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VT H, B A A BA S8 BT 18] e TR o e Crockett, 2019), A< SCH4 815 8 7= A R0 PR . 3
JLHEAE Y SEE (20, (B E ) 2019-01-23), SRS R T P AT AU i) 5z AR A oy fie 2
X, 2 AFR, AT AU RER TR ATTX TE PRI 3ok R ARAR DG 22 ML T Y B2
P HL, B L T P A2 B R . X — i g s
BT RS, F, B | D AR
TN AT T RSB, H 1 A [ B AR LR T (1) B A i R e
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FERY G2 38 A 0 . TR DUBCF PR B o 0f HLAY TE 75 SIS HE B (inference) o BL XS
AR 2 b A 3R 8 TOURR I (AR L i 4 A 45 BE T TE SN =G B ——IE PSR e A
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R TE TR BT 5, B ) R b AL (4 P AW AR AATRIAT B0 BURZS (i
Flgi 35S el A S N ERBON, BLRGZ AU o BES)REAGEENR, A S
Unfardig SR . AW AIIfE B (Hackel & Zaki, AT O J2 785 O o A28 7] w8 4 il 14 D T A
2018; Hutcherson, Bushong, & Rangel, 2015; Siegel, {14 X BRI X A7 A WA T LA 17 2
Estrada, Crockett, & Baskin-Sommers, 2019; Siegel,
Mathys, Rutledge, & Crockett, 2018; Yu, Siegel, &

U 2 A (2019 )5 A DA 143 o T A e SR T A e
WL =AMERE . ARSI, JRrE 3R -

ek HIH: 2019-04-22 o T AR I R B AT T AN FE AR . IS, Yu SR AR
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T 1 BN % B0 (5 & (Yu et al., 2019), AR
FRATHE P IX = i Jo I XoF 38 A 60 1) 0 B T
PP
1.1 JEERE

TH T A5 B A A 18 802 75 0 3 Al N i3 )
t5o ANA AFB M (Gray, 1987), S7EMSE/ A
o /AN SRR/ B RL S PSR 2 )R T AL
o VARSI B, AT 2o Bl v S e SR (e 57
F AN S92 Ok AR A A £ ), 30 i A Il S T 3 (R
FREAM AR )? AAERTSESE 1, A LIS, A
TSR R A TS R AR IR ) £ 1 ) B
£ (Greene & Paxton, 2009), iX 3 AU A AAE
TS AN Ul 52 A A 000 A AT RE 7 AR B 2 Y A
Ko M0 H G AV WS PR, H O F A A
44 &3 A (Cohn, Fehr, & Maréchal, 2014;
Gachter & Schulz, 2016; Gamer, Rill, Vossel, &
Godert, 2006) A T IR AN IERY, A2
ANETEFT o BOAL, 5 AMIUHT R K 24 05 A
AR X 3 S T B SRR PR R AR (Zh et al., 2014), ¥
AT A O TR B 5 RN TR SE AT S 9 P s B AR
ANARTE 2 AN 308 S TSR TR A A A B0 Y
B AR AR B2 R 6 1 — DR SR AN Il 552 ) 8 i e
(Engelmann & Fehr, 2016; Garrett, Lazzaro, Ariely,
& Sharot, 2016)., % & W1 SMIHI AR B2 A~
AT R A B AR o 25 b, ORAE AT
TE) 5 i R T 0 2 () ASA, (E > e 45 1 7
TRACEE, X BR] 45 0BT 23/, A ATTSE ¢
OIS L DR SR A (R
1.2 EfEFH

TE TR T B T OB AR PR, 8 AT I e SR
VA VR & i A By i) 1Bt P R Y B
W B PR BT Y o e A —— R R — R i
TEHRHE IR 1 5 AT, TRRE T LLIEHE
2B, 5 2 TSR, SR sh T Ok i 4=
Fwl—AiE, IR 1 4 T ASPET (Kamm,
2015) o AR AATT X 7 Aol 2 4 1) 3 7N T R
Greene (2007)42 H T8 7551 W i) XU R AR A8 —— X
G5 RN T A PR AR B, B SCRE 5 A 2B
MO — i S5 PEFIT (T2 S BT TER R T, A
A EFRNT R TUEE S5, TSR R
PE 1A AIRBL 5 A A —Fh S A H80 W (FE S 1) 32
SGETERRT, L ASETC I S ASET-IMERE =); Rl
A SRS, et AZhad R, 5 B

