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5 S TSR 2 T L RO R ) 2 15 23 32 B B BRI 1Y o IR, ASHIRSE 08 BRBEUXU A 55 (BART),
0 3o P S PR AN ) R 2 R DA B2 4 I BRI I8 DR BT I IR SR o 25 SR W, TR LR BT T,
% DRI BT 25 A R U BR AR BRI B R B B R T IE R AR, LR ALRATE 25 08B T IR
R TBRAL S YRR RN B B R T 1 2080, MRS BT, 1 DT AR A ke X
TOMERD TR B2/ D TIER A0, ASABAATE 25 70 BRAT T AAMRB TER I EUCROIAR B Bk
BAYRF/NT 1 85 WIRETREY, GEE TSR TR 2 pla i) WS RSRAT . TEME R3]
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IEH AR MTEEIRTUE R, PR A XURS i 4 7K Y it 2 5 P2 o S0 25 R AR, ] b S0 1 3% A1

SR P9 XS fi e 7P T 1 2L

REEIR MR RO SR TR, REREUAURAT 55

SES  B849:C91

1 55

XU 25K (risky  decision-making)Je: i A7 ]
XF PR AN B A LA AN A 114 45 SR 358 301 B 4R 4 7 AUAT
DT AR HE 0 7 Fn e 6 %) 3 (K ahneman & Tversky,
1979)  JAURS: Pk 55 ik i oA Ry s 3 ol O A 1Y) R 2L
FRIEZ —, BUREE e NGBS, B RNt 2 4 1
Tl H 25 38 A R, SR, kAT
B FKEE. RN RS2 ) B AT R 46 ) T
PEFE BRI FL (N, 2598 A) (Fein & Chang, 2008;
Li et al., 2013), il fi 4R xFEAR $h 25 5 S 45 f o 1y P
AR 4T A (Redish, Jensen, & Johnson, 2008), %1%}
ASTA] 5 o 28 B Y SIS A Y B4 S T X — W, e,
KR (Gonzalez, Schuster, Mermelstein, & Diviak,
2015), PK#E(Kohno, Morales, Ghahremani, Hellemann,

Wk H 1: 2018-01-29
* K HRIEA T H (31660276) % B .

& London, 2014), 7] [K(Verdejo-Garcia et al., 2007)
5o MR AR G5 R WoR, 7 5 U & 1 R
S R SR AH DG i DX, A 95 I PN 0 T 4 K2 )2 (ventral
medial prefrontal cortex, VMPFC). HE%in: )} =
(orbitofrontal cortex, OFC). HijF177 7] 7 JZ (anterior
cingulate cortex, ACC)FIiK & (insula) % XI5k J# 36 177
e, RUH XS P Ge 1152 B i3 (Bolla et al.,
2004; Ersche et al., 2005, 2006; Hanlon, Wesley,
Stapleton, Laurienti, & Porrino, 2011; Vaidya et al.,
2012; JUJIRR, ZELF, FEEE, 2011) SULlEm, HOR
1B 22 1Y B 5 T A i 0 XU e S Ak 9 FE BORA A T OR Y
A4 RS W [R)AE 493 8 H A £A.(Verdejo-Garcia
et al., 2014), PR IHE M7 AT GE 23 I BRa ) I
(445 FH 5 1 B Al FH 25 5% 1k 1T 24 1K i 52 0% Y RE )
(Gonzalez et al., 2015; Fein & Chang, 2008). fiff 5% i
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— L UIRATE B A BB O PSR BB X T R
IR AERR I [A) AR YT 5 52 W R B I 25 1 500 AR
FI(Black & Rosen, 2011; Passetti, Clark, Mehta,
Joyce, & King, 2008). 7EMLIEAN I, BFFEMH AR
FA) 7 V0 IR 8 XU DR SRR AT T 10, AnR R A
fivi #3% (Gorini, Lucchiari, Russell-Edu, & Pravettoni,
2014) . H AR BRYI 25 A1 IE 25248 (Alfonso, Caracuel,
Delgado-Pastor, & Verdejo-Garcia, 2011)%, 4 [ ¥
AHEZE SR it U 1 KUK Do, ANASURT AR B A
TN USREAT Ry A A= SR, i ELAT DAl 4 5 B i
SRR T B IR SR A 4

