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B E OREEHNTME (expected value of control, EVC ) #Y [al3 5544 18 1 9815 shA L [R] 52w DA Jen 4 ol 18 St 45 43
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1 58|§

NI ARE BE B . TS5 A e ]
FLRT R 0 FE B0 HE 5 AR (Miller & Cohen, 2001 )
AT LAHS B AARTEAS [R5 b A 7 i B AA R BE R
Src, DAEAFHBSCEE BAn. FESCIREEh, phaS s
R AR (AR S S TR EE N A K (5]
45 2021: Botvinick et al., 2001; Li etal., 2021 ) . M&
HRIEAN [T 55 18 B i 7 2R o3 Tie 5 iR ] 1 s R I
B T U T S ) D M S s A, R E T A
ASIHLKER 254k ( Botvinick & Braver, 2015) , i
WITEN R RE 15k, AR TR ARG T e 2
St 22/ D IA AR R AL 5 O R A O

WA, SRR e R Hamt g, D
b 2t fn LA B it fin 22 5 i A A il 7 6,
Shenhav 55 A (2013 ) 4t 1 45 ] A% 9510 417 (A5 A2

( expected value of control, EVC ) , Ff¥ix—id i
FEET AP . T S R 2245 )
% A (Kool etal., 2010 ) , FEdsidfer, HpE

AR A ST 55 BRI R R 14, 38U B
INFIERIHAEERE R TR (Westbrook & Braver,
2015) . HETU, EVC BRI WO E S S
SRS T U EDSR Anfar g s DA i ) St
Horr, WD RS Ay 5 AR WEAT 551 85 vh S s i 75
SRABKI M RAE R . HRGER (RS R ) &
155 i 8 55 5 S8k, XEEF S8R Tk
WUNAT 55 B bR es ZER K, Bl P s
B T PSS S X G MR A E St
B B S AR O s il A B S R, B il S
JAT R, DASCHUESS BAR. 7EX = AN A E
YERM R, M BN E” SR erit
ARV AT RE DL D i A AR e 2 1 Tl ) kA
TR, CTUME” FER AN AT R
SR IR SN A 2208 (RDRHR—A ) .
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IR EVCE (0 a) XREALRaE e,

EVC BRI M (ELDR SR AT 1 AR St
MEh AR, RS i P S
Wl AR SRS 1R
MshA Y. ST, M EVC BRI =4, AR
ZHFTHHUEC R R A2 A Pl oo b
1E CIRE) siAfE (FR5R) ShPLINER AR 1
St R T A A RS (s AU, RO T MR
A T PP LR AT: 55 9 1T S A IR T A R R Y
AR I, O R A BT AR St e A T
REFFTERY IR S AT, MRS L B DA SR i i e
AR R, ASCEET R - AUIHEZR, 2E—20
AR TN ] S i R v [l S AU R R
FARRI SRR SIS, FFF =& 3L
NG

1 EFIBHANMEITEREE Shenhav et al., 2013

2 TAFNFE IS eI 2 A R | R

55 MR R IR AR — A B R, 6
U ERTH AR B SR 3 AR TE Z B
PEE ( Botvinick & Braver, 2015 ) |, Ff- a1 R
Fe RS SR ) R (Engelmann et al., 2009;
Padmala & Pessoa, 2011 ) . F#AIGAT: 55 45X ( Bahlmann
etal,2015) , DAULGEUETS5 R, MR AAIESME R
i (K. &85 ) SNTERH (hFa00m 2
MR, RS ) (Morrisetal., 2022)

