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18 TR AL giAt 250 3 5 AT 180 B 27 1)
HEME I, SRATWHF GBS, BEE
A L —E NP n) AR A AR A NS
A DANEHESZESFRRER, — R EWE
AT RS AR5 Gl B8, PP BRSE, 2009). TIETE
T AT DU 2 o B2 DA RN ot 28 Bk 2 U VT 5 1 77 1)
AU I — i o I SCERUE, T8 A R 2 1
RS B O O A I8 P N SN (B, X 55—
TR SERE R 79 A7 g AR T 2R AT A S5 A0 (E T E
(Greene & Haidt, 2002; Greene, Sommerville, Nystrom,
Darley, & Cohen, 2001), A FJE—AE R H W .
HE. HAROIM TSR, 2 ME A RERNE
/NI B (Greene, 2003), AL, 38 fE) W7 15 3 £ AH
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(Casebeer, 2003),

DAAE A O T8 1 0 W 1 DA 22 R 2 i o 2 L
EPTEEE IR RS SINMIIGE RS . O A RS,
SRR, B EAI WL AR R T R TR R G
A FEHT R 404 [F] (anterior cingulate cortex, ACC),
HIE&S I B7 /2 (orbitofrontal cortex, OFC) . & PN i &5
M-(ventral media prefrontal cortex, VMPFC)LL A7y
{=#% (amygdala)% [X 3 (Harenski & Hamann, 2006;
Hsu, Anen, & Quartz, 2008; Pessoa, 2008; Moll &
Schulkin, 2009). N FI#H G BFAAFIE IR B, ¥ MIA
AN TR 3Lk X A MR AR I (dorsolateral prefrontal
cortex, DLPFC)FF i 13 Wy ix 72 vt il 5 5 22 4E H
(Greene et al., 2001; Greene, Nystrom, Engell, Darley,
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& Cohen, 2004),

b b, EEM TR T S TE S IRE RS
INHITIRE R GERY RIS S A LAk, i KA 5
SGPE (P BR3E, 1T, XK, X, 2013),
R A ) R e XS At A [i] 0o BEECR 2 3E A T 114 4
L, XA RO A FZAR O B (theory of
mind) (Borg, Hynes, van Horn, Grafton, & Sinnott-
Armstrong, 2006; Cushman, Young, & Hauser, 2006;
Young, Cushman, Hauser, & Saxe, 2007; Young,
Camprodon, Hauser, Pascual-Leone, & Saxe, 2010),
AL FE XAt O BEARZS B9 907 2 i i (K oster-Hale, Saxe,
Dungan, & Young, 2013; Young & Saxe, 2008), fifi
X S5 ELEFT IE 7254 W (Young et al., 2007), H
Bl HERT A0 BR 25 (Young & Saxe, 2009), LU
Kok B 48 58 A0 38 7R Wy 547 = I 0 BRARZS e 2R
PLE BH H W 59 & PR 45 i 2 (Kliemann, Young,
Scholz, & Saxe, 2008; Young, Dodell-Feder, & Saxe,
2010).

XL P AE BN T R S A AR B S 2
TP Wrid B BT, R E 2, FRATEH WA
T R SRR AT o 2 S IR T AR PPA I, A R
BB ER, e RS g AT X AT
E R shHL5 H & &5 (Cushman et al., 2006; Young et
al., 2007; Young & Koenigs, 2007), & J& .0 4058
R, 4 LR AN RRAR GF M HE T b O BIDIRES,
JE B = G 25 P 50 DR S A G 15 B fig
M2 E R S EE, BRI T R ok k11
1841 7 (Saxe, Tzelnic, & Carey, 2007), ZX 1M BEHE 4F
B R, AT AR R B 2B B 2 3 B AT
KN EISL, A IEAT A% R (Shultz, Wright,
& Schleifer, 1986; Baird & Moses, 2001),

N 22 B2 A TR R T B4R 2 T 5 4
R At A O FELR 5 RH DG 0 A DX, 33X 2 il DX B R Ay <ol
B PS4 (theory of mind network), 345 P Fif
%fin(the medial prefrontal cortex, MPFC), ¥
(precuneus, PC), 4 I~ 74 [Fl(right superior temporal
sulcus, RSTS), LA K XU 5 T B A X (bilateral
temporalparietal junction, TPJ) (Vogeley et al., 2001;
Ruby & Decety, 2003; Saxe & Kanwisher, 2003;
Aichhorn et al., 2009), H:H1, TPJ & #4532 LI —A>
DX, B 7R A Wik A rp RV I 2 2Ok
W E AL