W, . T EHFAR RS S R
WM, TE AR R LT, AR 55
P T A T RS I A A2 A A
A E A [6] T BEAE S AE D7 U, A 2 A e A
T A A5 R B TN (Elqayam, Wilkinson, Thompson Over,
& Evans, 2017; Greene, 2014), #—E Kk, MiFE
?LdﬁMA%ﬁﬁ%%AMﬁu,WﬁAMM
T A A4 ) 87 B9 AT BE M (Crockett, Clark, Hauser,
&Robbins, 2010). Ak, B PNMIHTH: B =454
B A AR SR B0 Zh A BT (Koenigs et al.,
2007), FKUIEAMIETRT KRR B, R
G5 110 G Hl b 28 B o ﬁEﬁ%ﬁﬁﬂ%i%i
BOGE L, RGBTSR 4,
ﬁ%ﬂ%ﬂﬁ%ﬁﬁ,tﬁ AT AL 2 s b
AR A —E RN
1.3 EfEHE

EFEAE R A% O B AT . MR
(s A AT ) HERT BRI . AR RS (A
M AAT R 15 I O S HILE A N 0 18 i J50) o I 4F R,
TEEAE P 5 1 £E mUR XA A PR, BN EE
H R M A AT AT A A B R AE . DRSRR B,
PEAT Sy (A %) Fe IEMEAT 0 (A4 ) SE REAR R A
A B 38 15 5 BT (Eisenegger, Naef, Snozzi, Heinrichs,
& Fehr, 2010; Uhlmann, Pizarro, & Diermeier,
2015) . 4F % 7T 5E th HABZHHLIR S (A4 A 2 A4
ST, AR HERE (5 B R i s i S L
RZEZEFEMANA C | RAE25F), 2 5 i
WA 5 5 0T A BT X R B AR A T A A B
3245 B S R . 5 AR R, AT
%%$%ﬁ¥hxkf7ﬁ@ﬁﬁ, WCEA
TEEAT B N FPE M (Jordan, Sommers, Bloom,
& Rand, 2017; Levine, Barasch, Rand, Berman, &
Small, 2018), #RTi, AT Tl T KA BTN
o B [ N R RS S, ATTXHBATTRY DA
PRS2 5 o X R AATRAT J 7 & R AR
EEAFS LA Ak, A AT R (A T
fir 7 — HAEX) L EFHEAE AT (& E A S
BEX T ) AN, (BS E AT o i E e
i B B (Uhlmann & Zhu, 2014), X 28], A
P BT A L B TE SRR, W AT ORI R R R
REEFEEEN TR, 25 b, BRI
JEE A N B %) a0 72 (Garon, Lavallée, Estay, &
Beauchamp, 2018),
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2 HE&RE

THRMLI K J 5 R TS A 5 1Y
BB, BRI AR T e L R TR
THARE R LUECE R AU TR 2K, K S 56 vh mT I 2R 3
A5 o (AN L 25 SR el R 45 SR AT
BRSO, FEXEAT R 2 0 R Rl R AR s A T
b o B 53 AT A 4 S 50 M S A R AT LA
PRIGEAT T 5 Mk, 8 DRT 0 i B0 A 8L T 4y
b FRARAT R E A

