ooooo Chinese Journal of
Applied Psychology
2017. Vol. 23. No. 2[99 - 109

2017002300 2009 -109

ODoooooooooo”

[ o R I [

. 0000000 /0000000M0000 20892 U0 .O0DOOOOOOOO
OJ00o00odooogooooognooogoo MmO 100871 3. 00000 ogogoogoono
OJ0O00do0oom™moO 10071 4. 00000000 m™mo 100871p. 000 0o =

OoooooDoooooomgd 100871



100 ooooo- 201700230020

stimulus-driven mechanism 000 O OO O O
O00moODOo0ooooOoDoodoooo
oooooooououomuoooooo
0000000 Obottom-up attention LT
0 O O Chransient attention0] 00 O O 0O O
Lexogenous attention] O O O 0O O O 0O
Oooooooooobooooogao
o

Ooopooooogoooooobooo
OO00O0O0O0O000000 D0 Ofrontal eye
fieldCFEFUO O O O O O Odorsomedial pre-
frontal cortex(IDDMPFCUOOO 0O O O O Olater
prefrontal cortex(ILPFCUO] OO0 O O O Qante-
rior cingulate cortexLACCU OO [0 Uposterior
parietal cortexPPCOOO O O Ointraparietal
sulcusIPSO0O O — O 0O 0O O O O Ofronto-
parietal attentional networkU [0 OO O O Ode-
fault network0Baluch & Itti[2011 [Botvinick
et al. (12001 OBush et al. [1200000Kastner &
Ungereider[2000 [(Noudoost et al. [2010[Ber-
ences & Yantis[R2006 [ Swisher et al. (20070
Zhang et al. (2016000 0 0 0000 O OO
oo ooooooooooono
O0O00O0ODO OJonides981 [INakayama &
Mackeben1989 1] William James O U O O
oo uomooooooo
oooooobOobuooouooomm
OMOooooomooomuom oo
Oo0o0Dmo0mooDoooooogooo
oooomoouoooogoooooo
oooooo

2 Juoooooo

2.1 ODOOOOoOOooono
bbb ogobogoggood

boogobodoDgdO GsaliemtD L O O O O

N T A I O ¥ 5

ency (D OO OODODOODOOOOOOO
dodooooooooooooood
O00MooDoooooooooood
U ONiebur & Koch1998 0lshausen et al. [
1993 [M'sotsos et al. (19950 Koch [0 Ullman
aoegsn D0 0mMmooOogoooogd
doooooooooooooooao
Oo0oddmoooooooogono
dooO0gdododOd Treisman O O O
U 0O master mapTreisman[11988 L1 [
OMooooooooooogono
dooooooooooooooog
00000 ooooooogono
Odoooooooooooodano

Oooo0o0oogoao

000000 OO0 oest O O
O00o0oooooDoooooooono
OO000O1ooo0o0ooooooooboo
odo0ooooooodgoonooOognd
MooDOo0o0Do0o0o0DOOOoogooDo
[Moooooooooooogomd
0o0oooooooooooooono
OdMmodonO -00004d Q.entre-sur-
round differencing0l 00 0 O OO OO OODO
O0doOdomoooooooooood
0000 -000godgooo eoogog
00O oo0o0DMOOomM@oOodooood
00 c-100000 c—-100000O0O
O0o0Oo0oDoooooooooooooad
ORO000O0ODOOOO0OedOddO
000000000 Gabor OO OODOO
2400000000000 420000
OodooDoooooooooooonod
O [ O O Owinner-take-allOOO O O O O O
0dodooooomoooooood
OO00ddOoOoddOd Oinhibition of re-
turn 0] O OKlein[(20000000 O O O O O O
0do0dooooDmooooooood
O0o0Oo0oDoooooooooooood



gbobooboobooboosoooboo

101

0 Y o A O R 0 A O A £ 51
oo oo ooooooogn
Treisman [0 O O O O O O Cfeature integrated
theory['reisman & Gelade198000 O O O

