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Abstract

Although the everyday decision-making of clinically anxious individuals is easily influenced by
their excessive panic and fear, the relationship between anxiety and decision-making remains still
getting no answer in neuroeconomic studies. This paper tries to explore the role of anxiety in de-
cision-making with a neuroeconomic approach. The paper first reviews the neural systems me-
diating fear and anxiety, which overlap with a network of brain regions associated with decision-
making. Cognitive effects of anxiety have the potential impact on the decision making. After that,
the paper explains the relationship between anxiety and decision-making from uncertainty, framing
effect and loss aversion. Finally, we briefly comment and summarize the paper.
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R

BERBBIERIOA, SROGRERES R ZHRSR SHENNE . BEEMSESFFERETTE,
BRESRBEHRANREABIBE . XEREAMESESFFENRORE SRR ERTFIIER. X&E
BB T RRME S EEE R EER, KAEMNEBNXBESREER. HBEITEARINNBBIN RHE
FEEEBEYM . FRERENRADINATIEME. HEZRI KR REEATT HRETER.
BREHRTTRENRFEESE.

XA
BIg, WK, MELHE, RN

1. 518

EOSEARE T, BAANESEEENNZ, R, mik. %%, BAEEEHRHAELZRES
HAS NFEF A K (Spielberger, 1972), XtHRM, A1 GRS EMmEEnt. FEEERIOAN, Hid
RS S WIS HAE H R AR VSR & NRE 1, WABR R R TAE. %1%, XX A AR LRI
A&, A ATTHE P s 2 b2 R AN [R] B AT R R 48 S B (W, Luo, Broster, Gu, & Luo, 2013). {HX} T4
EE PRI RARKUL, i E—AFE AT MU BRI A 25 5 X — [ R AL T
B R SR

SCE I TAT NGB F I G 25 R BRI FE FET SR 52 . SCEE 1 S [l T RUR AR R DG4
ZRGULENSHRIENIRR, BERT VAR ZERT P ER UL LER SRR, &E, &
17T B RR VRS R
2. BIREF RS

BANERE S RVMBAAAEF Z B2 b, (BABATIEAELESE B 2 AN (Sylvers, Lilienfeld, & LaPrairie, 2011).
RUIE ) S B3 5 B AR RS 51 S, RRakit (algess,  ELREE b 007 R &l 2 PR G FERE AN
A BARRR, I HaRSR KM . AW, FEETA AL R BRI — PR

2.1, BENHIER,

RSLE W2 LR SRR AE7E— /N AR DI, 62 Al 6/ S 7 T R85 2E M 2 1 JV L D % 2 4
W RIUHIE. CA R ETEY S EIRRIL, A BARTER AT, — 2 b R 5 )
AN B R 3 SRR R e R UCIE, 31— A 1 B B3R LB B4R 1% (Davis, 2000). 76
LREMITRZ I, 75 B 2 JO 5| e MR LR Y. — B 5148, BT L
— BRI LB, ZERR R, R IR R BT, e SRR IR
RIEWIEAG. HERE R, 7R RIS — B T2 5, BV 3 (Bouton, 2004). iXF
WL, B BRI AZ H0 BT R T R 30 T 400, 75 AR Ferb R B, T I S S0 L3 1
SEAH] . PERET . ORI T EA K S A 2 SO F IR (Hartley & Phelps, 2010).

S S A AR o 2 SR R T, TERMESI A, 7 DURFA R R b, 754 B (amygdale)
55 3 595 (9 (Davis, Walker, Miles, & Grillon, 2009). 1R\ (o 8.4 2% 1126 L T AELIBE 4 15
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EAE LTy, B ot — DR B T AR R IA 1 ix T (brainstem) . T F:Jii (hypothalamus) LA & 5 Z4 AT 5%
(IR M SCRAR (ventromedial striatum) . [F], T B 76 17 BE RV R A 8 15 07 T i — AN EZE M,
TSR SIS 53Rk deak, il & (insula) #1540 (] 5 = (dorsal anterior cingulate cortex)ft 2%
TR I R E R