U Young % A (2007) i 1 T B i 4R A%

(function magnetic resonance imaging, fMRI)iff 57 T
TPJ XT3 340 Wi 5o 2 v Sl LA LA P 1) g 22 Al
AT T R BB G R s BRI &, &I T —
AN TE R T ) 2 — 25 RAT 55 o L I SRR
1977 A gl R IR g 5, BN T R
R . BEFAT SR, o, <55 E
B B A W E ST, <BUR” E AL E X
PRI EE R, BB Tl FE AT
TSI SAAE, AT RS R s Tl M
Bl 0947 R DL Rt e 7 AR R R i R B B
Jo, BORPRA A AT R i e R R S
D NBER S8 | TR M g pll o g = S i
CREERNES AN H AR R A5 AR R P AR
1AL, PR & 2x2 A2 BAE TR B T 4 S
B 56F: T NP R RS R . BAMEA (R
PERE SR . KRB (T E I bS5 R
LEPNE R OR =N SR c e

TEEEREI, BAEFHER T WENEE 5
R EHAEM: fEh T, g th 25 31 (1
JoA N) R 45 SR (R A 05 N ) 1Y) T 725 A
FHES, MIAERHEZET, it g /A,
NAR ) 2 RS R (B ALY, w4 1R
e B BT AR Y Fe I B2, b 36 A A AT ] 7 A
FIWTES, a5 RA, RIS T A
B BOAE 5 TR 45 5 6] T 38 5 4] Wy 9 2 [W) 4 o
BRI T 5 A R E(Young et al., 2007).

TR E AR, SER A R IR TR RIS
SIE, A TR A X (RTPY) A 3005 12 3 i T 34k
IV, UESEIZNG XA gt A A A0 3
RAERIIHEE, WERMAMEHLH FUEY] TESE
TEIETER Wb BB 19 SCHEVE T o 381, RTPY (30
52 B B ZE R R R A BAR W2 m, 7t AR
ZEIEEE T, RTPJ A9 3406 72 % i = (Young et al.,
2007). fESER B, HE B BUR(E B ASER,
RTPJ [X 38t 4 & # i % (Young & Saxe, 2008)., H
I, FFEE P RTPY ANUEA R EME B WE
H, A A B EMEE R EMCE B EZE/EH
(Young et al., 2007; Young & Saxe, 2008; Young,
Scholz, & Saxe, 2011),

TELL B 545 ie i LAl [, Young, Camprodon
5 N(2010) R FH 2 RG34 (transcranial magnetic
stimulation, TMS)HARYHIE T TPJ XINHE &
AN AR o BT8R 2k TMS MBSk TMS 7l
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T RTPY XM &G gh, &8 T —3 s
B G4 L, SR TMS T4 RTPI 9TE 35,
BT AR IBAT A B A BE PP G v, ROk
W FEE T A EE R HE R Bl (Young, Dodell-Feder,
etal., 2010). AT UL, RTPJ 753 Kl —45 SR (1 i 1
F R R AL R ] S B RS B i, RS
RS BT B RS R RE . X — 05T & UCR TN
JJ 3 (brain stimulation) Jy ¥, 8 £ X KM Kz )2 9 HL
FEANED, MPRRICHR BARGE T Rl B R A G X 8 5
N = AL 25 A NAT R 2Z 8] Y DG HK

