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MEITE R EMAT S5 5

HEHY? FERES

mRt x| g2

(" E R B O BRI ST T AT B E N 3R %, dbat 100101)
CHEB R OISR, JLaT 100049) C AL R E RSO HI2EE, LR 100084)
CGBITRFNI G RREDF I oL, BITRFOER, Wi 999078)

=

ALK T 0y 5B, SACH T B R KA B R B AR R, AXURET A TH A0k

K (effort-based decision-making)#9 ¥ it 55 ZIiEFAF L, Wk TH OB E . BARAFBENE, BTk
) #1215 22 i (Expected Value of Control, EVC), AFRIKIT T H A% e L5 0RHE ., RKEAANT
BB AT A % 6 i H AP ZALE], AR TEMBSREAL T PAHNITH, ARA TR &% T H

Wb kg RBERFE
XEIA B, BHMBMARE, SR SR
SEES  B849: C91; B845

51

B R—ANERNE, ERBT AYRE
SR B bR 89 3 & (volitional ) F1 7 8 i3 7 (intentional)
(Inzlicht et al., 2018), LAHEHF 5% ] 24 ot 8% 1 52 X
S AT 3 SRR — T AT 55 X AR 7 B ) i B K
(Lockwood et al., 2017) %% J7 Xl FAT- 45 ME B o
MR — TS IR M. B b, T LLJCRR
B, AFR B A R G B — R, B KF
BT HBHE LA 1) (Klein-Fligge et al., 2015),
B XA T L, shbLEA Jrmtk, 22 H
B ] 19 R 8] 53 72 (Westbrook & Frank, 2018), %%
FIAERE S 5L BRI 2 W] 3 7 4 1 F (Shenhav
etal., 2017). Bil4n, {4 L& AL TN 442 3
e 1, WBORTHRE . AMTHEM <S5
H 3k AR AN i s A e (B, B ARk EER
F I H %) (Kostandyan et al., 2019), AN
ST R R Sl A R B IR A0 B AR (Parro et al.,
2018), MIENFNHE R0 T H &5 Rt T ik
& (Verguts et al., 2015). AT, NFI¥EHIA7E7E L RR
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FUAS B B o AATT TGk B 2 s RO TR ], X
FH—AEZEAR L. A BT I 2% T (G2 FTA
A RAEAR 7 850 —F AT R 5 e SR 1 AR
A, DR 5 HEE = 55 708 N RAT 1 38 e
B2 5% 07 (R U e A (%A1 ke 281 S 3 1 Rl A
(Hart & Izquierdo, 2019; Westbrook et al., 2020;
Sandra & Otto, 2018), W EHLEG AT = 5K
STE YR, B R T AN - 25 A
(cost-benefit tradeoff) it F2 i % i (Egner, 2017), AN
[R1 78 =X 59 34l (incentives) 5% M 8% 77 i 48 — I 25 14
T (Yee et al., 2021), FZBERTHIS% T, Hit,
WAL e ANMESS T RS, B R AR 86 2 — AN HE IR 43
Hie /) P A (optimization)[7] i (Shenhav et al., 2013),

A SR EL T 3T % J7 ) U OR (effort-based
decision-making) 1Y ¥R 5 SR 5T, e T8
TE AR — I8 25 A (cost-benefit trade off) 1 9 I
PE: R ARV 7R (8 o 35 40 R 0 B
{E (Expected Value of Control, EVC)H¥it, ZRMF5%
Wit TRt & 5SS HEXMNS M, KRN
AT 5% N S s & HLH, A AT R S0
A2 T B NS

2 BhERFE—EHRENSE
VAR, BFFE# AU e T AT 4



878 L R 2 g B 530 %
271N
Bl S
= &5H R
e FIXERE
B 1 %7 5HE B NER

T SWLAA T e BETSIHUANTRIE R I 1 5t 55 070 55072 E AR 1) (9 P I B o S [l B2 P9 4 25 R AT i
ARRLASS 7o EIE, B30T KRN TR 5 MEBE o Bl b, dERE W LU KRB, EORHERE R B —E R, 5 K- 2T

(what)fiH11 8% 57 2, DASC U £ 13 %% J (how)?
45 n] f% (Botvinick & Braver, 2015), A1 #54X
M AT MR B 37l (Rangel et al., 2008), A5t [,
17 3% B 3 W {1 9K 3) (Croxson et al.,, 2009;
O’Dobherty et al., 2017; Shenhav et al., 2013; Vogel
etal., 2020). & 6 1 2 M {H S (Expected Value of
Control, EVC) (Shenhav et al., 2013)#8 i, 4Bl
B 2 P T I DX Y ET 55 RS 1
W5l (identity), AAAE 55 ML (Stroop {55 1, X5
BET AT SN R, 2)58 AT 55 A A
B A BN G 5 & (intensity), Af1@ 3 E55% N
1T R B AR (cost) I 25 (pay off) 11555 42 il 9% I 43
e (B M (H(EVC). EVC BIR/NIR B AA1%5 )
7 IR o WR EVC AR, 2R B R Eh
LA IAT S (130, HEIEFIRTE) . N T RIS
BAS W55 3 A AL, BFSE I i — RS
O AR R AR FE L (14 55 ) 75 SRR B 5,
2t B % B0 T 2 LA (14T 40 AU %%, (Biataszek et al.,
2017; Prévost et al., 2010; Rudebeck et al., 2006),
B AT B0 E N E, B BS
%0V (Klein-Fliigge et al., 2015; Seaman et al.,
2018; Sullivan-Toole et al., 2019). R £ B 7]
DA AT Wi 2 f) S0t A 2 0 B 22 114 5%
(Westbrook et al., 2020, 2021),

AR BVC B T8 & 1t DS IR 4 BC Y
WL 45 (payoff) I A (cost) AR AL, {H e S AR
Xof AN ] 9 il 248 2 i 0804 4 o 9 914 53 C R A T 4
Hib R, CHERTIRHSEREMEM . B