(a)

(a) (e)
0
01 0000000000000 0
OO OOO0OOLOOOOOOOeOo o
O000O0dOO O 00D O0e0d OO0 0Oxo
I A ) £ €51
et al. (19980
hmdoogD D OO OOOODOO
oooooooooobouoobgood o
oooomoooooooooogoo
O00OOoO0Do0OdOoo O & KochD
2001 LKoch & Ullman[J1985 W olfe11994 [
Oo0Mmooooooooooooono
oo ooooooooooooo
oooooouogoooooovioo oo
Ooo0Do0oodooooooogooos
ooooooooooooooogoo
Ooo0moooooboooooomm
OO0o0O0O0O0oOooDOOdoonOd Osupe-
rior colliculus[Fecteau & Munoz[2006 [Kus-
tov. & Robinson11996 OO O Opulvinar[l
Shipp[2004 O] O Oparietal cortex[Bisley &
Goldberg[20100Bogler et al. [(20110Geng &
Mangun[P009 [Gottlieb et al. (1998 [Berences
et al. [R005 00V4 Mazer & Gallant[2003 [

oMo oooooooooooon
-oooooooooooboOogogn
oboodgdooooooobooooan
oooooooooooooo

100

(£)

00 O O OFEFOSerences & Yantis[12007]
Thompson & Bichot[200500 OO0 O O OPFCO
Katsuki & Constantinidis[2012 00 OJ
2.2 vViOOooOoo

ooooooooo vigoood
O0doo0oooooooooooood
O00O0D0DOooooooooooogonOog
O0MOO0O0000000OAllman et al. O
19850Gilbert & Wiesel[11983[0Rockland &
Lund1983 7 Li[11999[200200 O O O O
O00O0moO vibbooooooood
O0do0o0oooooooooooooon
Shippleoo40 O DO OOOOOOOOO
O0doododmoviooooooood
0o0odoDooDmooooooooogmd
O0do0Oo0oDoooooooOo viooood
O0o00oOooDmoooooooooOd
00000000000 0O Opop-outd O
O0Mooooooooogommoood
0dodooDmooooooooood
O0o0o0oooooooooooooodg
O0o0O0oDOoooooooooo v oo
O0o0O0oDooooooooodQ 2000



102

ooooo- 201700230020

oMmooooooooogoooooob
omooooooooooooooan
oooobooodo -oooooobo
-ooooooooo -ooooodoo
oomooooooooooooon
ooooboo0o -goooooooobo
-00 00000000 OHegdée & Felle-
man200300 0000 MO0 0O00O0O0O0OO0O

0o
o
og
og
og

ooooo vigooogooo
oomoooooooooan
gooobooomo vioood
ooomooooooooaon
gooobooooooooon
ooooomooooooao
oooommooogooooao
ooooogo

O0OO0O00googao

E N IS P 7
_ e O Oz
ﬁ: : ! |l :
i : ¢ ,’M. ¢ :
= e O !
> :O; o \ D75V i
V(+ = - - i
oo !
52T 18 32 1Y PN B AL B il A
- ——— —— e ——— e f ey - A RA R Rd Eard
o I —=—= 22z
= 109 ERERERRRARE — i = s PP
S ==—— Zonaiig
ri====== — e
o2
02 viOoOoooooooooo ooooooooooooOmooo
ooomoooooooooboooooo oooo3ggoooooooogo
OoooooooooooooooboOoo ™ ooooooooooooooooo
ooooooooooouobbooog oooooooboooooooood
Li[20020 ooooooDooooooooooo
Oo0Mmovioooooooooo ooooooooomoooooo
oooooooooooooonoan oooooouooboooooooood
[Koene & Zhaoping[2007 [Zhaoping & May[] oMo viooooo vigoo
2007000 00000000000 Zhao OO0 MPalmerdo9oti0ooooood
pingf200800 D OO ODOODOOOOOO oooooooooobooooooo
obooooooooooooomog oo vigooooooooono

