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B+ Neural Correlates of Visual
Consciousness in Humans

GERAINT REES

'.r.- :1.\i r'r -fhe 
imme diacy and directness of conscious experience

. : . rre complexity of the unclerlr.ing neural nrechanisms, which
' . .., :r incompleteiy understoocL. 

-l'his 
chapter lbcuses on thc

:.,:rr'.,r correlates of visual conscioLrsness in humans. Activitv in
t-,r'r' t.,rnallv spccialized zrreas of ventlal visr-ral corter is n...rrrr1'
: r .:.rr,!l u\\'llrelless. l)ut rccent cviclence suggests that such
. : .  :  .  :r .rv nor be sulEcient to support conscious vision w.i thout a

r ' :  r ;  Li t i ()n Ionr ytarietal ancl prel iont:r l  arcas. ref]ect ing pruccssei
. :. .,. :irl.rcti\.e anclltion :rncl working ntcmor'\. Reciprocal inter-

:: r.i i,ctrr ccn patietal and ventr:rl vislilrl cortcx can serve to selcc-
. . rntr:glate intelnal rcpresentations of visual events in thc
: .,,:,r' irthar,'ioral context in which thcr. occur. Such nctwork

' ' :.,, li, irls nta), accoLlnt {br the richness of our. conscious experi-

. ::.,j]::t 
provide a flrrcl:Lmertt:rl ner-rral substrate fbr visual

\\ ,  .r i ,  i r :nr f i lsr-hand knorvledge o{ ' lvhat i t  is to be con-
:,  i r  ,r l : .  r i .  ,rPlr,rscd to not being conscious (f i>r exampie, in
ci, :e p cirt 'enrles. slecp.. \Vhen we are conscious, our cxpcri-
rnl. :  h:1\1t .ytecif ic phenomenal content, and nhen con-
s( lousn(' : \  is ubscnt, phcnomenal content is also absent.
Dtr l ing irzrkir-rg. thc phenorncnal content of oul experience
is constirnLlv charrednq. \ 'ct at thc same t ime) our sensc of
scl l .  of the Pcrson har, ' inq the expcrience. renrains constant.
Thcsc phenonrcr.ral difl'clences hiehlieht a usefr"rl distinction
benve en factols that influence the overall leuel ot' conscious-
ness. thosc thirt cleterntite its content, and thosc associated
vvith :tlJ-auarzne.rs. 

'fhe 
contents of consciousmess can varv

inclcpcndcnrh,' ol' the lcvcl of consciousness. Specific brzrin
lesions can alter tht:  contents of '  consciousness without
having r inv cf l i ' t : t  on the level ol '  consciousness. lbr example.
lesion-. o1' the tr-rsifbrm and lingual gl'ri can result in loss of
a\\arr--n('ss ol color i:Lchromatopsi:r) while the :rwareness o{'
othcr aspects o{' the i,r,'orld renrains norrnai (\'errey lBBB;
Pcirr lrnan, Birch. and Nleado'"vs, 1979; Damasio, l9B0). This
chaptcr describes what is knolvn about the neural correlates
of' the contents of conscic,rusness in hnmans.

Questions about the netrral correlates of the contents of
consciousness are invariablv questions about the relationship
benveen mental representations and neural represenlations

cIR\r\r' R-EES Lrstitutc of Cognitive Ncuroscience and l!'ellcontt
I)t:yraltrncnt of' Imardng \e uroscience. LJniversity Colleee London,
Lonr lon.  U.K.

(Frith. Pcrrv. and Lumer, 1999). It is generallv accepred
(though sce O'Reean and Noe, 2001, lbr a contrasting
vielv) that a neural represenration of a particular I-eature or
object is necessar\.lor that {bature or object to bc pr.escnt in
consciousness. Some property of a netrral populzrtion (for
cx:rmplc, instantaneous spike rate or coherence) mav encoclc
a specific dirnension of' conscious visual expericncc. Thc
search for neural correlatcs of consciousness is therefore a
search for thosc neural popr-tlations and neurzrl propcrties
that encode a correspondine dimension of the contents of
consciousness. It is assumed that a change in a mental rep-
rcsentation o1' some phenomenai properw entails a corre-
sponding change in its neural rcpresentation, bnt the
conversc is not true: changes in neural represcrrtat ions ma)
occur in the absence of chanees in rnental representations

(lr i th. Perrv and Lumer, 1999). Such an account necessar-
ilv eschews many philosophical debates (see Noc ancl
Thompson, 2002) h {avor of a pragmatic, empirical
approach (Crick and Koch, 2003).

The neural correlates of' the contents of consclousness
have been studied most extensivel,v in the visual svsrem
(Rees, !!bjcir-r1ik, et al., 2002) and rvill be focused on here.
The primate visual svstem is organized in a distributed ancl
hierarchicai iashion; in the monkey, diflerent aspects of the
visual scene are analvzecl in dillerent cortical areas (Zeki,
1978; Fel leman and \,hn Essen, 199 1). An organizrr ion into
ciorsal and ventrzrl streams lcading arvay lrom prirnary visual
cortex is apparent (Ungerleider and } l isirkin, 1982). In
ltumans, the organization of visual cortex appears broadly
similar to tl.rat in monkeys, includine rctinobpicallv mappcd
striate and extrastriate visual areas (Eneel et al., 19941

Sereno et al. ,  1995: Brerver et a1..2002) r, l ' i th specif ic func-
tional specializations (e.g., Zeki et al., 199 l). Hor.r'ever, rhere
also appear to be differcnces in both overall organization
and spccific functional rolcs betrver:n hunr:tn and rn:rczrcryer
monkev visual cortcx (Culham and Kanrvishca 2001). in-
cluding substanti:rl difli:rences in the orsarrization ancl rela-
tive size o1' par-ietal ancl preiiontal cortex. 

