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Abstract

The visual attention system effectively extracts and utilizes statistical regularities based on fea-
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tures to efficiently allocate attentional resources during the process of visual search. In the present
study we standardized the dimensions of target and distractor definitions within a visual search
task, defining the target in terms of both shape and color. We concurrently investigated the impact
of statistical regularities on target selection and distractor suppression, while exploring the dif-
ferences in attributes across distinct dimensions. The results revealed that, in terms of color di-
mension, participants exhibited significantly faster response under high-probability conditions
compared to low-probability conditions over time, indicating the influence of statistical regulari-
ties. Conversely, no significant difference was observed between high and low probabilities under
the shape dimension. These findings suggest that when target and distractor are defined within
the same dimension, statistical regularities based on color features of distractors exert an influ-
ence on attentional selection, nearly negating the attentional capture by unique distractors. How-
ever, statistical regularities exert minimal influence on the shape dimension. The results suggest
that the visual system can utilize complex regularities to optimize the allocation of cognitive re-
sources, with a greater impact of statistical regularities in the color dimension.
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1. 5|8

FEHHEAGES, FRFHE SRR RE, BT R B AR R BR (Broadbent, 1958; Lennie,
2003), FATFEEMIE UETESSHIER, EFRIE M OCTRE R, R 2 HARA A SR A5 B ARG
FONN, EREEZ BN TR, — A2 mIRA10 B AR B sHRM B B T rn Tid R
(top-down control) (Leber & Egeth, 2006), 73— HHIBUE 2 R IREh B9 B F i LA T F2(Theeuwes,
2010). ZRIM0, AHIFEY], EREEER 722 H T ERERsh e BT RS sh, E 52 3
SR ) 7 SR B 5 7 S A B2 (Awh et al., 2012; Failing & Theeuwes, 2018; Theeuwes, 2018). #140, ¥R
PIFIRE 2 M2 2 R, AR S e T o T B e R S e s e A P 10 U e 5 B AR O 1 R
PUE N, 2R S X AE A RS 1 R B (S S R G B (statistical regularity) (S5,
2021). EREA B BIRA T O BRI, AT AN E R A BRI, R ST RAER G AT s e AT T AR
JI5yBEAAENIN T, X T B8N = i RE 7). WM A A A AR RS T B A BB
X

VERZ BTG 52 (Failing & Theeuwes, 2020; Ferrante et al., 2018; Wang & Theeuwes,
2018b, 2018a). SR FHAAL B HIGE TN, 2> 520 3 o A s 45 2= R . 5] a0, Wang 1 Theeuwes (2018b)
i rh, ZRPE REE TR R GCGETE T R IATY), 28— DNEEMR T, 2R
V)2 IAE R A B I LB 65% (R THAL B, B AL B RN 35% (IR T
frE). SRR, TIVESMEAE LI, Bl RV AP, S T A B, SR
AL B MR TR Gl . Br 7T T AL B MG I SR B rsm, EA T T
WA ) G 1 30 U 48, 2 S e v 7= 3% B (Failing et al., 2019; Stilwell et al., 2019; Vatterott et al., 2018; 5K
20210 THRRFER SR TR AE (S . KN TEARER) PR & NS B . AMARTT
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PAZESPRREE G RN, i HOGHE R BARKIT-H0, MRk, i, Stilwell Z5(2019))skiat, 2
SRR AR TR R B 228 R R B, IE 2R — AN SRR 1T304, BUEARr 1T A 3
—REEBUO I EL B2 65% (R T IMBND), AHALTHRE ORI A 35% (IR T IBIE).
SRR, BT RO, B S N R . DR ST PR AE () G 2 S e
.