S5 SR E — TR LIRS IE I i TR
SABCCLIE 2, 2 R HESA T RS,
Inzlicht 55 A (2018)4& 1 55 Sy )ik T2 54k &47 8
14 B2 5 5 B, B8 Bl A R 55 0 — A AR AR
Dz oCH 2, sk 2 2 77 W) 585 22 1.0 3R B 14
AR L BN 2L AR AN 1 2K Ml A5 56 (Contreras-
Huerta et al., 2020),

21 FFESHEZN

(DA EME: KB 5307 (efficacy)

BT REE, RERAE: DB IR AR, 2)%
TR AR B AR e 02, BRI BH A AT
B AR, AEJE AT F e UG TS 3 E AR A
S AL . ARV SO S S AT S5, KA
FEAE RS DB, R4S T8 8 BT (2L 8% 175 K 19
M) (Apps et al., 2015), 7 ¥ KA %% 1 (e o
W, AT S B 3532 3l 8 AR (mean effort) ALY
7R 1 0] AR (effort variance) K {5 Ak P 3 (Nagengast
et al., 2011), Jf H &3 W XU UM . Caraco
(1981) % B/ LA A4 T 19 FESE 017 0T IXURS: B8 £
T B s o Miller 2 A (2013)#2 H 2 5 %5 J1 A
R R G Z BB EE . ST RS
gl 2 T e iy BT, DA v T XU 228 30 1) i 2
FREE . 5 — PG, TS AT A & B
DRV o % L 245047 gty ke ml Tl iy [l 4, i K 42 il
MY AT S A I 23 3 BOR 7T F0I0 8CR 5 O 9 J 5t
(Zénon et al., 2016), B s Ak, R A
WO IR i AN (R 2 D () XU 5 AN o M X 4% AT R
S
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5. (Computation) H¥5(Algorithm) AT (Implementation)
N\ / \ / Amygdala \
2l B OFC
(Bl k2% vmPEC
Wi E
E a0t
CRBUAES, KU, 201%) " s |
L ) LPFC
motorcortex

2N /

K2 ik S5ARH2h LT 55 0 A - A A

1« Marr BT AE 224045 = A 32 B 45 (Marr & Poggio, 1979): 715 (computation), 5 3% (algorithm) A & $447 (implementation).
58, IR (computation)$& 17T PRI ALK B R, EF 1 ZWEAE)T, T HNPOEZ RS E1E. w9 5%455)

A 2B

TS, WU 5200 %) R BRI o X S0 [a] B 38l PR 385 i 26 R 018 A6 85 0 836 98 9 5312 (algorithm) o B30 0%

ELA$E 1Y /2 EVC 3 AR I 25 AU (cost-benefit tradeoff) (UHEAL(E 1 i jE], ¥ HE), fJ5, KRIHAT(implementation) H
bR AT A B, 38 547 A (Shenhav et al., 2013, 2017), HEHiJZ )2 (orbitofrontal cortex, OFC); & PN fif %% 52 i
(ventral medial prefrontal cortex, vmPFC); 75 fll fiif 147 [7] (dorsal anterior cingulate cortex, dACC); #Mill §ij % Kz 5 (lateral

prefrontal cortex, LPFC),

NATYE 3 A 15 55 ) B A o A S SR R
H9 b, BIEUE IR R e s E RIS St ™
AARRMER . 178 S Re i kR I A 25 R,
8 R — € £ 18 3] & [l 4t (Manohar et al.,
2017). AZSIAHIBE AR, HMIRATIGH 40
T i T 22 Hb AT LD B ) 0% 15 e 5 4G N AR 2 14 T R
P o EVC FERLEL X FhEL G 534 80 71 (efficacy), EP
ARG IR AR SN E . U R T 53]
522 il (%) B % (performance-reward contingency).
BT PP T~ A% O fig ) R4 55 M I
SRS, DL AR fig s M R R 5% 1 mT s v i A
(Shenhav et al., 2021), Fromer 55 A(2021)% 45T
B0 3 R Dy 5 W 2 T U 43 T P R DG Rl 2B
A ATT3E o B 3R B 5 2B AL (o8 4 DR HK /5 A
AR, TR T R E R MBI LR A
fI17E Stroop 1155 HIR L. 45 R & B, P3b H3TN T
BMNRRMK LR, BT A FiE A RE0T
fli(Angus et al., 2017), FhJ5, SCHCES ALAAEfL
(Contingent Negative Variation, CNV)3& & T % 5

FRMIME R, I H P48 T s R R 5
fid, CNV Z&—AHiH$E i (proactive control)fH1£2
A (Cudo et al., 2018), B KK CNV i B Fm%f
H b5 5 47 O UE 2R A (Kang et al., 2019), 22 LAY IR
Hih, P3b AU S 5455 tHOCHIBOTAG 55028, B
2 5983 1 B 22 (efficacy prediction error) .,
o SRR B TR, AT I R 4 e T

Stroop 1155 L I % I (Grahek et al., 2021), A1,
M R—AEE N ERERE, RRITI S
WA ] s R BEAL T8, (A2 AfiTREF
> B AR ] . 8 2 AR Y TR B TR AT B AL
H1, HIE R AT B% T

QREHER

“HH BN I — i A 2 PR AE ST P R
AT . RS A R R IR R K BT R
HIEZ L, ks ALY 45 A 5 i 4 ) B8 U Y
LS ME (Yee & Braver, 2018), HF5Y & 54
LG, KRBT 28 5 AR TR AN (A3 1 M 4
TR BCA AR RS2 . Leng 458 A (2020)F RS
P8 (Drift Diffusion Model, DDM)3% £ 5 Fl
TR B W s e, 45 SRk BB F
T 3 (AL B R) YR SR FR R A B R, A&
SR RS v 8 SN (8 GRS AR R A B 5 ) o
HE MRS NS S E W T, T
1 R A 2 S O A S ) T DR R A A A
EHREE . BETOR[E BB A, AATRT LA S Hl
A A ) U A 3B
22 LM

HbR-S 0] B 4L S A7 ] DL OB 1) B 1
TSR 5 %% ) AF s B4 T A3 B (Shenhav et al.,
2017; B3I % 2021), Contreras-Huerta %5 A
(2020)42 Hh i1t 2 Bl HL R B FH 18 (social motivation
phenotype) 58 W+t 2317 & 75 E AT 25 1, 4t
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2 B HLBE S W15 %5 ) A - A RO AT, At 3 B
REARMATEA [ AL 2 i B v AT 85 i

