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Neural mechanisms of visual selective attention

HUANG Ling’, LI Meng-Sha”, WANG Li-Juan®, ZHANG Xi-Lin
School of Psychology, South China Normal University, Guangzhou 510631, China

Abstract: Because of a limited capacity of information processing in the brain, the efficient processing of visual information requires
selecting only a very small fraction of visual inputs at any given moment in time. Attention is the main mechanism that controls this
selection process, namely selective attention. Selective attention is the mechanism by which the subset of incoming information is
preferentially processed from the complex external environment. Research on selective attention has two key issues. One is what tar-
gets (inputs) are selected by attention. There are three different types of selective attention according to its selected target: space-
based, feature-based, and object-based attention. Another issue is how selective attention is generated. There are two different types of
selective attention according to its generating source: top-down and bottom-up attention. In this review, these two issues are intro-
duced to systematically discuss the neural mechanism of visual selective attention.
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Fig. 1. Cortical areas of top-down control in spatial attention,
including lateral prefrontal cortex (LPFC), medial prefrontal cor-
tex (mPFC), frontal eye field (FEF), superior frontal gyrus (SFG),
superior parietal lobule (SPL), and intraparietal sulcus (IPS). A:
Anterior; P: Posterior; D: Dorsal; V: Ventral; L: Lateral.
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Fig. 2. The models of bottom-up control in spatial attention. The fronto-parietal saliency model developed by Itti et al. ““ presumed

that the parietal and frontal cortex could realize the bottom-up saliency map. The V1 saliency model developed by Li

™1 proposed that

primary visual cortex (V1) creates the bottom-up saliency map via intra-cortical interactions.

AT Fi X0 52 32 VR (P R AE A2 R T 3 B &8 o Xt
ANFIRHIE R IE FE 1252 7 ARG X 4 22 0% 315
Sk, thAh, BEFRB, BT X OB E S
ALV S ORI B A G R R R E
SRTT,  HIT NI AR 2 B0 3 R e i i R T B e =%
21 i R EEA . A, ERT A,
S A A T L CRENEGR ), BT i X
o 3 25 M P R AGE T R AN AS e R Xof ¥ 325 1) TR0 ¢
S R nE 45 B PO X ik, Zhang 48 A\ Y SR H S
iz i X (backward masking)' ™, {# £5 i 25 ) 4k T
A AT RS, R A e =R, A
AE T E N EME BN A SR, SRR
N, ANTT UL S S PR R vT 1 Bl 5] A K e ]
TR, H Posner %% 8] 28 AR 7R RN P il 2 9 [ %
PURE (3 25 ) B 35 P VN ) g s 3, HL
XN V1 ey s Bl 2 i3 . SR, IPS i
22 0T B A H AR I o S 25 00 SR 1) X L P 1
KAEFED, WELT VI AL GBS IA N
IPS P2 4E H Fifi L& & K. 54h, Chen Z5 A %
RIS A0 B R st — Uk sk Tz i 46 31,
SHET VIR EVERR, PRk T IR N 4 6 5T

T A B T X — AR G B R .

2 ETHHERER

R PR R4 AR, KL

KB FEFUARET B PERE®R. RAm, f£H
WAV, HIRATE SRR e B AR, AT
RGOz 2 AR R AE (anLB e, TR ) 10 9 A
PSS O N T K VA= RO 1 VR T 7 NG o Nl [ AR
() o7 BT 328 R S8 AR AR, AEASRATT AT DL PR
FAE AL HARAR, anEE Tk siss) 7. Hi
0 U 2 B AR I ERRAE X R (I X (M T+ Fil V4)
PP Te R NG R, BeAh, WA RN, fER—
ANRELERE N, TR SR € MRIE AT 4%, T
e e oSS —Fhigi e U — Rz sy
) 082 AT R R . BT RHIEE R A
J7UEHE W Sk 5 T H A ] B AR RS (spatially global
effect) ), B Ik RFAIF 33 25 AN A3 AT 38 5k 2
[E) A7 B P BRE E RHAE M &2 Te O, 318 BRI 4 1 4
SRAL T AR B A A BN 5 7 SRR A UL G R R AR
(AR O IRBE,  [R] A 00 FE A AN D BC AR ALE (1) 4 42 7T
R H— MR Ta A0 - Sgn bR R e
A AL E N A REE, anin R B3l A
RS AT R AE . B R BN, ERE LY
G Nl ) W TR W S v & S el SR b ve o/ I =
ZAE VI SR I A T R A B, BIFESE
ERTEAEN (B R HAAL B ) 52 AL
AL RHAE (17 83 ) A& T N A5 3 1
e PRk 4 A O BE T RRAE A 3 A0 A )R A
N EAEE T OKEOEY S U, g