Br T™MS LISk, —FhaRR A R Il g R <4
P B L (transcranial Direct Current Stimulation,
tDCS) L 8 R i 22 My 2 F e T i 28 A 0 T 5 s
(Fecteau, Knoch, et al., 2007; Fecteau, Pascual-Leone,
et al., 2007; Boggio et al., 2010; Andrews, Hoy,
Enticott, Daskalakis, & Fitzgerald, 2011; Ruff, Ugazio,
& Fehr, 2013), ALFEFELUE TP X g% T 4b B &
SIPUE R RER b, SR 24 it — 2B B ARSI 5E
B, AR Py T (2013)R T tDCS H AR,
RTPJ X780, 450 & 305 Dh R A R A I,
IH A S 55 A ) B s I o) e S A, AR AR %
FEAIME NS 225 W3, DAt I A {00 385 T BB
A DX I BE S R 1E 18 K b ) N T Sellaro
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AVTHE TE P W 2 oM N (P P S PIL B P45 2R 2%
FT AR ESTFERE, JEMUESE T RTPY 7EAA]
I Tl EE B APE- . Ye 55 A(2015) % 31,
FIH tDCS 2354 RTPJ X $sk s i il LTPY X 38 (42
DUFET TR 75 X)), AR 2 Il /0 {5 73 7 T 18 4 1 v 14 £
o, R AATE ZHOCTEEES 4R . Mai 55
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HRHEPUERE MR, = RERESFAEEE, A
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[i] SR B 2L v ik ke O 2 S ASAS O v 0 BT S 3L
Mo tesh, FATERTESTL I, Bt 7 PIFNAS [F) 18 1
TEEMES . A RRIER SRR, U
ST S0 22 e & 2 S a5 R AEE AL

e, AR FEAE LAAT ik BAR R 5 (TMS |
tDCS) 2518 1y il I, it tDCS H2 AN A2 47 W]
TPJ X IR AT 0 (G A ) TP FFR &l 220 TP
PR A ) TP I 34TE 220 TPY), DA% 284l AE 11
TG %505 e S F S AL 5 45 3 A0 AT S i b 0 ) by
IS AT 25 57 o PRI, FRATT AT ARG A 1 45 38 2 A5
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33 50 JCHY I A

FIT A B 38 5 L2 T R Y 1 O T 58 i — >
TEFNWAT 55, RIS 50 B — AN TE A WA 55 . i
TR A B BEAL 2 HE S 3 A4« IE 3% RTPI
TRl LTPT (17 A, H 10 A b)), Gl
RTPJ IEH3 LTPI (17 A, Hrh 10 A A:); Phifil
P17 A, Hep1o Aok,

2.1.2 tDCS

tDCS X K i 2 J2 4 28 41 i g v 305 1 40 2
B 0 8 b 0 1 R B DR SR R AN R . T
GV R, F R g R EIE 2 mA DI,
MR FFE I ] R, IS I B 2 24 A3 1 1 2
AZT] 3k 1 h DA - (Jacobson, Goren, Lavidor, & Levy,
2012), ©A B tDCS WFFEIE H HIEL 10~20 min, i
A DO EE R 0 B 5T o Y e e . AR
&, 5 min VAT O BB TS & I AE R A Ak
(Boggio et al., 2009), % T 1, 7 5250 4 20 9 12 o
PR R 20 min, HLUETREE N 2 mA,

ARSI R i Starlab B % B9, NE (Neuroelectrics)
ST PR Y Starstim 28 f5 B HE LAY . T Starstim
25 P T F SR RS S WA A S s ) R Y
SRS RIZEHY, B A TR 8 em®,

4 EEG 10-20 RGP 5 1 A2 bR AR DG a4
AL SE SEFSE (Jurcak, Tsuzuki, & Dan, 2007), K3
) E A (3] 52 i AR Sk B2 CPS FI CP6 Ab (L N
fMRIBF 5% H 4R 45 A9 LRTPJ .RTPJ {1 & (Young et al.,
2007; Young & Saxe, 2009, ULIK 1A), & 1B.1C I
J& Starstim £ LU FELRIAASC A W 48 B A S B o 7R
rPORE A DR AT I ) S R

3 21 i) A 24330 Sy < IE S RTPY 638 LTPY

! Starstim £ /5 1537 FL SIS A AR T DL . http:/mypage.zju.edu.
cn/yehang/681210.html,
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TR, R LR s« B R e g A,
DL R AP R SR i 22 158 HAE A A
T 4R TN KRR . BAMEA
A AR (AN 3) . Wk o ZEXT s M AT
SRy A i TR B A IE PR, BRI 1R AN L BT
1005 R R D0 BRI T8 (120 + 5)
KR SE A VLD, N ER

