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GETA

kAT

(" TR S22 Re, I, 518060) (2 BHITTNLE St NBE A0 E (BRI, B, 518060)

MHSPSRAE N R, HAERZRE M 2SR DM AR S DI RERRS 89— NI AL, Ruff 71 Fehr (2014)
PR TEA R A =2, B st BAREEA . AR lsl . FRATAGEASBEHEAR e, R BRI AE g AAE 23 S 5t
I TR UG, e SR B s TR I AR, S AL O SR RE T s VRAE I AT B
LSRN (A EAF ) AFTRE R AR, Wid BERIfE . ARG — 7 T HE— ARZAMARE I A A S e PRI BEAR
F3— T AR i, / A S AR RS S BB AR, SR m b Te 8 R AR I A A2 0%

MERGE AR e OEELE PulEik

TERIE 2SR ZIF e F 5 5 APRACE., 7
H NBr51t2ifekEdT ( Kupferberg, Bicks, & Hasler,
2016 ) o PR AR AT S DB Y BT AR AE
I R A4 o 2 — (Hammen, 2005 ) o Rt xF
IR B TR TEIAR, SRR I
RIGIT TAE.

Fo RIS EAL S B AT ST IR T,
FEEHE . A, B1E% (s, e, wi,
Bl , SRR, 2015) o LUIAESSEUSR MU S AFGTHIAR
i N AT 23 D) RE R i — KA = T URFE M 28
25 RS (game theory ) FRAR LRI 5%
W, WfRJE R (Rilling & Sanfey, 2011)
TXUAE 5558 H W M2 IR 8 B ARG, BeXHE
bt o marnit s ae i A i Ab i 5Y (Hasler,
2012) , BCEAEGAE AR L RS T A RE LEAY
1R A%400% (Wang, Yang, Li, & Zhou, 2015 )

A2 PSR B BT 5 95 B8 9232, Ruff F1 Fehr

(2014) W Z AR BNLUF =205 (1) PR
FAT A AT XS F O B2 (ASCRIFR S R
i (social feedback ) ) ; (2) PR3 H B ACIEHIE
#r (vicarious valuation ) flb \FJPRTREAT R APk 45

(ASCRIFRNAPETEA ) 5 (3) PEREXT R
A2 H R Y 4 2 JE ) (normative social principles )

MPE (ARSCRTFRCO A2 ) o HATE A LR
TFRI A BE BRI ARAE R AL DI RERRT ( Wang et
al, 2015) , XAREATLIAT Ruff #l Fehr (2014)
P RS = (A ) b, SRR i il
T (A2 AR ) A [m] 55 E 2 1Y
WFFCIESE, I ] AZA A BE R UEIARSE S A At 2%
RERLRT. NI, FEATIACY Ruff #1 Fehr (9 B HE
ZRABATAFFAT DRI ARAE N B AL 2 T RE R A A7 50 42
AR TERET kmyigigd, FATFEZEM TR
Ao RePERE PR % (functional magnetic resonance
imaging, fMR1 ) ZEWFFCUESE &, SeiEX =284t 4
TR BT IMARAE G AR

Fh 23 R AE R R A5 B E PR B P
i, DAz BN 3 9 s 4 45 %5 (Ruff & Fehr,
2014 ) o TEALSSEAE, At A TE T R 5t 2 (i TR Tk
FMaNL, RG22 g CANEMSOIRR ) AR R
FHEE (1zuma, Saito, & Sadato, 2008 ) ; HFH 244K
B S (BIAnHE R BAEE ) Iy A
FEST (punishment ) [RARSE, LI FP AR 56 1) ik 406
DX 5 P 3B P IR X = B2 B2 % (Krross, Berman,
Mischel, Smith, & Wager, 2011 ) . % F2k, A PKie

