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ATl Xk AR B 9 5 VR T — L LAR 25 AT
Bk TER B R, 1% 20158 R, IR 1S o
L TR N S5 I F 1 311 (Beck, Locke,
Savine, Jimura, & Braver, 2010; Braem, Verguts,
Roggeman, & Notebaert, 2012; Garavan & Weierstall,
2012; Padmala & Pessoa, 2011; Pessoa, 2009)., £ XL
A 0 5 i P i (Dual mechanisms of cognitive
control account) FUAIF 5T 7k, 24 il E A5 16 A 1A O 1)
F PR ISR A R § 53 SR 32 sh M i A
S i P4 il (Braver, 2012; Braver, Gray, & Burgess,
2007), Hif 35 38 i 75 B A AR 4E 47 % 5 FR A DG AR
SRR B AT B & AR B whge, TS i i e
T HEEOE HARAHOCE B DA e b g . MARER
{5 M AE P RR DA 4% ] 18] 2517 AU (tradeof f/shift), 3
5 HASCER (i ) 3= Sl 4 o) 550 1) B PR 4 ), DA
TE AT 55 #824E f FIA R S X (R, S
FHF, BREHE, 2012). 102D RE S S M X — A RIE
il AR, A A 1] 32 B PR 45 ] (Jimura,  Locke,
& Braver, 2010; Locke & Braver, 2008; Savine &
Braver, 2010),
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AT o

Ry 12 b 3R A [n) RO R A 2 A AR A
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SALRE TS DA R R 09 O 25 i A AT 55 1 2R BRD
AN ) A A

2 SHITE

21 #ik
24 AR BOA R g AR F, B B0 IE AL
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PRZ5 T AH B A 4R M (50~80 RMB) ., 7E%ds 43 it
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MR R R (B, AX JPA1), X A 0 H 22 F B 45 i
RS0 N (HD, AY . BX il BY J#41), H AX JF5)
i 70%, AY . BX Fl BY J¥514 i 10%.

HPhAH I LR R AR - S F 1, “ $$$”
W5 TR I . e TR G . AR 5%
(R S AR 8 R +507 Rl +--", BT & IR RIS T 50
U BRI, J5& BWRE WA AR RSy . 20l
FHER R A 2 7 = P FR . 1 2 2 (284
ms J& B 16 ms [ HERCR]E) A T 2316 ms 5
tHBE 284 ms AUHERI RN o Il 45 1 B S il
PRUETE L SE w5,

SHAT S TR )G, 1005 B A DG 26 2 A
(3 300 ms), BEJE R FEMA(FE 300 ms,
600 ms 1, 900 ms HpfiHl), EHE EM AX-CPT J¥
Gl ZRRFHEE(300 ms), +FIEM L (4700 ms) . 5
T =~FF (300 ms)Fl 25 B (1700 ms), R 7E
PRI 7B 52 B T 46 Ky, PRIk B 1z s B 2k 2000
ms, e 52 R A PR S B R DG I i S i (3
300 ms) M ik 45 75 (“Next!”, 300 ms), —Makiik
B2t E] N 8.2~8.8 s, F— AR EMATSH 2
s.4 s} 6 s B AL ] BE (5 L AR BT o
23 KWEIt5ERF

SRR (RN A L. B X BT
WPl x 2R R . “S$$" . “#) x A(F LTS
AX. AY. BX. BY)=HE#HILN I, H, %
ik Z MR F S K block kit ¥R &N
block [E] it

RIS Ry AX T80 00 S g B RS R 2% . AY I
BX JFH 1 S I R R FE AX-CPT 455 H1, AX
FEHI 5 SR B 70%, HOER R ik, wialrE
AX JPF AT R T H— A g ) . AX
JF 91 B S L IR | AR AR, U AT 5
FEULS . MipaRTE AY Fil BX 751 AT R L,
ZEA ST 28 Sl RN SN DA R 4 il T A SR I AL
fir. BT AX JFFIR R B, (15 4 24
(A B X) B A B S R A ) 7E AY 5 BX
IR 2N s Ui YA T RSE SRWVAZA GV E | L
NI T 0hoE, AR P F 5 A R g . AR
P ACE A R B, HERAR AY PSR H IR,
BT I s P ], T B A A I Y
T, RANHIL R A SIS R OV R P
it BX FHIMHE IR, B s 2 sh s, 76
5 2 1 S AR ] R ERIN XM BURT, 38 ek R 4
LR B RN M2E . Jez, WIosHbam e v