N6 T 45 AE A YL P 3 3 5 0 1 7 R A 0 i 45T )2 J2 (ventromedial prefrontal cortex, vmPFC)[1& 5.
FETHIRE R, A AT A R 2 B AR T e 22 o v B T RUR IR IA . FETHIRZ G, 1EHE
SRR T RAIREACIZ 5 R B ICIZ R 98 (Bouton, 2004). T FE I8 P3O T A B R LR A AR
[ 2% 2 1 15X P IR 1O B B AR . E T AR BRI ) R M AT A R AR I, A ARE B
5 M A A5 i J2 (dorsolateral prefrontal cortex, dIPFC)FI YT N 2 B B A B . [ead >k, IR P A& i
J2 5 AR AN S 2R T IR I B AR K (Ochsner & Gross, 2005). 2, A4, B8O FT&IH:
JEAE ikt BRI IR AR R DA RAE BRI T RS EEER . BRI S X IR A
AR REE AN REIE RE W 5, HRTLAfE, S BV 5 S AR A 4 A LA

22 HEEMMHWES

EARE R BB TE VT 2 B 200 U7 T AR X AITFSR, EFZ 0N, EEEREM S 7
BEHZNES . MEBIEIIE TR, 55 AR IR 40 248 [0 25 AR5 P AR RS DL R AR FRRE AR A A
#hox KA (Cisler & Koster, 2010). &1 58 2 AT AZ G SHE TR S R A I R, 9 5555 BT 1% £ FE AR AE
Ko AL, S5 BIRMIARI SRS R TS 4 R N — A, ARSI H BRI IR F S 5 REF. X
ALLSF-J5 T R A - (prefrontal) 5 774 1% ol B A4 2, X i B 7 e A TE 5 BB R IA VR o B2 R MATE
RRTHIR Z AT B b2 R I AT A V& DR D I AR, [RIEE, ek DA 0 PPl B £ v 5 58 A [ 2%
37 2 B P D MBI SRR 26 RIS FURCL, A5 A B 0T 0 22 S8 o AL A U T 2
J2 B AZAZ B30 ) 1 o 20 4 S SIZBIL ) (SehImeyer et al., 2011) o 5 P (0 R 450 1 22 30 785 4 A% PO 1 5 0 5
PERAATEE R KR, X WMEY, fEEEF, 1X— 10T B8 2 I 4 O 585 F 48 01
5, WWRMEEEH T EMESERY, REMESEAYT R AERET S RAEME. SX—REH—
B, A R IR BN 2 e B HH G ARABLR R 22 1) 2% R A BV IR (Lissek et al., 2010).

AN X BV BT X 0 SRS RIS IRES o BRI AR 11T 25 B o) BT 175 R 1 RV AR P I
N, BT R A &L SR (bed nucleus of stria terminalis, BST), BLT- 5548 f& M B hndse A 5t
FE AN BRAAT 2 (Somerville, Whalen, & Kelley, 2010). 4R 5 v B 11 A2 B R A8 B AL B Py IR BN 36 5 9K
X B VE IR T R I SOBR N . I0 S TE PEREAS R IR IE B s AN EE MG, NS EEE
AMRETHE I RN, XA BT R R 4ERR(Paulus & Stein, 2010).

TR 5B R4 [l R FE 4 T AR R BRI PR PR 2 Rl . R A LM RO ERKILT
— LR XIRAIEA, WSORMA . A ERONETET R I DR AMUAT A f 2, AT S R
1R F 1k 5 H) 4 5% (Rangel, Camerer, & Montague, 2008) . FLARIE AT 4 i3 63 = 11ty K 5 [X I /2 /R RE eSS
LRSI A R S SIS E SR X R, R E SR KRGS S B R 1.

3. RN

FRAR S A AL TR () 4o 22 [ % 2 T 0 RS AR R 1 RO F2 R AN 2 — R AT I S, (HRE P AR RO 5
R, AERERT, UL DA R R ) AR A A6 A R T AE R 22 Bl (Bishop, 2008). A#FFT R T 545
FERHIEA R P AP B RS B 22 — i T 5 BUE BAR R 22, — PP Eoxt T 9wl i
B B 22 (Mathews & Macleod, 2005). WFFRINL,  4ERINEGR A 2] —A> B sl ey, £ g2 i —
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FRHNI SN s AT 4R 2 — A rb vl sont BB RO AT PR S I, ORI S B AKX A R e 22 0
TS SR SR DA R Y A R S R B BRI T {8 R (Cisler & Koster, 2010; Bar-Haim, Lamy, Pergamin, Baker-
mans-Kranenburg, & Van ljzendoorn, 2007).

TRk YL, AFEAE 2 MBS E AR, AR BN A T AR & . BN, HIEEAMAMELEL, £E
FEA AR TG ) T B A T AT 1 T 0 4 AR DR A1 1S S (Koizumi et al., 2011). 4PEUF kA ) 4
B, AEEAMAS AR P TG R PRI, T AERERIACKE, R RHE R
BEAT AR e R I tH v il 22, S0 A, WAk — B HEM, XA i 22 B VE 23 F— 20 R H 31 3 F0AH 551
% B (Yoon & Zinbarg, 2008).

