 2001)L4 )
AN E 2 B 5 AR RO TR 5 1% il X (Delgado,
Locke, Stenger, & Fiez, 2003). [A]f}, BT 4%
ORI DA I Pl 2 i BT D P P R, T
28150 it HL R (tDC SR 3 45 il DLPFC Y380 2
JE R R AR THRIUE B9 7 AR A, R
GTC; T A0 A 22 i D) 2 IR 53 TE 5 58 1 2 P
(Ruff, Ugazio, & Fehr, 2013),

Xof 452 NSRBI LA RO 5T R, A7
TEPIAN S EAE IR 48 R G SR — 47 0, AdE
B B 2R 45 (reflexive and intuitive system) )2 45
R I & i (reflective and deliberate system), Hij#
T 55 (AT) . #5174 (amygdala) F1 . P9 00 675 450 2
JZ(VMPEC)A 1, ¥ B R e WA A 2 IS i e
70, PRSI SAL . 5 & b T 0 AT 0 el
(dACC). MR B )= (DLPFC) & &M Fir
M B JZ (VLPFC) F1 #5 A ) iy %t it 12 J= (DMPFC) 41
i, Z5EIE LRI, Wl AT, T
JESIHY i (Feng et al., 2015), WFFEHMIFIFERA T
T AT FH AR R T 4832 45 10338 N BT o
DLPFC JIREI i MI1L, & B4 il DLPFC #¢4m il
I, 452 52 7 T 0 AN 28 3 BE IS AT O 3 e
(Baumgartner, Knoch, Hotz, Eisenegger, & Fehr, 2011;
Knoch et al., 2008; Knoch et al., 2006), LA F#F574%
REHER A M DLPFC TE4 B IR b Al g i 53 A F
SR A, LA AT g b 33 SR, — R
JE EAIE 7R T2 ML AR SR T2 A
M) DLPFC #2875 3l Y AU

AW FEAE D T X AP IR R — T e
TAT R AR 2L R, HE AR i T
AE S H. 3 W7 15 & 125 10 45 2 (Spitzer et al., 2007).
M8 A B TR 2 —Fh B o PR B 7R, MR T
SERBE R — AR, W H S R AT N AT R

(Shaw et al., 2018). A it H 28 AR G KA 15
g, AR LU 7R B B 800 A 58 i a2 A
1SS HLE] o BT AAS B 5% A Fe AT BRI (single-
brain) % [v] £ fiki (multi-brain) (Hasson, Ghazanfar,
Galantucci, Garrod, & Keysers, 2012), #1541 fxi—
BB ) A AR, ARl 7K S 48 78 A BR 21
TE LML . AR HOR (hyperscanning) iy A
R E 30 5 AL A R 58 442 T 87 i 72 (Montague
et al., 2002), i xF H Z) Y 2w g A7 F 210
s, I 43 A i 8] 3% 30 [5] 25 14 (Interpersonal Neural
Synchronization, INS), MEBER M F L T 44
HREHLE LR . 2R TR S I R
220 2 A G AT B L, RS BB AR 55 4 (Cui,
Bryant, & Reiss, 2012; Pan, Cheng, Zhang, Li, & Hu,
2017). 47805 (Holper, Scholkmann, & Wolf, 2012;
Pan, Novembre, Song, Li, & Hu, 2018). Jifi4: H 5
(Zheng et al., 2018)%% . X LR —FRW], ok
FIAR I X, FRAE 5 < BRES A RN X 1 INS
by T N NI I SRR G 2SN < (e 5
WAk rh, AH LR ARGE RS A AE B, TN 53 R AU
A5 DR~ T A X (TPI) Y INS 3458 . X AT REZ K
(TR TSRl i A A N T 3 W5 R 1 D I TET S S
1 BARSIVESE, (A5 XU BEAE T Ag-Hb gy U XT 7770
B, kL RL Bl (Tang et al., 2016), Liu, Saito I
Oi (2015):K A%t LRI T A1ESE 4
AR AL o AR5 RS A M, B (builder)
&Y (partner) . S VEALSS T, HERY TS 24 BB 2t
B o R o SEPAT 55, #ER S AT RERH
O E X R R 6. BT, A
BEHCUR . BFR A LB, GRS TR A AT [a]
(IFG)H B T INS, (HEX —HRLIFAETEG RS
o BFRF N TR RAT 55 T, BT 6 A BT,
TEURRURRE Ml T At N 0 B R IR R R [ O AT
M . LT UL, BB TR AR B SR R R
U IR A S ik X 1) 28 B TR