ARSI, AR RITE O 2 0 5 AR 2
NEFH, GBI | PR | iEAZNSE 2 S5 TR , Jiang,
Summerfield F1 Egner (2016)#f 315 5 % 547 K Fl
P28 AR B 25 A ok, H8R T X RS A 1)
R TR ORI 32 7)) A v £ 3K 2 JR 0 e 5 0 i 48
RAE MR oA BAE, I3 A58 X 4 2 T
PG AR FE AT . AT SR, RS S B — A
RAEAE T =22 A, 330 0 152 25 2 4% 4 51 HoAlh
FRAE, 032000 G2 00 FLA AR AE b 26 U 22 40, T
AT GIEIRAE WA Z 48 1A, ATRSNZ
30 v AR AS (9 A T0UDTAE R 3R . Meder 58 A (2017)
P AR TE PR L R R W R AR — R B AR b
B (B4R T LAAE S — B R0 s BEALHI, &
IS ARAR MNE M B 5 M (8 10 LA RR R 25 A Ok,
M FE AR AL B IR BT rp A S N PSR . T
UF (038 N R BE, SR AT RE AR A AN IR B 5 1 Bk
258 7 b RS X SR IR R T RN B, TR AR
FMRAT . Al %A (2018)3 i {37 B E R
PR S5icAZ M S SR BGT FRARZS &, IEH T 20
i 2 A8 Ak 55 R BRAR S R A G IEAZ I LA 6,
FANE RS, BFFEE AR T AR B 5 pi
5 (B A3 J 197 9 ) A B 497 (U RE JER A2 452405
BE B2 P, IR E IEF DIRE IR YT SRt
A J1IEYE (Brown et al., 2018; Zhu, Jiang, Scabini,
Knight, & Hsu, 2019), X L5050 IR DL I
PR & 25 U A SR 5 A A B e R B

FSL b, B AEA IR B R AT R B AR
A2 R R E AL, S M IE R . AR
VT A ) DA R A A LR, KT AR
PR X — 5 K B T Bz 38 B DA 0 450 358 1 2 1o Fsf
A o DA BF I a3t 3 77 DA 2 B JHC At 451 Sl i
HBELER 2 RO B R RO R | U
BEAY | SRk 2 SRR 43 2 = BT A O AR AR A

2.1 GRBYEIRE

M #% 4" B8 2 (Drift Diffusion Models, DDM)
B Rateliff (1978)7F %, BALRIESA I —1
BRI AR, BRIV AT MRS B £ EGE ATR R
B X P T — eI 10 L A (RIAR 1), %3k
5 9 1% 7 (Rateliff & McKoon, 2008), AU F :

dy(t)=v(Au)-dt+oc-dW

AR p(¢) SRAERE (R ME B Au
JE P BEI AL 22 e v AR S R B A (1P
HEKAR), o B4R W s I s S I
4b, DDM WS Hb L fE E ih i A% i . i B i
FIAR PSR N [H] 55 o BRRS RAR R A Sr s B2, RIS A
A5 111 35— B I0T ) i e iR B, A R 1 i e AR
P R R BRI AR, R
FORTEMU SO Z B AR 2 A5 B i, AR
LR M Y, AT R 2, 15 ST BE S 1
AN S YA, AHTE 22 I 5 1) TE A 3 5
T A 2 SR 1873 A 455 X6 3 385 %) 4 % (32 0 IR0 90K Bl
TR I AR )RR B A2 T 4R R il ke SR R Tk
B8 04 24 BE . DDML AT KRR FE (4 A 0 0o 7 A
TERFUAR A b B, (5 SRR R |
1 5 B A AR P 3R o A2 1% R 22 B (8] (Mormann,
Malmaud, Huth, Koch, & Rangel, 2010; Lerche &
Voss, 2019; Voss, Rothermund, & Voss, 2004), 1M H.
DDM 5 & 1 B AT 94T B, B IE A S A4
W& SR B SN IE 43 A B4 AR AL (Rateliff,
Smith, Brown, & Mckoon, 2016; Ratcliff, Thapar, &
McKoon, 2004),