YAEAEE MRS, FEEAMA S BUME BRI HE R ZE, X ER B T MALE], — R
AVE R AL R B EAS R GE, 59— P2 s &m0 &AL (Mathews & Mackintosh, 1998; Bishop,
Jenkins, & Lawrence, 2007). 53X —{BAH— 3, ERe o £ R 5 B BV IR 2 fi B B A A A% 3 R 3
I, TAE A A R 3 B A B R SR AR DL, TR0 23 B K (Bishop, Duncan, & Lawrence,
2004; Etkin et al., 2004) .

TEFERE T, AL AFIERT B JZ T2 5 56 TH AR 72 (R A RE o i R P A AR A A4 10 T 1) T ¥ 3R 1
I, A L E KR B 46 # (blood oxygenation level dependent, BOLD) 541 % 175 il e il 2135 B AL
J& A71E 1EAH 3¢ (Kim, Somerville, Johnstone, Alexander, & Whalen, 2003) o 24754 85 1 7 435 e it il 8 sl 40 o 1 )
TS IV B ) AR I, R A R AN AR 2 SR I A AT AR I A KT OB T A 0 ORI P AR
(Somerville, Kim, Johnstone, Alexander, Whalen, 2004; Yoon & Zinbarg, 2008). #F73&HH, 1EICIET
PEREASE ST, 2R & ERIHA ORGSR, A GRER NN, XERE, SO ENE
T R SR 7 A B RE AT R Y I A — N B A (Herry et al., 2007) . AHXTHY, ATAR A B Z X
T P B M 7 5% Y R S AT AR AR AR [ 48117 (Wageer, Davidson, Hughes, Lindgquist, & Ochsner, 2008).

4. BIBESRE

R, HERRIAMATEE R VPl DR TRV MRS A A A% 2 X VS T S P A R R 17 SR T
RN BERE—UE, DRI R B A A AR RS BV e A, BRI T Y I L S
REJT. TEIXHL, SCEEEH R T PRl 32 2 SE IR 5 B U R RS, TE AR PR X B A S K
(e 38 2 B ARE LR TR SR I

TEAT NATEAHIT I CAUESE, AKREIPRSEAT AR 7R SN =1 o AR XA AR
TR 22 IR RIS R I, AATT 2 A FH 7 B B s BUE R OR B 3 R 3R WEALRT, AATTRT BLIE I % o SR
B\ R B B R R TR B L fF e A 22 (Greifeneder, Bless, & Pham, 2010).

4.1 FHEN: RKERESERAE R

TS ENWR TR I, ANER SRR % 51 S LA e MR K £E EE (Grrillon, Baas, Lissek, Smith, &
Milstein, 2004). 7EHRSEIEEEH, ASAT TN BOAH 52 1 BB 175 A RE Ao I D5 J2. PR n T i 22 B0 17 Jak
B, iXseos B BHEEN SR . EAT ARG, EEMMAE R RGEm k. SB—ME, WRH
TR ERE, BT L DI MR EL R EXMERT, AMTE R K O (risk
aversion). 4N, WIRER—F 50%MIHL2 3k 50 JorIESE, 1 50%HL< 2k 2 0 7t B S 50% ML 23k
5 105 JOHIE R, EARANH & A0 R 22 o i (VS B 8 (B — P m] AR5 SR R R), EVF 2 N 22 e B
5 VE IR

Xof S S 8 TR I 9 R RE TT DA R B, X AR, e XURS: R 1 T A S R A R I 3 R 2
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25| AR FB AR T i 8 B A IR . AN, AR RS RURS SRUBAT A R B IEAH O . 7R BRI AR
1T (balloon analog risk task) ™1, % T-f FEw A Rr o AR R L FELDE LA A 2 8 R P 0 52 0 R AR 4 1) Tl 1
e PR R SR, EX B, B RO T AR AR R KA 1) () SOBRAAAE T B 22 o T AR IR (0 N AE B XU AT
NIEFER, JEELH TR H 4Pl S K R XU S B (Maner et al., 2007). {HAFERERZ, LB AR M
RS, AR RS SOSARFE 2 N, X R I, XM 2 AT B R S IR E XU 45 5 1) g
(Raghunathan & Pham, 1999).