'fhese 
diflcrences

should be bornc in nrind when comparine both the study of
visual perception (Povinelli and \bnk, 2003) and physrologi-

cal data (Tootell, 1sao, and Vanduilel, 2003) in hr-rnrzrn and
nonhurnan primatcs. 

'['his 
chapter r,vill lbcus alnrost entircl,v

on clata fi'om hnmans.
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H Luturrt prirnal)' uisrLu| cttrte x

If unrn primirrl' r'islrirl cortcx f i.) is locatccl in the calc:rrittc

sulcus in o<:cipital cortcx ( l- Ietrschcn' l8!13)'  Damagt: to t ir is

area leacls to 2t c1l'cunlscribecl retinrltr-ipic visual lield dctcct

isr:otom:r) in rvhic:h cotrscir)us Per(lcPlion of all visulrl attri-

br,rtes. inclucling- fillm. brightrless, ancl crlntrast' is hpicailv

rbsent. f']rcre is a topographic rnappine bt:tu'een freld

cie lct:ts ancl the physical location of cortical cli.image (lnouve '

l !109: I lolmes and Listt :r ,  l9l6), consisterrt  rvi th the retrno-

topic rcpre scnttrtion observe cl in nronkevs (Hr-rbei ancl

\\:iescl, i st s. I sl+; that rvas subseqr-rcnth' reve:rled irt

humans ltv lLrnctirlnal irnaging (Engel et al" 1994; Sereno et

nr..  tggS)'21nd the cl istr i l rut ion of phosphenes perceivecl

llashcs of light) prodrtcecl llv ciircct elcctrical stimulzrtion

iBrincl lcv ancl Lovin. l t)6P': Dobelie et al '  1979)

\\ ' i thrn a s(rolonl l l .  cottsciotts perccPtion of al l  visual prop-

clt ics. i t tcl t tcl in-- brigi l tncs:l '  contr i lst '  i rnd fbrtn'  is lost '  antl

(rlnnot llt- i|rcltrcecl irr patienls \'\'ith striate lcsions bv lrans-

r:r'anill Inasnetic stin-rulation (ll\ts) over ipsilcsional extrzr-

str i l te cortcx (Corvev and \V:r lsh' 2000) Bv tontparisotr '

pirctrotnetral expericncc in tllc rcntaindcr of the visr-ral frelcl

.,rr1r..r., to be rvcll prcservetl, altl-rotlgh there may bc sttbtlc

,,.i,,r,r.,t-tnliti.s dctectablc psychophl'sicallv (Rizzo zrncl

Robin, 1996). Somc p:rt ients with prirnarv visual cortcx

clzrrnirge catt shou' a sr-rrprising range of prescr-vecl abilities

to detect ancl ciiscriminate stirnuli rvithin a pl'renomen:rll,v

blind scotornzr. This abilitv in thc absence of arvarencss' hzrs

bcconrc knor'vn zrs blinclsight (\\reiskrantz' 198tr) Att aPpar-

e ntly similar lrltcnoneuon, clissocizrting ar'varene ss and

cliscriminatron PerlorlllzlnL-c' c21n i-re secn with dichoptic

ciisplzrys in ,.,1.r',-t,'l observers (Iiolb irncl Btatttt' i 995)'

tirc,ugh this has not ahvarvs becn replicated (Nlorgan' N'Iason'

ancl Sokrmon, 1997; I{obichaucl and Stelmacir' 2003) l'hesc

cl:rta suggest that intact prilnlrrv visr'tal cortex mav bt-- neces-

slr l '  Ibr c,,nscioLts zt lvarcrtess of brightncss' clontrast '  and at

l."rt ,ur,-t., tlsPucts o[' lorm Horvevcr, r'r'hetirer altered awarc-

ness ttrliolving cianlac-.e to prirn:rrv visrtnl cortex re flects clis-

rr-rption of ner-tral ."p"t"'-tt:rtic'ns just irr V1 itselt' impaircd

ortru".d passage o{'sigl ials to extr l istr iele c()rtex) or altelcd

fi:eclback trr-lnl extrastriirtt: areas is unclcar'

The relationship between neurzrl rcpresenl:rtions in intact

primirry visuirl cortex ancl the conteilts ol' cortscirlr-tsness has

tcen stucliecl clirectll' rrsirrs lirrlctitlntrl in-Lauing techniqtttrs

(Rces, Krcinutn. atrcl hoch, 2002; 
' lbng' 