2.1 SMEMR
2.1.1 AMEFRSHARE S L HEH]

DN PO, SAMERIRZ48 5
HIAE 55 A BTC ) S B F i R
SRR, W BT TARIRE S MR
B HRBES, DIERGTIME IR A A i 1) 5
M, KEESSEMFFE R, S1E5RMACH S8
T ZHUEEE T RTINS
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WSRO N B4 i . FESEIAT 55 R, S 4RAEH
BEAK T 1T 55784 (Bahlmannetal., 2015 ) | 12!:35%
TN RIS R ARV AR5,
BTN T Mg AT 55 v i — Bk (Aartsetal
2014; Padmala & Pessoa, 2011) , L& 1% T Go/NoGo
5 Stop-Signal 1T: 45 H 1 J1 45 % ( Boehler et al., 2012;
Dixon & Christoff, 2012) , FHIAMGIFEHl R 7F
AX-CPT {E55H, & Bmib T AR HbrZ &
FIRNE, F e T sl s ( Locke & Braver,
2008) . PR T A&ERE, 5A LR TT T HAD
TE A ME IR R f sg . gilhn, Sl
PIitE— A AR BOHA A i PR EVE T ( Yee
etal, 2016 ) , SAT45 FKIAFEAT SR 2t
FAT AARTHAR A IATNAE HI A K (Prével et al,
2021; Sharp et al., 2022 ) , HiXFMEFEAEA R
HNETERIANC H T 2 B 250 EAT BN .

HR4fE EVC B [l - AU AUEHESE ( Shenhav
etal, 2013) , #AHEINACN (N 2 gk
ik ) Mg, IR AME R P 2R 3 B i el 4
ih&esgmy “WHAME" , SEmfEst sl (an
K2) . Fﬁ%ﬁl\f@?&ﬂ‘]iﬁﬂ, Ml Al £k B8 (3
JREBL IR ESIL ), “HUIME” BEZ3E K
(EEBEABL-EEREIL) , BHIKTHEE
(a—b) , (ESTRIAGLIET,

B 2 SMEDHRIE T B 2k 22 0m 5] S5 Shenhav et al., 2013

2.1.2 NS ME FHA A R SR A R 2R

AN IR I AR HEVE R TR TC %41
A AR Z T Tk —d e, ey R A7
X EVC BRI T B kiR

(1) 1E51EEE . TEARRMIES ST, MHE
fﬁé’mfEI%&XTU\%W%JE’H&E%IF AJA] (Leng et
al., 2021; Otto & Vassena, 2021 ) , X ] fEE i T4
e U E S E L E‘M’]TAMSXWI\TEI?WHXW‘
BRI Hassall et al., 2022 ). MR LA T Z2( %
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B SIS, s CRERZ )
E’JE% [, RS E TS TR R
TED%( reward positivity, RewP ), 2 HARRHE 5 5,
PRI ] AR G B A g ] . BRAIRAT: 55 40 B

(Otto & Vassena, 2021 ) . 4k, AEUTSIEETIAA]
ISR AR R i, 52502, AR
SN 55 MR 5 —FhANMER R, Bl T LI
TFRGFEE ( Stirmer, 2011) . SR, MATERE S
FETMESE T HHAIE S 20N R P,
s AR Es, MASTATE Z AR, ik
TGS T, AR, AR SO0 3
(Lengetal., 2021) . 7EMTE )20, AHIL TAES,
FER GRS, 5 CHAME” 3t
SR DR G B TN [ A BT 380 ( Cubillo
etal, 2019) , ULHIRBL ST AT RELIAN R A 7 20
M ANAXT “HUAME” APFEAL

(2 W55 FEPAH 1  van Steenbergen 25 A( 2012 )
KIL, EATSS h 2 I BEALR TR T T 8L
Weltds, MBS ph o AE R B A B A TR, BRAIR
oSN, I, SESFRMITXNGEREFET L
A& T ORI RRAES, TTARETE B R A ShHLK
F- ( Notebaert & Braem, 2015 ) ilfi%@ﬁﬂb%‘( 5E5%
FIAHCHT, ATl —Fh B A5 B, s
ShHL R G N T (Grahek et al., 2020, Prével et
al, 2021) 5 YH GRS RITCCHS, W) 3= 2 3 15
M T RGeS (B | 2022; Dignath et al.,
2020) . AL, AMERRAUES EBLURIAICHE T RE
WIS LRSS (RS4RI ) KIEL ARG
(R SAT 4R BTEE ) %o Fas thil il S it 3 R
M ( Chiew, 2021 ) .