WAL, NN 22 S T RS TR SRR VA, TS IR PR oo B e S BV 2 fi o A R AR 1 XU s o [
BF, VPR R S AR A 1 8RS BT PE A PR SRS B2 A T Bh A (Winkielman, Knutson, Paulus, & Trujillo,
2007; Greifeneder et al., 2010). WFFC R I, PR ) A5 TR 6 B sz 7 2 (e BEAMAAT Ay (1) JXURG M 38E , 30 17 S 17
“44x 53K (Bechara, Damasio, Tranel, & Damasio, 1997). PRI, Tt XU 16 P2 Bl 4R 1 Xof e i Jse 7 (1) 1A 7
RO (B A ) #2175 R RR RN AR AR A5 T LA RS Sk

55 RS E P AR 2R Bk W 7T 2 B (ambiguity aversion), FEIX RS, HWEEZ A EIE KL
RERMI AT RELE S . ldn, W A — M5 10 Z0ERS 10 DM BEREL P B — Bk, 805 A% B R
AL E 20 DAL LT EREEBR, AEIEFLERIE 2 BERS 2R, $Ol 5 el g, X
TR A PR T s B i 5 MR 22 R 28 MRS, T U A R A 4% 4512 (ellsberg paradox) . 1X #1718 AybriE
PR RER 7 — B . U IEH GLAFELER E BERE 50% MR G I, #OH A a2, (HE AT
TETE RHCE 1 2L BRE BRI, A 12 2 X W ot 0 €20 3R 2 40 4l T A7 76 Ml 22 o E AR RO 7 T PRI 35
RS R A BT RePE DL TE AR EMME A 0%, XS, £ Rk X5 i v AR b A R AR 7 T
it

RN TR KRS B2 () R AR A 22 RGN JBAIR R I B, (R D) REPERL LR L4 (functional magnetic re-
sonance imaging, IMRI) A 7T 28 B, A 5% F0 T 200 Rz J2 7 RS vk 556 e 4 22 90 =1 22 (1) 4 FH (Preuschof,
Quartz, & Bossaerts, 2008). i & i IfIL A K P AK B A5 IRV SURGRAEFE RIREY, i S 24 A, R
W6 S BB JEE £ 52 B35 58 (Clark et al., 2008). Thae M rd 4% i A% RN 48 R ) 5% (transcranial - magnetic
stimulation, TMS) (R FE &3, HIARI K2, Ap 0l 2 I A MU AR - Rz 25 78 RS 745 FE Rk v (1 F R AR 2
PRI, G AMUHG - 57 J2 1035 3l 5 RS sz J8% R 1E #H 5% (Christopoulos, Tobler, Bossaerts, Dolan, & Schultz,
2009). FE FRE RO L AT BEAMU AT A K J2 450 35 ReRG XSS ade %8, 17 A MON A& - 12 23 30 1) 1
55f U] 2 BB AT XU 36 % (Fecteau et al., 2007). [RIR, 1EF #EAA I HE AT 45 [X (orbital prefrontal region) F1ZCIR
1 5 R 535K A5 5% (Tobler, O’Doherty, Dolan, & Schultz, 2007). X} T8 EAMAR YL, ALK 5 [ 5 AE i
DSOS R0 TE (14 I8 4 4 71

G P ]I T 2 0 ok 22 B RS R 1 A AR AN AT A K2 M E T . BARXS T AR SR UL, X T XU 5
A PR AT S FE A AP AE R B A G, AHOX B RS 2 1T SR I T A BB S P e Bl (H Ay
5 DA 554K R AT PRI 7 R ORI T AN R X B DTk . — U ORI, X T XU A SR S AR R T A R
Tt Rk A A- A% 5 £ 1928 4k (Bach, Seymour, & Dolan, 2009), 1% —8F 78N 23 H 7 —A 5 E4MI FT
H 17 2 T8 A8 S SR AE 1R A 96X — B8 58 4 A I B 45 B (Levy, Snell, Nelson, Rustichini, & Glimcher,
2010)0 MRS 555 4 ] o 5K 1 T 2 At A i R B, RS D T3t 7 B8 2 b At FIE & X3k, T AEAR
P R0 e o U B 22 b AR S T B A M R A5 B2 2 (Krain, Wilson, Arbuckle, Castellanos, & Milham, 2006).