gobbgogoooogogboooobooooo
oobooooooooomoood

Wolfe [0 Franzel(19883000 O O O O O O
O00oo0oo0oooooooooooada

OoOoooooobooobooogoao



oooooomooooooooono
oobooooooooooooooono
oooood

TR REL A

03 0000000000
00 00O Zhaoping[20080
2.3 0OO0OOOODO
Ododo0boooooooooogd
000000000000 oooy
Ooo0ooooooooooooogd
0000000 00o0ooooooog
Oodo0oooooooboooooOod
OoddoobDO0dod OO et al. O
o0 00000 boodboOonddn
Mmoo oomoooobood
O0oo0o00o0o0DoO0ooDOomoogno
oo oooooonod
O0oo00ooooooooooood
ooddoooooobooobdonod
O00000ooooooooovl ™
oodooboODoooooooOo viogogaog
O0o000o0oo0o0oooooooood
oodobobooooooogo viogogaog
00 OLi1999r200200 D 00D OO0
ofdodoooooooooooooan
godoooooooooooooad
000000 o0oooooooood
ODMooooooooooooonod
O00000000000O OBisley et al. O

oo oooooooooooonoad

010000 oo0oooooood
doodooooooooooooo
Oo0Ooo0Dmoooooooooano
OdoOoooooooooooooo
0dOooodooooooooooono
O00Moooomooooooo
Odo0dmooooooooooano
odooooooooooooooo
00O Ooo0ooDomoooOooo
odod vadooooooooood
00000 oooooooono
O O OSchiller & Leel11991 000010 [0 V4
Oodo0ooooooooooooon
DDDDDDD\HDDDDDDD
[BBurrows & Moorel]

Do ooOoOoooob0ooogoaog

O 0Oo0od

|

[]

OO0 0OOooOooogadd



104 ooooo- 201700230020

oooooog 4000 gooog c vidooooooooooooooogo
oooO vioOoooooaoaoO OClark et oomoooooooooooooan
al. (1995 (Martinez et al. (199900000 O O O ooooooo viooooooomo
ooodoooo viooooobooooo O L0 viOOodoOOoneeorroo2ri O
0 0 0O OChen O O 2012201600 O O O oobooooooooooooooono
oobooooboooooooooDbo oooogo
ooboooobmooooooooaoo

[ 71 |

[ 4
& |
3 AR S ! 3]
i Jeskitidi : i
e | 21
K | !
= : a4

, E—l :
L 0
7.5° 15° 30° 90° 7.5° 15° 30° 90°
A % e

=

oll— 1 1
-150-100-50 0 50 100 150 200 250 7.5° 15°
BT S BT () iRy R

7.5 15 90

V1

IPS

04 viOgogoooooooood
OOO00OO0OO0O0000O000000 Zhang et al. (20120



gbobooboobooboosoooboo 105

3 dougogon

Oo00oooDmooOooogono
0dodooooomooooooodg
0oo0oDoDoooDoooDmoogooodg
Oooooooooooooooog -d
00000000 0Oo0OOgFrerdod oo d
apsOmo0ooooOOoOoOoOoooOg -
O0o00mooooooooorejJodd d
0O O OVFCOOCorbetta et al. (200200 V1
[Chen et al. [RO16ILiLN999 2002 [Zhang et
al. 201200 0 0 MO0 00 O0O00ODOODO
dooooooooooooooooo
O0do0odoooDoomoooogooodg
0doodooooooooooooood
O00000000003 Asplund O O
(oo 0oooooooooooOod
O O 0O O O Ginferior frontal junctionF]JOO
FEFOPS OO OOOOODOO 1K) O TPJO
vicOOODMoooooooogooo
doooooooooooooood
0oooooooooooooogd
000 oDoDoODoODOOoOoooood
0doodoooooooooooaono
0do0dodoooooooooodon
Oo0Oo0oooooooooooood
ood

o000 ooooooogao
0do0odoooooooooooood
O
O

O 0Oo0oo0oogand

oodooooooooooogono

ddoDO0Od Li O Gilbert2002 14

[PO0O8 [ McManus [1 OO (201100 O O O
gooond vl OO0Od OO Freeman O
(rpoo30 0O ognooooodogn vi
oo nbfbdL ddzood4td O
gvigdooooooooooodoad
gooooboododmooooodg