AH LE AR A Bk DI RE BB AR, Dfgix 20461
+7 K (functional near-infrared spectroscopy, fNIRS)
TERAS | X3k Bl 0 258 2008 A S IR iR A 2SR 55 7 THT
E APt (Scholkmann, Holper, Wolf, & Wolf, 2013),
PRI, AR08 G0 e ) B J 38 R TR AT 55 5
T INIRS By ARHR, & E BT IR WA
M, ST AN R 25 AT 43 TG 4 AURN G 8] 3% 2 [F) 26 1
125 5, IWE S 38 s AN BRI By i L
il o FETUAEMFFEEEAL, A& 0] DUR SR TE 28 57
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(AL El vy 1o B St I N A N B S ]
FEAMUFTAT LR O BERIE A O X Y INS T

2 ik
2.1 ik

AR ZERAAAEIEARI A 44 B (M =213 %, SD =
1.6 %), H 4 26 A\, 24 18 A, FLIE L 22 Xt
) S e 0, AR R E S A BN, Tl
BRI R A T, TO R B E RS MR, )
SCE R IE IR o SR, i A e E T
TR, SRR, Ry TE L8 R i S pr
PR S5 AR K 5%

22 SLEMESH

SR FH Spitzer 25 A (2007) 3 5 5 i i i g%
R 5518 0N Y 4 R A AT 55, LR 424 13k 5
ZR SR, SHN 100 JG. ¥ —L5r A
St IR A MR A . TRIAMT, ik
B (AR A BC T 8. W32 38 (B nl 4B 7
R, R BZ O BT AR . AR B U
FEANEGH, T LLGE > 3 A R4 sk Xt i
BOE TR, AR 1.5, Mgz Haet |
JG, FUAHR ARG S . Bk, R T IREE B
KAk, A BE SIS %, R3] B ragisszm
/Ny e A AT 55 0 4 T B NI i AR ST Y S At
I, B A PR 5 Y EoRK o B A O R T IR
B GBS T, Gie B 2T A 0B %,
B RETC A 42 o
2.3 LRI

2 AYRIE AL =S, X AL, A
B A SRS (A Tl 1A TR ) o SEBG T AR T, #ia00Uy
1A i AORUCE AR S B AR IE A Rl
B), 155 P . f—fiuch, mAERSEk
325 70, XPRIE 7RSS, BIEE A 434S B O
JG, B WA ZEANT A #HTHEST . 25, A Xt 100 Joik
TP L ARG T 3~6 s (TR, HE R MLEK 2 s,
5 L ARERAETI &AM, 0:0 {RFTIETN &M 5L R
SRR, ABRE SR 2 s, MiEHH B
R, B o RIS PR RS B, I
BN D B A A, B RRER, SIS A K
“UEEPEATRN . MR RBUZ BT E 2 s, ZJ5 B

AT R B, TE5 0 1 IWERRT, B B LI, Wil
DL /b 25 Jerb R or BA i e ok b A Al
A IR R T i U v/l BN M - £ 2311 -5 S ) Y N : )
%3, B A] UMM EOR ST &8, TR iRe2”
SEEATHIA . TR ERE, &R, 2
ICREI DB I B E 20 0 JC7E 01 0 YRR
T, B HABH 278552 A WAy . Boa gk
MOT R 250 £S5 A T B R FE# L
Fr 2N A —2, BB AT LISEHAE WL A 4B i
B, A WRESEM AR B 1Y S L (&l 1B ).

5 50 AUk, FR3 S E R E G 5%
2 25 Mk, PIFP A a0 LA BERL Y J7 =X
HEAT o ATLSIFAATT, POlERE 40 so 78 25 ik
J&, WORE 2 2380, AR5 SE R 25 iR
Sy i RN, W2 ol BRI B 9 (52 LIS )
AL 55 i B AR R W — o | 4 A A
2.4 BURWE

i id E-prime 2.0 {5 BAE S5 RIFOFREAT
FERE . AN, R Hitachi (H 37) ETG-4000 3k
10 S B TE 92 0 AT 55 b K 4 & 1L £ 4K 1 (oxy-
hemoglobin, Hbo) LA K& flii 4 Il 21 & H (deoxy-
hemoglobin, Hbr)# & i) A8 4k B — e 3x5 Fy#3k Ai
BT UKIE T, BCE AR B R RN A . AR A
PRERIE 10-20 FREE, A4 HRK AR E Ho ] AP0 e T
1E C4 WINLE, HERMRNTE RIRSH ML AT IS
(AnE 1C Fm), i X R A AT a4k
Mt 8 A AHF AN 7 AR g2, RSk =2 18] 1] B
3em, BAGERRA 22 ANEIE, B IE 0 B A
® £ % Jichi University 2% fit A9 & 1 & it
(http://www.jichi.ac.jp/brainlab/virtual registration/R
esult3x5 E.html, W3R 1 Fr7n) (Reindl, Gerloff,
Scharke, & Konrad, 2018). RAEEAIHK N 10 Hz,
2.5 BUBRSH
2.5.1 1TA¥IE