2003)'  Rinocular

r-ivah-y ptovides a por'verlirl experirnental p:rracligm rvith

r,vhich to studl'the nertr:rl correlates of visr-ral a$at'et-ress (c g''

l ,evclt ,  1965; l ,copolcl ancl Logothetis '  1999; '  \Vherr cl issinr-

ilar images irre presentecl to tlie two tlvcsr theY cotnpetc fbr

perceptu:11 clornitrzrncc' Each imlqc tnav be visible in tr'rrtt

ii,r a tern' sccorlcl-s *'hilr the othcr is sr'rppressed' llecause

perceptunl trartsitions lletr'vectt each rnonot:ttla"r' r'icw occttr

,1rorl,nrt.,r.,rlr'' r'r'ithrlttt zrrtv chang^e in thc phvsicirl stirnrtltts'
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ne ural correlates of conscioLlsl)ess frl:lv llc clistingr-rishe d

tiorn neural correlates altribrrtable to stimr'rltrs ch:rrat:teris-

t ics. In rtott t tLttnan primates, most visual lv r csl l '  r t ls i t"e

rlellr.ons earlv irr r,.isuarl t-Ortex show Pattefrls of fir-ilrg that

mirror the slirnr-rlr-ts, rather tliln thc c()ntellts o1' t'tlrtsciotts-

ncss. In ( lontrast, hurnau lunctiortzr l  ntaqnctic resonance

irnaging (N[I{l str'rdies ltlvc sltrwvrt qtrarttitrLtivel-v rnuch

,,rortg.r. moclulntions o1' primar,v visuai cortex' Over the

r,vhole ol \'1 , lluctttations in activitv during rivalrv have be en

mezrsttrecl for nlonocltlzrr stinlr-rli dillcrine itr conlrast' and

can bc nbrttrt half as large as tl-rose evoked br' real stimulus

erlternation (Rlionsk-v ct zr1 , 2000; l-ee and Blake' 2002) In

a region of primarv visnal cortcx corresponding to thc blind

spot-(a *orroc.,l^. fepresentation corresponclin-- to jr-rst the

.rthcr eyel, l]uctrLalions cluring rivah'v and pl"rvsical stimulus

alternatlons are approxirnalelv equal iTong ancl Iingel' 2001)

(Frgure B-t.l). Such an associeltiort Lretr'vccn Vl activiq (as

-.oru.".1 rvith 1\{RI in lrr'rnrans) :rnd visual experictrce is not

restrictecl to bistallle perccption ln a contrast dctcction task'

false alarms (i.e.. int:orrect rePorts o1' seeing ti stimulus in its

absence) evokc more activitv in prirnarv visual cortex than

misses, clespite the stirnuli being plrysicallv iclentical (Ress

anci l{cege-r, 2001i)' Ncurolnllsnetic responses localizcd to

Vl corresponcl nlore closelv to thc pet-ceir;ecl than thc phvsi-

cal contrast tlf a bricfly llashccl stirnr'tltrs (Fla'vr-res ct al '

2003). 
'fziken tosether. these clata slrssest that hen.rochnamic

activitv in human primirry visual cortex (lrs nreasurcd lvith

NIRI) carr rnore closcll' reflcr:t the contents of consctousness

than thc pltvsical Propertics of the stimulus' at least for

certain stiniulus i'eatures (i: g , llerce ive cl briehtntss or con-

trast). Florvtrver', thc cliscrepancy bcnveen sorte monkey elec-

tlophysiologic:rl rcsults, r'vhich shor'v rninirlai perceptual

-odr.,lutinrt alnons V1 or V2 cells during binocular rivalrv

(Leopolcl ancl l,ogothetis, 1996), and the corresponding

humzLn lNlRl rcsults. rvith strorlg perccpttral modul:rtion in

Vl, reutains to bc restllvecl Strch an uncler-stancling rvill

depcnd on tile cxact rclirtionship betrvcen spiking activity

in corticai nelurons irrtcl the corrcsponcling {\IRI blood-

oxygen-level-clt:pencient (BOLD) zrctivitv (sec I-ogothetis' this

r  o l t t n t ,  , .

*-
fiecessit:v und sufricienclt of- striate clrtex actii)iA *@

,: ..,"si{*i*"

'f5e clirt. disc.sscd in the previous section cor-rlcl be taken to '€

sLlggetst thtrt rvhctr ccrturitt visr-ral ft::rturcs ilre r(rPrcsentcd In n-F

consciortsness. irctivitl' is prcst-nt in plirnzLrv rristl:ii cortex' ''' '

Hor,r,er,'er, a\vtlrencss tlf otl-rer stiLnr'tltts i'elrtures appcars pos- " :

siblc cvcn rvhen \'1 is clarniigecl' Sornc patientt rnith blind- '*+''

sisht seenr to have resicltLzrl irnprcssions ol' salient 
T:::ltffi

sr irnul i  (Ric-lcloch, 1917; I lar-bur ert al '  1993; Stocrrg ̂ :^: 
E[i

Barth,200 l).  l rncl otrc strch patient hits alvareness ol vrsuat :=

aftclinrasc:s clcsiritc hrs inabili} to perceivt thr: original 
-ffi

aclzrpting slimulus (\\tiskrantz' Cu*'t-1" ancl Hodinott-Hitt'#
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i . . ,,: I !.1 Rivalrv in the \ii blind-spot representation. Aver-asc
l. ilr.l ., li.. rrr in the \'1 blind-spot rcprcserltation is shorvr-r for lour
- . .: '.: ihrrrng perccptual slritches t() a gr.ating presented ipsilat-
'  , . . .  . , , l ic l  l inc.,or bl ind-spot grat ins ( lotted l ine) {br both r ivalry
. . : .  r  nlnsical sr inrulus altcrrr:r t ion (Dj. \ 'crt ical l ines at t ime zero

.:.  : .  . , ' . '  ' l r '  r i r i r , '  ol ' thc sr-r lr ject 's response. Activi tv during binocu-

. ,; r : . .L-r r anrl lrln'-.ical stintulr-rs altern:rtion is ve rv similar. (a)
l)  : : : :r :  r ' r , , .r i r-r.  1]IRI :rc:t i i . i tv inr:r-eases sharplv soon after the ipsi-

Ir t  tr .  11111s. phcnomenal vision rvitJr in scotomas in bl ind-
sighr is severelv degradccl but not always completely absent.
()onseqncntlr.  \ '1 damage mav impair onlv the contents oi '
consclol lsness rvhose neural represenlat ion is contingent on
\-l l.rctivitl: spccificall,v brightness, contrast, and some
aspcc ts  o i ' tb lm.