(3) T HUBMER MAZ T ST U S
T AR E R BRI R2e B KRR I,
HRVINAT LU 217 4 30E R 4t it 3% ( BAS, Carver
& White, 1994 ) H Ik gl 7B I & . AHCHFSE
KB, HASAy 55 ANE RN ] 0 2 500
5 & 1FE A 3¢ (Engelmann et al., 2009; Padmala &
Pessoa, 2011 ) , ULEHANMEXL B AYHE RN 5 AR
WRHUSMEA K Mo, B BURIERS 7id 5 ek
MEBIHL 2 LK F- 52 53 IEAR DG (Davis et al.,
2008 ) . Hrh, ZUEMRA GRS HRE TN
TEZ KB 2 BMER R MR 2
Je 5 BURE T BE I, AME B AT LASE G b A i A
FE M GRAT S5 TR AR R, DITT AR i 935807
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(Aarts etal., 2014) . [iRgRILEIRH], SMER
Xﬁ)\’ﬂ]?’” Tl A PR AR FH A2 B0 PR B U ()
, T AMERTEZ KRS o] LR IME R F AN
/\ZJJJ'J S

2.2 NTEIRIH

FEo — e, BMEBASME R, AR
SRR S 54155 . Frge s 8% 9 St il .
B, MASESHIRR SRS . A TR
XKAEG o)) (Berlyne, 1966 ) , LA & F Br 2 (47T,
DL B E M. BB ESE; Chewetal, 2021)
JE15 30k A 58 BT 55 A B 0 18] 4 —— N 7E [ i
( Cromwell et al., 2020; Kruglanski et al., 2018 ) . A~
[ TAMERIIR A BRI, PILE R A 3R 5
77 A M E1 4% (Morris et al., 2022) . FHEHFE 3
B, MRS A e REm LB R arar 0 (R
PREAT 551G R AR BT 5517 B AL ; Charpentier et
al., 2018) = 2 A TR (LR th A 2 mdER
iR E AR % Wang & Delgado, 2019 ) Ffi[i]
FMwar. #E LR, 220 TR E XM FRAE
149 A 5 ki X 3% Bl 44 58 ( Huskey et al., 2018; Wang &
Delgado, 2019 ) , 15iHH PI7E [l HAT 2501457 ( Chew
et al., 2021; Morris et al., 2022 ) . ik, FEMITFHME
W, PZE R RS T LA A “ P ok
S A ] %) ST it

AMATEE SR I AE IR 23 7 A U 9 S 001 24
1R (Huskey etal., 2018 ) . fitk, #Fss&MTMEd %
GNERIETCAMELBNEE T, S8 BN RASA 7 £ 7K
A5 T A BRI 26 55 S R Z 1 22 SR AR
PIAE [T A A2 ] () 52 i) B A FIBILAR] ( Otto et all,
2022; Sandra & Otto, 2018 ) . AHCHFZE KB, FEuh
RAES T, MLT 800K, YA T 55
SERE = B AR — B0 (P2 ) RS T Z
W4 (Schouppe etal., 2015 ) , FIBHATEI A
TAAT TEZ M NAERIR . 2RI, AENFER (need
for cognition, NFC ) i A58 B EE B AR 55
BFFIEASY H 55 0 B DN PR RS R JE R, S 1A
1555 AN S HLAK T RR M 22 5 ( Cacioppo et
al., 1996; Fleischhauer et al., 2010 ) , A ¥l —Fh Py
FERR. PR, WFIE B R /I NFC M
(AT 55 e IR ST I AE IR N5 il s, A
KL R BN T SR T AR5 A ARAEAS [0 6 far
I MEBEAT 55 kT FENAESS 4,
FHELA NFC AMA, 25 NFC MR EE R 5 32 AT 45 X
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FIRZIR ,  F-23 0 2 = BP0 & 3R N-back
1% (Westbrook etal., 2013 ) ; 7EiE S HIfRIT S,
i NFC M A T LRSS F7, HE /D2 5]
AMERIFR AT (Zhang et al., 2022 ) ., Hiltiid,
PWAERIR (NFC) R RARFHARIE

3 INFIIEHI L e R ey Ko

NS0 “TUMm " Ao, 1
W eSSt b R A 0 T Rl 5 = A
oM CEIEEE SN ) AR 7=, DR
AN FEARTRUT S 1B TP R BUE 2R TR, A6 S ik
Fr A A AT 55 BT RE AR AT (0 [mHR G SC M HIL2 AR

( Kurzban et al., 2013 ) | S5 HIBFEAR PR
Sy RIS TR SR AR A (Grahek et al.,
2023) . Szt B A BIARISS A S5
M (Shenhav et al., 2013, 2017 ) %5, Hoh, %0
FRAN P RESE FBOM A DA A il $ A AR A 5 P
(André et al., 2019 ) , FZEI AN E#EH T