* AR FE R HRBFHES (31571120) . FRZEHAITFEHR) (973 TH, 2014CB744600 ) | |7 7R SRR T AR HOM 5 35118
BENTH (YQ2015143 ) FIGHIIR 2 N SCHH SR EFAEZUHAFTE (17QNFC43) B%EH).
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IRAPERIE S AR 258 e A A 23 S B Y
T,

X T EPE A 2 IR B4, AR AE i A\ 2R
A PR g, RIS 58 AR B B8 ) T B (Rizvi,
Pizzagalli, Sproule, & Kennedy, 2016 ) . X ## >
Rt pEPUgE AT, B OE DL R B ) 4t
SRR SRR, O HMELLZE R At Sl FRIE
fils A (Kupferberg et al., 2016 ) . il an s A #) 41 2
PP SRR R AR E I & T IEH A (Olsen,
Bjorkquist, Bodapati, Shankman, & Herbener, 2015 ) ,
XN B 2 40 A T /0 1 BRI J8 s 1 ( Caouette &
Guyer, 2016) . BtAk, ARG A B 2 R Fl A 2
iB 45 (social withdrawal ) 5K % L 8% B AR 22 18 H
] e B 2 B8 DL M At & HER (Allen & Badcock,
2003 ) o i, ARLE S ATEAE S st E ST
R ( Schwartz-Mette & Rose, 2016 ) o 5 fdt FE4% il 41
FHEL, BRI o 416 A BRsc A T BRI
HER BB DB AIT R (Setterfield, Walsh, Frey, &
McCabe, 2016 ) o {E 154 2 Y2 AW ARAE s A TE T %)
S8 50 (Pizzagalli et al., 2009 ) #kE23% %0 (Hsu
et al., 2015 ) IHFEIMBIREERZ (nucleus accumbens,
NAcc ) JG HIE s NS5, FRBMARSAER A1)
FEESPEPURER R 5 G B PRSI A E AR AR B fii X33
TH S

AR g A X T 07 4 23 s ot B0 1 1 i

( Kupferberg et al., 2016 ) . 1F & — Ff #7814 71 P
Fhos s, AR R A AR IR = U R 2
— ( Slavich, O'Donovan, Epel, & Kemeny, 2010 ) .
Masten % A (2011) 55 &I, HHofidaif ki
#R T AT B2 JZ (subgenual anterior cingulate cortex,
sgACC) [0IE BETUIN /D AFE—AF J5 BYAARAE R
AN, FAREE A ATE THDN A 2 TE U B A5
TG 8055, PRI X DA A8 4 4 1 R A s R 1 9
o BIANTENTREIPIE TR TR, A AR AR
HMll i %5 i ( dorsal lateral prefrontal cortex, dIPFC )
Joi 45 B A A0 (Hooley, Gruber, Scott, Hiller, &
Yurgelun-Todd, 2005 )

ZE LR, IAREE R AT T IEPE 4T S 28 sk
R kot ERE R, RN NAce i
TS MRV ASESE, it ssHEF . I
SED I B U, RIR sgACC TR AN &
TEHGR, DL S 18 o

BAENTEIE S A A KT (Ruff &
Fehr, 2014 ) , FEAFELITF=A00m: (1) %
#E (vicarious experience of rewards and punishment ) ,
TEMEEI N IEAEHAZ R F a2 BRI, A R
A HAEZ BN, B2 A AR 2 B B
FHB o AN 5T B ANTER AR R, 1
MZCRABIE RGN, FLEOE XS A ORI 1935
i X I FE & (Mobbs etal, 2009) ; (2) BiLHK

(vicarious decision-making ) , 8T HBACH AL
H5ABTRPR, G ey 2 i A )ik
PR G, JFTERE TORMIEIRPrHME 55 (R RIHIR
RATHIE FA ) TR ATESE (Nicolle et al,
2012) o BFFEEINHIE NOETEI T (ventral medial
prefrontal cortex, vimPFC ) 5 FE M {0 H IR,
M 35 N 0 /7 %R i ( dorsal medial prefrontal cortex,
dmPFC ) FEH TR (Suletal,2015) 5 (3)
BR2E2J (vicarious learning ) , FEZEMALT XA
C YRR R MO0 T, A
S N 2 RO LT 3 A O RSk PSRAT