OooooboooooQoad

00O 0O 0O 0O Cvernier task0OO 11 0O V1 O O
ddooooooooooooonogn
gdbogoooooooooomonoo
godooooboobooooooOdgdno
00000000 O Obisection task 00 [
gooboogoooooooooonono
0odMoooooooooooodod
godboobobogobogouoboooooo
gooooobobonoooodogno
oodooDooooooooood vl O
goboobogogoooboboboogooo
Zhao ping I Guyader[2007000 O O O 0O O
goooboooboooooooooon
oodoDoooooOog sooood AOoo
goobooogooooogon
U0 Opop-outld0 DD OO O OO0
0odooooDmobo ADOooon
A I I O I A B O B O
doOo AbdoDooooooodg
ododooooooooooogono
gdogdoomoooogoood
0o0doooodoOdoxadod
goooooooooogoogon
godoooooooooogono
goooooobooooogd
goooooDooDooaood
do0oodoDoooomoooogd
gooDmMmooooooomgon
dodMbooboooooooodn
ododoooooooooono
godmooooogoooodgoao
dodoooobooboodooonogno
[OKrauzlis et al. [020130Michael & Buron[]
2005 [Baalmann & Kastner[2011 00 O O O
Fecteau et al. [R006[Kustov et al. (11996 ]
O O O OShipp[2004 [(Bnow et al. (200900 O
Zénon [0 Krauzlis[(R012O0O O OO O OO O
goomMmooooooooomonoo

O00O0gogoaog
I e e s Y
OO0 oOoDooooooooogoao



oooooooomooooooono ooooooooooooooooo o
oobooooooooooooooo o ooooooooooooooooon
ooboooooooooooooood oooo

TR EATS
Sl TR S W
foaeh A Rao g Y
e
X

A e S
.\t

OS5 Doooooooooog
00O 00O Zhaoping & Guyader[20070

goognd

Allman[]. (Miezin[F. O& McGuinness[E. 019851
Stimulus specific responses from beyond the clas-
sical receptive fielddNeurophysiological mecha-
nisms for local-global comparisons in visual neu-
rons. Annual Review of Neuroscience S8L#07 —430.

Asplund0C. L. OToddO]J. J. OSnyderlJA. P. O&
Marois[R. [RO10[} A central role for the lateral
prefrontal cortex in goal-directed and stimulus-
driven attention. Nature Neurosciencell 3 [ [ITH07
-512.

Baluch[F. O& Ittildl.. (2011 Mechanisms of top-
down attention. Trends in Neurosciences[ 34 4 L
210 —224.

Bisley[J. W. [& Goldberg[M. E. (2010 Attention[]
intentionChnd priority in the paT 1



gbobooboobooboosoooboo 107

goal-directed and stimulus-driven attention in the
brain. Nature Review Neuroscience[B[201 —215.

Enns[]. T. [& Di LollolV. [RO00[l Whatls new in
visual masking[] Trends in Cognitive Sciences[ 4
b OCB45 —352.

Fecteaul]. H. O& MunozUD. P. [12006 [l Saliencell
relevancelhnd firing[A priority map for target se-
lection. Trends in Cognitive Sciences 110382 —
390.

Freeman[E. ODriver). OSagilID. O& Zhaoping[L.
[R003 [ Top-down modulation of lateral interac-
tions in early vision[dDoes attention affect integra-
tion of the whole or just perception of the partsl]
Current Biology[d3[985 —989.