SRAES5 0 sk J6r “THIE” FWIPAG RS
3.1 BN TN

A 2 P 2= AU I A TE 4 1, B IS 3

(%) HABEER (costly) fUHr, AMAAE

LU AT R RAR T (Camerer & Hogarth,
1999) . KflHh, CEREAAI HIRE T
A BESS JE” s AR SR AR A S L, A
A ] T R L B A% i KRR Bl I N 8% A5 i
[4E45 (Botvinick, 2007 ) . filln, 78— RIIFKE
BAT S, Y HA AR AR, B T ik
PRI SRAT 5517 el 3kt = A 75 2R AT 55 (Kool &
Botvinick, 2018 ) . 7EMHIXJ SRk (80% AA—
F vs. 20% A~—3% ) 14 Stroop fE 551, XS HE L
b % BRI 28 K OF- 4544 (Schouppe et al., 2014 )
AT S, ok Tk “EE” WAk
¥ 155 (Arrington & Logan, 2004; Vermeylen et al.,
2022 ) 5 TEEINSARIR A FEAGAT 55 (R SO R, Al
AT P PR AT 55 8 (Kool etal., 2010)
R CEET 5 SR RS, HART 5 YR
WA AT 55 75 B s m AT A sl A
LB T, LR 555 0y A SR PG R e T
BN IFEAE . ARPEIG BRI EE R, Bl 5
SKACER4ET, AT 4 s g, it
S ES 7 IDEEREAIG T 22 B0 T DX 35 29 AH R,
54155 “OBIG” A5 A BRI £ (1435 o T
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TR T R AL (Sayali & Badre, 2019) o
PEUaEA, BN HISS T AME RN (E, A
DU ATAHIESS
3.2 BIMUNREML “HUHE”
BN EERE S (nPROE ) B A
( Kurzban, 2016; Saunders etal., 2017 ) , 4%JEHI/E N7
PRI 26 RS bn, LR Sl AT DA ERAE 8% ) %
AP M ( Dreisbach & Fischer, 2012 ) o BRI,
TEN R B Setiat B, %5 1A Al Re A SAE
T A RIS AR S B F008% A5G+ ( Botvinick &
Braver, 2015; Shenhav et al., 2017 ) , Sz BAMAEXTE% S
A AN E RIS . HEIE, Westbrook 45 A (2013 )
Bt TN Ok A% i, DI Ls
RGP s, BRI, #l7AE
PN EAWTEIRR 2 - WXEES” f1 iR
F- IS Z e et S5 A mT LA
TR WM Ek b, AR AR,
P et T RS - TRATS5T R -
RIXEAT 557 B 32 00 (L Bt BT 5% 1 4% A B3 i 3
I, FREBE R FRERIME PR FRESS T HA
oL E S VR NI | S Av i N T S = Ay
1 ( 5pf% | 2019; Westbrook & Braver, 2015)  43if
— X R R R IR, S
TA KPR (N2 e, 2HE FRRAE -
BRZREF ) AT LA IIAMAKT A% 7 MR R A ) R
P ORI AR TN R SR IR s AR ),
HETTE G ES 1L A (Westbrook
etal., 2020,2021) .

4 “EHR - K07 BE R IA R = BT AR A
AT REHLHI

[l 5 AR X A i s i ARl ST, T2
I IR - AR AU Ay 2 R A
R, BN, EEARES T, RES RN EaEE
JULIE Sy TR AL it DR B A = SRR [ SRS 15 5 1
M fif R S [ B AT DUGRAS T = A B, A LT
B R ERRIG (Devine et al., 2023 ) . 7F [ HyE#EEE:
BAT 55, MICHMER T, BT 2 bk P A i
() A A5 TS TE BRI METE 55T SMEAL BT,
P T ELAIE RIS 50 S AT 55 1A
Z42F} (Frober & Dreisbach, 2016 ) . TEZ M BesRAL
), AT DL I PR E B PR R R
PEFTIRAA > o o, BTN SR e —F B bR
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SRR . AR SAR Y e AT R T RS 124
T SRR GO YRR RE, LR TR
KR REE BB &8, M MATREOS 3 20 %%
TEANFHE CAFU ) o TR SRS 2
— P T IR BRI PR . MRS R
S PERTARAG R F BT ZAARI SR BRI R
T B D AR CONE RIS ) o AHSCHFFE R IR,
TAFNES AR 8 o A ARG 1) T {687 FH TCASE AL SR 5
MY RF DN, A7 BRI 2 1
FAERI A R mE 6] (Kool & Botvinick, 2018; Kool et
al., 2017) , BEBHIIR SO LARE G Y7 20 1A
PRI AR