(Ruff & Fehr, 2014 ) . BIATENA Al AU R
JG, MRS TR RAT R T U E B XU
f%s , XAPCE ARG T dIPFC 5 dmPFC ( Suzuki,
Jensen, Bossaerts, & O' Doherty, 2016 ) , H T 4[4
AR PR A ARIE Y S &R, PRt
B PORTA TR I (SBACRIEE VIR ) Fl
HEE (SRR A E U ) A
JE A, ITRIARIER AR

B AR AE W K L ( Morelli, Sacchet, & Zaki,
2015) , B ACHE A0 AR AR A1 IR BE )
A NIRRT IS R e i F
5% (Lockwood, 2016 ) . 4k HAETIH A WF5RH#E X
PIARE A AR SC R , {H Kupferberg 55 A ( 2016 )
SR I, SIET AR, IAREERT A
AFRE IS . Fujino 55 N (2014) & HANABIE S
NTEWE F LA 25 0 R 1T LU IE
MK, B A A8 ACC FA i 8 44 8 it Bz 23 %
TGRS, AT [RNEOS 1Y 5

=S AW S PN LN am i B i e b | N

OOHEEHEHE (R AR D IRS (3 By, A8,
f5&) BB, T8 A& B AR R I A A 25 5 IR e 1 BE
(Singer, 2006).
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R ir, SR JE AR AAE PSR (Nicolle et al,
2012) BB AR (Suzuki et al., 2012) , 11
A D, BT E A PR s B
23 A R AN B PSR i S 23020 LA B B
P (Suzuki et al,, 2016 ) , KPR REARALE T 0
PR (Suzuki etal., 2012,2016)

U BRI VA A Al RS L B A
WM E B, I TR A T i AT A B —Fh
L & 4L (mentalizing ) BE 7J ( Premack & Woodruff,
1978) o fEALZTRAELR T, OIS H0E SN
A AP R4 196E ) (Puleu & Elliott, 2015)
WFFE R ARSI A5 A RIS T mPFC, 1
T X TE O PSR AZO I X (Sul et al., 2015;
Suzuki etal., 2016 ) .

H BT R A B Uk 2R D AR GE i A AR AR
PR i S, AHAT R R ERR 5ot
S AT ERR BAIARAE R AAEAE O BB RS (Bora &
Berk, 2016; Weightman, Air, & Baune, 2014 ) . fMRI
TCI3 T R 30O BRI ) o M DX A7 R A0 i

( medial prefrontal cortex, mPFC ) 1 XU J5 35 385 Tt
B 4 X (temporoparietal junction, TPJ ) ( Schurz,
Radua, Aichhorn, Richlan, & Perner, 2014 ) , i ] i
JiE 5 A FE vmPFC 1 TP I #7745 00 5 DI g S5

( Cusi, Nazarov, Holshausen, MacQueen, & McKinnon,
2012) o BEAHh, HABRERS A A0 BRI B IA R K
F /M) dIPFC B85 ( Takei etal., 2014)

ZE TR, HRTE AR A T BT AR R
REAE . B, DI s, HA 5
SIEHER IS X =AM B DA DGR S 5
BARBIEANSE) FLLHEISRE S (S5-RPCRE
A TAOE ) TESVABRERR AN T2, X 4m
AT, A RO EES S 5 B S R
e, RS — N EEMA A,

4

5 R B R R R UM S R 2
HEAEZRYSE 3 H S IR T T (Ruff & Fehr, 2014 )
WS A MR, FRATRE T Ar b ARE
FHHAPrIfE (King-Casas & Chiu, 2012) . K34
WAL G1E. =R TIeR

IS B R T TR H FHEEE (Rilling
& Sanfey, 2011 ) o IZAESHLL T — a8 51 5
MORLE P SR RS A A RE TR,