i 1) 5 | RS A T oh e o BRI, X = Pk 4 ) 1) O 1)
B 2 BX FE 5 AL T FE 30 (B 158 R S 7 I P ATR)
Wit AY JEA AT 0 2 B (B % Rl s 7 i 4 ),
T XF 52 o A 4 o ) A 1 DO 6 B AY TR B ATl 4%
TR 4 v (S 158 SR B s 17 R AER) AT BX R B AT R
FEI B AR (R 152 238 S I B 4 1)
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SIS R B R A S R AR R, B A
%5 HIE5E M AX-CPT {155 o LA T AT R A
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J5 S BB 5 R +507); AR 2 ) R BN 7 B
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5 Eh L2 ] B RS, L 7R 8z T R A B T 22 5 4 A4,
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RS IR T TR E L, XANESORA TH L
B2 A TR I 2 Sl B 4 o AN ST 3 EE DG K
LE N SSS I, 3T S AE AX-CPT 1155 147
J
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BY J¥5I4 12 Ik B4 4514 31> block, %54~ block
(FFZE 9 min)A 40 vk, T Rl . block [\]
PRE 1 min, IEREERK N 1.5 h, 7EIER S
0, BT SR T L (15 MRIK), IR
ik #) 90%L) A BRI TIEA LS . IELR )G, B
AT 78 B R B8 1 S g (Ll R 5 IR S
50 ) FE LR N R S — 3, Bl A4 55 2 T
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B, AN A RN 2 h,
3 SIS R

FERRAT BT R R LG B o L 3 AT Sl 5 T
JI AR R R (R UG 1Y 6.18%), LA KL I B st /)y
F 100 ms = A F 1500 ms 150k (R B 19 0.67%) .
31 EERBMIESH

TERUR /AT, ORI R AR B0 A Rk,
BEXF 5 18 08 SC 50 1 IE A R AEAT A M (LA, 1E
SR, FAE, WP, 2013), 45BN, B F4E&R
P IERM %N 50.91% (SD = 4.26), ® T mtdt
IR TERI % 51.65% (SD = 6.39), B AI13 555
W (50%) TG i 25 PF 22 5 (1 T~ 4%, t(21) = 1.00, p
>0.05; [# F5f, t(21) = 1.21, p > 0.05), X & W [
TEER R RA RN

FESZI Y, ARAT Al A v S B B A A 9
P IR S A AT 24 S s [] AR 4 Wik AT o 2
AR S, AR A3 50%. [ 1 F
W Jih S5 A ARAT R il W RE 23 53 5] 84.24+8.16% FlI
73.54+13.92%, W E & T 50%HY) F LA K
(B T4, t(21) = 19.68, p < 0.01; T /i, t(21)
=7.93,p<0.01), HB B TR E 2R DE,
t(21) = 4.22, p < 0.0, XEW, B AR TREH%
RIS T8O sh L.
32 HLEFMETREmMITINMESBR T

AX-CPT {155 H1i) AX J7 41 o Sk £ 70%,

HIEM s ik, #X7E %7 50 b ATy 230 S b
THA—oNmEe S, Wik, B850 AX P8 B
[F) 2l S5 A RN R R AT R RIL(WLFR 1), k%
F2 15 1 RN T 42 il 2 A — M AT 55 15

XTI AT B3GRl A5 Lk . B )
BN x 2C% AR “$S$T . ) E A I A
T 2530, SR (LK 2A) : Sl 24 E RN
3, F(2,42) = 21.59, p < 0.01; R Jahk R 5508
AN, F(1,21) = 3.80, p > 0.05; W& 122 HAUN
3, F(2,42) = 10.26, p < 0.01, #— & &7 BN 43
Brios : 7E B 2Rl a5 0, 2R $$$” 1Y S i i ik 3
TRTLR ", F(1,21) = 11.04, p < 0.01; fij7r %k
LN T2 45, PIRN RN 2R [ AT o 5 2= 57
(G 541, F(1,21) = 0.01, p > 0.05; |5 T 2 Jil &1,
F(1,21) = 2.46, p > 0.05).,