SR, T T HRDRRAE G vt FUU A ST 7E H b AUOBRE T304 e SO 4E RS R AFAE 22 5 10 BRI,
LB, Bis— Mg SCH S TIRYARIKITZAR, W HRZEEH R, MR T2 Esie b
5 HAR, WoplRE P2 2% 653 A 40 R JE (Gaspelin et al., 2015; Failing et al., 2019; Stilwell et
al., 2019; Vatterott et al., 2018). HAIM T FT FHPARAEG TN XV BE R0, (HZ X Firh AL
()5 S S e T TP 4E BEI o T AN [5) 248 FE AR 400 308 2% 1 0 TR AH BB S IR, 56 60 SRR U 1) 32 7 0 o [
(Lingual gyrus)F13 #Mill#L - 57 i (Dorsolateral Occipital Cortex)HF XU SCAR B 57, T X FEIRAFAIE A3 2
s E F(LG) #RARFl(Fusiform Gyrus). #§ L 5% [Al(Parahippocampal Cortex) PA & 5l _I 74 (superior temporal
sulcus) J& il ) i | JZ (Clark et al., 1997; Corbetta et al., 1990; Wei et al., 2023). 4h, FORBA N SE
B SR EE YR, A — SR VN ER A LN 5 R, WFit(Wolfe & Horowitz,
2017)o VAR FE A AE B AR A TP R 4E B2 N XF Ge vt 300 125 S8 AR TR 4E 2 (Kim et al., 2023), X T4t
T AE Ho A 5| 58 P4 B v () 52 DL RN [ 4 FE 2 TR 22 5 i ANTE 28 . BRIk, 42— B AR AT HE L
HEFE, (AW G RN B AR R AT PRI RS0, R FOAS [F) 4 B2 8 M I 2 o AN AT
Hi.

AHT T G — H AR AT LERE, T8 H AR € SUNTEARMER G A AE L, [R5 22 8 1
M B bR S TR 2, IR A FLEE BV 2 57 . K 2 AR RYEREE: TRAR. Bith) x 3 (fh
TP R AR SR 2. (R 2D T SRR IR B e TR 1 4
THRUN, AR RBE W BARRS, MR i — DBy SR e, 55— M IR B,
[FEE, HRIEARE X H AR, MR TR0 5 A s B TR FCRE SR TR . SR R 4 FE T IR 1R St
THRUN 2 5o d Sk 5, W FUIAE bE T TV O IO R AiE , R TR A S B R R AE R, TR S
e RIS, T AN TR 4 B G v R 5] S i R R 2 R R AN

2. 5%
2.1. #ik

55 29 LRERSRAR L4 5, 15 &, FHFR 205+1.6 ), FrA Bl IEH 8 IEM
JIIEH o SERIT IR BT 2528 A RS B IESRIG A R Ja AT . SeiEid e R i & .

2.2. R &SR

SIS AR TS E-prime 2.0 Zwtfil], EIAE 14 ST BRI B, B HEEN 1920 x 1080, HiHN
N 60 Hzo #AXHRAGE 5 5 %A O A BE B A 65 cm.

R P 5 EHE L ERGB: [0, 0, 0D 5 b, HESA 7 AST-H4m38 51 10 o3 A5 18 LLIK E i3 00 2 300 )
IR B(EAR: 47), BRI oG AL 2 Bn A e 45° 1 B2 B, BER B RE TR Uik ot
H b 22 B 5% 7 1) (72 B4 ) JEAT AT

SEEGAY WA, fERRA e, B RS e N K ((RGB: [102, 101, 92], 13 cd/m?, CIE
BEEAME: x=0321,y=0.34). F@ETHRYINEATE(ER 0.9°), HIBENLAIETTT(0.8° * 0.8°) 83 K
(1° x 1) MR A5 B s A ADT-PEA R B A SRR, flan, HAxNZERR, MRl
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EH T IE=AMA0.9° x 0.9°) IEFLIAFE(0.9° x 0.9°)FIE/NILFE(0.8° % 0.8°), HALTIM NI . fEHIa
gerb, FraRBOLIREI N, BT N KE, HARBEYLNZ ERGB: [205,0, 0], 13 cd/m?,
CIE th A E: x =0.64, y = 0.33)8 &4 (RGB: [0, 118, 0], 13 cd/m*, CIE A EAIE: x=0.300,y=
0.600), fEEEANHIAPLRIFAL . MEFTHYAS BARM AL T A FE R Y FEE, Fihn, Bisae
i, TR e SR, BEA(RGB: [0, 80, 255], 13 c¢d/m®, CIE taERAIE: x=0.161,y=0.100).
#{(RGB: [133,94,0], 158 cd/m’, CIE 5 ENMIE: x=0.481,y=0.457)fI%4(RGB: [142, 74, 155],
13 cd/m?>, CIE (BEEINIE: x=0.300,y=0.200), HALTHRAIAK A TEARFNEE LB 07 78 4% X
(] T 447