(LH)EHSEN

FEiB SR HIRFI S I, AT &0t A
AR . S A CEOR AT 85 AT S A B R
i RN ES, BN ET) . WilER .
T & F R (Chennells & Michael, 2018; Kiihrt et
al., 2021; Olivola & Shafir, 2013), A 8R4, BF5E
S B b AR AN TR) (Y T B e R Al A )
(hyper-altruistic) (B AF 45> H FF45) (Olivola &
Shafir, 2018)5 “2E 4t 4% 7% (prosocial apathy)
(M AFZE<HFAH)25) (Lockwood et al., 2017; Volz
etal., 2017),

B, AT RILL —FP R At 3 L (fth A
Filgi>H AR XF A T H O, A
A R S B A B 2 AR B R 1 A
(Crockett et al., 2014), Olivola F1 Shafir (2013)%
B, Xk F TR R PR SR X, R e RN 2R )
A FERE AT IR R R, RO “FRE RO A
123 PRG35 v 38 5 S A 23 i i 2 AL, B
BN, A S i (high costly signal
theory) ¥ thi, i LA (9 5 B BE A4 I A~ A5 1,
752 5 i v 4 (Millet & Dewitte, 2007), 557 it B
IR TE B oUGE o 85 AR R S R EE R, O

HOX RSB Sk 17— Fif i 2 9 55 e 9 shpi,

1 W °EL K 5% 0 (Norton et al., 2012) . A1 i
(cognitive dissonance)f1%% 71 i & B AE P (effort
justification) (Festinger, 1957),

BeAh, i ERAPHESR (IR 4F, 2020) . IR
am, #3555 1E55) (Tusche et al., 2016), KR E
Bi (Vekaria et al., 2017). #t<x BLIE A A% 5 &
(Decety & Yoder, 2016)%, — R ¥4 &M%
LT <4 NG B 7047 N (Bear & Rand, 2016), {H2
AR ARG AT S5 ), BB E 2 AR
WL (self-sacrifice) ) M LT E AN ATE R, B
KRB R R B EFE L g KRR E, H2
Charness Fl Gneezy (2000)35 I BIF9T 1B 44 15 2 1 52
FESAT R R IR R AT L HE N SCOCIR, 4 v 2R 14 A
it (B — R,

TE 5 50l A AT HR 25T A 55 0 i, 9 0L
BB — BB 28 BB G (b AN F 25 < A F A
fi)o Lockwood 45 A(2017) HE T AT ALK
AR SR AH S B S bR T, 254

TWENARRZFZE (A vs Al ANFERSS IR
5% R R B 2 AT e R, RS S8R
o} 1 %% 71 BE BAT 45 (FF2: 3s $ AR S i)k 4
W iE R S e . SRR, Z A H R AR
WA 527 3055 7 05 e TR, 6 R Ay 0 ) e A 7
FP 4N (discounting rate) B K, A ¥ B R
555 P R I 1 A AR e B R Y 1 FL . Volz
FENQOLTIN RSN, AT LIR I
F b i B, (RRAT SR Z 0 A O 32 SO 9 A A
Pk SHEMEMW A ORI, HIk, RESLERE
BRI, QR A B S BB AR L 2
X RIS ST R S A AR FsEm . AT 537
HI7KF-REAE S s B AT B fE, PR 37
TRt A 108 X 75 SRR 1) R A T Ry e B

Q&ESES

b NP S Al 4552 AR P 35 426 O 4 (Garvert
et al., 2015; Zaki et al., 2016), HFk—fb Afl&
(self-other mergence)sZ M AATXT A C 5t A4 68
JI EWIEA, W H O AR RN, s
BeAT A A C B2, Wittmann 55 A (2016)
WREM, HEEKEMRINL RN, MEED
MRS BRI, R, S8 EER I sE kR,
AR SR [ BRI S AR T
% Jia, ATesn T3 A s o # e
(Chennells & Michael, 2018)., HIR5: T HTES
YERG B AL oy E 2, (A2 AR GRS 8 b AT
W S B DG IR PR R B, SRR AE A AT
Ho GAEFAEGVEPIFNEEE T R b AR OBk
B AE 35 55 09 B 28 BT (Reyes-Aguilar et al.,
2017). EAEGIERIS G 1T R AL AT
RERZ M SR A IS5 1. SR, B RIS €T
PSR 2 TH PR R A XS B O RsEm, AR AEHRAT
JE WA H C A5

— BT, AN T RN R R OR, (H R
N[5 8 350 R 2R BB A 5 T 5% I A M AT 9 Y
BNAT N — i, AEFE 25 A R R &R R F
TR B S111 R 7 — i, NEEEK
G nT LR A R AR AR B8 R . KR
FA LV 2tk S 5 SRR A, BR
AL HEE TSN R AL, —2
(B9 26 7 B P P 458+ AN [) PR 26 ] 5% 0 5% 3
AR 5 BT LA B Rk 2 AT R T e A
IS Y SIRRGT ) DK -k e
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3 MISHELZHNEHH

31 BEHWEFR: EHHWEERAEEBEMNE

VIR 5% 5 MBS (] 598 78 1 — A B Be (B, 3F
TS, T % 5855 J A BRI 3), —J5 I, “%%
TR — A o FEPAT A 55 A AT TR 5% g3 IR
X, HTRE P Mo (prospective) B AT %S S & — A,
MR /8% F1 (Apps et al., 2015), {HZ7E“HH)
TERN G, BT — RIS AE S EL
PR] LM 35 488 < 5 1Y) 2 st AR P N B B B 1T B 1Y) 25 K
75 2B A A I (Olivola & Shafir, 2013).