DDM  fe ) 3 1 AR 1 0 5 FicAZAT: 55 55
F189 5 I P AIF 51 o B 3T ) R IR AR R AT 55
(Ratcliff, 1978; Ratcliff, et al., 2004) . HIFEAE 55 (12
B . TR EREE M %)% (Rateliff, Thapar, &
McKoon, 2003; Thapar, Ratcliff, & McKoon, 2003;
Smith, Ratcliff, & Wolfgang, 2004), T 10 & 15 4F
1], DDM £ P31 72 040 AR 28 DL B 52 rh AR
PO B E, ALHR B PR L A FR B Bk
RMEETMEMIPLR S, Gold M1 Shadlen (2007)
[e Jo5E 35 A 1 e ST BB 3R AT E R A S B,
T4 PSR — AU S 5 | S A (B A3 e,
I IR T 5 OC T R R B R (R A R PO R
KRR X R ) AR K 5 AT dE s 1 A
AT 55 14 3 J3E —— TE Affy PR A R TR P38 B AT 55 1 T
P8 P 2N N A — T B ASAIL ) ——H A2 A Y PR SR
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It (B 1] BB AR IR ) 5 [ b5 AT
PR PSRN o A, Krajbich, Armel 1 Rangel (2010)
W DDM X i A =R E 8 2 [R] 19 56 R R AT 8
. 45 R A, 1€ DDM MR Ay @, FER
B EMEEETR, 7T LLE b AR R A SR
WEFEZ MR IR, DL —25HE Y K 1 2 B
2. 1M H Krajbich %% A& AL TE LS 72 500 E
W R AR AR AR G R o B S SN IR PR B A X
AR ], AN R W] fig X 26 4 77 A2 W f4 o Eikemo,
Biele, Willoch, Thomsen Fil Leknes (2017)#F 5% il F-
25 08 (RN 28 T 0 ) DR SR 981 1 e,
DDM {805 1 IE A 5 A 07 I F) K dl, AT 48 7R
P A TR 3R 7 2o 2 040 00 R 1) 2 RN . B2,
DDM A LA 3 A (A Qe 5 1T S 56 | Tl 408 Fn A {1
BRI, R 2B PR s ek . &
B35 Bl PSRN L TN B R TR SR TS B — ik
J 0l

2.2 HARE

DDM i # T HA P %1k 07 52 19 L AT
(P =ik —), HSEmBN AR EE L,
TR AR 78 (Uttility  Models) AT LA BE 47 i it B A7 B
Z TGO . (EZTF U, BOH B T
i 5 2R AR5 A O R . RUH S
A SRR B A A DG, Tk DA B A L
I, 05 XA T RO BRABOR SRAE X LEFh 2 1
ANH] H B AR B (Debreu, 1954) . J5 2K, Z0UH b6
T T AL S o SRR, B w] ke 1 2 T Y
AL IR AR, F il R SR PN I (RIRLH)
F R LI, ROHREAL Y 1] 28 A0 (s
AL -

AV =U,-U,

AR U ZEIA NN, Uy 2% B 1
BOH; AV AR ERME . 7E8— K,
B X B WA AN R IR 4, >4 HA Y e
BUGEI A AR B B, A AUHEART B .
K, 24 AV >0 RASAEA STl AL @,
Z IR softmax pREUA T B A AR

TEAL PR G D, RONBA 2] T
AR i 4 BSCE AR LF . B AT TR RO 5 1)
RERGILIR R AHES &, BFFEHE 2 O (B RO 23R A,
PLPPAR Al A% 8 A0 AR 45 19 43 G (Liu et al.,
2019; Qu, Météreau, Butera, Villeval, & Dreher,
2019; Zhong, Chark, Hsu, & Chew, 2016), iX#ff

FTEAE— B R i T AR B A A8 A
FlZE M2 HLE], X TR SR BB,
4k, Lopez-Persem, Rigoux, Bourgeois-Gironde,
Daunizeau Fl Pessiglione (2017) 7EA[EAT45 145
BT A [R] 0 2% Rk, I EL X 5 A TR0 A it
R X BT 0T LR R BN T LA A R
SR AERE, I EH AT LU RS R A s AL 1547
(AR Y2, RCRREAUR A R0 i 4 2[5 2
Mo BRI A N SRR AR M b ol T A5 AR 1 ok Bl AR AT
70, BB ET N ENEZ KBS FER T
P Bl TSR A A3 SR A G (9 B AR T3
2.3 SR{LFIEE

R RS T RO R RNk R B A ) g
T He o5 A Ik, T 5 b 2% >J 5 A (Reinforcement
Learning Models) Il /2 fiff #e 2 55 v (%) S ff 2 44 ()
UL B 45 2 3 I R 3Ok T L, 46 S5 xR AH
KBB4 Tesauro, 1995). HAT 45547 18]
Randlov & Alstrem, 1998)FIH1#F A5 il(40 Riedmiller,
Gabel, Hafner, & Lange, 2009)%% . £ A [E By i1k
P B &TFF & Ok i Peax $5 [R] i (Szepesvari,
2010; Sutton & Barto, 1998), 2% 2] M i+ 7 & it
5, T8 OB 45 R G HCR AR AL 3R A5 2R SR 22 il Y
ATREPE, AT R E M AR AT R B AT, X —
SRR AL > o SR Ak 3T Y DG B T R
2, RDFUB H MR H A Z H 2 R7, KRG
T HHR R R 1945 & (Sutton & Barto, 1998).
AN, 5 b 2 B g SRR R
Rescorla-Wagner 57, 124 RY 8 5o T 2R 2215 5
FAEE >, HESTRIA, TR S (Rescorla & Wagner,
1972).Rescorla-Wagner #2 H 115, 7E B3 8] kB, K
T SRR R AT AR e Oy FE T