KT A PR Y L B S g e A A8 R
Y1414 55 (Delay Discounting Task, DDT) (Petry &
Casarella, 1999). Zfif f I AT 55 (lowa Gambling
Task, IGT) (Bechara, Damasio, Damasio, & Anderson,
1994) L4 K 8 5 ¢ 19 4F: 55 (Cambridge Gamble Task,
CGT) (Rogers et al., 1999)., DDT #iA g 8 1AL
AMRE Pt S, T IGT M CGT W FEEHT%
LA A XU P D 3K (Yao et al., 2017; Zhao, Li, Hu,
Wu, & Liu, 2017), A7 K58 i 3% 24T 55 R 45
FEN A B A DR SR DI REAR DL, BR B & iU
PLAE, A0 35 HoAl & 25 OB il &, n, &M
£ # (Bickel, Odum, & Madden, 1999; Reynolds,
Karraker, Horn, & Richards, 2003), P& & (Petry,
2001; Noél, Bechara, Dan, Hanak, & Verbanck, 2007,
Lawrence, Luty, Bogdan, Sahakian, & Clark, 2009)
&, BEEVIE TAEAWIR AT R, P9 AU
2 T BA M TR 52 R 1 DR SR DI R 32 B4t 43, AT T
U6 OCTE 2 U R TN BB N ANR R, AN S
LA T PR ARG . BFER I, AN (R 2
(0B it ol P T BB 2 36 B0 IR o A 45 DR SR D REAE N
AIAFN 22 5 o AN IIRIFSR S5 R R, IR AHH
L, TR DRSO R I e 1 A 0 B P R 2
1 DA KA A8 A ) A0 B 45 B2 2 (dorsolateral
prefrontal cortex, DLPFC)HIZE M Py M fif &5 - 2 2
(medial prefrontal cortex, MPFC)#{ i (Bolla et al.,
2003), ALz, KRR A 3R B0 AR A A 0] HIE 5
I R J22 0 A 000 3 47 A000 T 40 B T2 0 A R B R Y
fiti (cerebellum) 3 15 (Bolla, Eldreth, Matochik, &
Cadet, 2005). ERBFFERM THIFMLRE, A
NI 235 2l 2 AT 1 MY Fe AL, O3 A Rt
FERS AN ) ) Jo Ji e o A Sl I 465 2R 4 LU B
B, TR AT S DRSO AR AR T v PR R R
B = Y v sl v R XURS: S3-2KR 4T A (Bornovalova,

Daughters, Hernandez, Richards, & Lejuez, 2005);
AT R DA a2 AR R T e T RO A R g R 2 K
2P O B AR 7418 (Garcia-Rodriguez, Secades-
Villa, Weidberg, & Yoon, 2013), WF5%[RIEf5®H, £
=) 5T 1) o FH AT R 23 n el ok 5K D 6E 1 51 495 (Hopko
et al., 2006), M H.Je 5T REI5 7] BE 23 BE A5 TN
B A TR AL (AP #E 55, 2014a) 3% D9 25 B
T R IR TR E B R FEY R —, i
— LR G THC T 30 e e DAL O A ) DU R SR AR AR T
THREEWHTEAEEE L.