Jy— 7, %155 E B R B % (Inzlicht
et al., 2018). B SN EAAFE AN H . B4
SN ES S RO — T, <813
WA B A [0 31 (retrospective) (F4h 5%, 2019),
NATT H SR B O 8% 192807 (Norton et
al., 2012), RIAMAT 200 i 8% 13k A5 0 sf g 2
IR (Festinger, 1957). {HJ& LAEWF 5T 200 T AAT7EAT
B JIEE N, ABOFE k= 43 B )t 25 X [l 4 itk 47
T, M\ JER T 2 R/ AT A 9 4 {H (Eisenberger,
1992), EZEMZE, B HAGHEAFME, FlnsE
BHEEZRINMWE IR, T $8 5E AAT]EEE
FAE, FEBGDHET BRSPS R B
) 1) 2 R e ) R P B ACTT AR SR 24 ) . Y
LA BIBAE N BEEARAT, ]2 TE 5 Tk
P8 H A% (Leonard et al., 2017), US4 4]
WA R, AbH%% 75 WHR 2 8] AN A7 &
B P 2% Tl BE W S 15 M HT 407 1] (dorsal  anterior
cingulate cortex, dACC)HIK & (insula)Z 4] ¥ AH &
Y& H (Shenhav et al., 2013), HETHFITEE S SR M
HH TR Z THEREEIARGMEN TIE, KK
T8 — A3k ko 2 S 3k PR A T T X T %% 4T
A B A X BTk o
32 EBAMEERHHI

S5y RS B HANAZ S ). B

f

Epalin)iE S

AT 95 RPN IR B, 1 o) — Se 5 2 %
MR 355 8l o 2835 o 35 44 R < B /N85 T )
(the law of least effort)fs tH TLit 255 )1, Al
] T/ MESS J1(Morsella et al., 2011), {HJE,
AN [R5 1 2w 2 B T S HLEI AN ] . Chong
SN Q017)ff JH 2 T 2 2 ST s AL 0L & MR TE
e RS I I R, 45 R R BLAA T %5 Ty Ek
TAHIES 7 %5 F WA 18 B 37 $11 (discounting) /7 FAS
— 8. B drdn or X TE A A MY 4
(parabolic) W JE 5, TiIAHI5% H1 B INAF A WL Hh 26
(hyperbolic) (¥ . AEMARIE B, KRS
FEAURS BN (4 IAE IR B T A A AE 25 57, B ik
B EHL S PR R P R A G, TN HISS
F1EHL5 A T DI RE A 5%(Tran et al., 2020), 1l 28
BAEANF S ) KB AL 55 3R, —Jrii ml U
e JFC 21 i R T B S R Z R 228, 53— D7 T
5 IS I0 IR Y7 XS A [R] EAE AR B RCR
33 BABAERENRSE
SEAFAEGE — N AN R A (B 1] L 4 R Fn %%
J185) 5 R Bl X ATS 7 A8 4 i (Biataszek et al.,
2017; Rudebeck et al., 2006; Westbrook et al.,
2019), Rudebeck % A (2006) b #8 T K BUE BRI
RS S5 e S h iR 2R, &
RPrdnge 5k b, HE % 7 /2 (orbitofrontal cortex,
OFC)M i 1 F B R ah it . KRSHE L%
P ) J H BRI, A6 S5y r e sk v,
HA 077 9] B2 B (anterior cingulate cortex, ACC)
o 728 1) O B2 B g T AR AN TR B D i e . A
1, BRIV e SR 1 AR A 2 A - WA 2 A 1) 7 ),
KGR AEA ] BUAS SRS AP AE 22 57 o
331 AEBHAEBMHRESLEE
BEMEEZE S AR UEEEL
HOAS N B Dy ez, A T B A B
TIH N B A S AT A 8% T2 X Tk
BRHCNRE, 5 A 155 1 i e RE 8 T HE 2
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TENHISS I 55 A £ (Chong et al., 2018),
32 3 5L A e o AR T I i LR R A N B LAY
JRE®ZREER , ML TARZ 6, FEF AR
A R B A B 1 (Williams & Gill, 1995), Hik, &
W ZR 5 IAN I G Z 0] 2 5 TR0 A3 Al
WEH A PIATIIE F2, X—rRetkx shlst
ISR FIAE AR A 5 A R e 42 0 H R T
2%,

ANF 5% ) 8 RIBR AT JL = g M 22 R AE, A
RSP TR X (B 4), 3R H IR
IR AR (ventral striatum), fI $5 K BF #% (nucleus
accumbens, NAcc) Lk K #5 il 22 4t H 1§ 410715 52 Bt
(anterior cingulate cortex, ACC)43 7l -5 % 5 {5 B
2% 115 B 9mAi% A 5 (Chong et al., 2017), SR S1%%
T, B T IEAS 2377 A 40 W i AR AR
(Westbrook et al., 2021), TAKI%% 1Al BEAFAE T
IR X (a0, #51-4%) (Westbrook et al., 2019),
332 BhEREREUHES

AR ER A AR PR AE R EVC PE T 3RAT
AT Ty, AT 208 (WK 2,
Bl : B ¥k). N M AT AR B2 BT (ventral medial
prefrontal cortex, vmPFC)J& I T 3= WA i 1Y ¢ 8
Jiki X (Aridan et al., 2019; Will et al., 2017), {HZ,
vmPFC 7€ % Jy ok 56 o 9 4 A 77 78 4 i
Arulpragasam %5 A (2018) % #l vimPFC 5%% Jj i A«
INEARRESG . SR, WABPHREY] vmPFC 115 30
5N J) A R 22 B 5% (Westbrook et al.,
2019) T BIF 5T AL 135 371 S22 309 4 R I (7 DA 1 5%
T 25 VSAAI S TR H) . s N HISS
TR R, BB AR AR — WA

(G

el %

Amygdala

B, vmPFC {35 3l AT LATOI AT A9 28 B 0 4
BAKK vmPFC &S T AATREFRARINFIZE T
PIRETR . fin T35 03 B B I DX 3835 . dACC Fii
Jiti &% (anterior insula, AI). VeI [A] 4 (E L 85T I,
PEHEE H LB R XE, dACC ., 1AM A - Bz B
(dorsolateral prefrontal cortex, dIPFC) 1T 4 4
(intraparietal sulcus, IPS)% /i X {1\ b2 5 P o
(] ) ERIHE R A1 o R T %% 7 B A 1 fii X 5 44
BEHPMX A REA R ERGR D), BEMEAGE
BUERESXEERSG, RERETHT M2 R
AT EERITT R 2, F: T
333 dACC: BhBAE-KHES