Zi b, e —E R LSS T A, FHIK
TINAWES . AEICEER 2R R, AT
BRSBTS 28 g5 vh, B Ia]
RATLAEISS (E = H0H ) AU DA ] S e
AT, R T AMATE SN A il AR
XU R A B i 2R AP . P, BT
[l - AR — e g e, I Bz )
AME T ZB9540 ( Inzlicht & Schmeichel, 2012) ;
AHREHE, DA ] 0 S PRt — A B A %
Fad R, T LRI R AR . IR RS AE
RAEM R AVEA ( Bustamante, 2022)

4.1 BT FU Bk - 07 BUERISS M a5

TAHIE ) S it ask 7 v ) T i - AR AU =2 i LA
RN FRKFE A2, B TS5 8A B W I
—J7 M, TESTIHRATT, A2 Hl55 %5 T A AT fE
PAZ MR BN ; 55—, SRS EA N
B, MHEESZTHRAG, AT 45 ) R
ZME (EREEEAE  2022) o L, MRS
SEIL VTN 52 B85 18 A =0 A T 255
e, BVEE EE I A AR (RN ) B2
A ESICRIEER (IEMEIY ) (Inzlicht et al.,
2018; Kool & Botvinick, 2018 ) , iX—jd FE32 £~k
XoF 14 5 A BURE S (Westbrook et al., 2020 ) Az it
B7kF ( Frobose et al., 2020 ) {35,

DPOWER #i % ( dual-system power model ) 4% &
SCHEEA T OC TR IR A S B 145 R E UM
ERRECER . W 3A, —E R BEF7E SAE ) R
BOCER: MNEE AR IEMTH S, M E
BESS I ARBE NG I (B AR ) 5 SAMARXT
BTN RAEIFET, T ERESS 18 A RSN
ML (RIKEELZ) o BT IMAXS S5 745 58 1)
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IRl RESS IS e SR, sRABOE R a] RE A
NBETTBIRR T H BRI A MRS ) 2 A
VY, U IER S KPS, BEESSIRAR
FEEEEIN, A ISS ) B Rz i e A R 2 Ry e
VT BEZ H P R TEPE (B RRASRF Y L e ERDa
EE (BIRESER) 5 2, B MRERINS TR
IEPEVEY, SEER RIS, FEE S IRAR
FEEEHEIN, A TS5 ) B 20 T e T2 A
VPO BEZ th IEVERE R 00k, M (B R R FREGHE hy A
I (RIS ) (Marcowski etal., 2023 ) .

Pt e A Seat # b, BT
BT — PR L e T MA R B A Z 0%
73 (Inzlicht & Schmeichel, 2012) . 41 & 3B, #i
BNBAACEROEAERUE TR, AAH R EHRTHA
SRS ] P 52 e AT A 36 3 A 6 5% 7 5 AT 3200 [ i
5 FEWACHE 2 22— F W FUA M E B 30
EVC) R, HA/NE—Eu B NIERS 1K
A CAnBsZaRsr ) - 24 “FMMIER(E”  (RK
k) KT “FMUME" R EhZ) Bf, <3
WEVC” (REMZ ) KT 0, MR 1% (52
AR ) 5 S AR S FWAE R 258
R, B W EVC” ki (REafhdkimiia),
XTI R85 1K R SR G5 T AR TT DA A B A
PEREE; 2 “FHR(E” T “F0ME”
B “F0 EVC” %5F 0 B (K253 K
A b)), MR AYBS KR SRR B A AT
el RS 1. a2 S, “EMMAE” K
T AR, BP “FWEVC” NF O, A
AR ST,