XA R AT B3GRl A5 Lk . B ) .
BN x 2C% I <S8 . ) A I
T5 22550, SR ER(ILE 2B): Bl AR ERON
N3, F(2,42) = 2.63, p > 0.05; ¥ JilizkZny E4k
N3, F(1,21) = 13.75, p < 0.01; P& 128 H AU
133, F(2,42) = 8.96, p < 0.01, ik — 5 fii BN 43 B
R FE B RS, RS I R L
TLRR ", F(1,21) = 12.14, p < 0.01; Tii7EHELR
FE S 2 S, PR R R 2 &R A 3 25 R
(2R 451, F(1,21) = 0.14, p > 0.05; 5 %5 44,
F(1,21) =0.06, p > 0.05).
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LIRSS R 7R S A, S5
R RSS2 i il xT AX 351 1 4 s g
PR A (HAE R R SRR, KRS
I B E R BRI RT AX RS B SN X
B, R B o T R A 55 R I —
INHITRE DT o
3.3  BI_EFAE T BT IA F0IE H A A T BY 22 i

TE AX-CPT {E:45 11, AY Fil BX JFHI 91T R RN
ST = P SR DA A o ] ) SR A A,
ST S5 BX P AR $E =L AY P
GIAT R BAREAR, S MEEsH R A AY JF 51
TR F B BX FAIT MR IREAL, BT
WML R e AT LA AY R BX F AR B
SURA NI B =l S R S RN ST B O e i)
o, AT B BT o $$$" if, 3 Flid
FihZ&AETE AY B BX 51 L BIAT AR BL(ILEE 2),

XTSI AT B3GRl A5 Lk 1 )
R A4hh) x 2(FEEFA: AY . BX)E R & 2
I, AR R (LR 3A) : Mah 4 AR AN 8
F(2,42) = 38.98, p < 0.01; FRE/FHI (1) 5500 %,
F(1,21) = 164.25, p < 0.01; P& AY3C H AN A i 2,
F(2,42) = 1.06, p > 0.05,

XA IR ZEHEAT B3GR b A% FEZk . [ ) .
B R )< 2(FEFS . AY . BX)E &Iy 25
Br, S8R EoR(LE 3B): Rl S AF B FE RN

F(2,42) = 459, p < 0.05; TR P51y 8500 e 3,
F(1,21) = 30.95, p < 0.01; 3 (78 HAUW i3,
F(2,42) =9.22, p < 0.01, & BN A o« 2k
FAFEE, AY FI BX JPHIRYEE IR W25 5T,
F(1,21) = 1.51, p > 0.05; & Lok AY ¥
R R EE T BX FS, F(1,21) = 28.97, p < 0.01;
BT S AY P AR TR AR B 3 = T BX
J$%1), F(1,21) = 21.50, p < 0.01,

3 90 3 HUHE v 9 ol 4 g 2% 0 04 B R R EA T T
P2 R )y 225001 259 R . b A 1 (3%
2. B 5 R A 0 A BN B, F(1,21)
=16.20, p < 0.01, FHIBIATE B 2 ) S5 1F e e 5
LR ) 2 SRR AR (R L K
Jih) 5 FHEFE AN ) 28 BN 2, F(1,21) = 10.12, p
< 0.01, FRMHBEAE BT & 1 b e SE 2R 45 1 it
P 1) FE SV 2l 2 0F (B 2205 . R 220
SRR Y AC AN AN B3, F(1,21) = 0.04, p >
0.05, & WA 7 B 1 A ) T 24 Jily 2% 12 Al A i s ol
WA KA RS

LRSI . SR, #HTE R
T 2 il 25 A 35 s 1) B s I (BX SR B0AT N
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ARWFFE R DR AX-CPT 4155, i i 5
WML R 2, E AL . B LR
Jili o B R SRR AR, R T A% S A Rl I 2
il shALBE 7 LAY 2R 00y 20 i A AT 55 1 3
RN il AU o S5 5R oR - (L)% E R e
i [ SRR AX RSB S R B, TR T 2
MBI EE; (2) 55 AL, B
T A 25 AT DA A A 4 1) 32 B P
HaxX i i 2P 2 AR W5 R 22 . XU, H
A AR T R B AT 55 3% PR — B g
J1, AR TR 2 Jh X i R Y D g A A A
(1 4 Al 1) = Bl PR ) o