2.3. SEIRTE

SEEGTAR AN 1 FR, ESe B 23 100~500 ms (R, 2 JE SR, BRI EE
{HE SR B A e 2 B 1) (e 5506 ) BEAT 4R B AT, RS8R 500 ms, ZJRHERFINE R, NGEH I
1000~1500 ms. SEITFUH 2 5, MEF TSN EIES BARAR R E o 173 BRI 2 9UR T
P, 2/3 BRAIR E ORI, RIAEE R, 50%IR K AR PR — Fh AR SRR (R i
BEHE, &SRR 1/3), 55 50% MR HAh =R AR BS54 5 2k i 1/3 (RIS, %
R RIR I 1/9) H s MR FRAELE AR I BEAL . AP IE ST U6 2 5T 45 ) 20 MRAIR HIERIRIAH]
90%LA I, H BB IR PR S IAT 55 A 5256 b IR R AR . 1RSI R AN R % 360
AR, o 120 MR ZIUMEFTHR7, 120 MR E I E RT3, 120 MRUGH DU R
MEFTH. — MNHYR B S, 2N —Hk, BrKL30 754,

SmEY

ISR

HEMLBE R R BLBE
100~500ms 500ms 1000~5000ms

Figure 1. Experimental flowchart. Participants are required to search for targets of a specific color (such as red) or shape
(such as diamond) and make a judgment on the orientation of the internal line segment quickly and accurately. Unique dis-
tractors (such as green or pentagon) will appear on the search screen at the same time

1. SERRAEE.. BXRHABRBEARMNLR) LM RWER R EFR, FHERXEMHRERRILER A E M S
Fif. RERRRNSHIRETOHENRE . 7iafk)

2.4. SEHETT

KA 2 GERYERE: TEAR vs. Bl x 3 R T BB A2 vs. SR 2D vs. MR R
IOBAR AN BT DURNE B (RT) AR PR (ACC) 2 [ P15 &t IES (RT/ACC) MR, IES Bk, #*
Pk . [AIE, SR FH DIm-34 Rl -F (Bayes Factor, &FR BF)7 4T J7 75t So6 B0 3- 4T A0 #E, BF,, 45 1 2 58
SCREA PR (H) AR F B (H) FEEE . BN, BF,, = N RRHE, ERFIRE H 20 H 4 H 4
P AT RE A2 R AR B Ho 2600 T IS AT EAE 1 T REPER N f5. Wik BF, MME R T 1, RonEdE i
AT SCRE R WRMEADNT 1, MR REAR R T SR RR X
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3. &R

INBRESRIRIR(7.73%) SR BEBTTE 3 /M 22 AAMITR IR (0.92%) . XEASFI 2644 T 1 TES 3T 2 (&
YR TR, Bifh) < 3 ST BRI AR, SR B, N )R SR T ZE 0T .
SE RN R F RN R E, F(1,28)=90.99, p<0.001, 7 =0.765. FOL4EEE R IES (627.26 + 28 ms)
RENTIRGEE(901.26 + 44 ms). VEEAARXS TIRARGEE, Bl RIE R G 0H . M 20
ST, F2,56)=25.314, p<0.001, n*=0.475. MEFT-HRYA 2 AR TES (724.57 £33
ms) i /N T EHEE (781.24 + 33 ms) FMMEHE R S 1E(786.97 + 37 ms), ps < 0.001 . EARAE R 2 8]0 i 35 2 57,
p=0579, BF,=0.167, XZRREMIUEE CFE T FRik.

B L, R YR T R HAE B3, F(2, 56) = 18.94, p<0.001, °=0.403,
HBE— 00N R R YEE R I S BB 45 SREEAT TR RS A0 HT, Al 2 o, SRR IEARGERERS, ke
PIAS I AR TES (827.35 + 41 ms) i35 /N T = E 26 25 £4(938.26 + 45 ms) FIRHEZE 25 £1(938.17 +
50 ms), ps<0.001; ERMERZETCEZEZR, p=0.996, BF =0.197. ZHRBOYELR, ML
A ZIAAF R TES (621.80 + 28 ms) i 3 /N TR Z 25 44(635.77 + 30 ms), p = 0.021; SEEFR &M+
(624.22 £26 ms) L FH Z R, p=0.673, BF o =0.215; SRR 2 AL EEZR, p=0.056, BF,,=1.102.

1200 a4t m A2
I % %k %k 1 n.s. '| ) —%—%$
mEw RS

1100 [
1000
900

ns. |

800 n.s.