EH A ENEEVC) ML EHE S®mIM T
dACC Z5I\HS 115 B 5 W AE & FdE
S35 ) BRI I 43 L (specification) (WL 2, H[H]),
dACC 191 AL H5 42 Wi s Il o 5 RS 1 15 5
(Botvinick et al., 2004), &4 il (19 A 5 7 7E 1K
25 (Prévost et al., 2010), JE AL FINAEEGI1TH
W5, JHAEH{E 5 25T el 28 [l B A7 42 11
AYPAT (implementation) (Heilbronner & Hayden,
2016), TAHISS 71 AR (N-back 1F 55 (19X & 7K )
AT MBI dACC W3, HRFARRE I
dACC (7% 3l (Westbrook et al., 2019), FH] dACC
Z 5N S I AW G, — T SEUE T 5 UE BH
dACC i i # 5 A F S LR A A5 AT 55 P 14T
hFRI . WS E R A Bl (= VS AR) R A8
i CERIT VS ERAO ML A, KT dACC Wnfif 45
B (primary) FIK E (secondary) i, -5 H A5
ST R . AR R, dACC Hifd e G A AL
B E AN, IS INAES AT N R X,

LPFC Motor cortex

Kl 4 2555747 0 ik b 4%
ZE B . & NG B2 5 (ventral medial prefrontal cortex, vmPFC); Hij 4117 [M (anterior cingulate cortex, ACC); A1 1]
(dorsal anterior cingulate cortex, dACC); P& (nucleus accumbens, NAcc); 7517 #%(amygdala). % B : NEA 5 )2 (orbitofrontal
cortex, OFC); #MFij % iz i (lateral prefrontal cortex, LPFC); 32 3l 7 )2 (motor cortex).
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%5 2R B iz 27 30k
SR AR Y TS X3 A A 2 B A5 (Gangopadhyay et al., 2020)
SRR J5 F X SR AE 4% H1 (1947 311 Bli(effortful action initiation)
) W PSR R . SUIRA S 5 = A B R AE (Sidarus et al., 2019)
I PR A0 i 451 B 0 s 5 S RN (L, T o [0 B I s T e 5 R e (Hogan et al., 2019)
WIR it FF TSR 5 945 SOIR AR 22 A5 5 SR B v DA R0 55 A 55 Pl 5 1 SRR (Westbrook et al., 2020)
" DU R0 [ A0 A 2 2 A B UL (33 1 5% ) AR 1 B (Westbrook et al., 2019)

I (8] B2 SRR E B T8 MBS 1 AR i 3R
TSI 1] Bz S5 37 ) 9 5 (R B AZ G 8% 0 3y i [ 7 2

(Rudebeck et al., 2006)
(Botvinick et al., 2009)

W5 B AR ALK F AR (Yee et al., 2021).

Z5 b, dACC Z51IAMSS 1 Z A AT
(Klein-Fliigge et al., 2016), YER— A B shil-
INEIHHX, dACC fER T2k H 471938 5K (Holroyd
& Yeung, 2012), {H&, VIFEBFSE R RIEHS A
25 AR A 2 PRV Q] 52 e 85 ) — A W 5 R
DA KA [5) £ 3850l 445 T e 52 W 4 55 R DG A B 0 3R
MESEH AR ARMEFE W] LIFEA 22 R T4 e EVC BHig,
I g TR 22 R (N, 248 A =R B0 A
RIPE R AE 43 A7), 0S4 BR T AR R Y 25 S
(Freund et al., 2021),

4 RERE

CHRAT A P8 A4 IR A S S5 7, DL KA
2 /0% ) 73 BB (G . ARSI BE T
TS5 1 1 (8 9 AH SC BES AN SIERF 5T, e T
BRI W ENE, DL WSS R s 54t
22K EVC B g i dss, DA il i A —
W g7 B G DL AR S BT AR BE TS T AT RS
T RIRERY , Fhos 5 AR A 2 PR A B U Y
TP 3 TC P AR SR, TR AS ] 8l R R R VR T AL
il 1 G DAY SSUEIR R o ARRWEFE T R 24
BRI H AR 5 - 7 R IR R B 25 5 AR rh 1 4
BERI N S5 T ALE], LA SE EVC BB TE
B
41 RESHNBRENTHE TR

NATH S5 R B 2 BN AR S AL (B FE 1 .
WL PRARIRE) RN SIPLA SRS . — T, A
AR ) T [0 SR AR 5 5K o SR, [l sk A R SR A
e 22 5 AMETEIN AT SR (Need for Cognition)
A F A% i (self-control) it 22 S aT L) 0 H: 4155
B2 Ty X W 25 s R R, DA B AN SR ]

HEFEE (Kihrt et al., 2021), 15 A 345 %A1 =LA
T SRS PR T /D b ] B A N 75 R, R BN
22 130V (Duckworth et al., 2013), [Hitf, #%
G B 1 B P S R A — A 25 A B 1 9% 7 TR
%% J 145 ] (dispositional effort investment) . 3£ T K s fin
T8 TR M SR S, RSP
TR E 2 H AR B S ML IR 13R 9T o Ak,
YIZENATTHEAR 7 )2 T8 22 AT H 5% 7 5 5 s i JHC
FEINFZE NS B, RZINA
42 HRIBGHEHTENEEW

JAEH F 5 B R YE 2R W 5% 07 R LAKS i {8,
{HIE%% 0 2 M A WO — F A . H RT3
VAL A SIS R IR TR S R R R, B
DN D TR (), B AR R F IR A
BF, LHARNS S mER . NERKA
EE, SHLFMILED2ES 285 D R B IREE AN
W, MRS AT R R S AT R Z IR . TR
FNE I ELE, e s B X S50 E,
B ST A WA FE SR S A A S T ARt
MEE -,
43 HESEHUIEHEE WEHIEHR

MM R B it AT . BT
T 8% J7 WA W 25 AU W BT 9 BE oK 5 5 K Bl 58
BREAE S5, MR AT IRt S IE RN 2 11T R
HYSEI, AN G AT R 2 25 5 B 4 PR RE B OC R
YA ST AR E A . ARG SR S 2 A
(NS R WA NE Y e A VA =E= 2 e
Pk B 2Nt S EIEERR RS Ty
THEALH

S % 3Lk



884 O B R 2 it B

530 %

S I W . O B 2R, 29(8), 1420
1429.