Opr1 = Okt 0y

AR a B R S R TNR 2E, TERTTH] &
W 119 52 PR 22 Jgh 5 U 2 g 2 TR Y 25485 O S22
HTE IR Oy S AN RSB AR , 3 b2
RGN H bR R — P AT R SR, AR
M ENVE AT R IR K B2 B (E .

TRAL S S BOR R TR T AT AR T AR
M ERAEZ A, K A s T 5460 T
B AR, IR o Hb i BH T DA RIS SR L X X
PIRREARIA N TR BTk — 7 i, FE TR AR Ak
2E) PR A L VG T RNERS B T A5 I X (Andrews-
Hanna, Reidler, Sepulcre, Poulin, & Buckner, 2010;
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Zsuga, Biro, Papp, Tajti, & Gesztelyi, 2016), E.44&
M, S5 RN SR AR I G 2t AL R 380 (R 4 25
RZAMGFAE), 05 R M SCRAR IR & gt 1
TOC(RVEE R AR M) o LAk, HEZSBZ 22 Fh T 5
BRI, 5 R AE BB A E BT
MESR H , [RW, HIE 800 7 J2 4 2 48 G 1 TR0 22 il Y
5, TR 2 Rl ] (Wallis, 2007), 55 —J7
T, JORERLGR b2 >t BRI IS M SCIR 14 (Zsuga
etal., 2016), R4, HEAT & JZ H2 4L 4 52 I BUDI 1%
R TR R GE, BT I M SOR AR 1) D g i il
P, AN SORAR T DO 3 TROR A 22 50 (5 2 5
TR R B TMNR 2 A, A, TR M seiR ik
RIS rLL, BRI E S
ToA s AL 2= > I AE A B 4 B, TR B TR
M,
24 SESHIMAEE

SR A 5 2 B Sy TR BRL A 2 2] R SR AT Ry B
LR T REARHE TR R M AR . (R AE IS
o, W RV Z RIS ER BT, XA
2 BORAR, ASRE KT R N2 S B EE, i
T I A 28 S 0 — A SRR AR T S R
55 v TR 1Y) 45 48 S 1 4k 2% > 7] B (Gershman &
Niv, 2010). FTLA, St sim A2y > f L Al i A
M, Mathys, Daunizeau, Friston Il Stephan (2011)
% %] Behrens, Woolrich, Walton il Rushworth (2007)
FAIME TAEM G &, 321 —4 4 )2 & it i 4
(Hierarchical Gaussian Filter, HGF)# %! H T 7
L2 FhIE 29 AN B S P (AN 34 55 0% 3 FER R B
PEY PR R2E S o R S T — A IRER RS
F, 3 RS A B[R] 3 Ak S v i B AL B
(Gaussian random walks), — sl (KR — 2%
IS0 ) 00 R BE R /N B 2 IR S R T — > fe s K
FYE . AKTFZMBFRE S5 S. X LS
Gl T IR O T B S5 A 1 S B AR A, (AR A
RE A5 i R 2 2] T AR 22 R L6 A H) 22 57 D
B I (8] A AR 22 53 . HGF a] DU T8 5Ok 285 0 i
2ERAS, IR BT DA R IR S SRR S 2 T
BB E PE AR G R, BREBHE T (L il PR 28
KA B T BRSS9 5 6 3 B Y P X
I8, 13 HGF iHAACRR =, ABME ST,
XS AR L LT Rescorla-Wagner 15
B, hsR b ) MR AL T — A DU ik I
Rescorla-Wagner #EH (45 F & . YA =/ —

R+ o RN DR 22, HGF /Y S8 7 #E Cn
IZ\?] 1o

= =
A+ () =)