It  is zr lso apparent that not al l  leatures that are neural lv
rcprcsentccl in \ '1 are also represented in cor-rsciousness. For
example. signals flom the tr.r'o er.cs remain segregated as
thcr. rirrivc :Lt the input l:rvers of' V1 (Hut;el and \Vcisel,
l9t i8. l !17-f .  Hou,ever, although this inlormation is avai lable
r,rrrconscior-rslv ilor example. in thc computation of perccived
tlcpth: ron Helmholtz, l867), psvchopliysical stucl ies suseest
that reliablc el'e-o{:origin discriminations arc not possible:
(Ono and Barbeito, 1985). 

'I'hus, 
eve-of-oriqin infbrmation

is strongly represented in some lavers of \r1 but not orcli-
nari ly in the contcnts of '  consciousness. Similar conclusions
have been reachccl from the stud,v oi' orientation-specific
aciaptation. Such adaptation is presumed to reflect chane.es
in the actir.itv in VL, the lrrst location in the visual pathrv:rv
u'herc neurons rcspond to orientecl stimuli (Hr-rbel and
\\ ' ic-sel.  l97 tr.  Thc oricntat ion of 'a srat ine can bc r-enderccl
invisiblc and irrrpos-til-rle to discr.inrinate 'vvhcn it is pr.esentecl
in t lLc pel iplren. rvi th fbur similar grat inus posit ioneci above
:'Lncl bekrrv it, clue tr.r crorvdinc. Horvever. adaptation to snch
:L gr ' : i t i r ig can lesult in an oricntat ion-clepcndent afteref lbct
hh('rc t l lc carl icr aclalt tart ion infLrences the l terceived ori-

t 'ntat iort of '  a sr-rbscclrrently prescntccl st irnuh-ts) that is indis-
tirrslrishable f}ont that producecl r,r'hen it is presented alpnc

i l ? 3 6 s
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latcr:rl eratirrg becornes clornin:rnt in awarerress and de<:rezrses r,vhen
the blind-spot sratinq bccornes clominant. (D) \'ery similar fNIRI
responses occur clurinq stimnius alternzrtions bctween the nvo
monocular sratines. (fNIRI reqronscs twicall;, peak 2 6s after
stimulus onsct because of haernodr.rr:Lmic lag.) iReprinted with
pcrrnission fronr E Tong and S. A. L,necl, Intcrocular rir.alr1.
revealed in the human cortical blincl-spot representation . Nature
,11l :195 199.  O 2001 by the Nature Publ ishing Gr.oup.)

with its orientation clcarlv (:rnd consciouslv) perceived (He.

Clavanagh, and Intriligatoa 1996). Similarlr.; very high-
frequencv gratinss that are lterceptually indistineuishable
{ioni a unifirrm field can nevert}reless prodllcc robr,rst orien-
tat ion-dcpendent aftere f lects (He ancl N,facl,eod, 2001). The
presence of' afterefl'ccts lrom stimuii thirt are not conscior_rsl1,
perce ive d (Blake ancl Fox. 197.f) indicarcs rhzrt stirnulr_rs prop-
erties rmrst be representcd outside awarencss. 

'fhus, 
the

mere presence of a fcatrLre representation in V1 is not a
usciul gLricle to whethcr V1 zrctivity correlates well u.ith the
contenls ol' conscioustress fbr that f-eaturc.

Morco.u'eq phvsiolog'ical obserwations oi hum:rn Vl indi-
cate that activity in V l is not ah.l'avs '"vell correlared r,vith the
contents of consciousness. A lesion o1'thc extrastr iate visual
cortex thrlt isolates primary visr-ral cortex can result in blind-
ness, vet evokecl potentials lrom V1 can still be recorcled
(Bodis-l lbt incr et al. ,  1977). In normal observers, some Vl
activity can be evoked evcn n4ren er stimnlus is juclged to be
phenomenallv absent (Ress, Backr-rs, and Heeeer. 2000). anrt
activitv in primzrry visual cortex may also bc evokecl dur.irrg
a periocl of expectatiorr rvhen visual stimr-rlation (:rncl phe-
nomenal expcrience) is absent (Kastner e t  al. ,  l  ggg).