R, NS, ERRE, FME, XKD, (2020). 5K Tl
N2 R Rt BB B B R At N R AL I B 2
7R, 52(5), 633-644.

S, MRS, I, (2019). B ARE R . O FF
S, 27(08), 1439-1450.

Angus, D. J., Latham, A. J., Harmon-Jones, E., Deliano, M.,
Balleine, B., & Braddon-Mitchell, D. (2017). Electrocortical
components of anticipation and consumption in a monetary
incentive delay task. Psychophysiology, 54(11), 1686-1705.

Apps, M. A. J., Grima, L. L., Manohar, S., & Husain, M.
(2015). The role of cognitive effort in subjective reward
devaluation and risky decision-making. Scientific Reports,
5, 16880.

Aridan, N., Malecek, N. J., Poldrack, R. A., & Schonberg, T.
(2019). Neural correlates of effort-based valuation with
prospective choices. Neurolmage, 185, 446-454.

Arulpragasam, A. R., Cooper, J. A., Nuutinen, M. R., &
Treadway, M. T. (2018). Corticoinsular circuits encode
subjective value expectation and violation for effortful
goal-directed behavior. Proceedings of the National
Academy of Sciences, 115(22), E5233-E5242.

Bear, A., & Rand, D. G. (2016). Intuition, deliberation, and
the evolution of cooperation. Proceedings of the National
Academy of Sciences, 113(4), 936-941.

Biataszek, W., Marcowski, P., & Ostaszewski, P. (2017).
Physical and cognitive effort discounting across different
reward magnitudes: Tests of discounting models. PL0S
ONE, 12(7), e0182353.

Botvinick, M., & Braver, T. (2015). Motivation and cognitive
control: From behavior to neural mechanism. Annual
Review of Psychology, 66, 83—113.

Botvinick, M. M., Cohen, J. D., & Carter, C. S. (2004).
Conflict monitoring and anterior cingulate cortex: An
update. Trends in Cognitive Sciences, 8(12), 539-546.

Botvinick, M. M., Huffstetler, S., & McGuire, J. T. (2009).
Effort discounting in human nucleus accumbens. Cognitive,
Affective and Behavioral Neuroscience, 9(1), 16-27.

Caraco, T. (1981). Energy budgets, risk and foraging
preferences in dark-eyed juncos (Junco hyemalis). Behavioral
Ecology and Sociobiology, 8(3), 213-217.

Charness, G, & Gneezy, U. (2000). What’s in a name?
Anonymity and social distance in dictator and ultimatum
games. Journal of Economic Behavior & Organization,
68(1), 29-35.

Chennells, M., & Michael, J. (2018). Effort and performance
in a cooperative activity are boosted by perception of a
partner’s effort. Scientific Reports, 8(1), 15692.

Chong, T. T.-J., Apps, M. A. J., Giehl, K., Hall, S., Clifton, C.

H., & Husain, M. (2018). Computational modelling reveals
distinct patterns of cognitive and physical motivation in
elite athletes. Scientific Reports, 8(1), 11888.

Chong, T. T.-J., Apps, M., Giehl, K., Sillence, A., Grima, L.
L., & Husain, M. (2017). Neurocomputational mechanisms
underlying subjective valuation of effort costs. PLOS
Biology, 15(2), ¢1002598.

Contreras-Huerta, L. S., Pisauro, M. A., & Apps, M. A. I.
(2020). Effort shapes social cognition and behaviour: A
neuro-cognitive framework. Neuroscience and Biobehavioral
Reviews, 118, 426-439.

Crockett, M. J., Kurth-Nelson, Z., Siegel, J. Z., Dayan, P., &
Dolan, R. J. (2014). Harm to others outweighs harm to self
in moral decision making. Proceedings of the National
Academy of Sciences, 111(48), 17320-17325.

Croxson, P. L., Walton, M. E., O;Reilly, J. X., Behrens, T. E.
J., & Rushworth, M. F. S. (2009). Effort-based cost—benefit
valuation and the human brain. The Journal of Neuroscience,
29(14), 4531 — 4541.

Cudo, A., Francuz, P., Augustynowicz, P., & Strozak, P.
(2018). The effects of arousal and approach motivated
positive affect on cognitive control. An ERP study.
Frontiersin Human Neuroscience, 12, 320.

Decety, J., & Yoder, K. J. (2016). Empathy and motivation for
justice: Cognitive empathy and concern, but not emotional
empathy, predict sensitivity to injustice for others. Social
Neuroscience, 11(1),1-14.

Duckworth, A. L., Tsukayama, E., & Kirby, T. A. (2013). Is it
really self-control? Examining the predictive power of the
delay of gratification task. Personality and Social
Psychology Bulletin, 39(7), 843-855.

Eisenberger, R. (1992). Learned industriousness. Psychological
Review, 99(2), 248-267.

Egner, T. (2017). The Wiley handbook of cognitive control.
New Jersey: John Wiley & Sons.

Festinger, L. (1957). A theory of cognitive dissonance (Vol. 2).
Redwood City: Stanford university press.

Freund, M. C., Etzel, J. A., & Braver, T. S. (2021). Neural
coding of cognitive control: The representational similarity
analysis approach. Trends in Cognitive Sciences, 25(7),
622-638.

Fromer, R., Lin, H., Dean Wolf, C. K., Inzlicht, M., &
Shenhav, A. (2021). Expectations of reward and efficacy
guide cognitive control allocation. Nature Communications,
12(1), 1-11.

Gangopadhyay, P., Chawla, M., Dal Monte, O., & Chang, S.
W. C. (2020). Prefrontal-amygdala circuits in social
decision-making. Nature Neuroscience, 24(1), 5-18.

Garvert, M. M., Moutoussis, M., Kurth-Nelson, Z., Behrens, T.
E. J., & Dolan, R. J. (2015). Learning-induced plasticity in



%4

WRBE AR AHET SR TS A g5 ) 885

medial prefrontal cortex predicts preference malleability.
Neuron, 85(2), 418-428.