Sy ECH A2 W B T SR s e A
EA %, S EH M2 B RE R B 8. 7R
/DS e AN O R S B RN AN WA I SO
Blandt—fry ek ez #H (AN VIR ) , 3F
DM SR (RS ) (Gradin
etal, 2015) o FIEWAMALL, —Jm, fEhHEE
OEIE SR PN TR O /A Gy E S i N ey Y% G N B
It H IR AR B B i 7 2288, NAce Il
Ml FEAZ A RRARIE B NSRS B, RWPRAFEL
TR SR (MAGER) M T A gkt
% (Gradin et al., 2015 ) . 53—J7l, JATERIRA
VT AR Z I RIS 45 OB (Harlé, Allen,
& Sanfey, 2010 ) , il [m] T~ At A 42 H 19 7 AR
AT, FRIH H0H ”
2014) .

A AR SR A 2 PSR A — R A 2 R
(Ruff & Fehr, 2014 ) , £ #5522 [N 56 R itk
(Ruff & Fehr, 2014 ) . 7EiF Xk 1, P 4% Bu K 1k

FE S XA AEIR BT T X T AN B ok
Ui, YA CEBESENX BT R A D&%
A RMPR; A OB Hn X kAR
B DR A e R 25 (e AR TE R AE B AR
(‘unreciprocated cooperation ) ) . H 3t X A K F]
&, mLRFE I HEEGE (AEE
(reciprocated cooperation ) ) , il iz 45 #R 3K W) J2 XX
J7 H AT B ( ASE4E (noncooperation ) ) (Rilling
etal, 2008 ) . TEIZHEAHT, MARIERAGTERIET
K% (Surbey, 2011) , KM H T LK AT R (Pulcu
etal, 2015) , HMELIERFEEGE ( Clark, Thome,
Hardy, & Cropsey, 2013 ) ., Gradin 55 A (2016) k&
PUAMARAERG ATE BB GAE SR T AR RER I IEH A
NAcc FIE ] FEAZ% s 3o A =X, e B A HE LA
ME B NPRAE i FoR IR . S IEH AR, 1)
AR AAETE B ELA YRR ZEM Y dIPFC S5 55
FHP N FE TG E BB A VRS SR A AR DA 4 il
AL Mg R ARG ( Gradin etal., 2016) .
FBAE R BAT T (Bowles, 2006 ) , JZ
B T AN TR AR £t EE SRR e i S ) (A
F-544E) g2 (Ruff & Fehr, 2014) , H %/
FEA 225 altruistic rewarding JFIF| A% ( altruistic
punishment ) ¥ 3 43 ( Fehr & Fischbacher, 2003 )
MU 2 BEH 1) A AR 1) 22 il At A% Ak 2 S 0] )
JEHEFT M (de Quervain et al., 2004 ) . S51EH AFHLHE,

( Wang et al.,
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TERAE s N RIS T BE A 5, il an7E e i
R AR A B T R ML I
SR Z 8 45 232 & ( Destoop, Schrijvers, De
Grave, Sabbe, & De Bruijn, 2012 ) . X A il
A FTRERRRE R . FABEEIR A — 7 TH 43 BC B8 22 (4%
Disk ez B AT Be IR, 59— 7 TN B Bl
AEPREER S (Destoop et al., 2012) . SR A i
FREIA—E B EEH, #1140 Zhang, Sun F1 Lee (2012 )
RIL, PVEBLE s AN AEAE AR 2 80 R AT
HIEH A, XA A —3n] 5 5 5250 yu Ui =
DN S