Gengl]. J. O& MangunG. R. (2009 . Anterior in-
traparietal sulcus is sensitive to bottom-up atten-
tion driven by stimulus salience. Journal of Cogni-
tive Neuroscience[ 2111584 —1601.

Gilbert[(C. D. & LiOW. 120130 Top-down influ-
ences on visual processing. Nature Review Neuro-
sctence[J4[B50 —363.

GilbertC. D. O& WieselT. N. 01983 [ Clustered
intrinsic connections in cat visual cortex. Journal
of Neuroscience[B[1116 —33.

GottliebOJ. P. OKusunokilIM. O& GoldberglIM. E.
19981 The representation of visual salience in
monkey parietal cortex. Nature[B91[481 —484.

HegdélJ. (& Felleman[D. J. (2003 L. How selective
are V1 cells for pop-out stimulill Journal of Neu-
roscience[23[9968 —9980.

IttilL. O0& KochOC. 2001 O Computational model-
ling of visual attention. Nature Review Neurosciencel]

20194 -203.

IttilL. (KochXC. & Niebur[E. 19981 A model of
saliency-based visual attention for rapid scene anal-
ysis. IEEE Transactions on pattern analysis and
machine intelligence[2001 101254 — 1259.

James[W. U1890. The principles of psychology. 2.
Londen[MacMillan. 403 —404.

Jonides[]. 01981 . Voluntary vs. automatic control
over the mindlk eyells movement. In[M. I. Posner

and O. Marin UEds. OU#tention and performancel]

Vol XIUHillsdale[ONJULawrence Erlbaum Associ-
ates[Publisherspp. 187 —205.

Kastner[B. & UngerleiderlL. G. [2000 0. Mecha-
nisms of visual attention in the human cortex. An-
nual Review of Neuroscience[R3[B15 —341.

Katsuki[F. O0& Constantinidis(JC. (2012 Early in-
volvement of prefrontal cortex in visual bottom-up
attention. Nature Neuroscience115 08 J1160 —
1166.

Klein[R. M. [R000] Inhibition of return. Trends in
Cognitive Sciences #4138 —147.

Koch[C. O& UllmanS. 019850 Shifts in selective
visual attentionJTowards the underlying neural
circuitry. Human Neurobiology[#[219 —227.

KoeneA. R. & Zhaoping[lL.. (2007 . Feature-spe-
cific interactions in salience from combined fea-
ture contrasts[lEvidence for a bottom-up saliency
map in V1. Journal of Vision[7 —14.

KrauzlisOOR. J. O LovejoyDd L. P.0& Zénon[ A.
[R013 . Superior Colliculus and Visual Spatial
Attention. Annual Review of Neuroscience[B6165
-182.

KustovA. A. & Robinson[D. L. [11996 [ Shared
neural control of attentional shifts and eye move-
ments. Nature[B8474 - 77.

Li OW. & Gilbert[. D. (20021 Global contour sa-
liency and local colinear interactions. Journal of
Neurophysiology[(88[5 2846 —2856.

Li OW. [(Piech[V. ¥ Gilbert[C. D. (2004 . Percep-
tual learning and top-down influences in primary
visual cortex. Nature Neurosciencell7 06 LJI651 —
657.

Li OW. [(Piech[V. & Gilbert[IC. D. (2008 [ Learn-
ing to link visual contours. Neuron[b7[BOC#42 —
451.

Li [¥. (199901 Contextual influences in V1 as a ba-
sis for pop out and asymmetry in visual search.
Proceedings of the National Academy of Sciencesl]
9610530 —10535.

Li [IZ. [20020. A saliency map in primary visual
cortex. Trends in Cognitive Sciences[6[9 —16.

LynchOJ. C. 01987 [ Frontal eye field lesions in



monkeys disrupt visual pursuit. Experimental Brain
Research[(b8[4#437 —441.