BRI S0 P 0] SRS KB TSR AR L, AR PRk 22 0] B AE R 5 £ P& P R AR AR R
TRFRT o Y A M A REAN 0 T 1 BR V0 FR) 5 XIS 55 A0 1 P S R ) SRR AL B 7 o DRI, ANHER IR, At
B FEA A 206 RS BRARAR PR A LA S I
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4.2. HEZEHN

DAAE )R ST FE R I A 75 SRR AT Dy 2 52 IR ke S PRI o M R 3k 2 X IR 52 ) (2 15 RO g 3R A5 B
PR TN — M E 275 21 50 Jurh ) 20 JCRIEFEEL 60%IHL 422k 2 50 7T, 1 40%HIHL £ PR B 50 7T
PIEFEIT, A A2z Fe I HE B S () XU S g, 2> it m) T PR %, IR IR E 2 B ARSE . JRT, 4
X —ANfE Bk 30 JCHEFEIT, Bl 3 n] B 2 A8 49 T SRATIE B ARG o 1P 30 S 4 i {OHE 42 288 57
(framing effect).

HE 050 157 5 o7 2 R AEAEAF 9% (Story et al., 2013). WFFER I, AN N AN 7] £ S0 BIHE S8 ok S 45 2.
AbFH (Peng, Xiao, Yang, Wu, & Miao, 2014). FEEAMMASIEEXN BRI AR Z, U, HEZRRN &
Fh v P 45 2 S J 451 2 SRR T 51 B2 4 (De Miartino, Kumaran, Seymour, & Dolan, 2006). R, X#fsE
TR B PEAG BVR 2 51 L S S P PR R S R, (RS0 RS (1) I 52, RS IX BV B 2RV AE (O o SR
0 E VE R AR A N BRAT I, IS IX A ARV AR T XU R R = B Zp A3 B w52 o R, AR TR RN, AHXS
T 7 BT 2 (RN BE YRR A PSR AR B, HE B AR 2 1 I HE SR R i 4 v £ EE N A TR FE 45
B, 3478 K5 (Power & Petersen, 2013). FEJEAMATE ZHA| FHIGERGE EMARMEEE . FEtHe
FEARIA RN BRI A, BRG, XTar R AR 3, HEZE KR AT e 55 A 2 (Xu et al., 2013). FEXTHEZL LR
()4 28 FERBEAT A S0 I A B, MG SR A AT A 1) I SRR AORS i s B4 B3 R AL I PN (00 T 4 12 )= B B0 e
% FREI A AE 22 (1) UK A (De Martino et al., 2006). BRARZGHTFTER BT, KM X P s o 2 A 1 R R
(1R 23 R B IR (13 s 22 FR A7 AE R BRI, Xt 2 — AN L A R AR AL

4.3. k=%

19 [ & (loss aversion)ik 2| —FPFEER, 52 HELIXAE PRI, BIVBE G di 2 240 5 T [R) SR P2 1) 3k
3o BANFIAR FLI A RI, TERR UK b, 2 754 0 AR R A T A A R 1) 22 57, R de (R R B,
FEXFIRTF R UL, S5 RIBIRRIRE R IEEA R, XK, AR RN T 7R 451 2% 1 A B s B 2= (i gk
125 ] J& (Phelps, Delgado, Nearing, & LeDoux, 2004). AWK, AL ZI MRS B K UK,
AR BN S0k SRR FE AR DG R e, A AT R e 1 0457 2k Rk A4 77 T it i 3 (194 FH (Sokol-Hessner et
al., 2009). M TEERMRESEENSCRIESIAE KN, Fit, AR ERIEIMET, 2RI R KUK
R WA SUG EEE S, SCRARFISMU T A X -5 P S R4 2k S 6 (De Martino, Camerer, &
Adolphs, 2010).

TEVRSFH, R E BRI MR B R NTERE LR R RS2 o Seils R AR AL 40 2 SRUBR )
MR TR RKIL, E— RIS, 08— N & 2 PR — PPy R 51 K% 1) 2 4 23 1K
B2 SR, BRAG IO T 45 2 1 ) S —#E (Sokol-Hessner, Camerer, & Phelps, 2012). 74 1% 25052 g o
Z ARG I KD, X 5NN RYR A [F 84 52 (Tom, Fox, Trepel, & Poldrack, 2007). fii5 2, AWM &%
o AR R SRS, R AT SRR A ARG St 2 B o XA U i R A e 2 PR BB SO . N
AT AR B J2 DA R AMIN R AT B JETE S R3S N o A SRAH G B 2 B T, I 4 £ A A B DA S SR s
WTIE MR N2 BIHH, B2 HI 55 T A8 W AR 40 04 7 Y R B AR W SR v 52 K R R 0 o