I B AR IE PR A 2L

iR U, g U AR IR A% U W TR S
2.1 BEMTHFHEEE

AR, REmAT 7% fpg L
PR A T R TR LA - TR X 2 55 7 56 TH5AE
i A B LR Eiln, Bichot 25 A ™Y
FE—T00 AR BRI 58 AR LR AR 1 56 1 d T REAE DT A )RR
AR BRAT S, R I AR R B AT S R X
(ventral prearcuate, VPA) ) # 28 T 2 R 35 1% R RS AE
HHEEARAE, IEE BLihss FEF X, 515X,
AH G BR 2047 A . Tbos 25 A B 40 s M 1 4P T
I [X 43, (lateral intraparietal area, LIP) 125 G [F] HL {5
5y (AT LA T S A B ATz SRR 2H i R H
FRRE, SR SR, IXFh BARRIIBORIATE 55 FHOCHT,
LIP #1285 TG Re Nt Hgh AT RIGRAE . MEILIR UG T
JiTl, Zhang 5 N % SR 3 T RESLIR BUAS 10 A R0E
$% (effective connectivity) 73 #T1 772, Wz~ T A0 5 00
TR X (BUIR K EFISUAN S JZ ) BIRRIE v 2 2 )
RN EBEYR T4 K [BlBEA X (inferior frontal junc-
tion, IF)) H L1~ 09 s 15, HA0 - T X (a0
IPS. FEF S AR ] ) FRORRAE - R 2 1) B AR AR
W2 2 IFT ) B 1E . RS RS 2 ik
FELA FRAIE T 45 SR — 2 Y, R TFT R AT g A2 3
THRFAE (A3 T2 11 72 ) A 2880 1) R 428 HH K o
2.2 BTmMLEHFHEEE

WEFLFE X B R AR = AL, B ETY
A =D B A EA AR R 7B R R
fiFEE 7% A7 AE . Melcher 25 A 7Y SR IR 4052 0 3%

A Subliminal perception

15

(BiRIs sl ) KL, TR E B g T e, 225l
EXHAESS TR L E RIS 3E B WY, X
P RFAIE BV A 8 A AE T A B R S IS L
( W& 34). Kanai 25 A ™ & 82 N R0 H) (con-
tinuous flash suppression, CFS) Sz 3 =X ©* 1 R I,
FAE Sy S RA A A B, XX A 7 3 2w [ 1) 6l
PO BB A3 S 5 20, U B 2 TR R s e
DL =500 T s PRI in T ( WL 3B). Schmidt 55
N OSPS5O BN BEAT 3R,
&R NAE N BRI, KINTE
PR BRI T i 30 R0 Ay 7 1 ] AT T R R AR
fE. 2R, BETE B R EE SR sk = g
THI A FEAES o

3 ETEGREE

R 2 B TR, AR SR TRE RL HE
I T R R AR 2S (AL B B AE >, BIVE R ik
BN R UV AL, X AR R A E
BURHIE I B2 5 = A 3y Bz 2 R HAb AL
BEURFE b, BT S B SRR 5 2 1A AT
KT K.

FE T AR & A 5 I W S0 UE 4R U5 T Duncan
O 7 P, AR A 4> B S X (divided attention
paradigm, WLI&| 44): 259X 2 I E SRR (A
SRS &M T H EM&R ), ZoRyirdsG
BARP)—ANEE AR, AR X L 1 2 75 KRR T
[F] — AN RARTT Lo NP A A« 3 R — R AR A

B Continuous flash suppression

Moving dots Flickering dots ﬁ::':?:;’ " ?:';:: o Perception

3 v A Y B . ) orentation | g

z‘ ? v o ° : //// . ////

¢ ;3 A + o o. N /// # 5

3 \ ' YR / °. "o . Opposite A
. B orientation

3. H N BRI R T L G

Fig. 3. The paradigms of bottom-up control in feature-based attention. 4: Subliminal perception paradigm. Moving and flickering

dots were presented on the left and right visual fields, respectively. The invisible flickering dots could affect the direction discrimina-

tion of moving dots on the opposite visual field. B: Continuous flash suppression paradigm. The adaptor was presented on the right

visual field of the left eye and was masked by the Mondrian pattern presented to the right eye. Two visible gratings presented in the

left visual field served as targets. One of the targets had the same tilt orientation as the adaptor, and the other had the opposite tilt ori-

entation. The target that had the same orientation as the invisible adaptor showed a greater tilt aftereffect.
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A Divided attention paradigm

D Spatial cueing paradigm

Cue valid
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B Flanker interference paradigm
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C Face-house paradigm

Cue invalid
Different object

Cue invalid
Same object
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K4 BT R T

Fig. 4. The paradigms of object-based attention. 4: Divided attention paradigm. B: Flanker interference paradigm. C: Face-house par-

adigm. D: Spatial cueing paradigm.
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