T 24 WAk o 1) e A R S A% 5 i — N IE
TEFIBT A T HAT 55 (AL B), I KT Y S 90 AT
FAFEWNAEREM S, SRS A ik
Siv Sy LKATS B HHMIE S S, R TR
2 > S0 RN BRI S 99 AT 55 1 25 ) T M S g 4
R, I GOKE P A B BE AL L HE R A 43 (Part
[ . Part II), Part T H %8578 04T 50 B S B0 AT
% A (BFEHCEE S . S,), TERNMG ¢ UL 54T 55 B
(L3RS S, S,)); Part 11 A AR 7 il BT 5 i
LEATS B (RFGLE S, Sy, TEMIBG 5 AL
eSS A (BT S, Sy). RATHK S =AU
T I P4 17 B 4 RS 32 56 BRI BE(S) and S, ) 5 A&
FIHBE(S, and S )RR 94T 55 L HE R
il E 4.
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A 3ok L A R A X e — A S P A RO AT O AR i

i, TR R, $OA S Z BT (E
BT, HFEBAAE . 15 min )5, 9
BRI — RS W i S AT 55, T IRl e Ak sk
% 5 min PRI FER3R T8 BT A S A T 1
Jei, AR S — 5 8 A (0] 45 0 B AR AR A AT Y
SCUHRIM . SEa AR AL 5,
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RIBHTES FIMIE1ES

K5 Sl i ing

SEUS F AR IEAT TR, FRATE ST EAE Part |
A Part 11 P9 /3 WU AE RSART, T 58 LS B0 AE 55 A
MSZIRAT 45 B Z A8 W22 5 il J 8
FEMNE, B & vs St g SR (bt vs
PWE RPN ZE, BT 5 (TS5 A vs {155 BUE
R R R R I A R R, RS ARG AL A
AR . XA TO I S X N il T R B TR 4
(F(1, 106) = 0.01, p=0.912) . & ZXF P mHA] (F(1,
106) = 0.72, p= 0.331)#FJ& oL ). PHitk, FA14H
HIA AT S5 Z B 22 510, JE7E LR
o 9 1 7 2 37 ) 98 2 W RN 4 7 ) 2 T A R
Wi K P47 A

FEUESE T IGISJEiE DT FE B P40 L i S p S A [i],
P SEIRAT 55 Z MR AT o 25 22 e e, FRATThv] LA
FEL Y T 42 2 ) 38 3 T = ) ) 22 S A A
T (DCS FIAIRR . IHEARNHERCR, FA1iE H
AT 22000, ReE bt vs Ttk) L g R (b
PE vs Gk RIS ) CRIBCRT vs 3805 ) FE R 13k P 1A
£, WA O L A SR vs A
TR vs DhRNEONE R gl R 2=, i
TTHEIRS . A s e SRR, BRGS0 5%,
fbE T B B BE TR (I ME 8.66) Wk 3 TR M B A
(P18 4.32), F(1, 105)= 811.15, p < 0.001, ffi n* =
0.819; Z5 AL TR0y b 3, M 25 SR i 97 B (M
8.09) I & = T M2 R (BME 4.58), F(1, 105) =
552.28, p<0.001, i n*=0.753; sk, ERESE
2R 2 [ S AR, X a7 R A 3 ] i s
25 W N 32 08 TE RE VR Ay R A T R, R,
105) = 4.53, p = 0.012, fii n* = 0.023, [AMF, HIHE
Bonferroni # 1F 955 J5 /AT 45 5, 8 aUFE 5 )

(F1E 9.00)FIls = AN(AME 8.21)Z A T Ay il T3 2
FEPEATR Fe A5 N 3% (FI1E 6.26) FIJCA A (FI{HE 2.98)
ZAF T By TR BT I 3 K (p < 0.001), 34k,
FRATT A Sz 3R] e 24 0 6 gl 3 A A 3 R T R 2
) E TR PR W R, F(2, 105) = 5.17, p
=0.007, fii n°=0.031,

DL 4555 LI s g — 2, T IRATHY
SCER kUL, HME TS, SR RIa RV, L
F L B RVRI IS A = 2 (RS B A
RN, F(2, 105) =3.21, p=0.041, fii n>=0.018), i
— B EM, FERESERANT, dkfEREZ A
IE/Z2 57 1 tDCS HIELS 45 H )3 o7 A5 B2 P4 A2 15 B
BT CRRERT3ME R 7.69; HIEL)S MIE K 8.19;
p=0.004, d = 0.278), JLHIETEG AT T
CRIBERT A 8.82; IS MIXIME R 9.46; p <
0.001, d=0.331), 77—, TEHPESRE &M
T, WA EREZ 2218 /47 ) tDCS FUS 45 H i
Tt R BEVE 4> H AR AR T RN AT R ¥ (E Ry 5.85;
S I E4{E M 5.00; p<0.001, d=0.413),