5. RIS R4

A R EAEIR AT 1 H R S iz R AT HE BN T e . ART, AR RNE R B E

SRR o 0 T B BOSTIRR U, A 90 AR S AE RSP A A PR PRIE, AMEA Sl IR 15 £
JE P CL A DR AT 55 5 FR B A SR AR i 22 T B B B 22 R GER AR I AN R

W RHR T PSRN R LT AT, QR TR W BR UL AT 5= 1
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o AR RN T 2R L AR LU ABAT B R OB ) — AN E AL AR 7y o TR, R o Bl PR A
W, FERTAI BZ T, AR S RS S BRI O . TR AT L A S5 A s R T A R AE vk
SEAPEIN . BAAORYL, RIS I INE R R (AR, RIS, RAR P AT A AR AT Rt 2 T A
B, BT CURAE T SRAS 9 AU SR 7 £ 71 B 2 R a9

IFRGTE 2 AR RS, FIn RS BRSO, R EA R A R R MARRHIE . X L5
SN SRR R E R B BT RE M . SR, ST IR T QR fE T BRI S5 1, RMAE R
AR BAR AR P8 SR AR U, AT BUIX — R E AR AR BAR 5 R R IO SO, B4 3T BB LA 5
i TERAIR RIS A R 5 AR S B R e DA S S 245 B 54T 09 B R B E A )
WIBREE S . BUAh, EORSEIGET N, X T8 e Sl A 1 U0 4% BVF RE s B MA LR % . BARTC
B OZTHE T EREX RS AR, AR RS T AR SR AR K BN A AR — . R, XL
A A R AR o R RAR R BT S T T AR R AR E R R W T il — PR R S R
MI5CZR, i, 2 PR X OQ A% (0 A SE 0 R i 5 E A

B oW
RS COBEZERt ) iR iiss T I SCR S Bl

SEW#Ek (References)

Bach, D. R., Seymour, B., & Dolan, R. J. (2009). Neural activity associated with the passive prediction of ambiguity and risk
for aversive events. The Journal of Neuroscience, 29, 1648-1656.

Bar-Haim, Y., Lamy, D., Pergamin, L., Bakermans-Kranenburg, M. J., & Van ljzendoorn, M. H. (2007). Threat-related at-
tentional bias in anxious and nonanxious individuals: A meta-analytic study. Psychological Bulletin, 133, 1-24.

Bechara, A., Damasio, H., Tranel, D., & Damasio, A. R. (1997). Deciding advantageously before knowing the advantageous
strategy. Science, 275, 1293-1295.

Bishop, S. J. (2008). Trait anxiety and impoverished prefrontal control of attention. Nature Neuroscience, 12, 92-98.

Bishop, S. J., Duncan, J., & Lawrence, A. D. (2004). State anxiety modulation of the amygdala response to unattended
threat-related stimuli. The Journal of Neuroscience, 24, 10364-10368.

Bishop, S. J., Jenkins, R., & Lawrence, A. D. (2007). Neural processing of fearful faces: effects of anxiety are gated by per-
ceptual capacity limitations. Cerebral Cortex, 17, 1595-1603.

Bouton, M. E. (2004). Context and behavioral processes in extinction. Learning & Memory, 11, 485-494.

Christopoulos, G. I., Tobler, P. N., Bossaerts, P., Dolan, R. J., & Schultz, W. (2009). Neural correlates of value, risk, and risk
aversion contributing to decision making under risk. The Journal of Neuroscience, 29, 12574-12583.

Cisler, J. M., & Koster, E. H. (2010). Mechanisms of attentional biases towards threat in anxiety disorders: An integrative
review. Clinical Psychology Review, 30, 203-216.

Clark, L., Bechara, A., Damasio, H., Aitken, M. R. F., Sahakian, B. J., & Robbins, T. W. (2008). Differential effects of insu-
lar and ventromedial prefrontal cortex lesions on risky decision-making. Brain, 131, 1311-1322.

Davis, M. (2000). The role of the amygdala in conditioned and unconditioned fear and anxiety. Oxford: Oxford University
Press.

Davis, M., Walker, D. L., Miles, L., & Grillon, C. (2009). Phasic vs sustained fear in rats and humans: Role of the extended
amygdala in fear vs anxiety. Neuropsychopharmacology, 35, 105-135.

De Martino, B., Camerer, C. F., & Adolphs, R. (2010). Amygdala damage eliminates monetary loss aversion. Proceedings of
the National Academy of Sciences, 107, 3788-3792.