52 B AR R, A 5 e e A f
] T A5 3 At A O6F #E 25 B Y 3 #4708 (Fehr &
Fischbacher, 2003 ) . FIMBAETH Z BT LARAT R,
TE T MARIETHIAA RIT AR T kA A PR
ZooFkas, HFMAERHRIIRE A FEEE. 1
SEPEREESR /1 (Ruff & Fehr, 2014 ) . FIJfth 75 57 A
HZPRIN, Q0TI J 0 IR 42252 35 % 43 Tie
BN I ZMHELS (Fehr & Fischbacher, 2003 )
BOETE A VEISUERE X T BB HFET] (de Quervain
etal, 2004 ) . HILFESASZ LA SR E&ER M
WS BCE 6T S5 5 E B (Puleu & Elliott,
2015) o R BIARAE DT A TE 5 J 18 R A B
i) AR5 58, A R AT R BTN A& S
I 2 A AEST (Kupferberg et al., 2016) o
AL X A AN R, E R4 xt
H O A r0 5 % (Radke, Schafer, Muller, & de
Bruijn, 2013 ) , XAy Jem AFF AL 2 bk
AR (Kupferberg et al., 2016 ) .,

ZE LR, AT g A TSI
BBAES A BN PR 5SS DR B AT R AL T4 i i 28
IWHEZEA LS (Wang et al,, 2014) o HIEH A
FHLG, IAREER AFES T B1E. Rl A 2350
AP SEERR LG, B A | 77
TR BE IS

5

T SCHE IR R FRATTAT LAE 1, Pegki s 5
Wi AR 5 A AL S PSR I EZ N R, B A
B DR 2 X S 56 25 J AT BE ( Gradin et al.,
2015) o DIEBFFAAEPREER R 2 SR Bz PR 1A

DOUbAbry &5 BEaSE A SR zis:, A REx i A4
11} (Fehr & Fischbacher, 2003).

55, {0 HErFsE E D PUsE e BER IR 5
“BAr7 (liking ) Ji/b, NERIUMXEER) “iHEE”
(wanting ) F&AI% ( Pizzagalli, 2014 ) , HIXEEXHIAR

i PRI IR SY, KR G IR TR 5 (Rizvi

etal, 2016) o FETARSCHTIAR, MAHREER ALEAPRSL

e 2 D Be AT R IR AT 2 21 H O

EdEaRA A Th: T DO IS PN R Y YN

R IBFRIAEBAERE Y S 47" J7i ( Caouette

& Guyer, 2016; Hsu etal., 2015 ) , HRTIH AR A

TEXPRBEH) VB LR AR TR R %,

BIAAIRE R A A 23 PR PR R S A AR I A X A 25

ENTERAR, 5B 1B RSB SPLRISS T3

IR? ARAFFE T DML DI AE S8 57 Ly L,

i — 0 A A ARAE s A At 2P R

TEA SR I 5T A e — A TRl R, RO

B I DS E 22 KRR L Re i BRI DR T R
(Ruff & Fehr, 2014 ) . —FhfifTI AR IR UG E,

A MRI) FTCBI M Gl AR (anE R 2

Fii % 138 ( repetitive transcranial magnetic stimulation,

rTMS ) ) 56k, BRREIR T HARANIX 517 R A

RKFR, NREH LT IS 1200 9 25 v A X 1)

AH 1% 7% 4k, ( Baumgartner, Knoch, Hotz, Eisenegger, &

Fehr, 2011) o Z55 X MFEORBESEMIABAE G A 53

FESYR AR A EERINEAE T 382 BUGRHEAR I

T NAE PR AR R S B X 2 05, R sk

FeAR AT SN HNZ MK, FFXT e B A A

TSR S USRA AT S Th iAok . DIRERE IR

SGHEPRIAEA,  DTTHE 7R AR i DX A R i i

DIReM 4 0 St S URAT R R Z Y R G R

PR X SRR T o A, XA X AR

FE I [X 43 ( Downar et al., 2014 ) DL K i ) i He A

IAYFPABAE ( Dunlop, Hanlon, & Downar, 2016; Kalu,

Sexton, Loo, & Ebmeier, 2012 ) i H A B 245 3 &

o 4 Downar ¢ A\ (2014 ) it fMRI &8, %

FOm g CEAEEME X SCRIR . LA vmPEC )