Follo'"ving danrage to parietal cortex c:r-rsing visuzrl cxtinc-
tion (dehcicnt a\,vareness for contrzrlersional visual stimuli,
particularlv w'hcn a colnpetinc stimuir-is is also prescnt ipsile-
sionzrlly), visuai stimulirtion can evoke activity in primarv
visu:rl cortex in the absence of' arvaLenr:ss (Rer:s, \\bjciulik.
et al.. 2000; \rrilleumie r et nt.. 2rJ02). liinallr,; hieh-ti.ecluency
flickering stimuli evokc responses li.orn human V1 clcspite
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lrciuq abr-r'e tl-rc flicker lirsirln Ii'ecluellcv anLi hence ciln-

rciou,r lv per(teivecl as of constant briuhtness (Nlaier et ir l ' ,

19[i7; Kroltrk-sir lmotr et al. ,  2003). Thrts. sotrt t :  ciratrgcs in

actir.'itr" in prirnarv visuzrl cortex can be seen iti tirc absence

of chanq-es in dre cr.rrtlents of consciot-tsness.

Takcn rog,-e thcr. these data susqest that at:tivilv in V l m:ry

be nccessarv brtt not sul}lcient 1br arvareness tl1' some stim-

Lllus features such as briuhtness, contrast, and some aspccts

of lbrm (Crick and Koch. 1!)95). For awareness oi '  other

stirnullts 1'eatures. such as sonle aspeclts of motion. VI actir'-

it-v mav not be necessarv zrt all (Riclcloch, 1917; Zcki and

{I i{che, 1998).

Human extrastriate and tentraL uisual crtrtex

Extrastriate visual cortex in httmans consists of multiple

funclionallv sPecializecl are:ls, many of which are retitro-

topicallv oreanized (l\andell, 1999). as in monkey (Felleman

and \ian Essen, 199 1). A pronrincnt clinicirl findine is that

cizrmage to cortical areas containinq neurons thilt rePresent

particular features o{' the r,isuai environment leacls to

remarkabl,v specific clcflcits in the correspondins contents of

visual cc-rnsciollsness. For example. damag-e to \''5lI'{'I' leads

to akinctopsia (tlie in:rbilit1' to see last rrrovernent: Zihl, von

Cramon, and NIai,  1983), but has no cft 'ect on color per-

ceptiorl f-aina. i994). Indeecl, the ciinicarl svndrome ol

akinebpsia lbllorving V5/N{'1' damage may be specific frrr

particlllar qpes of motion PercePtion. Patients rvith bilateral

V5/NIl' lesions mi,w have some prcsewation of conscious

perception of motion urt low velocities (Hess, Baker' and Zihl,

19t39; N{cleod et ir l . .  19891 Zihl.  r 'otr Crarrnon, and NIai,

1983: Zihl et al. ,  199 1; Rizzo. Narvrot, and Zihl.  1995) and

spared perception of triologic:rl motion (Mcl-eod et al''

1989; \ :r ina et al. .  19901. Nevertheless, the general principle

appears to be that clamage to an area specific lor the analy-

sis of visual motion leacis to a specific dcficit in the conscious

]'epresentation o{' visual motiolr. Similarlyl damase kr dil}-er-

ent arcas of the lilsiIbrnr or lingtral wri may czluse Prosopag-

nosia (the inabilih,' to rtlcostrizc taces) or achromatopsia (tht:

inabi-litv to st-'e color: \'crrev 18g[J: Peeirhnan. Birch, llnd

Nleaclolvs. 1979; Darnasio, 
' I iancl,  

and l{ izzo. 2000), rvhich

may be restricted to pzuticular qnadralrts of thc visual {ield

(Gallant. Shoup, ancl Nlazcl', 2000). In each case, although

a specific asPect of pht'nomen:,rl awarcness is impairecl,

corrtents of conscionsncss reflectinq tlnclamaged f'eattrre

representations remaitr intact. 
'fhis 

suggcsts that aPProPri-

ate zrctivit)' iti a fi-rnctionall,v specializeci cortical visual area

is reclnired to evoke consciousness of the attribute zrnalvzecl

in thzrt area (Zeki. 2003).

Neuroirnasing data apPczu consistent lvith this general

notion. f'henomen:rl contilrgent afteref]'ects llased on color

or ntot iou activate e i thcr \"4 (Sakai ct :r1..  1995; Hadjikhani

e t  a l . ,  199g;  Barnes  e t  a l . ,  1999)  o r  V5/Nt f ' ( ' f t ro tc l l  c t  a l  ,

- :t5t-111
.:"=-i;:.-.:..1

1995; He, Cohen, and I-|-r. 1998; Culham et al.. lgqq. ':"-i .*-  - - - . .  r  w y J r  
- . : : 3 . : - j * r " _

though see Htrk. Ress. arrd Hereger'  200 l),  rcsper:t ir ,ely 1tr4 .o-.. .*

the time course of'snch acti,,'ation reflects phenomenal .*p.- *.:=A

rien<:t:  ( ' Iootel l  et al. ,  l9!15: Ht:.  Cohen, and Hu. i99B; but -:*=*

see Huk, Rt:ss, ancl Hecger, 2001). Perception of i l lusorv or ;

inrplied motiorr in a static visual stimulus results in activa- .;.H#
t ion of V5/i\{T (Zeki, \\atson. atrd Frackorviak, 1993; -i
Kor-rrtzi and Kanrvishcr, 2000). l)isruption of activity in

\'5l\{T r,Lsing 
'I'NIS 

disrupts motiolr perception (Beckeii

and Zcki. 1995) ancl perception and storage of thc motion

aftereflct;t (Theorct et at., 2002). Both transcranial and

electrical stirnulation of V5/N{T in the absence of ,tis.,ail

stinrulation can induce motion hallucinations (Penfield and

Rasmussen, 1950: Lee et al. ,  2000; Pascual-Leone and

\\'alsh. 2001). Perception of' subjective fisures activatei*

cxtrastr iatc cortex (Hirsch et ai. ,  1995: {Rtche and Zekir;