De Martino, B., Kumaran, D., Seymour, B., & Dolan, R. J. (2006). Frames, biases, and rational decision-making in the hu-
man brain. Science, 313, 684-687.

Etkin, A., Klemenhagen, K. C., Dudman, J. T., Rogan, M. T., Hen, R., Kandel, E. R., & Hirsch, J. (2004). Individual differ-
ences in trait anxiety predict the response of the basolateral amygdala to unconsciously processed fearful faces. Neuron,
44, 1043-1055.

Fecteau, S., Knoch, D., Fregni, F., Sultani, N., Boggio, P., & Pascual-Leone, A. (2007). Diminishing risk-taking behavior by



R UHE: AL A

modulating activity in the prefrontal cortex: A direct current stimulation study. The Journal of Neuroscience, 27, 12500-
12505.

Greifeneder, R., Bless, H., & Pham, M. T. (2010). When do people rely on affective and cognitive feelings in judgment? A
review. Personality and Social Psychology Review, 15, 107-141.

Grillon, C., Baas, J. P., Lissek, S., Smith, K., & Milstein, J. (2004). Anxious responses to predictable and unpredictable aver-
sive events. Behavioral Neuroscience, 118, 916-924.

Hartley, C. A., & Phelps, E. A. (2009). Changing fear: The neurocircuitry of emotion regulation. Neuropsychopharmacology,
35, 136-146.

Herry, C., Bach, D. R., Esposito, F., Di Salle, F., Perrig, W. J., Scheffler, K., Liithi, A., & Seifritz, E. (2007). Processing of
temporal unpredictability in human and animal amygdala. The Journal of Neuroscience, 27, 5958-5966.

Kim, H., Somerville, L. H., Johnstone, T., Alexander, A. L., & Whalen, P. J. (2003). Inverse amygdala and medial prefrontal
cortex responses to surprised faces. Neuroreport, 14, 2317-2322.

Koizumi, A., Tanaka, A., Imai, H., Hiramatsu, S., Hiramoto, E., Sato, T., & de Gelder, B. (2011). The effects of anxiety on
the interpretation of emotion in the face—\Voice pairs. Experimental Brain Research, 213, 275-282.

Krain, A. L., Wilson, A. M., Arbuckle, R., Castellanos, F. X., & Milham, M. P. (2006). Distinct neural mechanisms of risk
and ambiguity: A meta-analysis of decision-making. Neuroimage, 32, 477-484.

Levy, I., Snell, J., Nelson, A. J., Rustichini, A., & Glimcher, P. W. (2010). Neural representation of subjective value under
risk and ambiguity. Journal of neurophysiology, 103, 1036-1047.

Lissek, S., Rabin, S., Heller, R. E., Lukenbaugh, D., Geraci, M., Pine, D. S., & Grillon, C. (2010). Overgeneralization of
conditioned fear as a pathogenic marker of panic disorder. American Journal of Psychiatry, 167, 47-55.

Maner, J. K., Richey, J. A., Cromer, K., Mallott, M., Lejuez, C. W., Joiner, T. E., & Schmidt, N. B. (2007). Dispositional
anxiety and risk-avoidant decision-making. Personality and Individual Differences, 42, 665-675.

Mathews, A., & Mackintosh, B. (1998). A cognitive model of selective processing in anxiety. Cognitive Therapy and Re-
search, 22, 539-560.

Mathews, A., & MacLeod, C. (2005). Cognitive vulnerability to emotional disorders. Annual Review of Clinical Psychology,
1, 167-195.

Ochsner, K. N., & Gross, J. J. (2005). The cognitive control of emotion. Trends in Cognitive Sciences, 9, 242-249.
Paulus, M. P., & Stein, M. B. (2010). Interoception in anxiety and depression. Brain Structure and Function, 214, 451-463.

Peng, J. X., Xiao, W., Yang, Y. B., Wu, S. J., & Miao, D. M. (2014). The impact of trait anxiety on self-frame and decision
making. Journal of Behavioral Decision Making, 27, 11-19.

Phelps, E. A., Delgado, M. R., Nearing, K. I., & LeDoux, J. E. (2004). Extinction learning in humans: Role of the amygdala
and vmPFC. Neuron, 43, 897-905.

Power, J. D., & Petersen, S. E. (2013). Control-related systems in the human brain. Current Opinion in Neurobiology, 23,
223-228.

Preuschoff, K., Quartz, S. R., & Bossaerts, P. (2008). Human insula activation reflects risk prediction errors as well as risk.
The Journal of Neuroscience, 28, 2745-2752.