1) Ty R 3% 422 98 52 BB DX 0 HE A ARAE Y P AP A . —

TR 2k HIfE (hedonic function) 584, HXJ

dmPFC+TMS &3 97 4 X i (responder) ; 5 —Fh 5%

MRz, HX dmPFCrTMS /77 JG S
( nonresponder ) . .

e, RIS S B A BRIt S ACH

PE, (BEEPA 052 50 & AT BN SE IR 25 ) (X 24T

55 WA SR Z BN BR T, B 44 (hyperscanning )
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AT Z AL H AT, X2 A2 5
PEFF R SIS R Z (Rl # 283 2 (14 AH
P (Babiloni & Astolfi, 2014 ) , fEfE4spedfi,
AR AR B R T R PR sg B RO
PEMZE IS s R R . ARG AT LA
FEE S TR AT 55 FER B ARARES & DUTE VR A MR
FAMHRAERG N D) APRAS AR ns, ot iR 22

AT O , AR, A SRR . 2015). SRIERHE S BRSEAT N RO .
IR | 23(). 547-553.
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Abstract Depression is associated with poor interpersonal and social functions. To improve the social dysfunction is the key component of successful
intervention in depressed patients. Therefore, the review of this topic can further our understanding and promote potential clinical practice.

To understand depressed patients’ interpersonal and social dysfunction in the context of social decision-making, an advantage is that researchers
can use game theory paradigms from neuroeconomics to examine interpersonal and social dysfunction in patients with depression. Ruff and Fehr (2014)
proposed three classes of situations in social decision-making. First, it refers to assess how other individuals' valuation or feedback affect the agent’s
own well-being (“social feedback” for short). This class of social decision-making includes situations in which the agent experiences social rewards or
punishment from oth—ers, such as social acceptance or social rejection. The second class concerns situations in which an individual vicariously values
choice options and outcomes for another individual, i.e., vicarious experiences of social rewards and punishment, vicarious social decision-making,
and vicarious social learning (“vicarious valuation” for short). The third class comprises situations in which an individual values his or her behavior in
a reference frame of normative social principles (“social principle” for short).

Based on the three classes of the aforementioned situations, the current review summarized recent behavioral and fMRI studies on social
decision-making in healthy adults as well as in patients with depression. For the situation of "social feedback", depressed individuals showed social
anhedonia for positive social interaction and social reward, which may be due to reduced response from the nucleus accumbens. In contrast, patients
had increased sensitivity to negative social interactions, such as social rejection or exclusion, which is associated with increased activation in the neural
network of social pain. For the situation of "vicarious valuation", although we found no direct deficits in depression, depressed individuals showed
deficits in empathy (which is relevant to vicarious rewards and punishment) and the theory of mind (which is relevant to vicarious decision-makings
and vicarious learnings). For the situation of "social principle", when depressed individuals guided their behavior to comply with normative social
principles (e.g. fairness, cooperation, altruism), these individuals demonstrated maladaptive behaviors, such as hyper-altruism and reduced cooperative
behavior.

According to the previous results reviewed above, this paper proposed three unsolved problems and associated possible solutions. First, although
depressed individuals showed multifaceted anhedonia, such as reduced rewarding experience of desire, anticipation, motivation, effort and pleasure,
most of current studies used money as incentives. We argued that a shift from monetary to social stimuli was needed in clinical research to improve our
understanding of social anhedonia in depressed individuals. Second, it is not clear whether the observed neural responses are causally necessary for
social decision-mak—ing. The combination of non-invasive brain stimulation tools, such as repetitive transcranial magnetic stimulation (rTMS), and
brain imaging methods can resolve this issue. In this context, researchers can investigate the causal effect of rTMS on the behavioral changes in the
stimulated brain regions. Third, the hyperscanning technique which has a high ecological validity is suggested to be used in the future social decision-
making studies; because it allows the inter—human experimental designs and can simultaneously record neural activities of interactive subjects.

Key words depression, social decision-making, game theory, theory of mind, anhedonia