TR ARSI 5 T R — 4R E A X
2# B BRI H A M B ANE T 1
I s (B4 73 BC R A0 46 96 42 25 J0), IR T RO
FEAS ¢ K050 FE AN ) 2 56 25 A1 0T 4 10 22 5 L
Ko A HT B CFRIUCAT B 2E S o ¢ K Y RSOV N
Cohen’s d,0.2, 0.5, 0.8 735llsE/ . . KA H .
JIOh, RS R T 2 B XU AR
S3EL(oT BL A0/ T 50 J0) A% I BE

5x BT AV & 51 &40
50x AN TARIKECE: — AWBASA T4 B 1 8 440
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2s
5:1 0:0
Al95 55 B A L+ B
RISEYS BT R HBHAL AL
5:18%0:0
2s A B
3s
B 1 SLiedmas . SCO RS MR Sk A E
=1 BENE
- MNT A5 AAL 73 X A 4 X
X y z ik X W i IX. W&
1 59.49 21.37 20.43 0 = ff 5 E T [l 0.67 445y H5 8B, AR XA 0.53
2 66.87 -7.18 29.10 A5 v g J 1] 1.00 43-rp g X 1.00
3 67.53 -33.40 34.90 Ak L el 1.00 40-%% L [nl, R JE T IX BB 43 0.72
4 59.42 -59.03 33.70 A £ 1.00 39— lnl, IR JE B X4 0.97
5 50.69 36.73 27.05 A i i vp 0.52 45T R X =M IX 1.00
6 58.80 7.96 36.56 A i v e iy [ 0.97 6T iz 3l 7 |2 fi Bhiz ol 2 )2 0.78
7 63.88 -20.28 43.97 ik I [ml 0.76 1= RS 2 ST 0.83
8 60.37 —-45.14 46.84 TR 2N 0.60 40— L Inl, BRIRJETEIXEBS 1.00
9 48.36 -68.79 43.83 A5 £ [ 1.00 39— Il, BIRJE SE X 1.00
10 47.43 24.55 43.41 A4 5 o [l 0.99 44— 3 EB, MK R XA 0.51
11 54.49 -4.25 50.69 A e S iy el 0.55 6—HITiZ Bl Kz J2 R Bhiz 3h iz )2 0.97
12 56.89 -31.30 54.81 A TR /N 0.72 IS ISR A 0.68
13 49.68 -55.49 55.37 A TR /N 0.84 40-%% L [nl, R JE S IX EB 4 0.81
14 33.83 37.74 46.08 F i v [l 0.98 975 Sl i AR e 2 1.00
15 42.48 13.34 56.74 F i v [l 1.00 975 S i AR e 2 0.79
16 47.64 -17.53 62.57 A Aol e iy [ 0.52 -V 3 K7 0.65
17 43.34 -42.84 63.31 T 0.55 2~ AR R S [ 0.52
18 32.38 -63.83 61.62 TG L /N 0.99 YRR IR B A B 2 1.00
19 27.55 24.62 58.16 A5 i 1 Il 0.78 8—HIjAH HR 3h IX. 0.99
20 34.22 -1.43 65.56 A i I 0.66 6—T1Ti2 3l J7 2 Fil Bhiz 8l 2 )2 1.00
21 35.98 -29.29 70.73 A i v e f T 0.64 IS5 )-8 0.84
22 28.73 -53.67 70.81 AUTH L /N 1.00 THRARIE AR B R 1.00
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B a3 bk AR R G T RS2 FH TR
B LRAEAER, BERAART O B R, I R R b
ARSI AR T ) B 5 AR 200 J0r E 46 4 1 A G
o
2.5.2 {NIRS #1E

1E Matlab 2014a (Mathworks Inc., Natick, MA,
USA)HRAERREE N, 1] NIRS_SPM XAy
T Ak B . R A I W 3 7w B PR %X (Hemodynamic
Response Function, HRF)FIE # Ay 7% 48 e, A% R4
# 128 s (Discrete Cosine Transform, DCT)# 4 7{KE
DB IR R AR, DA I T R A ™ A ) e 5 TP it
U5 5 R Y 4 BRI 5 (Ye, Tak, Jang, Jung, & Jang,
2009),