700

RT/ACC(ms)

600
500

400
AEI =HE KEE SR SHE  KEE
JZIN B
E: 7p<0.001, "p<0.01, p<0.05ns. p>0.0,

Figure 2. Under the statistical rule conditions of different search dimensions (shape and color), the reaction time of target
recognition is shown, with error bars representing standard deviation

2. NEHEREE (ARG AN FHTERRA KN, RELAIEE

NG 3 DRI R 1 BE A I T ERE AR Ak, 4 BT i F e I S B g AR (R I (R 23 B 3 46, X
RYE RN 0 4 E 1 SN 4 BEAT 3 A T B AR SRR 2P (CHER 280) < 3 (7]
HRE: 14 24, 3U)EEME T EZ0T. SRR, HERRGELR, MEEREERNEE, FG3,90)=
6.655, p=0.001, 5" =0.182. BEESLIGHIHET, Bl PERHIAET, 55 1 41/ TES (970.64 = 61 ms) /s
T35 2 21(893.88 £ 42 ms), p=0.008; [FIF/NF26 3 £H(853.34 + 37 ms), p=0.003; 5 2 21 IES (893.88 + 42
ms) ¥ K T4 3 41(853.34 + 37 ms), p = 0.028 . MURF T 2 I KA TRV 2, F(2, 60) = 46.704, p < 0.001,
7 =0.609. HEMZEAEHALES, F6,180)=1281, p=0.282, > =0.041. 2 EAEH ) UIHH AT BF, =
0.064 . IXRFGRIEYE S FF T 2R, BIARKNBEE N, ARAF T EMALRE E 5.
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RGOS, R EAN R, F(3,90)=3.912, p=0.017, 5> =0.115. BEE LI KT,
AR S RLIRET AR TR, 25 1 41K TES (628.42 + 25 ms)FIZE 2 2H(616.09 = 28 ms) [ES TR EER, p =
0.356; 5% 3 241(639.76 + 33 ms)tB LR EZEF, p=0.452; 52 4K IES (616.09 + 28 ms)EE/N T4 3
£1(639.76 + 33 ms), p=0.007. MAF T ZINEMEF LN B, FQ2,60)=7.778, p=0.001, 7°=0.206.

LHAEHEE, F(6, 180) =3.302, p=0.004, 7°=0.099. #—GRIALBKL, WK 3 R, 581
I, MR A 2RI LES (616.77 + 26 ms) 5 EME 55163775 £ 26 ms) L E % 7, p=0.218; 5
IRMER A 1F(630.74 £ 27 m) WL E ZE 5, p=0.737; (RMEF K LFM IES (630.74 + 27 ms) i /N F =%
(637.75 £ 26 ms), p=10.021.

552 4N, RIS I TES (612.09 + 28 ms) 5 B 44 (609.25 + 24 ms) T EE R, p=
0.223; S{RMER%MH(626.94 £ 32 ms) LW EZE R, p=0.806; mEMEFFKM(609.25 £ 24 ms) i E /N F1IK
MEZE(626.94 £ 32 ms), p=0.017. 25 3 4RIZE 2 HLERBAL, HFFTHA ZLILM IES (635.37 + 33 ms)
MR A E(632.111 £ 32 ms) BB E E R, p=0.735; SEMEEMH651.80+35 ms) B LR EXER, p=
0.061; EHEREAF(632.111 + 32 ms) & & /N TR (651.80 £ 35 ms), p=0.048,

BEARENR
710 s, o EEE
* OfRHEZR
690 s, | . ,_v
| n.s. | '—|

RT/ACC(ms)

670 ‘—y,—l* —
[

650 | n.s.

630 | I

610 |

590 | 1

570 |

550

AERH wHE EEE A2 SEE KR AR B8R X
14 24 341
H: 7p<0.001, p <0.01, p<0.05,n.s. p>0.05.

Figure 3. The results of reaction time under different unique distractor presentation conditions over time in the color dimension

E 3 REsET, FRMETHRYENE R LA SRR
4. Wig

WIS Gi— BRI E SU4ERE, I0K B bR SO TR PR 5, [ % 52485 1M % B
PRI PRI TSRS R, JHR AR AR R R A R I, Toib e 1 R IR PSS A e 4
TR S F, AT o 2 IR, B0 S b, DA TR SR, 3R TR, R
FARGE RS, MR 2 M TE RS 25, VSRR RIS IO W BB . RS R, B
R TR, SR 2 BRI IFAG, M T AR SR R I, 7o MR8 4% P o S 7 T R,
VIER G T, Gt OB T k. R, RAEERT I RIS AR B,
3 W R [ 4 FEE ) 5 10 B BB R 0 R R . TR 46 R R 2 DU TR 1 R 2 T
BT NSO ST (R RIS B e R IR N L B 2 5. 18 DU 6 TR Ge L0 fr
sirh, BEEEIRET TR TR, S Sk e, AT 5 RN %2245
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THRN S B AR B TR g, DA R 4R 2 A2 5, ULEA S TPl H bre [R14E 5 e L
I, T T HADIRREAE (4 GE v E R0 AR e 57 A B s, 1 E 4 B DU A B R R . SCHF T 1A
AW TR A [EREAE RO 5] 5 3 A RO AS TR 0 R