ARAFGTER S T AT 45 5, . 3
M ZE R AEFE B AX A AT 45 R 8. (H > 15AY
BN R T I E A X R, X —
SR SR A PR IR . Sert iRk O mAE
R R, MBS . BT EAR S FE
EBRMAT S5 FORIFSE, ¥ % BRI T S B A 2 i 2k Rt
£ 4% = A 2 JE1E JH (Bijleveld, Custers, & Aarts,
2009, 2010, 2011; Zedelius, Veling, & Aarts, 2011b).,
FRATTIN Ry 7= A 33 B AN — B0k S 118 I PR 1T R 2 S 560
WA I AN o SERT I G 4R A AR R & &R,
ARG BT SRR R AL, 5%
ML BR LS s . AR E . DLk, SERTAITYY
% H block %11, [7]— block 5 At % il 28 & BE A 15
R R B, SO A SR A
Beieom, WO NAE R S LE R, BT 2K
Jih £ Z A AT RE AL AL AN AT R bR EE o A
e RIS block [RIBETF, 3L FN T 22 il 25444
J& TR block, 7B R 45 8 T A 1 2% i 26
R T R, BB s ek ss TR,
B NFE 2L R B AL 23 BEAIR, BN 25 | A i 2
HEVE FAR v 68 A 15 2 0T DLl L 32 11t 35 P K
Vo AT, BIATE BT A% 1 ARAT 2 Db i Ak
3 (73.54+13.92%) b 3 AI% T 19 b 22 Jily 5% 1 (84.24+
8.16%), t(21) = 4.22, p < 0.01, X F W 3 N % Jih 414
R4 il 5 B3 Al hAIL A 6 55 T 39 il 21, 1
—ERRE LSRR T iR RRE

e R & F, B4R R L R 5
SHLZ ] A I 245 g 4 I 9 D4 il B AU A5 9 HL
TR A IR AT VRS R — 3, A i )
FEhtERER . X2 RRY, R SRR R

i 4k 2% A, B A% 91 1 A 0 A ] A RAET X — v
T8l XA — A EIE R & R T R AWESE 56 T X
B2 3 0 BRI 2 2l R A T A AL B4 X
—251% . Pessiglione 4% A (2007)% % 1 1 LA~
WL FE R 7 SO RE R, If il sk T g R Y
ki A% 4% %% 4% Fn Kz Bk M8 2 W (skin conductance
response, SCR), 454 /R : i AMAJE & = IR E K
AR R, TE 2T SR 2 0 ) &, JfF HiX
ol 2 il 250 17 LA S IV T ki Ay o 2 A o R S AUF 5
7R s TERCFICACAR R E 55 (digit-retention task) 1, 24
T ZACIL BT R 2 BT, 1 R e 2 34 4
IR AY R FL K (Bijleveld et al ., 2009). [ T 4 il fig {3
22l —#E, et TAEICAZ TS5 B ARAE G
5 B Y 4k ¥ (Zedelius, Veling, & Aarts, 201la;
Zedelius et al., 2011b). & & AT BE ) (Capa,
Bustin, Cleeremans, & Hansenne, 2011), {H 4 #F5%
FEH, B R b il X DA R ) R W A A B 22
S FEECFIEEAT S, BT S B A T R
(eager) . [ | iy 2 Jily {45 A 51 BOKS A (cautious)
(Bijleveld et al., 2010); 5 L2 aAH L, R &
R RN 25 5 52 B JC AT B T4E, 7EHEE
1 (attentional blink)fE: 55 o B AESE &5 T2 i B3] %
(Bijleveld et al., 2011),