55 U SR O I W 93 0 R AR P B — 8 Y A R
WH, RN NEEREA —E it S|k, e
AR b £t 5 B S AH I PR SRS 5t o R Tk
FOREEGR . T AT ER YR S AR i
o A ST ST N (AL TR A, BRTET, TR
o1, BTE, 2015). WS RIN, GE BUIRIE 25 m
ARG RS PSR B, FERERIT RIS, gk
XA B A PTFn R 2/ N T s B 5%, iR 4nie
5 WK 45 2Z A )2 (Estle, Green, Myerson, & Holt,
2006). FAWFFEXS IGT 455 Hh &L H AN 75 45 it i)
N7 B REER B 2 S A TR S R R, YRR EE Y
2= SRR, Bl Ss T D Hb B 7 PO SRS TR
MR . SRz, TR L Y 25 e G ORI, #
N 25 T 22 Wi R =5 450 DA TS B0 K Y 4 R A
K (van, den. Bos, Houx, & Spruijt, 2006), X3 H7E
S P ot B, AMRTEARE G B F AR T )
ACEE IRURS: B REA T Ry, T o 0 4 R A B AR TR I
A AU D 5747 h o (B, AR ISR 45 SR AN S 2 A0
B2, A B XU, Bl - 7K T 25 Bl 2 25 5% 8 P 64 o
Ui /N(Bornovalova et al., 2009). Hf 5%t —4 % BA,
S R B o XU, TR S 1) 5 W) 4% 32 B 42 B 2 A
F IR, M4 R A B X k) IXURS D S A T R
WA M, T L S 4 R 5 B B2 e A 0l 2 U Bl
F RS PSR AT R, HARSR B R e B 8 S A R g
DA A 1 1) XURS: i 47 7K~ (X et al., 2018; £ 74
e, Jrel, BERE, 2013), FHIEBICAMRAEH L
BFNR B 5 KU RO R 25 I A —2, B
A WEFE LB i BURE & A WF 98 X0 2 AR5 58 A
JE UL L S B 5 R KU DR SR AT o 5 IEE A
225, AR TR T TR S, e T
VO K A BEHIB 2 BA (B T I, DA AE
PRI B B AR, R G TE AR SO A 45 15 S,
JF S 2B e BRAT A A R B GROVE, E/NB, f]
THAE, 2016), B b BUREH I FON T 32400, HXH
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B E AR A A B T IE AT AN EUR (Goldstein et
al., 2008; Goldstein et al., 2007), LLEE5h SmEE M
IFFE X G K 75 5% 4 R B JE 0 JRUR: A 54 1) 52 ol
AAUEXT IO W40 e, 0 ELRE A% S 47 M T i B
st IR 1) KU DR SRR AE o

BRI AT 45 (BART, Balloon Analogue
Risk Task) (Lejuez et al., 2002)2& ¥ 4F W57 A b2 I
R B — 0 T B 3 3 S AR T v I A XU R SR YA
HAESS o Wl S AW s L L ORI FRAE K, B —
YR B P I o SRR T sy A WAL 2 R B R RIS ) 40 2
5 DDT. IGT HI CGT # [t, BART [ A HA45 v 9 A=
R VL R 22 (AT 48 b 2 BB 9T 3 10 7 R (TR
Pufe 45, 2013), OB TR, IXFETREN LA
Ty 3 308 3o $ N TR 8 R AR T AR A ] K- %
TR T XU 54T A (Bornovalova et al., 2009),
HuTE NN A ZWF 5 BART XA [ AHE
(RS DS HEA T4 ST o A0 Lejuez %5 A (2003)85 - LA
W R 25 AR MR B, S UE T BART BYA R,
Fein il Chang (2008)if i F5{4-4H ¢ HL fi (event-related
potential, ERP)Z %< T RS KA1 34 5 1E 5 A A AU
DRSRE L R R ) L A B 22 55 Crowley 55 A (2010) 8535
TR B At AT S RS AT S A D AR S —
e D4R ik DO B AN TR Hevey 45 A (2017) 8%
TR A R T 4 i 2H B 2 R) A XU e SR
RO, SR N Q018)HR 5T T AL AEA il [ 2K
EXTHEAAER AT AR . A BART
SRR IT 5 o R A 1 XU 3K (Bornovalova et al.,
2005; Hopko et al., 2006), 1A BIBFFE I ARIRA
% 4 RV F I E R 4 B B R AU B R
XS TR 5 1) 5 )

L5 bR, ASBIFST LATHOT 0T v DR O 1
g4, ffiF BART 4 44 5% 4 4R 51 0 4% 1A
TR RS DR SR AR S SIE ey 1 (T T R AL Bk
T, HAEEH BRI IR b 5 R gl
TE 1 43 25 43 MR AU B 50 R IO KUK DRI 22 57
S 2 ] T B ER R, H R AR
& IR 5 R A ROTE 1 43R 25 LSRR
TE 5T XU PR3 25 57
2 G 1. BTN ST RO XU