1996; Stanley ancl Rubin, 2003). Finalll; dillerential activiry ;

in worcl-processing areas is present '"vhen subjects are con- 
'

sciouslv alvzrre ol visualil' presented worcls verstts consonant

letter strings, and absent u'hcn thev are not due to inatten:

tion (Rees et al.. 1999) (figure B'1.2). Common to all t

experimental palacligrns ale chirnses in subjects' phe

nal experience'"vithotit corresponding ph.vsical stimulus-:*

changes. Alterecl br:rin activitv is obser-vecl in are as of the'*

brnin knou,n (rr suspectecl) to contain netlrons whose stim-$'ff

ulr.rs specilicitics etrcompass the attribute represented in con:

S C i U l l S n c S S .  : . " €

Activity corresponding to phenomenal expcrience ca1-i,

also be seen in the absence of visual stimulation. Patients'

with schizophrenia r,vho experience visual and auditory halG

lucinations show activitv in modality-specific cortex durin{':::

hallr-rcinatorv episoclcs (Silberswcie- et al', 1995; Dierks et al';

1999). Similarly, patients w'ith clanzrge to the peripheral'i

visual system who experience hzrlhrcinations rvith specific,',i

phenomenal content shclv activitv in {unctionally specialized

areas of visual cortex corresponcling to the content of their

hallucinations (I\tche et al., 1998). In normal subjects, visual

irnagerl' activates categorv-specific areas of' visual cortexj

(D'Espositr-r ct al. ,  I997; Goebel et al. ,  200 1l Howard et al ' f i

1998: O'Cr-aven and Kanwisheq 2000; Ishai, Ungerleider':

and Haxby, 2{J00). ;.;

Investigations of bistable perception are consistent lt'ith

the general picture or-rtlinecl above. Responses in fusiform

lace area (FF,\) or parahippocampal place area (PPA) as a

funr:tion of' awat'eness lbr faces or honses during binocular

rivirirv are larger thzrtr tlrose in VI. ancl equal in maglitudq

to responses evokccl l;1' real irlternation of stimuli ('fong et

al.. 199t3). This suggests that neural cornpetition during

rivah'y has been resolvecl bv these later stages of visual pror

cessing, and that activitv in FFA (ol PP\) therefore ret

tirc contents of cottsciottsness rather than the retinal sti

lus. ln atldition, fluctnartions in activiry in humztn V5/

1 176 coNscIousNESS
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Attend Letter-strinqsl
Left irontal cortex

0 3 0 6 0
Time

Attend Letter-strinos :
Left temporal coriex

o t9,'" 60

F:r,inr. lr-l.l --\ttenrion is necessarv {br conscious word percep-
r i , , r : .  l inrc . ( )Lrrsc oi 'act i r . iw in lc f t  l rontal  (Lrpper)  and lef t  poste-
rr . r  b;rsal  tcnrp,rra l  cror tex ' the v isual  wold lbrrn area;  lower) .  Al l
firur panr'ls usr' thr- sarne piottine conventions. .{vr:rage BOLD con-
trast e'"okeci at each locus is plotted as a function oi' tirle, collaps-
ing across epochs and participants. The areas lvhose tune courses
arc shown lr,ere idcntilied as those areas showing a ma-rirnal simple
main effcct of rv'ords under attention to letters. Unshaded areas
represent scans acquiled in the expelimental conditions and
shz-Lded areas represenr those acquired durine thc passire fuxation

lus ( l \ Iuckl i  et al. .  2002; Sterzer et al. .  2002). Quali tat ively:
these obsen'ations are compatible with findirrgs in rnonkeys
demonstlating rhat the ntajoritv of neurons in inferior
temporal cortex sho\,v responses that reflect the monkey's
percept rirther than the retinal stimulus (Logothetis and
Schall .  l9B9: Lcopolcl zrnd Logothetis, 1996).

The irctivin' ol single nellrons can br: recorded in even
more anterior regions of the rnedi:rl temporal lobc in epilep-
t1c patients in ruhorn clcctrodes have been implanted for
presurgical mapping. Category-specilic neural responses are
seen both during visual stimulation (Kreiman, Koch. and
Fried. 2000a) and during visrral imaserv (Kreiman, Koch.
and Friecl. 2000b). and such nclrrons fire selectively when
thcir prel-erred stimulus is perccivecl, but not whcn it is pcr-
ceptually suppressed (zrnd so invisible), during^ binocular
rivalrv or flash suppression (I{reiman. Friecl, and Koch,
2002). T'hese sinsle-cel l  f indings complement neurrr imagins
studies that sho'"r,'actir.,:rtion o1' common brain areas during
both visual processins and rc-call dr-rrine imzrgerl. of specific
nJ)cs ol st irnulr.rs (() ' f i raren and Kanwisher, 2000; Kosslvn.
( i :rnis. :rnci ' fhonrp,son. 200 1).