YHPHE A E g R B

Kl Vv (x) (), (k-2
1O D rowE_ € «| &2 (" - .
3T/ 3 2 Uélrfl)+ef(‘u;“'+m o_;l(*])+ef(/l:“y+m

HETE R 2 R T2

1 R mid s I E B 7Y Rescorla-Wagner
MRIZE A LG . p %0 AT — R AR, uW
M RH S RS (A S 402 0L Mathys et
al., 2011),

Mathys %5 A (2014)3#F— 25 i & HGF Qfar A
TR R B AS B T R AR — o ik,
HGF 2 RE5 MY REME B HGE, BT T 4 iE
o TR 7 AR e A 1 7 43 L ER R A R /M SR T
BRI R AT ENE . B2, HGF B IE W M
AR IEH 2 AL T — B SE A, Bk R ks 2
BT DU b, TR L S A
W N B R A o B R AR ERAT h JER
AN E PR AL T — A B . R AR
{14 ) s SRR HEZE

HGF J&—Fhp I R, & ik iR e 74
AT S 2 2T i, B ROC T N B i i ik
AFEZANENZ T o 7R B DL T
A1 5 RPN B 2 T 4, A S w0 £ ) R A
B BARTT , PR (hidden))Z H 2 WLEEE 0 (8K
Ut Sk i B )Xl A EN G . HGF AT DITH3 45 1 41
2 T8 B4 AR S (BP0 b A A ELAAR AT ) G
I 2 P B2 R R A AR fk, BISG T — Rk
UBEHED | Siegel 45 A (2018)1% ] HGF 4R 5% MAk
TH A A ST e L R B, SRR E
RE MR N B ED R A4 B AL 24T W R, LA
WIS AT AW anfl HE S ED R IE . 45 b, A Bh
SR 5 2R TE R N SN T R AR, 3 s
I F 0] 5E A ARE R SRR, AT DA R H W AR L HE
PR 5 (42 B PR A Ak

3 IHERAEEEIASUERYIE B

THE AR AT LA 3 18 A AR A v AR
AN RTI4TN I e 9 2 550 o fF
FEA AT LA TR A0 S0 T 86 9 7 B2 ) B AR
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T, kKeS55emEEAmm.oizims . it
SRR AT LA 3 0 TN S R P A 2R, G
AN 2 T A T AR, S04 T A R R T
TEINFHRY PP HLH] o Bl an, BF50 % R TR R
SAEMERBY, EnOHEEER B EN . A
RE B HMEE BN . 54T A KRR 205 3 i 72
NFIN TRy, s A2y > o i AR ik —— %
TR 74 (Sven, Wolfgang, Peter, & John, 2017),
AR ER 34 1R JBE - T A 21 R A RO | I
AL R Ak I BERL AN 43 2 o i i AR AL el i
T AN AR (R 1),
30 HERBEEEERETHEH

AANTHETE XS A R R R BT, IR SRR
I8 4 g e KA BN, EFEAN (1 5 175 19 32 75 (Behrens,
Hunt, & Rushworth, 2019; Crockett, Kurth-Nelson,
Siegel, Dayan, & Dolan, 2014; Crockett et al., 2015),
B, A5 IEEM AR F) 5, 048
B H COR g i AL E R AR B S OB PEA T o B OE
#H 2% (Hutcherson et al., 2015; Yu et al., 2019),

Hutcherson %5 A (2015)ik 8tk € B B H %
4B ORI KT B, BRI AT R TR
o 1 DDM H, Bk i B AR E T 3l A2 1l
4 BE HILAR NS P SR ARLAS o —— R Al T AR T3R5
2, NI T RTUH ., SBEYLAR X SRR 5
I A, B S O R N (SRR R (E, 2
SR, Iz, WAR4 ST %8), SO B 45T
5 R R ) AR RS ] 2 R, SRR, Xt
MR AR B 5 B O WA RS 3 B (2 T e