4.2 “laH - UL AU SRR R Y B AR T %

[l 4 5 A AU 2 — D S SRR R . FE
T LN 2 55, MRTE R St
J5 , SRS RIB A G R (st | AR5 AR
SN B RIS R AT ) B0 T Ml S5 AN SO A (B
FIPTAL, SEmOL RS FECE (Musslick et al., 2015;
Sayali & Badre, 2021 ) . #KIiZ%5, WF5RE&+E MK
RE 1 SE55 W BE SR R ] LIAVE R sh SRR, 43
BIHEREEAT S5 TP SR AT 5518 S [a] sh 2 8 15 AR Y
PN &

FERREMES T, MR SR S SRS
M NBEJI A K. Masis 48 N (2021) #8ih, RESIHY
ERTE—E R e T MAFEZ KRR T BT LA
SIS RS TS (O AT ), JFR
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H LEVC ( learning expected value of control ) #&7Y,
SERUES R “HZIME” GEA T s ) AT R
T EREAT: 55 50 U P A= 1 [l (1 PA 3
ek AR X “ A E (BPEVC) 7 3EAYL, JEY
NGBS, W 3C, BEE “HaE” ik
e, AARAHSE R PRI UM A (AR )
T e PR (RS ) B, XA T 7Elh
SMERHRITEEETS, M AWK RS EA KRN
FEfil, BON T RETEASKEARAS A R M 7E 2 T ik
PEe B 28 1A MR A AR S5 (Inzlicht et
al., 2018; Masis et al., 2021) . 7EA[FMESIHEE T,

LVOC ( learned value of control ) #5845 H, MAw]
DIMRHEAT 55 15 858 A RPAE R 2 20 FNPAh BUI A (B 5K
TR (k] ( Lieder et al.,, 2018 ) . #HT55 HiyHE
A HBEAAE S BAE, ARSI TR 5%
IR AHAUARRAE AT 55 1 58 B 22 1) [l . X
— PRI T T S A B AN (P AT
FHIRISARURAE I SR IERS , DAL BB BE
TreA A FEIMME ( Bustamante etal., 2021 ) . PRI,
AMARTT LIRSS AFEAT 55 2288, e UAAT 55 14
TS A B AR A, SCB T INAE fl R R AT
565 N BT SR,

H: A: DPOWER 58! (Marcowski et al., 2023): 4% Jj#% A S52T-53 185 R0 WM ER DR RECE R . B: W EVC R, Sk 5E
SRR A S FARANMER SR . Ho, 85 a MRS I AGKE, 5 b MR RS I AKF-. C: LEVC BiA! (Mas 1 s etal., 2021): A
SRR EVC RN, BES A MK -008ETE, EVC Izl ers (@M si /i e ) , ok EVC EX R Pl s

TURIE BT (ROET BT e RO .

5 REERE

R4 EVC AL, [ S5 A H R i i i 5
it 5 B AT G R, ATl - ARy
AU T AT TS A A ] B SR, L,
ASCIRHR T AT AR Ry [ s A A 178 PR 2 B R G Ay S5
UERFFEUESE o 7EBb LRt B, 4390 Il - AR AN BUA
TR UL S B AN T TR T T XA
el LRI, BT R - A AU R
B AR KRR FZ BRI R s2m], SR
AR — A A | BRGSO A i
ARG HET 10, AR AR 5E T L% S8 % 0
5 WA T3 T AT 1 - A S AU et 72

T, e R - A BT EARY
WSO 3 AU A T ARG T A DGR, (HR
Z M E T R M E R AL (40 LEVC 25 LVOC
B ) T2 T A i, SCBR B, AU B
AW, WM SRS 1, A
it il R R T R ) Al | R AR 1 o i

(€)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

5K (Grahek etal.,, 2023) o JH., [FH-SMAGHE
AT RE R AT, B, FENAER S50
2 o ARRERT AT (AME R T 8NTE ) iR, X
A sh KRR O . R, ASRAGHF
FEATDALIE ARG 7 =X, [R5 BT 4518 58 (X
Hbr)  ARSMERE . AT 55 RIMAE ZAT R 500
AFL[E]ZN , A EEEE N 58 38 AU TR
FMITTH, WAMERZERHEREZL “FHHR -1
W7 KU, WTETETIA, 5 AN R A G Y 22 B iR
P 5 T R AHOC I NFESITHIL SN RN 5 KK
A APl Zs A S R R AEAS R A AR T A AR R
RZ=5% (Aarts et al., 2014; Kurzban et al., 2013; Sandra
& Oftto, 2018 ) , Szl [ AR T [l 4 S A A R 1Y)
B, B2, SR AR [F] 9455 B ARET,
FRAHIESIRE 122 580, LR MR S ( R B Utk |
INHNFTR . WTESIPL. PLEA ) 7E2 KRR I a]
VISR BT IS ] AT 55 R B 22 577 AR5
AT LU R BR AR, I SIHLAL A i — 20 DT
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$E7R, ARRAAH A FEAE TS SRRV B R A HA