Attend Pictures:
Left frontal cortex

OU OU

Time

Attend Pictures:
Lefttemporal cortex

0 3 0 6 0
Time

baseiine. Error bars indicate interparticipzrnt srandard error ancl
dark scale bar represents 0.59/o BOLD signal change. Activin
evoked wlien the lctter stream contained meaninelirl w.orcls is
piottecl rvith black squares and a solid line. zrnd activity when the
same stream inciudecl onlv meaningless letter strings is plotted with
triangles and a dottecl line. (Reprinted with permission lrom G.
Rees et a1., Inattentional blinclness versus inattentional amrresia lor
f,rated but ignorcd r,vords. .lclcncs 286:2504-2507. O 1999 by the
r\mcrican Association lor the Advancemenr of Science.)

Ncessity and sfficiency of extrastriate neural actiait)

The data discussed in the previous secrion suggesr that for
visual fbatr-rres snch as color, motion, or facial catcgory to be
represented in consciousncss, appropriate activiff must be
prescnt in the relevant functionalll' specialized area of
extrastriate ventral visual cortex. Holveveq activation of
extrastriate ventral visual cortex mav be necessarv but not
sulhcient lor awareness of a con-esponding specific properry
!\rhen volunteers iricorrectlv report the al-rsence of a visr-ral
stimnlus, some stimulus-specific activity can nevertheless still
be seen in extrastriate visual cortex (Ress. llackus, and
Heeger. 2000). In F-lA, changes in the identity of a lace stinr-
ulus can evoke sorne activitl'cven rvht:n the subjcct is blincl
to the chanse (Beck et al., 200 1). )Iaskecl r,vords o1'r,vhich a
subject is nnaware can nevertheless still evoke sorne acriviry
in the ventral visual pathu,zrv (Dehaene et a.1.. 200 1). Objects
presented dichopticalli, in complemcntary colors, so that
thev are not consciotisly perceived during binocular vision,
nevertheless errrke activitv in appropriatc specialized areas
(rl- vcntral extr:rstriare cortex (Moutoussis and Zeki, 2002).
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Er.ent-relatc-d pottnt ial (L,RP) components that are thoirgl l t

to har,'c gcneratofs itt vt:t-rtral r''isr-t:rl crtrtex can elso be seen

jn sonre lorm for stinrr-rli lhttl are not consciolrslv pelccivecl.

For t:ranqrlc, thc P30() r'csPollsc to "r-rcldball" stimuli that itrc

r-ior cc.rrsci,trslr' 1tt'rceivecl is reclucecl. but tlot totallv zrbsent

rBernat. Slrcr l in. ancl Snoclsrass. 200I). Scmanticalh'anolr-

alr,u,s ur-rrcls tlurl rrlc i]ot pcrceived r,r4ren prescntccl during

thc attcntiorr l l  bl irrk nevcrihele-ss evoke aIt N400 response

,l .rrck. \bgcl.  2urcl Shrl lr i ro. 1l l l l i rr .  ls do masked lvorcls th2lt

ar( '  not c()nscioush perccivecl (Kie{-er and Sll i tzer, 2000;

Srenbcrg- et al. .  200{lr.  Clorrsisternt with t}r is obsen'at ion,

uorcis that- are ma,\ked or unscerl clrte to the attentional blink

can produce sematrtic priming efl'ccts (Nlaki. Flieen. and

l 'ar-rLson. 1997; Dehaene e t al. .  l998). Finalh, i  Pri t)r to ct)r l-

st:i,-us dctection of chanse. ERPs indicate a corticrl sig-

niLtltrc of unconscions change detection (Niecleggen,

\\ ' ichmann, and Stoerig, 2001).

These finclings cornplerner)t rccc'nt n,ork acldlt-ssing thc

rlellr?rl corrclates of visual extinction. a contlnon coniponent

c,f the neglcct syndrorne following right parie tal damagc (see

Driver and Nlzrttinglev 1998; Driver et a1., this volLrme)'

Patients rvith visual cxtirtction sholv deficic-nt arvarcncss for

c'1 r r:rlesiol:rl r,isr-ral stintr-tli, particularLv r,vhen zr competrng

srinuhr-s is aiso prt:sent ipsilesionzrllv Extinction iilustrates

tliat r,'isr,ral z1!\:2freness can be iost even when \'1 ancl extra-

striate cortex ilr'c stl'Ltctllrallv intact. Two neuroimaeing

sruclics shorv tl-rat areas of both prirnar,v and exfastriate

vislral cortex tliat LlrL' activated bv a seen le{i visLral fleld stim-

ulus can also ire activatcd to somc extent bv an unsecn and

extinqrLishtrd leli visr-ral fieLcl stimuhrs (I{ees. \\bjciulik, et al.,

2t)00; \ 'ui l leur]r icr ct al. ,  2{)0 1. 2002) (f igure 8-t.3' .  Indeecl,

thc rLnconscious processirtg of att cxtingnishecl 1'acc stimulus

cxtencls even to the FIA (I{ccs, \\bjciulik, e t al., 2(t02' tfir.r1r'.

84.4). ancl. fbr entotionrrl {irces, to t}re amvgdala and 
'rrd':

orbitofi'orrtal cortcx (\'rr-ri11cunlier et a1., 20021. Thus. the .i:. ;"

presence o{' s(xne activit\. in thesc areas is not sullicient to 
'-.:*:

evoke awareness lolllvine right pzirietal damage. .,-,,t'_,1
'  

- : .1 " -1 . - :

Cortscious and unconscilus representation-r in uisunL cortex

'fhe 
data just revieu'ecl give strong support to a direct link

betrveen nenral represcntations in both primarv atrd extra-

striate ventral visnal cortex and the contents of visual con-

sciousriess. The link is stronger 1br some featttrcs, such as

motion, than lor others. Hou'<:ver; it is ailso apPzrrent that the

mcre preserlce of {bature-speci{ic activilv in primart' or

extrastriate cortex is not :Lhvays suificient for alvareness.