*, 5 R E FE A 5 (Hutcherson et al., 2015;
Konovalov & Krajbich, 2019), 14k, HEHEIR 2 (5
BRI PR TN E 2 S8R R & T A
FRZE(EIRMIEFER B T2 SR LR, X
W YA AR SRAT 19 22 5 L6 GRS I B TR A (e
B, At/ B DHEE AT Sy AT R S B P S MRS AR, T
AR EIE M RAE R AF . FERRZ 2T, AMATE
T2 O a0l R, A0 TR B 22 R A
SORAA S TR, R AR 85 0 #E
I PRI A B L A R TR DX AR i I35
TSR X ERITIN T A R &5 FAl A F) £5 76 K ik
HOR A F ST RAE R o T HLE PG A R R A
KT A R g5 Rl AR 55 20 A l— > R (E, JF
i DDM Y58 G 43 C J7 58 10 e 4 AR A
PR, JHid DDM X PR S ik A 04 BB HLAR A D 3
559 ERAR . WA GEE . R4S WS AR
SRR 8] B 73 2 B 4005 T A S AT, 5 A A
PJURAR L, TE AT B o ST, 5 e miE B R
AT AE IR X TG BR . X SRR 45 R 48R
TIETEMMERAET 5 R 2 AL, JF BT
FIE A o R 5 M A0 T 0 P B 2 ) AN (B R AE R
Ui S e

Krajbich, Hare, Bartling, Morishima I Fehr
(2015)id 5 DDM & BUAL 2P 3R (A RS ) 2
JEE N — BT L i AR 2 R (B Wy e 4%
Hh i 2 AR S HOR T, 3 B 3 A QU Y 2
RAIREA A MR A AL teAh, X Fatss ok
TSR B — 114 Ll 35 5 2 30 SR X ok AR (O 1) R TR

F1 HEEAEBEEANNARPINLBESE

s HAERHR TR THpE A
RS b A R Chen & Krajbich, 2018

Hutcherson et al., 2015

Krajbich et al., 2015
2 A A Crockett et al., 2014, 2015, 2017 Yu et al., 2019 Yu et al., 2019
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JBBGE )R] B, Chen F1 Krajbich (2018)42 1113
T HEBEMATHATLIAES DDM 2o B2 (1 82 A5 i 22,
XS A O 2 2 AR T DL ST HE B2 v i e 0 i 25
FEMER A WIRAE 55 b, WX Anfr 78 [/ © x5
Z A 3 e 4 B AR et . S5 R RN, FE M)
FEN, RS ARSI o kk 2%, MI7E i [ 4E
BF, b EEE AR D xR A B T4
— R TSP AN T B 4t

Crockett 5 A (2014)iL 8 il E R /A A D
A A Tit i e, o DA SRR £ IR A 4 B i Bl
i 5 BTN, R AR AT B P R
Crockett 25 A 7EAG AL b i ] T 3 301 5 BRIA 16
WUz H M4k 22 A 22 5 . BURIRESEOm
HERESE, AT B B O H K
S AR S EDCESEEET 0 B,
REA BN E D, SRR E R
deoksgin A 2 Mlicas; U0 FEPCES BRI 1R,
R HEA BRI FDOE, ¥r2xmib A c il
Jedt ey . 25, I softmax PRECK & KR L
(8 WA B A S PR A . 45 R R BRIV
I8 R 5 58 A B 44 118 (R R AN 23 52 B AN 1Y 214
AR, AT OB AR, A A O
FRIR o o T L 3 AT Al AR o 19 OG5 A0 52 )
N B PSR I S B A O, 5 T A e SR o A
AR BUE— 2, THREBIRIEE T IX R R 2
] R G FL, XF T R N R IEE R A
¥,

2 J&, Crockett % A MK BRI ML AUBIE 5T T 16 18
P R A BRI AR PR . S5 R, g R OK
SR, N T s DR R TR R Y B
[, T2 B Bk S 1 5 5 DU 1A 08 #H 2 (Crockett, et
al., 2015), L7 2 F1 22 U e /e 3 f8 47 o i iy
XECPRAVE T, X DR RS AV TE TR T B A
B o T AR L AR 1 R 2 5 Al A AR
TBURI] £ I 500 SRR 0 AR, T A1 000 i 4 -
J2GAS T X AR R (Crockett, Siegel, Kurth-Nelson,
Dayan, & Dolan, 2017). 3X 3¢ B {55 35 DR 3 i 78
i T BE 252 i 48 S B ATBUR SRR B0 .
FRHERE R, SUNRAL i) 2802 B G AN [ 1 3
TR A R CANISE 2T FHERE) 1T 8 BT 78 K (Gao
et al., 2018; Hu et al., 2018; Saez, Zhu, Set, Kayser, &
Hsu, 2015; Strombach et al., 2015; Zhu et al., 2014),