AHIE T () 45 S TN E A BIF T 25 5 o B K il 1
WAL T AT A eSS — PR 2R
e % LR (FMRI) B L (ERP)F AR, MR8 A 21
JETE RS R R 5 DA B R 2 AL o X
22 A AL R R R B, RN T R G E
ARG G 4 B . 114 38 #% (mesolimbic pathway)
1% Bz )22 38 B% (mesocortical pathway) . 3712 i [ 2
MU A4 25 [X (ventral tegmental area)Zs PN i ki o
(medial forebrain bundle) #| fk & # (nucleus
accumbens); TN A ¢ J25 38 (#2142 422 I 9 o DX R A
Fz 5 (It He 2 %6 ) Y 38 % (Chiew & Braver, 2011;
BPE, FEt, 2012). BT 2 T A Y pl 2 AL
A 5 3 22 AR R, R R N ORISR A

T A P i S5 4 B I B A i, 1T B
FETEGR RN o TESS RSB b i 52 B, il A A
J 5 B 18 T 2 Jih 2% A B S g 3 R B B S 5 AR Y
FEL A HE— Lo R, SR . |T
W) G LK ($$S. #H) I 28 HAUN A 2, F(1,21)
=1.28,p > 0.05, AMF(EL . BT %) 555 (AX
AY . BX. BY)Hsg BN WA R, F(1,21) =1.05,
p > 0.05. iXF&HALR>] 5| R S g B B AT XS P il
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UR) 1 28 A5 E 5 07 IR 1S D 61 YO B 3 (S g
i : F(1,13) = 1.45, p > 0.05; 4%i%% . F(1,13) = 0.64,
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(A AT
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(D EAE EREEHT AX JFHIRIES R
P T —BakRIfeSs, BN R XA et ] .

(2) > 14 H9 1 T 2 i 2 2R REAR 1L 4 Tl AR A 3
T AR, ol waa O 1) 2 S MR, HX
ot i) 75 P ) G 2 2 5
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Abstract

The Dual Mechanisms of Control (DMC) theory suggests that cognitive control consists of two modes:
proactive control (anticipatory and sustained control during the cue encoding and maintenance periods) and
reactive control (control is engaged after rather than before the probe and in a just-in-time manner rather than
consistently). There is a tradeoff between these two kinds of control to optimize task performance. Several
studies have shown that the reward context is associated with a shift towards proactive control. Recently, it is
suggested that awareness of reward cue is not necessary for the cue to work. Reward cue can improve working
memory and cognitive control even when it occurs beyond subjects’ consciousness. However, it is still unclear
how subliminal reward modulates the tradeoff between proactive and reactive control. The present study
conducted an experiment to investigate this question by using the AX-CPT task.

In this study, participants were engaged in areward version of AX-CPT task, in which some reward-related
cues and feedbacks were introduced. These reward-related cues and feedbacks were presented supraliminally
(284 ms followed by a mask for 16 ms) or subliminally (16 ms followed by a mask for 284 ms) before and after
each cue-probe sequence of AX-CPT task. There were two kinds of reward-related cues (“$$$" indicating a 50
scores potential reward, “##" indicating no potential reward) and two corresponding feedbacks (“+50” and
“+--"). In AX-CPT task, letters (“A”, “B”, “X”, and “Y”) were individually and sequentially displayed on a
computer screen. A target response was required only when an ** X"’ probe is preceded by an A" cue (AX trias).
All other probe stimuli (AY, BX, and BY trials) required non-target responses. Participants were told to complete
baseline condition, supraliminal reward condition and subliminal reward condition one by one. In baseline
condition, the reward-related cues were presented subliminally and participants performed the AX-CPT task
without any instruction on financial incentives. During the two subsequent conditions, participants would gain
some money if they respond correctly and quickly. The only difference between supraliminal and subliminal
reward conditions was the presentation of reward-related cues and feedbacks, the former was supraliminal while
the latter subliminal.

Two-way analysis of variance (ANOVA) was used to analyze the error rate and RT. The behavioral results
showed that supraliminal reward cues improved the performance of AX trials while subliminal reward cues had
no effects. Nevertheless, the interactions between trial types (AY vs. BX) and reward conditions (baseline vs.
supraliminal reward, or baseline vs. subliminal reward), which was thought to index the tradeoff between
proactive and reactive control, was significant. It means that just like supraliminal reward cues, subliminal
reward cues modulated the tradeoff between proactive and reactive control and led to a preference toward
proactive control. In contrast to some recent results, the present study does develop the DMC theory and the
research on subliminal reward.

Key words subliminal reward; supraliminal reward; tradeoff of cognitive control; proactive control