TP B s YL e CT, ET PRI ERRE P et B0 AT DU AL S =, (HIRARGEE R
RILGETH N ) B B R . X ANEE IR T DAE R 7L (Failing et al., 2019; Stilwell et al., 2019). Fia4EfE
T, BRI Y E N, BT T R e G N 2 S RO B . SRR A S I B
RPN T AR, S TIRYRELE R — 48 F5 HARRESE S, BT R A sk 51E =7,
FEAR TR AR ARAE4EE A IR(DWA), JEF AT BER M BATE — M e 4R L — N EARRT, AT
2> F BN IR G AL, A DR R I 25 5 5l . Rtk HARTE R —4E % b
(BT HE LA 20 . i, SR kR TR RS T A RO T B2 2 5, R %A
AR B S T AN I, U B R R AE T R A B A R AR m R T R
EHEINIONC NN S a S 7 K /[T N e e Wil ol T N WA SO0 W= e L S w7 e KRS - B AR S|
RYEE T RS AR, Kim 5 AR S AT AU RS, RS ADAFEITER A5
WL BRI R TR 0 B ARQE SRS ) FATE), F 28 55— AN TR0 R (E s8] 7. 0 =
L), TIWTREEE AR SRR 2 7, SRR, ST B AR LG, ) i B e Ry
TP H0 I B 58 (Kim et al., 2023) o SR A 5T AR R ISR TERYE FE G vE R0 mde 43 1 B i 52,
5 IR AT B ACHIE 78 i MR R MR (0 =4, LB ERAE, RN EAFERERT 2, & (REF
MRE TR UL H PR TEARBON AL, AL AE AT S AR L AR AU R S 4%, w75 24 2 AR AUR K
RGP ECVE R AT, BT N s, DR RS R SO (T e A L AR 2 (R A

TEARYE B RO E 28 B B A BT IR A BT, 06T Geih RO 2 S A AN ). e T B 4E i, B A5 B IR 3k
AT, B RIS TR Bk B e, X5 ET A7 4E R —8(Gaspelin & Luck, 2018; Vatterott &
Vecera, 2012). P2 A21X — 45 5 (1 J5 R 0] RS X Pk T 1 b i A J2L AR e 42 1) i 2 A2 0% () I ) ok 56 4 g o7
(Han & Kim, 2009). 43EEE 173 9 AS B ELB0E 2 1 H0E B0, M50 R G0 nT LA R 3 b i 5 58 5 43I
BEARRHZ S U . R, X B ERE TR AR A2 B kAR, REZHIE BT R
VAT, i ) AR R R DR S R AR . W T IORGEE, AFB BTN, AR
BUAM LR EER, WA R IR TR N i AR, JREER T S5RGBT 20
IHIG ST A A, R BE 2 A TR 4 BE A 4z i B 75 (I TR SE A, R BB SE LRGeS
BRI GiPSE

SRIM, AP FRMAFE— R . AHF I 5 O R T EATAREHER Gort B, 5 F 31
Al 4 P R A B SRR/ TS o T ELAHIT 7T HpOR AR AR F 42 1) 32 ZEAE S s R B T, X TR
IR II B EIE FAEAR R — L5
5. &g

TEG— H M He CAEERIRTHR N, 2 il s B T IR TR B 64 4k FE R AE I Ge vt R,
BYERER, mMERARRAE S T a1 B B B3 R T IIOME ZR R AE T R S, B 2 H AR AT 58 L
Vo IGIE A - S 7 /R R NS B WIS A 0 S R A w7 e T | O TERa s WL P i e
IRMEF=AE 52, YIS [RI4E B [ G0 v R K Bk PR s A7 e 22 5
=

REEIHFE KR A QR BN N Rt RITE , WUH %5 202310065002 R K 27 2057 U I
H(JG0122201 1)/ % Bl
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