TRARFFAE
2.1 FHE
2.1 #ik

e Bl 64 45, JHCrhomc kb 55 PR

PR A 33 44, B4k I H R A i il e 2 B AT
AEIRTE 19~54 % Z I CFEAEIE 40.94 + 9.74 %),
AR CHAECE 2 N, /ME- A, Wit 20 A,
m R E R AR 2 N, KRBT NG 2 DSM-TV
BT i S 25 WAL Wb v o 20 VR W £V 3% TR AR 1)
R R 25.94 £7.76 &, AR AP 14.09 +
6.43 A IEHH B IERER 31 44, @i O A)E R
PO U 5E, ORI S . FITE 18~52 5 22 ]
CEYIAERS 40.45 £ 9.10 %), STILFERE /N9 N, %)
d17 N, R RE R A 5 N B BRI
HRTF, WTsUF EMIIER, s, TR
ARG PR s S0 A PN . ARG EE, Pidlpiik
AR (1(62) = 0.21, p > 0.05)LL K SCALFRE (R =
4.05, p>0.05) o FHMEZE
2.1.2 LI

SEHGRI 2 CRBIRE . 145, 25 4%) x 2 (Bk
R I IR ZE, 1E w4 ) B P IR R IR A S
it HAp R R A AR, AR
() AR g o PRI i A B A R T 35040 S VR BRI 3%
KER L
2.1.3 LRIERF

F A e P R e R — AR ER, "B A
CYUFTBRILEE . wT— AR RS A Bl g A
bR&E . BT 24 A R R, B —k1
HESERSY R 0.3 om, FFEARAFAHR 2B T4
BREUS, R, “YEr BRI RS 4 R H S I
A5 AT Bl e DB BN, RERES B EAE K,
MR ERI R AR 2338 0 . RS ER AT A
WEA T 1~128 IR, BB WAL T 1~128
W], F-HEm SR 64 U Bl 7E 4 b i R 1
i AR, AT LR AR b e, O s a2
AR S PR A7 B B 2 . SRl il g 1 B A vk
BOR B ER AR 0, KBRS KE, B4 YT
SEREE 2 R A R A I S R, O A IR 2R
HR 25 T 2 AR 1 A B o RO R R B
Fee S AR AR M AT IR, IR S A A Bl S A A
5 — A RERTF A B R, B S 4 R (i [#]
1o BN TFLAAT, BT 258 i S 560 19 25 )
PURIE B A58 4 PR AR SEI0AT 55

SEHGFALFE 60 B, 1 8B AN 25 43 %
TR 30 AR EK. RS SRR S BT
FER R 2 (R R AT, A a2 G 20 500 A
RN o [RIBSE, W AE P A B SR 22 ] S AR AR 0 T
(R 2 LAYB 9% 57 50N o RS ARG A P 114 2 i 401
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EAESAn)
T ARRERE T

Kl 1 BART i E

gk, IR BRI S5 R AR B R AR 5 o
SCAERE, TR AT REZ MR B A o w i A Bk
TS5 5 2 B A R 1S .
22 #R

B, RREEB R R R EGH T 2 (%
FMREE: 143, 25 43) x 2 (W28 1% KR4,
IEH WA ) B I o T 22 0B o S5 SRR IR, MBI
JEERN B, F(1, 62) = 25.59, p < 0.001, 1) =
0.29, FHGKIR(LSD )R, 1 /8B KM FHIAR
PRI IO R BUNT 25 R FE S p <
0.001), #HAZEA F 800 B2, F(1, 62) = 6.99, p <
0.05,m; = 0.10, F/SKH(LSD 15)FR W, 3% Nk
W A B BRI 3 SEUOROR T il (p <
0.05), B Ag R AL EAEIA B3, F(L,
62)=0.65, p>0.05 (& 2),