Grahek, 1., Fromer, R., & Shenhav, A. (2021). Learning when
effort matters: Neural dynamics underlying updating and
adaptation to changes in performance efficacy. BioRxiv,
2020.10.09.333310.

Hart, E. E., & Izquierdo, A. (2019). Quantity versus quality:
Convergent findings in effort-based choice tasks.
Behavioural Processes, 164, 178-185.

Heilbronner, S. R., & Hayden, B. Y. (2016). Dorsal anterior
cingulate cortex: A bottom-up view. Annual Review of
Neuroscience, 39(1), 149-170.

Hogan, P. S., Galaro, J. K., & Chib, V. (2019). Roles of
ventromedial prefrontal cortex and anterior cingulate in
subjective valuation of prospective effort. Cerebral Cortex,
29(10), 4277-4290.

Holroyd, C. B., & Yeung, N. (2012). Motivation of extended
behaviors by anterior cingulate cortex. Trends in Cognitive
Sciences, 16(2), 122-128.

Inzlicht, M., Shenhav, A., & Olivola, C. Y. (2018). The effort
paradox: Effort is both costly and valued. Trends in
Cognitive Sciences, 22(4), 337-349.

Kang, G., Chang, W., Wang, L., & Zhou, X. (2019). Reward
expectation modulates multiple stages of auditory conflict
control. International Journal of Psychophysiology, 146,
148-156.

Klein-Fligge, M. C., Kennerley, S. W., Friston, K., &
Bestmann, S. (2016). Neural signatures of value comparison
in human cingulate cortex during decisions requiring an
effort-reward trade-off. Journal of Neuroscience, 36(39),
10002-10015.

Klein-Fligge, M. C., Kennerley, S. W., Saraiva, A. C., Penny,
W. D., & Bestmann, S. (2015). Behavioral modeling of
human choices reveals dissociable effects of physical effort
and temporal delay on reward devaluation. PLOS
Computational Biology, 11(3), e1004116.

Kostandyan, M., Bombeke, K., Carsten, T., Krebs, R. M.,
Notebaert, W., & Boehler, C. N. (2019). Differential effects
of sustained and transient effort triggered by reward—A
combined EEG and pupillometry study. Neuropsychologia,
123, 116-130.

Kiihrt, C., Pannasch, S., Kiebel, S. J., & Strobel, A. (2021).
Dispositional individual differences in cognitive effort
investment: Establishing the core construct. BMC Psychol ogy,
9(1), 1-14.

Leng, X., Yee, D., Ritz, H., & Shenhav, A. (2020). Dissociable
influences of reward and punishment on adaptive cognitive
control. BioRxiv, 2020.09.11.294157.

Leonard, J. A., Lee, Y., & Schulz, L. E. (2017). Infants make

more attempts to achieve a goal when they see adults

persist. Science, 357(6357), 1290-1294.

Lockwood, P. L., Hamonet, M., Zhang, S. H., Ratnavel, A.,
Salmony, F. U., Husain, M., & Apps, M. A. J. (2017).
Prosocial apathy for helping others when effort is required.
Nature Human Behaviour, 1(7), 1-10.

Manohar, S. G, Finzi, R. D., Drew, D., & Husain, M. (2017).
Distinct motivational effects of contingent and noncontingent
rewards. Psychological Science, 28(7), 1016-1026.

Marr, D., & Poggio, T. (1979). A computational theory of
human stereo vision. Proceedings of the Royal Society of
London. Series B. Biological Sciences, 204(1156), 301-328.

Millet, K., & Dewitte, S. (2007). Altruistic behavior as a
costly signal of general intelligence. Journal of Researchin
Personality, 41(2), 316-326.

Miller, M. A., Thomé, A., & Cowen, S. L. (2013). Intersection
of effort and risk: Ethological and neurobiological
perspectives. Frontiersin Neuroscience, 7, 208.

Morsella, E., Feinberg, G. H., Cigarchi, S., Newton, J. W., &
Williams, L. E. (2011). Sources of avoidance motivation:
Valence effects from physical effort and mental rotation.
Motivation and Emotion, 35(3), 296-305.

Nagengast, A. J., Braun, D. A., & Wolpert, D. M. (2011).
Risk-sensitivity and the mean-variance trade-off: Decision
making in sensorimotor control. Proceedings of the Royal
Society B: Biological Sciences, 278(1716), 2325-2332.

Norton, M. 1., Mochon, D., & Ariely, D. (2012). The IKEA
effect: When labor leads to love. Journal of Consumer
Psychology, 22(3), 453-460.

O’Doherty, J. P.,, Cockburn, J.,, & Pauli, W. M. (2017).
Learning, reward, and decision making. Annual Review of
Psychology, 68, 73—100.

Olivola, C. Y., & Shafir, E. (2013). The martyrdom effect:
When pain and effort increase prosocial contributions.
Journal of Behavioral Decision Making, 26(1), 91-105.

Olivola, C. Y., & Shafir, E. (2018). Blood, sweat, and cheers:
The martyrdom effect increases willingness to sponsor
others' painful and effortful prosocial acts. Available at
SSRN 3101447.

Parro, C., Dixon, M. L., & Christoff, K. (2018). The neural
basis of motivational influences on cognitive control.
Human brain mapping, 39(12), 5097-5111.

Prévost, C., Pessiglione, M., Météreau, E., Cléry-Melin, M. L.,
& Dreher, J. C. (2010). Separate valuation subsystems for
delay and effort decision costs. Journal of Neuroscience,
30(42), 14080-14090.

Rangel, A., Camerer, C., & Montague, P. R. (2008). A
framework for studying the neurobiology of value-based
decision making. Nature Reviews Neuroscience, 9(7), 545-556.

Reyes-Aguilar, A., Fernandez-Ruiz, J., Pasaye, E. H., & Barrios,
F. A. (2017). Executive mechanisms for thinking about



886 O B R 2 it B

530 %

negative situations in both cooperative and non-cooperative
contexts. Frontiersin Human Neuroscience, 11, 275.

Rudebeck, P. H., Walton, M. E., Smyth, A. N., Bannerman, D.
M., & Rushworth, M. F. S. (2006). Separate neural
pathways process different decision costs. Nature
Neuroscience, 9(9), 1161-1168.