TR A LR, 5 AR 1 S AN AR DG R A

225 R 5]
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Influencing Factors in the Allocation of Cognitive Control:
Rewards and Costs

Si Shuangqing, Zhou Sihong, Yuan Jiajin, Yang Qian
( Institute of Brain and Psychological Sciences, Sichuan Normal University, Chengdu, 610066 )

Abstract  Cognitive control refers to people’s ability to adaptively employ cognitive resources and adjust cognitive processes in pursuit of goal-
directed behavior. Since naturally occurring behavioral situations are constantly changing, people would mobilize their control adaptively. According
to the Expected Value of Control (EVC) model, the dynamic adjustment of control can be thought of as value-based decision making, centered on the
integration of rewards and costs that can be expected from a control-demanding task. Hence, reward and cost are two key factors jointly modulating
people’s motivation and determining the allocation of control. Following this framework but going beyond the EVC model, the current review
elucidated the role of various motivation-related factors that can act as rewards or costs in the implementation of cognitive control, and discussed how
they collectively adjust cognitive control.

More specifically, money, juice, or emotional/social stimuli are extrinsic rewards that can drive cognitive control and improve task performance,
albeit with a few exceptions. Considering this complexity, other factors can further modulate the beneficial effects (e.g., reward-poor vs. reward-rich
task conditions, the congruity of reward and task performance, and individual reward sensitivity). Besides, in contrast to extrinsic rewards that are
manipulated externally, intrinsic rewards are highly integrated into control-related tasks. It can be reflected in people’s autonomic engagement with
certain tasks and the positive emotions they generated. In this sense, the investigation of the influence of intrinsic rewards on cognitive control is
relatively indirect, which can be achieved by adjusting effort levels and positive emotions. Relatedly, individual differences in intrinsic motivation, as
reflected by the need for cognition (NFC), are also closely tied to intrinsic rewards in driving control. That is, individuals high in need for cognition are
more inclined to be involved in control demanding tasks and to persist in difficult or unprofitable cognitive tasks.

Meanwhile, due to the presence of cognitive costs associated with exerting cognitive control, individuals typically show a bias toward opting
for “low-effort” tasks, while decreasing the subjective value of the expected value. When discussing the impact of costs on cognitive control, it
is necessary to consider the trade-off between rewards and costs. Previous studies have demonstrated that this trade-off process may vary among
individuals based on their willingness to invest effort and their capacity to exert effort, depending on whether they place a higher value on rewards or
costs. Consequently, we have further delineated the control signal intensity to effort levels and introduced the concept of “Subjective Expected Value
of Control”, which is determined by the difference between the Subjective Value of Reward and the Subjective Value of Cost. Furthermore, the reward-
cost trade-off is inherently dynamic, with individuals adapting their cognitive control with the automaticity of task performance in a given task, or in
response to feature transfer across different task situations.

Nonetheless, some unanswered questions need to be further investigated. Firstly, the mechanism underlying the reward-cost trade-off requires
refinement. As individuals persistently allocate control, their instantaneous subjective evaluation of the rewards and costs expected from the current
task may change dynamically. Although several theories have introduced dynamic elements to the EVC model in various ways, a fully dynamic
representation of the reward-costs trade-off remains a topic of ongoing exploration. Secondly, the subjective trade-off between rewards and costs can
be further modulated by additional individual factors closely related to external and internal motivations. Consequently, it is intriguing to explore how
individual differences in reward sensitivity, cognitive need, intrinsic motivation, and opportunity costs may dynamically impact subjective evaluation
of the rewards and costs of investing cognitive effort.

Key words cognitive control, EVC, reward, cost, reward-cost trade-off
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