30 migas ERs

o 30 DERHRA

X
@25-
kot

RBB IR
S & 8

(%]
T

15355 2553 %3
B2 PR BRI E 150725 s lias B AR TP
Py H UKL

HR, WHEEBSERADEGHET 2 CRFEIRE: 153,
25 51) = 2 (Wil ZE AL iR RRT A, T it
HE W7 22500 o SR BI, B L F2 800
#,F(1,62)=15.10, p< 0.001,n, = 0.20, FH 55K
(LSD ¥£)ERM, 1 4B 5T AR <k o
T 25 448 55 (p < 0.001) B IR 2 780 322500 b 3,
F(1,62)=7.45,p< 0.01,n; =0.11, 5K QLSD
POFRWA, T 1 DT A R B SR R T IE
Hl(p < 0.01), R F MR PO AL BAEA
B2, F(1, 62)=0.002, p> 0.05 (& 3).
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K3 PIROTE A2 1 53/25 0 Wicas T AR Uk 8K
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Z{(Lejuez et al., 2003; Fein & Chang, 2008; Hanson,
Thayer, & Tapert, 2014), RIJe 1< 78T 60 165 9%
PH] s pE 5 LU SR D) RE KSR AEZER 3 (LA et al., 2013;
JAEHE 4, 2014a). LA, SEEG 1 R BE, MR
IRTE 25 73 F ST AR BRI kT 2 e B B
DL RO SR B E KT 1 4028, Ui MR
DX TR 5 2 32 3 % B R BE s ), JHCAE v 8 ) i 4L
WEIER T HAS R KNS WMLAT . £TEH
AFF 50 Mg H0L RN B S 4 AR M F R A B A 5 R AR W] 1Y
DERAT ARSI, SE00 2 Bl A L S A R 50

22 GV DR T 2 R Ak 3 AU B A 7 Ry 22
5, PR IR S Z M C R

30 SCEe 2. HSSREG ST YRR
PRFAE

3.1 B
3.1.1 #iRk

g v B 82 4%, Hirpohrib] 55 M v %
R 42 44, B2k 18 H N 4 ol ot B 5 e 2 T
AFIRTE 28~60 % Z [RICE I 47.52 + 6.88 %),
SCACRRREESCHAESCE 3, /NE 13 A, P 17 A,
AR E R AR 8 N, KB 1AL DSM-1V
B | 2 25 WML Wb o o TR W 75 1 A AR R
33.40 £ 9.82 &, RIRAFTEWHI KK 13.71 £ 7.15
A IEFH BB 40 A, 38 SR PR
KHASE, oM S AR TE 27~60 % Z W] (P
AR 48 £8.06 %), SUIERESCH/ALEXH 1A, /b
25N, w17 A, mERE R R 14N, K
L1 N, K¥2 N A AL RT, 915
FIEALIE R, O T, TG RE AR #h s sl
ML BIG . LG R R, P49l 0 4F % (1(80) =
~0.29, p> 0.05) L K SCILFEE (3% = 7.87, p > 0.05)
WS, Sk 2 AR 1 Pl —EHE
3.1.2 EWig

[FSEHE 1,

3.1.3 LRIER

FEARF LK 1, ANFEZATET, SLRTFIH2Z A,
FAX S MR A S0 (A R P S R,
WAL S A A, il SR e S 0 AT 55 h kA
H BB TR, B BRI, BRI
R 2 . 526 2 RO T A R E T 4
MAEFEFEG . 60 JTTLATF R4S 5 T4, 60~80
JUHAS 10 JCPL 4 K5, 80~100 JCERG 15 JLE 4%
Jili, 110 JCLA F 3845 20 SCELA 0. w3 e IE A

HE BRI Ir s, AT AR ER AT RELE A O R
Wesi iR, Si8 i B4 O34T 14.43 ST

TG, AR R EROER EIR B T 2 (%
FOREE: 145, 25 43) x 2 (B2 AL TR R W4,
TE B ) B A W iy 22000 o G5 SRR, 2R
JEEMN % B, F(1, 80) = 3.22, p=0.077, n; =
0.04. FFHE(LSD )R M, 1 /- FH XM TR
PRI IR T 25 R E S p =
0.077). HOAZEAY F 00 B3, F(1, 80) = 6.33, p <
0.05, ny = 0.07. FH/GAZH(LSD )R W, Wi P
Wi A B R BRT- 4 U N T IR gl (p <
0.05), 25 MR EE M 2R AL HAR AR W3, F(L,
80) = 1.52, p>0.05 (| 4).

25

[ W PR 4
mhoe e vl

— — [\*)
(=] W (=]
T T T

AR TIPSR AL

0
14r%5 255

P4 P AE BB 1 93/25 3 iias B R R
BSEVS )G

HWR, X ERANBGHAT 2 CRBTIREE: 1 47,
25 53) x 2 (WA K DROBT A, TE R R
ERM T 225001, SR LI, 2FOR B R0V
#, F(1, 80) = 4.16, p < 0.05, 07 = 0.05, FHJFK ¥
(LSD ¥E)ERM, 1 FrR BT IR R EOR
T 25 B S (p < 0.05), BRI 8500 B,
F(1, 80) = 4.14, p < 0.05, n; = 0.05, FH 5K K (LSD
PR, TR IR RO A R SRS BN TR R
A (p < 0.05). 2 F R FE AP AR A
BE, F(1, 80)=1.24, p>0.05 (K 5).