Martinez[JA. [Anllo-Vento[L. [Bereno[ M. 1. [Frank[]
L. R. (Buxton[R. B. Dubowitz[D. J. OWong[IE.
C. HinrichsOH. OHeinzeOH. J. O& HillyardS.
A. 19990 Involvement of striate and extrastriate
visual cortical areas in spatial attention. Nature

Neuroscience[(2 [B64



gbobooboobooboosoooboo 109

Prog. Brain ResearchJ47[251 —262.

TreismanJA. [01988 [l Features and objectstThe
fourteenth Bartlett memorial lecture. Quarterly
Journal of Experimental Psychology#0[R2201 —
237.

Treisman[A. M. & GeladelOG. 19800 A feature-
integration theory of attention. Cognitive Psychol-
ogyW 201097 —136.

Tsotsos[J. K. OCulhanedS. M. OKei WaiOW. Y. O
Lailly. [Davis[IN. & Nuflo[F. (19950 Modeling
visual attention via selective tuning. Ariificial Intel-
ligence (V8L L1507 —545.

WolfelJ. M. 01994 [0 Visual search in continuousl]
naturalistic stimuli. Vision Research[1341187 —
1195.

WolfelJ. M. O0& Franzel[BS. L. 01988 [. Binocularity
and visual search. AttentionPerception1& Psy-
chophysics[#4[81 —93.

Zénon[A. [& Krauzlis[R. J. (2012 Attention defi-

cits without cortical neuronal deficits. Nature[(H89

741600434 —437.

Zhang[X. [JapeelB. [Bafiullah(W. [(Mlynaryk[N. (&
UngerleiderJ L. G. 02016 [1 A Normalization
Framework for Emotional Attention. PLoS Biolo-
gyd401100£1002578.

ZhangUX. OZhaopingUL. O0ZhoudT. O& FangUF.
[R0120L Neural activities in V1 create a bottom-
up saliency map. Neuron[¥V3[183 —192.

Zhaoping[1.. (ROO8[L Attention capture by eye of or-
igin singletons even without awarenessJ A hall-
mark of a bottom-up saliency map in the primary
visual cortex. Journal of Vision[B[1 —18.

Zhaoping[L.. & Guyader[N. (2007 [ Interference
with bottom-up feature detection by higher-level
object recognition. Current BiologyUl7 1 [1L26 —
31.

Zhaoping[L.. [& May[K. A. (2007 [l Psychophysical
tests of the hypothesis of a bottom-up saliency
map in primary visual cortex. PLoS Computational
Biology[B[£62.

Neural Mechanisms of Bottom-up Attention

ZHANG Xi-lin'

FANG Fang™™""

Ul. National Institutes of Health/National Institute of Mental Healthl] Maryland 1208920 USAO
2. School of Psychological and Cognitive Sciences and Beijing Key Laboratory of Behavior and
Mental Health[Peking University[] Beijing 1008710 Chinall
3. Key Laboratory of Machine Perception [Ministry of Education[T]1Peking University[JBeijing 1008710 ChinalJ
4. PKU-IDG/McGovern Institute for Brain ResearchPeking University[ Beijing 1008710 Chinall
5. Peking-Tsinghua Center for Life Sciences[]Peking Universityd Beijing 1008710 Chinall

Abstract

The stimulus-driven contribution to the allocation of
attention is bottom-up attention. Investigating its
neural mechanisms leads to a better understanding of
how the brain creates consciousness. Although bot-
tom-up selection is typically quick and potentUthere

are controversies concerning the brain regions in-

volved. Two models with their respective evidence a-

bout bottom-up attention over the past decades were
reviewed[] the saliency-based attention and primary
visual cortex [OV10 saliency map models. Issues for
future studies were further discussed.

Key wordslhttention[] bottom-up attention[] sa-
liency mapU brain imaging[] primary visual cortex
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