U AR A 2T B PR 55 30 35 indUR% (Hoshi,

2003), FEAWFFEHY, [OK H A A3E— 25 5080 53
Bro 18 A /N 3% A8 #e A T (Wavelet Transform
Coherence, WTC)i T8 AT 45 W0 (Zk R B3I I 15t By
B Wy ik 18] 35 3h [A] 2 ¥ (Interpersonal Neural
Synchronization, INS) (Cui et al., 2012; Grinsted,
Moore, & Jevrejeva, 2004), 4G, XFHFEIFS x (n)
AT 3% B2/ V)% 28 B (Continuous Wavelet Transform,

CWT): W, (s)= \/7296” ¥, {(" —n)—} (n: MfE]
a, s NBE, 8t SREERI(HAN 0.1's), N: i [E]
FFAK ). SR, XTASEEFH] x (n)fly (n)itf
1738 /N AR #(Cross Wavelet Transform, XWT):
WX (n,s)=W* (n,s)W" (n,s), *NELH., &5, it
SRV A B R] B 0 N AR R A T, R (s) =
567, o)F S WFHHAT.

| ST SETW (s

AT ORI B AR S ARG, T DI
}# W5 (Nozawa, Sasaki, Sakaki,

Yokoyama, &

A !s
2
6
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)
R 1

18

22
02 0.13 0.04 0.03 0.01

A (Hz)

Kawashima, 2016; Pan et al., 2018; Zheng et al., 2018),
#0.01~0.2 Hz (5~100 s)H14F— AN BE ) INS #5475
¥y, ZARE AT DLk S AR RS, 0Bk (~1 Hz)
UK (0.2~0.3 Hz) (Kamran & Hong, 2014; Pierro,
Hallacoglu, Sassaroli, Kainerstorfer, & Fantini, 2014)
T A0 i 18] 0 Bl ) 20 o RSP 38 LU R AE 2R AT
Fisher Z ¥¢ffe, Xf&— BT 22 AN@IiER INS
S BHEATECXAEA ¢ K256, p < 0.005, 45K EoR, &
T4 PFF 0.13~0.2 Hz, 0.03~0.04 Hz FJ INS .3
TN, BIREN R, AW INS
m TIES SR 2 Fﬁﬂ?)o R, EHC 0.13~0.2
Hz. 0.03~0.04 Hz 5B . EHIECAREAR ¢ ks
5593 0% X BT B — Nl INS A5
M2 5%, X p {Hi#1T FDR #% IF (Benjamini &
Hochberg, 1995), H-A=i% ¢ (HAAK, T xjview T H
i (http://www.alivelearn.net/xjview8/) fll BrainNet
Viewer I E.4f(Xia, Wang, & He, 2013) (http://www.
nitrc.org/projects/bnv/ ¥ E 2 T 3D By s AL I,

3 45

3.1 1TARZR
22 X9 B s B B E 3 TR o SR IUE AN
[ SE90 451 B A L S A T ROMAEAS ¢« Ko, &
RS S5 THEUCE I BL 4 41(41.39 £ 9.28)m T
TAEST415(30.27 + 17), 1(21) = 3.91, p < 0.001,
Cohen's d = 0.83, 95%CI: 5.21~17.03 (ANE 4A F7R),
TR 7 BE RN AR TR P 34 0 T 4 A0 Y AH O A AT
E@é*%ﬂm, TR R, RS ARG
S A H T, r=0.43, p=0.04 (L& 4B FiR). 5
AR, IEARR LI S E T $R I fidE 2 F BOE 3R
HATECXTREA ¢ K05, RIAESISMET, RIHE
(62.76 + 14.53) 53245 (62.22 + 11.18) V- 415k £5
WA BIEES, 1(21)=0.15, p=0.88, Cohen's d = 0.03,

P ~
B 5x1073
2 |
6
10
b I m
5 m
14 -
1 n
18
0.2 0.13 0.04 0.03 0.01
I (Hz)

El 2 0.01~0.2 Hz JIB NAET] 5 TOAEST A F B INS 22 34650 19 ¢ {H E (AR p [HE(B)
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95%CIL: —7~8.07; TTLIETIAMT, #RIFH T (B 3% B[R] DM SRR Y 25 50 G5 SRR, B R
RE5(94.72 £ 17) B EH THEZ #5527 £ 17), t21) = 0.13~0.2Hz I, @38 12 F1 15 fES50F F Y INS &
95%CI: 24.38~54.53 (411&l 4C FF7R). Fm TR R, J8IE 12: 1(21) = 3.56, p = 0.04,
%R Cohen's d = 0.76, 95%CI: 0.01~0.05; i#iH 15: #(21) =
3.45, p = 0.03, Cohen's d = 0.74, 95%CI: 0.01~0.05,

5.44, p < 0.001,
3.2 fNIRS
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p 4 FDR ®IEJR (WK 5A&B FIi/R). 375 IR B 2544
G, HIE 12 WAETTS0ES oA 454 i
SHIMZEES INS WEMZIEMK, p = 045, p =
0.04 (4nl& 5C FrR).