Sandra, D. A., & Otto, A. R. (2018). Cognitive capacity
limitations and need for cognition differentially predict
reward-induced cognitive effort expenditure. Cognition,
172, 101-106.

Seaman, K. L., Brooks, N., Karrer, T. M., Castrellon, J. J.,
Perkins, S. F., Dang, L. C., Hsu, M., Zald, D. H., &

G. R. (2018).

representations during effort, probability and time

Samanez-Larkin, Subjective  value
discounting across adulthood. Social Cognitive and
Affective Neuroscience, 13(5), 449-459.

Shenhav, A., Botvinick, M. M., & Cohen, J. D. (2013). The
expected value of control: An integrative theory of anterior
cingulate cortex function. Neuron, 79(2), 217-240.

Shenhav, A., Musslick, S., Lieder, F., Kool, W., Griffiths, T.
L., Cohen, J. D., & Botvinick, M. M. (2017). Toward a
rational and mechanistic account of mental effort. Annual
Review of Neuroscience, 40, 99-124.

Shenhav, A., Prater Fahey, M., & Grahek, 1. (2021).
Decomposing the motivation to exert mental effort. Current
Directions in Psychological Science, 30(4), 307-314.

Sidarus, N., Palminteri, S., & Chambon, V. (2019).
Cost-benefit trade-offs in decision-making and learning.
PLo0S Computational Biology, 15(9), e1007326.

Sullivan-Toole, H., DePasque, S., Holt-Gosselin, B., &
Galvan, A. (2019). Worth working for: The influence of
effort costs on teens' choices during a novel decision making
game. Developmental Cognitive Neuroscience, 37, 100652.

Tran, T., Hagen, A. E. F., Hollenstein, T., & Bowie, C. R.
(2020). Physical- and cognitive-effort-based decision-making
in depression: Relationships to symptoms and functioning.
Clinical Psychological Science. 9(1), 53-67.

Tusche, A., Bockler, A., Kanske, P., Trautwein, F. M., &
Singer, T. (2016). Decoding the charitable brain: Empathy,
perspective taking, and attention shifts differentially predict
altruistic giving. Journal of Neuroscience, 36(17), 4719-4732.

Vekaria, K. M., Brethel-Haurwitz, K. M., Cardinale, E. M.,
Stoycos, S. A., & Marsh, A. A. (2017). Social discounting
and distance perceptions in costly altruism. Nature Human
Behaviour, 1(5), 112474.

Verguts, T., Vassena, E., & Silvetti, M. (2015). Adaptive effort
investment in cognitive and physical tasks: A

neurocomputational model. Frontiers in Behavioral

Neuroscience, 9, 57.

Vogel, T. A., Savelson, Z. M., Otto, A. R., & Roy, M. (2020).
Forced choices reveal a trade-off between cognitive effort
and physical pain. ELife, 9, €59410.

Volz, L. J., Welborn, B. L., Gobel, M. S., Gazzaniga, M. S., &
Grafton, S. T. (2017). Harm to self outweighs benefit to
others in moral decision making. Proceedings of the
National Academy of Sciences of the United States of
America, 114(30), 7963-7968.

Westbrook, A., & Frank, M. (2018). Dopamine and proximity
in motivation and cognitive control. Current Opinion in
Behavioral Sciences, 22, 28-34.

Westbrook, A., Frank, M. J., & Cools, R. (2021). A mosaic of
cost—benefit control over cortico-striatal circuitry. Trendsin
Coghnitive Sciences, 25(8), 710-721.

Westbrook, A., Lamichhane, B., & Braver, T. (2019). The
subjective value of cognitive effort is encoded by a
domain-general valuation network. Journal of Neuroscience,
39(20), 3934-3947.

Westbrook, A., van den Bosch, R., Maittd, J. 1., Hofmans, L.,
Papadopetraki, D., Cools, R., & Frank, M. J. (2020).
Dopamine promotes cognitive effort by biasing the benefits
versus costs of cognitive work. Science, 367(6484),
1362-1366.

Will, G. J., Rutledge, R. B., Moutoussis, M., & Dolan, R. J.
(2017). Neural and computational processes underlying
dynamic changes in self-esteem. ELife, 6, €28098.

Williams, L., & Gill, D. L. (1995). The role of perceived
competence in the motivation of physical activity. Journal
of Sport and Exercise Psychology, 17(4), 363-378.

Wittmann, M. K., Kolling, N., Faber, N. S., Scholl, J.,
Nelissen, N., & Rushworth, M. F. S. (2016). Self-Other
mergence in the frontal cortex during cooperation and
competition. Neuron, 91(2), 482—493.

Yee, D. M., & Braver, T. S. (2018). Interactions of motivation
and cognitive control. Current Opinion in Behavioral
Sciences, 19, 83-90.

Yee, D. M., Crawford, J. L., Lamichhane, B., & Braver, T. S.
(2021). Dorsal anterior cingulate cortex encodes the
integrated incentive motivational value of cognitive task
performance. Journal of Neuroscience, 41(16), 3707-3720.

Zaki, J., Wager, T. D., Singer, T., Keysers, C., & Gazzola, V.
(2016). The anatomy of suffering: Understanding the
relationship between nociceptive and empathic pain. Trends
in Cognitive Sciences, 20(4), 249-259.

Zénon, A., Devesse, S., & Olivier, E. (2016). Dopamine
manipulation affects response vigor independently of

opportunity cost. Journal of Neuroscience, 36(37), 9516-9525.



%4 W AR M EIH RO T S A 55 ) 887

Value Analysis determines when and how to strive
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Abstract: The optimization of effort investment, which minimizes the cost of effort and maximizes benefits,
is a core issue in every field. This study aims to review previous theoretical and empirical studies on
analysis of effort value. Based on the Paradox of Effort theory, this study expounds on the two sides of effort:
inherent cost and potential value. By extending the Expected Value of Control theory, we discussed the
non-social and social factors that influence effort. Studies on the mechanisms of effort provide essential
insights into understanding the adaptive effort in social life and provide references for treating motivational
disorders, shaping learned industriousness and prosocial behavior.

Key words: effort, Expected Value of Control theory, cost-benefit trade-off