FATT I 58T kA o A R T R A B[]
(PSR IE]) . A2 0 7 22 40 AT SR e B, plal
2 P ¢ B A W AT 55 B T R % s ) e 2
BT, F(1,105) = 7.62, p= 0.006, fii n>=0.031, H
TR 232 S PR B 2 MES R, Al
XPLBAT S5 AR HOMAK T, BB AR
AHERRAR o (HEZR IS, (R8I AR R Al
X = HZ RIS H R, X PR it i) 4G 52 )
Z0, F(2, 105) = 2.69, p = 0.067, ffi n>=0.015.
E—2 W F G TR, 2 A B A )R,
BT UM A AR T A DR SR IsF 1) 3 4 T Rl
AT YIE R 85.21 s; HINMUGE IR 75.62 s; p=
0.003, d = 0.452); Sub[FEl, 7P HEESEAET,
252 T Pl B R et 3k 1 D R o ) L B A
T CRIRTAEIE R 83.54 s; HII)E BIIS{E N 76.69 s;
p=0.022, d=0.298).

AT B T A 2B AT 55 1 AT )T 2 5
2R BRI T, Ay 25 4 M 4 R

®1 ZHRIMARBITEARMEZMH THEREENESIFEES

S 1 A A T S 38 2 A 55 95 200 T A ) £ Fhili

DU G} Dk b ) ek ST s
i AT 9.33 (0.98) 9.69 (0.52) 9.89 (0.21) 9.90 (0.35) 9.62 (0.76) 9.73 (0.45)
BAMIN 6.29 (2.15) 6.79 (1.95) 6.45 (2.00) 6.10 (2.03) 6.95 (1.50) 6.69 (1.58)
Bi NK % 6.78 (2.46) 6.64 (2.69) 8.78 (1.15) 7.81 (2.02) 7.77 (1.55) 7.56 (1.70)
RN 1.75 (1.15) 1.54 (0.96) 2.55 (1.75) 2.10 (1.50) 2.17 (2.09) 2.05 (1.98)
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SREPOANAATEE BE 25

7N, Joi e MBI A H 1 0 A2 58 B BE VR4 R (F(L,
102) = 0.14, p = 0.674, fii n>= 0.001), B2 MPL
TEAE W HI T s B e S I [R] >R B (F(1, 102) = 1.57, p=
0.198, i n°=0.007), #PAFELE bk 2 AT
222 RBEXNSHK

R T T — AR 15 S R T A W i s, FRAT]
IMA T —MERZ &, T 2R, 3K
RIS CESZ KRR vs A KRR)WENTEZ N &

J5 Z BT i — gl N R ZOR AL BRI . FEFRIE B
R REA T, FRATHE BRI TS A 555 B Z 0
PRI, 255 FRBH, JCIRJe N 37 58 53 JE 1F 4 ok
E(F(1, 52) = 0.004, p = 0.945, fii n>= 0.001), &L
RS ] K E (F(1, 52) = 0.40, p = 0.539, fii n*=
0.003), PIFNSLIGAT 55 Z (BRI A B 52 o

ERMEARGERI, ITEIM, [FEEU, 52) =
425.56, p < 0.001, fii n>= 0.695). ZEH(F(1, 52) =
257.20, p < 0.001, 1k n> = 0.543 )%k it 7F 18 125 7
i TR B DA R . EAh, BR T R EE
SHE RIS H KRB E M ZINF, 52) =
63.26, p < 0.001, i n*= 0.352), FATE K, b
55 &Z MM TR W B E (R, 52)
=7.30, p=0.009, fin>=0.041), #H—LWFE5
Bra&il, e s S0 T, BlrEw MR R
(1R B T &5 1 00 0 A2 i B BE IF 43 W AR T I A %
RIEHE TP (ATE BMEN 5.63; JEHEMIE
9 6.05; p=0.009, d=0.548), XFH, XxIEFHEEN
FA S RE T ) WS A e 4 o