MBS N 0.03~0.04 Hz Bf, s#I& 9. 13 FI 22
TR RY INS W3 TOAEN 440, @il 9
#(21) = 2.99, p = 0.05, Cohen's d = 0.64, 95%CI:
0.01~0.05; J#iE 13: #(21) = 4.21, p = 0.01, Cohen's d =
0.90, 95%CI: 0.02~0.05; HIiH 22: #21) = 3.56, p =
0.02, Cohen's d = 0.76, 95%CI: 0.01~0.05, p & FDR
K 1E 5 (AN SD&SE ).

4 g

ABFFE R L A - N BB E 5 T W B e 8
REZRATE 55, 456 5T INIRS HEHEREA, W
WHE A TR T ARSI A LS . 474
GO RR, FETV N AMAR S I AT, TR
SFIIOIEC . TSNS PAREE, H2 52 RIS ) B R
K, $EBEE I o BB ) -2 70 Bt . INIRS B9%h
W7, AES T R UCE T4 32 A I SO iy A5 B
J2 R0 BB A SR X4 A [ 3% 30 [) 25 P (INS)
Mo, ELTRUT /0N i) Ak 18] 335 2l [ 20 M 0 3 5 5 43 e
RN 22 5 (R RIS BAT B iR GG & .

IR - R e S R i B S L D 6 18
S B3 L S (i I U £ - SR TP O /AN B N TR D S
WUAE i it LA 2 TE 4R BE 1  RA T s TRAER T,
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Abstract

Interpersonal fairness plays an important role in human life. Punishment is one of the most fundamental
factors in the formation of interpersonal fairness. Although many neuroscience studies have used interactive
economic games to explore the neural mechanisms that underlie fair norms’ enforcement and compliance, single
brain studies cannot make researchers achieve a complete understanding of the intrinsic mechanisms related to
dynamic interactions. Hyperscanning techniques can allow researchers to measure the brain activity of two or
more persons simultaneously while they complete cognitive tasks under natural conditions. Therefore, we used
fNIRS-based hyperscanning to evaluate changes in behavior and interpersonal neural synchronization (INS)
during the formation of interpersonal fairness.

The experimental paradigm referred to the adapted ultimatum game (UG). There were two conditions in our
study, punishment and voluntary condition. In the punishment condition, the proposer (A) introduced a
distribution scheme. When the recipient (B) accepted it, both of them received money according to the
distribution scheme. If B thought that this distribution was unfair, he or she could punish A by spending all or
part of their money to reduce A’s gains. One RMB invested in punishment led to a reduction in A’s gains by 5
RMB. However, in the voluntary condition, B was obligated to accept the offer no matter how much A allocated
to him or her. The task included 50 trials altogether, 25 trials for each condition. The trials of two different
conditions were presented in a pseudo-random way. A total of 44 university students participated in this study,
including 13 male and 9 female pairs. Before the experiment, pairs of participants drew lots to decide their roles.

Behavioral results showed that compared with the voluntary condition, the average transfer amount was
significantly higher in the punishment condition and much closer to the equal split. Moreover, in the face of
unfair distribution, more money was transferred to recipients when they punished more the proposers.
Consequently, there was no significant difference between proposers’ and recipients’ final gains in the
punishment condition. However, in the voluntary condition, proposers gained more. Results from fNIRS
revealed that in the punishment condition, the INS of three brain areas was higher than that of the voluntary
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condition, including the dorsolateral prefrontal cortex (channel 15), inferior parietal lobule (channel 12, 13), and
temporo-parietal junction (channel 9). Additionally, the transfer difference (punishment minus control) was
positively associated with an increase of INS in the inferior parietal lobule.

These results suggest that punishment can promote the formation of interpersonal fairness, accompanied by
enhanced interpersonal neural synchronizations in the brain areas related to strategic decision-making and theory
of mind.

Key words fairness; punishment; interpersonal neural synchronization; fNIRS; hyperscanning