AECTAR G I Tr 1, R UL AL AN AL ]

B R T I BRI, I B R R A
TP B TR LA . AT ARAR - i R R T T
A R 25 A A 25 B4 A5 F X6 38 e 3 A 20
A FHEIE A, ALY O AL R 0 A5 A
14 2 50 R AR 2 Wi A T A e 5 X A Ak T A2 1k,
RBIE 5 38 AT 6 AT B — DA TRl A5 3 2 5 A
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W
3.2 TEEEEEES RIS A

fEAE S, B TR LAY O e H Al A AR 7 AR
SO, AT T2 0 DB 3K A7 Ay ) Al N AT 25 B
HEMW . Hackel F1 Zaki (2018)5% B g 1 il 3% %
MR, RIFE Rk, mgE M
R B8 512 H 05 20%88 50%AI4H 3K,
M H2 32 F ARG AR G & o 2 00 A A S 8. 22 H bl
HLHL 55 55 85 4 (2 44 = W0 F 2 24 IR0 ) BT, OF:
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BEFERE N 0, 735 50%48 A IRIERE R S FI%
I EL(20%3E 50% x FEWE & &S50 Tk, B
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JEBOVE R 10145 . Hackel il Zaki 1) FH58 Ak 27 > 4 751
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f A OC . XKW, AR S R A
£8 TCEAT A, AR ARAR B R 25 UE B T
S P (Crockett, et al., 2010; Xie, Yu, Zhou,
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ARAFF 25 R 5 A AT Ry 2 52 57 £ R JEE 1) 52
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A VDTSR 305 7 5 A ) L 9 S I B )
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Dunsmoor, et al., 2018; Hackel et al., 2015; Joiner,
Piva, Turrin, & Chang, 2017; Suzuki et al., 2012),
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fE, RMHA A BEELT N F BEREE), i
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T AR NSRRI A 2RI F 5.
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BRI R T AT 25 S 55 ol o S i 1 25
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K, FRAEE BT LIS RC (S B o X PAD
2 27 77 UER 5 A N SR A4 B T iR 2215 5 K,
XAt B ER G Al ] DLl 5 B T R B TR S JB
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222 R N AR RIS TR W
FRZALE, IR T XE TR R T .

4 FESRE
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GRS 7 A AR IE SRR, AR o i b A A
TEPEYCSR WA B A AR, DA R O TE
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1A SCLUE B T o, B AR T
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B, X I8 B9 R E AR T BB 23 58 4 b
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Payne, Sinnott-Armstrong, Scheffer, & Inzlicht, 2017;
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2018) 1 43 WL 5 1h /R Bk I ke SR 3 AR AR A (S I
TR ) —F, E TR S B 1R
&242]; Khalvati et al., 2019)5% ., Hay, %A6—1
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GE—pLH o IE IR S S AL g APt —2H
R8BI R 17 45 1 19 175 DL AR 8 TR Y,
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FVETE M, 5, AN [R) AR AU R AR A5 1
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n, FH TR AT A ST R A IR R CRAE 55 ) A
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Wyart, & Koechlin, 2017), RS HFTEXLEFRH], {H
TR 25 T s D ARET B3RS
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The application of computational modelling in the studies of moral cognition

ZHANG Yinhua; LI Hong; WU Yin

(School of Psychology, Normal College, Shenzhen University; Shenzhen Key Laboratory of
Affective and Social Cognitive Science, Shenzhen 518060, China)

Abstract: Moral cognition focuses on the processing of information underlying the moral behavior.
Recently, researchers have begun to apply computational modelling to moral cognition as to explore how
moral cognition is represented in the brain. However, the research on the computational modeling of moral
cognition is still at its infancy. The application of computational modelling (the Drift Diffusion Models,
Utility Models, Reinforcement Learning Models and Hierarchical Gaussian Filter) in the behavioral and
physiological studies of moral cognition quantified the cognitive processes and neural mechanisms
underlying moral decision-making, moral judgment, and moral inference. In addition, this new approach
could help to understand antisocial behavior and mental disorders. Finally, the computational modeling
needs to be improved and future research need to pay attention to the potential limitations.
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