ok, BATE HEE W& 22000k, DG
B A, AR g R R, ORI A
AR R, TR . RATHRCE M, B
U TS AR P T 25 th 10 il DT R B2 PP O 1 80
TR &%, F(1, 51) = 456.23, p< 0.001, 1 0’
= 0.702; BEIRTE PSS AT 45 il T R
PR FHPESS SR AR E(F(, 51) = 318.59, p <
0.001, i n*> = 0.597), 1 HA5 & &5 2 8§22 |
RN WA B FH R (F(1, 51) = 62.90, p < 0.001,
n°=0.349). Mok, FATELEIOELLXR, &
RN RFR) A T BER(F(, 51) = 557, p =
0.022, i n* = 0.057), BIRTEL LA RIEE FAH
g TR EEAR TN A R RIGH T g 5T FE A, (HIf:
A2 (R BN 6.40; Ja&HIYIE N 6.59; p=
0.125, d = 0.692), 74k, FELZX RN, Atk
BB T2 4 2R tDCS G, #iksh
HB A O AR A R T B RT3 (o 7.91;
F R B X {E K 7.64; p=0.065, d = 0.553),

FRATT A X ke SR B[R] AT T A 25 40 AT
R LIS SRR P —FE, B 2 RS 58
AT P AT 55 5 i A B A i 25 450 T, F(1, 51) =
4.57,p=0.035, M n’=0.061. M, PE—4E R
R, PRI A TPl R NSRS, SRS
K Z2 07 B R 1) e O B[] 22 K T I A G R A B
Fof 1) P S ISF ] (Rip 4 9 X9 {E O 86.23s; HIBUS 1Y 3%
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fH} 81.59s; p=10.012, d = 0.459),
3 SiE 2
31 #WERF*E

IR 60 44 Wi VLR 2= AR R 2 AR sl i 92 A (OF
YIRS 215 %2, Bk 28 B4tk 32 &) A pak
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JCHY IR 4 R

BB BENL /B R 3 AL gl e 4300 R A )
TE 0038 Ao ) £ R 2 (3L 20 &8k, 11 &k A&
AN T H038 A 00 57 TR 2E (20 449K, 10 44 2o k) Fithy
FEA (20 A8k, 11 ZALchk). 558 1 AR, fr
AR LT ERIPE N R 2 RS 4R e
LN W AT 55 o T8 B S04 55 Ir SR FH I 0T P9 258 DA 2L
tDCS HF e . . 5508 1 A
32 %
321 £HXK

XS 3 AT O B SRR BE RS R 3(tDCS
3 A A S ORI e T A ORI DR < 2(f5

L kL ArE) x 28R Tk AR
WHE T 2500 o SR R iﬁl’é‘lixﬁ(f“ﬁ%

B T R Y g 5T (E 861)E%H?EF'T&“:F§I
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0.851; 45 0 3, Mgl R iyl o7 B (XA
7-92)5'4%%%43@,;.%(%{5 4.60), F(1, 237) =
1005.18, p < 0.001, fii n*= 0.809; =& 54551y
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0.284; AR HBAS 13 . W 9 LLARKS 5 (Bonferroni)
BARTHNIE 1.79), iFROIANIE 6.04), 15N
KFEGIE 7.42)F 55 NI FIME 9.80)Z [AIfF7E
EZES(P < 0.001), [AIBSXT 45 R AR AR 32
HIFETE B 2R, F(2, 237) = 5.32, p = 0.005,
i m* = 0.043, P57 HLAL K 5 (Bonferroni) & BL7E H
PRSI AIEOL T, A A AU ME 5.09)3k 45
i BT R B A W A I S R A (B
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e T B R B R R L 2 SR AN R i 30
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AU R BT, 22 16 A7 SR AL 45 1 1 i B¢
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0.013, d = 0.482; T ATy : 22 1E A4 (A 241
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TE22 5, FRATTRT S 3 M AT R Y 53 B v 2 R
208 E i ) < 2558 P k) x 2(K
FHAEA: PR %%%%)ﬁfjﬂﬁﬁtﬂ\]lﬂ?, bl
PR g ki) R R AT B S D o 5 25 50T o T
ZarHrh, AT T RBITLE b i 25 R an
T B EHBI(F(L, 117) = 1016.03, p < 0.001,
n’ = 0.897). Z5HFHV(F(1, 117) = 698.10, p <
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7% BB AT TR R B s i, R
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E—2E A5G R B, iR E Y, AR
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KAMFT S TR 7.46) W FH L TK 3L
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FET AR Z GO T, A O R S il 57
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AR At AT Ay A2 75 38 T g B 1% )
W T Z R I R AOVE L, Bt b # B sh LA B2
(Cushman, 2008). 17 8T FE 15 R (Greene et al.,
2001) . A7 N A B2 A A2 B < HhAE R Y 9
(Woolfolk, Doris, & Darley, 2006; Krebs, Vermeulen,
Carpendale, & Denton, 2014) ., 17052845 F 1 JE A
(Cushman et al., 2006)F147 Jy & i FE A<y s Fe ¥
(Kliemann et al., 2008) DL f H fii (Valdesolo &
DeSteno, 2006; Young, Camprodon, et al., 2010), 1E
FATHWTTE D, KR RAT A H ST
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W BT 2% JE Y S HLE A SR py e L], DL RGX — B
AT BB G BEAO-E, [RI RS FRATT WL IRE T TP 5 A
VTAE Al T ) DT s ) BRR ZS I Y 22 1A B
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IR GE SRR A FE T DIMEA L TPI A 15 &
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S AILBEE T PR W (25 2), PRI, FRATT A
PRI TP, 47 R ShAIL/ZE RAE ST, HAMAE