SR 2 5NN, VI DR RO R AR R
)40 R R B A SRR ARBR A B 3 /N T IR R A e
R, VLTI DRI AR T 1 2 A U
UK RRATR, BV IR 35 DR 8 DRI 285 T T JRU By 356 29 g i B
VT BEAN, SCES 2 R, 1 B AR R R
TR BRT- B B OB A S SR B 3 KT
25 3 F, UITE LSS B RN, BEE R BIR
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1435 255 H
F 5 PIgHROATE BB 1 43/25 i es R Ism Bk 8

BT, T 3 DR R 2 R L B 2H 4 A JRURS: i 47K
SEERA PTRRAIR, 4555 B A WA —3(Bormovalova
et al., 2009; Johnson & Bickel, 2002),

4 e

ABEFER I BART L8, i i 1002 5
LS R A S R A [ W R 4 R RO VT
PRI 78 W 57 R L 2 e XU R 5 A 2 i 45 SR A B,
TEMEINE FAE ST, AR50 B A 3s m, AR
DR g 2 /K F- T FE RSB R, SR B
AR IS, BEAb, 38 3 b A v 9 DRI T 5 L
ZH A Y KUBS P SR AR B, FE B I BG5S,
T 3% DRI T DT 8 1) A A XU it 4 /KT v T IE 5 4 B
i, M7E RS FE SN, W DT 5 A XU
KR T IE R Al #E—22ratrihisn T .

T, ML BRI L S F R AR R 8 5 AH [
FIHRTRAT ] i RAFAE G L, FIA AT S S B0 25 R &
R, B AR HE 400 B RN B SR B A R R A
BRI 25, R B B IR T 24
A wh Bl pe SR EL A A ] 1 AR 2580 (Johnson &
Bickel, 2002). FfiJ5 MHFFE [FAEUESE T X — 4518
(Madden, Begotka, Raiff, & Kastern, 2003), #f—3#
M) AR A A5 R o, AR TE JE 40042 B R LS
BF S N ETRAT [, SURAR (striatum), 5 0 [E]
(posterior cingulate cortex, PCC)LA K AM i 45 i )2
(lateral prefrontal cortex, LPFC)¥#{ 1% JC g & 22 5%
(Bickel, Pitcock, Yi, & Angtuaco, 2009), Fik#F5E 3
BB G B AL BRI W S PSR R e, R E
FETER T 4 B B 2B 5 KRS M PR3k B9 G R B, HL
SRS UEFFOIFA—E W5 % 3, 75 BART {E
%, S5BEMEAE L, AMATE SR AT R
PRI SRR B ] i /b (PR a4 45, 2013), H
ARTE LB F S PR R 2 e R

KA 2 i AH 5 17 )% (feedback-related negativity, FRN)
(Xu et al., 2016), X FLI B S5F T 1) 4 2
P oA R TOEE 26, 5 22 AH R A AU i 474 7
itk — 2Bl b ARG AR — e B SRR T
e I AU PR 5 11 S 3 F 9