Raghunathan, R., & Pham, M. T. (1999). All negative moods are not equal: Motivational influences of anxiety and sadness
on decision making. Organizational Behavior and Human Decision Processes, 79, 56-77.

Rangel, A., Camerer, C., & Montague, P. R. (2008). A framework for studying the neurobiology of value-based decision
making. Nature Reviews Neuroscience, 9, 545-556.

Sehlmeyer, C., Dannlowski, U., Schoning, S., Kugel, H., Pyka, M., Pfleiderer, B., Zwitserlood, P., Schiffbauer, H., Heindel,
W., Arolt, V., & Konrad, C. (2011). Neural correlates of trait anxiety in fear extinction. Psychological Medicine, 41,
789-798.

Sokol-Hessner, P., Camerer, C. F., & Phelps, E. A. (2012). Emotion regulation reduces loss aversion and decreases amygdala
responses to losses. Social Cognitive and Affective Neuroscience, nss002.

Sokol-Hessner, P., Hsu, M., Curley, N. G., Delgado, M. R., Camerer, C. F., & Phelps, E. A. (2009). Thinking like a trader
selectively reduces individuals’ loss aversion. Proceedings of the National Academy of Sciences of the United States of
America, 106, 5035-5040.

Somerville, L. H., Kim, H., Johnstone, T., Alexander, A. L., & Whalen, P. J. (2004). Human amygdala responses during
presentation of happy and neutral faces: Correlations with state anxiety. Biological Psychiatry, 55, 897-903.

Somerville, L. H., Whalen, P. J., & Kelley, W. M. (2010). Human bed nucleus of the stria terminalis indexes hypervigilant
threat monitoring. Biological Psychiatry, 68, 416-424.



FER SR AT A

Spielberger, C. D. (1972). Anxiety: Current trends in theory and research: I. Oxford: Academic Press.

Story, G. W., Vlaev, |., Seymour, B., Winston, J. S., Darzi, A., & Dolan, R. J. (2013). Dread and the disvalue of future pain.
PLoS Computational Biology, 9, Article ID: e1003335.

Sylvers, P., Lilienfeld, S. O., & LaPrairie, J. L. (2011). Differences between trait fear and trait anxiety: Implications for psy-
chopathology. Clinical Psychology Review, 31, 122-137.

Tobler, P. N., O’Doherty, J. P., Dolan, R. J., & Schultz, W. (2007). Reward value coding distinct from risk attitude-related
uncertainty coding in human reward systems. Journal of Neurophysiology, 97, 1621-1632.

Tom, S. M., Fox, C. R., Trepel, C., & Poldrack, R. A. (2007). The neural basis of loss aversion in decision-making under risk.
Science, 315, 515-518.

Wager, T. D., Davidson, M. L., Hughes, B. L., Lindquist, M. A., & Ochsner, K. N. (2008). Prefrontal-subcortical pathways
mediating successful emotion regulation. Neuron, 59, 1037-1050.

Winkielman, P., Knutson, B., Paulus, M., & Trujillo, J. L. (2007). Affective influence on judgments and decisions: Moving
towards core mechanisms. Review of General Psychology, 11, 179-192.

Wu, T., Luo, Y., Broster, L. S., Gu, R., & Luo, Y. J. (2013). The impact of anxiety on social decision-making: Behavioral
and electrodermal findings. Social Neuroscience, 8, 11-21.

Xu, P, Gu, R, Broster, L. S., Wu, R., Van Dam, N. T., Jiang, Y., Fan, J., & Luo, Y. J. (2013). Neural basis of emotional de-
cision making in trait anxiety. The Journal of Neuroscience, 33, 18641-18653.

Yoon, K. L., & Zinbarg, R. E. (2008). Interpreting neutral faces as threatening is a default mode for socially anxious indi-
viduals. Journal of Abnormal Psychology, 117, 680-685.

648



	Anxiety and Decision-Making: A Neuroeconomic View
	Abstract
	Keywords
	焦虑与决策：神经经济学观点
	摘  要
	关键词
	1. 引言
	2. 恐惧与焦虑的神经基础
	2.1. 恐惧的神经基础
	2.2. 神经基础的重叠

	3. 焦虑的认知效应
	4. 焦虑与决策
	4.1. 不确定性：风险反感与模棱两可反感
	4.2. 框架效应
	4.3. 损失反感

	5. 述评与总结
	致  谢
	参考文献 (References)