B
2 4

41 A
£k

m GIEZERNEA O DA
m ZTEA TR —~

R 5

10

1 1

TN

WERBA GIARE GAERY

FA HEGA BARE AR

P8 AN [R] AN A TE] AN [ S 36 26 4 T Al 3 A B2 AR
T AWK, B B AERIRR . mEAFNER 95%EE X 2SR R AL Y B TR



10 i Bt}

EE ¢

49 %

M UE T XU TP X AL T8 T8 i i 95470 BUR
VAR R BE 1 B i P HEAE T

DA S 0 45 R 0 R A 1 3 R I AE AR S 0 1 i
I b ZHTA AR BB 2 RS, O TR
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5L B A OC, R e NI A AR 3% %A
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Z 8] A0 5 P (Ciaramidaro et al., 2007; Centelles,
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Herman et al., 2007; Aichhorn et al., 2009), IT4F%
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ZE(2010)F] FH T™MS BB T 908 RTPY X 38 f 44
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Abstract

Judgments about whether an action is morally right or wrong typically depend on our capacity to infer the
actor’s beliefs and the outcomes of the action. Prior neuroimaging studies have found that mental state (e.g.,
beliefs, intentions) attributions for moral judgment involve a complex neural network including the
temporoparietal junction (TPJ). However, neuroimaging studies cannot demonstrate a direct causal relationship
between the activity of this brain region and its role in mental state attribution for moral judgment.

In the current study, we aimed to provide evidence of a direct link between the neural and behavioral results
through the application of transcranial direct current stimulation (tDCS) over the bilateral TPJ of our
participants. In the experiment 1, each participant was required to complete two similar tasks of moral judgment
before and after receiving tDCS. We studied whether tDCS over the right TPJ and left TPJ altered participants’
mental state attribution for moral judgment. The results indicated that improving the activity of the right TPJ and
restraining the activity of the left TPJ decreased the role of actor’s beliefs in moral judgments and led to an
increase in the dependence of the participants’ moral judgments on the action’s consequences.

In the experiment 2, the participants were randomly assigned to one of three stimulation treatments (right
anodal/left cathodal tDCS, left anodal/right cathodal tDCS, or sham stimulation). We found that enhancing the
excitability of the left TPJ as well as inhibiting the right TPJ using tDCS could strengthen the role of beliefs and
intentions in moral judgment, extending the function of the left TPJ in moral judgment. The effect of enhancing
the role of beliefs in moral judgment highly depended on contextual settings, demonstrating that the degree of
the right TPJ and left TPJ's role in the integration of beliefs in moral judgment could be various across different
scenario types.

These results were robust in the case of scenarios involving business relationships. We also found that
moral judgment measured by the condemnation ratings of participants were unaffected in all four moral
conditions when applying anodal stimulation over the right TPJ and cathodal stimulation over the left TPJ,
which is consistent with previous tDCS findings that enhancing the excitability of the right TPJ does not affect
the attribution of mental states in judgment tasks. We also found that the participants exhibited reduced reaction
times both in the cases of intentional harms and attempted harms after receiving right cathodal/left anodal tDCS
over the TPJ. These findings inform and extend the current neural models of moral judgment and moral
development typically in developing people and in individuals with neurodevelopmental disorders such as
autism.

Key words moral judgment; intention; consequence; right and left temporo-parietal junction; transcranial
direct current stimulation