HE, AR5 5r45 5 i NS EA —
%, Bornovalova % A (2009)ffif§ BART %% 3
TSR EE (1 4%, 5 4%, 25 /MBS 445 T ok
(R RURS: DR SRAT Ry 22 5, G SRR, Y225 B 3 in
B, 43k Y XU Ml 4 7K P b 2 BRI . AR DU AR A N
QOI)WFFTHE— D45, BB R 1Y AU fi
U 7K V- B 24 R R ) Y8 T A AIR, R 4B B 2
B XU i 27K P IR 2 B 25 25 B R B A 1 T
MR o ZJE 1) ERP BFSE S5 R RIAE A B, AHAE T /NG
() LS B, Bl TE RO L S B SR T T I T A
J A it FE 80 H B K ) FRN A3 o SR, X 25 S5 7
FEALR B A R IR B (Xu et al, 2018), ARHF5T
G5 LRI RARST, JOie R I IR i 2 IE
T B I B KSR AT 55, AR KU
7K V-2 B G 25 5 RV 1 B T B A1 o A8 dn i
AV BBIF ST 25 TR RE K BR, AN Y XU D -2 B 2
BB R A 4 0T T 5= (Estle et al., 2006; van, den.
Bos et al., 2006), 5|#giXx—2= 5 1Y £ 25K ] G2
SEIGAT 55 LA K BB RN TR . S A ST 25 R
FHATF I A TSI F 52 T BART, HfRFfi#E 4
T FLSCIEE /B A R SRR . R, A A A
WP 7 AR A HE 55 F1 IGT WAh 28 sz 9 5K,
TR 5300 A B e A 4 R BRI A B S AR
SE R YT FIATE: 55 v %) v 42l o 8 L SR 8, R
IR SARAL £ 8 B¢ 19 B S {H (Hinvest & Anderson,
2010). AT LA, AN]R8 5 21005 K 0 sh AL 22 531
AT HE S R M AT XU P S ) R AR SR
() o — 45 SRl Ry AR B AL TR, BB e i 40
KEFNG ST 1Y XU R 47 7K T Bl B B R RE Y 3
It E . BeAh, Was sk, BRI, B
BB AT I RS DR SR AT Ry A2 3% LR B R
T PN B S5 AT B 2 B X g 3 XU DR SR A T
R BEA S (B4R S, 2013; Xu et al., 2018) AHF
FELE RS HA— 200 I R AT e B R i AR TR
EVA WS DATEAS K22 ik, AR TR R Y
BUAEABOR, MATTHEAT S PSR s hn & 2, PR 2
LR T E

HWK, ARG REHN, EEMEFEERT,
i % IR o 8 DRI i 47 7K e IR N, SR T 7E B
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Abstract

Today, drug abuse is closely being watched by most of society. It has been found that risky decision-making
deficit is one of the main characteristics of drug abuse. Drug abusers are facing increasingly negative
consequences in their personal, emotional, professional, and social lives. However, they still prefer to choose
immediate reward, and it is difficult for them to make adaptive decisions. Several studies have shown that risky
decision-making abilities of heroin addicts are impaired, but few studies have focused on the impact of different
levels of monetary reward on risky decision-making for heroin addicts during abstinence and whether such
effects are regulated by type of monetary reward. Therefore, this study used the balloon analogue risk task to
examine the effects of different levels of hypothetical and real money rewards on risky decision-making in the
abstinent heroin user.

Two experiments were included in the study. In Experiment 1, a hypothetical reward was used. however, the
participants were asked to imagine the money prizes obtained in the experiment as real money rewards and to
obtain as much profit as possible. The results showed that the main effect of the reward magnitude was
significant. Post-hoc testing showed the average adjusted pumps (the mean number of pumps for balloons that
did not pop) and the total number of popped balloons were significantly less under the 1-cent reward condition
compared with the 25-cent reward condition. The main effects of the group were significant, and post-hoc
testing showed that the average adjusted pumps and the total number of popped balloons were significantly
higher for the abstinent heroin users compared with the non-heroin users. The interaction between the reward
magnitude and the group was not significant. Experiment 2 used real rewards. The final rewards of the
participants were converted according to their performance in the experimental task. The results showed that the
main effect of reward magnitude was marginal significant for the average adjusted pumps and the main effect of
the reward magnitude was significant for the total number of popped balloons. Post-hoc testing showed the
average adjusted pumps and the total number of popped balloons were significantly higher under the 1-cent
reward condition compared with the 25-cent reward condition. The main effects of the group were significant,
and post-hoc testing showed that the average adjusted pumps and the total number of popped balloons for the
abstinent heroin users were significantly smaller compared with the non-heroin users. The interaction between
the reward magnitude and the group was not significant.

The data suggest that risk-taking behavior is modulated by reward type and magnitude of monetary rewards.
Overall, participants make more risky decisions on the BART with increased magnitude of hypothetical
monetary rewards. However, this trend is completely reversed under the real monetary reward condition. In
addition, compared with the non-heroin user, abstinent heroin users make less “optimal” decisions on the BART
under the hypothetical monetary reward condition, while they exhibit greater risk aversion on the BART under
real monetary rewards condition.

Key words the abstinent heroin users; risky decision-making; monetary reward magnitude; balloon analogue risk task