Conscious and urrconscious represerrtations nta,v differ in

scve ral respects, inclr-rcling the r-rverzrll lcvel of activiw that is

evoked (as measured with fN{Rl) in a siven visr-tal area. lbr 'l

exanrplc. conscious recoelition of objects shows a strong

correleLtion rvith I\IRI sienal sn'ength in object-responsivc

regions of '  visual cortcx (Gri l l -Spct:t trr et a1., 2000). Dichop- ,

ticall,v- prcsented objects thzrt are not perceived evoke lower

levels of' actir,ity than objects that are consciouslv identified

(Nloutossis :rnd Zeki. 2002). The Pi300 potential evoked by

R Extrastriate

{.6

10  20
Peristimulus time (s)

Frcrn-a 84.3 \rlsuirl cortex responses to Llrlseen visual stimuli in

parict:rl e\tinction. Thr: leii graph plots the change in fNIll,I sigral,

as a lurrcrion of'pcristitnrrlus tirne. lor activation in riglrt hcrni-

spherc extrastriate coltcx. Lines plot ?rctivitv lbr olle rl?e o{' extinc-

tion trial (dashe d linc: ieli house pLus right lhce) versns the

correspondine unilatcral trials. on which.just a leit unilateral house

(dottecl line) or a right urilateral lirce (solid line) rvas presented. This

rieht hemisphcre zrrea sho'uvs activitv tinre-lockecl to the visual stim-

nlus that is sinrilar fbr trials w4rere extinction of a lefi house

occLrrrcd vr:r'sus trials rvhcre just a uttilateral lcft house wrs Pre-
scntecl. 

'fherc 
:is little cliflbrential :rctivitl, whcn a right-siclccl fzu:e is

presented. 
'I'he 

right eraph sholvs a sirrrilar peristirnr"rlus tirne plot
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firr one trpe ol extinction trial(clashecl linc: norv a ledlace Rlus a 
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right house) vcrsus tlie corrr:spondine unilatcral trials, on ufiich j ust 
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a le{i unilatcral fatr-- (dottecl lincl or a right unilirtcral house (sollo '"FrFnFA**

linc) u,as prcsentecl. Note again that this area aLso increases irs ae tiv- llff$it l r l ( : l  !v. t5 PtcbqrlLcLl.  r \ (rLc . lSdrrr  Lrrdl  Lrrrr  ' . f : t?F:1:Ll

it,v lbilou'ing a lelt visual fieid stimr-rlus, whether uuilaterel ot,t*u}; tffij

guishcd, with no such increase lbr a right visuai stimulus (t .g@'l
invthing, some tcndency lor a clecrease is appzrrent) tReprinted-'*j%l
r"iil'r p.inrission liom G. Rees et a1., Unconscior,rs activatiol "j ,il#
vislral cortcx in the damagccl light lrcmisphcre of a panetal p;lttetrL :=ffi|
with extinction . Brain 123:l(j2+ tO::. iO :0OO bv Oxtbrd Uni"tt-'ffiI

sin- Plcss.)



: .., l+. I Cl:rteuorv-specific unconscions activation irr ventr:ll
,r:, r. -i, Loci activated bl' k-rveaily prescntccl and corr-

.  . .  .  i , ,r .c. ivecl laces i , , 'crsrrs houses.) arc superimposed in."vhite
'  r  " . , 'L r i() i ls isagittalJ cot 'onal, and axial) of an anatomical

.:  . .-  :  ' : r , ' rrrrr in of a pirt ient rvi th pzrr ietal ext inct ion. Bi lateral
. : ..:: :: , ,rri'ls ln the lirsilbrm qr.r'us consistent with the locus

::.  : . i : i i  , r :n i :rr :c l i rca i l i ' I i {)  is st:en. rvi th thc grav arrr-xvs incl i-
. .  r : .-  : : : ,  l : l r l  I  l ' . \ .  8 Th|cc ccltr ivaletrt  anatomical sections on

' . . : .  i .  - r : . '  . . : r ) r ' r i l : r r ' r . r -c l  loc i  r1 t : r t  s l rou t ' t l  g rca ter  ac t i v i t v  fo r : rn

,-, i lc ir .r l l  .unrLri i  t i rat are not consciouslv pelceir, 'ed is smaller

t ir ,rn t i i r  l ) . i t t t  t  lor '  <'r-,nscioush, perceived odclbal l  st irnul i

P)!r ' i r i r ' . .  \ l r t ' r ' r ' in. ancl Snodgrass, 200 1;. Activi tv evoked by

nrir5kdcl lrrrr lunsern rvr.rrds in r ' .entral visuzrl  corttr  is signif i-

cantlr  loucr- than activi tv cvokccl bv unmzrskecl artcl  con-

scior- i .h pt:rr:e ivccl , ,rrrrds iDehzrene et al. ,  200 1). 
' fhese 

data

sugqcst t l rat one dit lcrence betr 'veen conscious and uncon-

scions reprcscntations in r. isual cortex mav be quanti tat ive,

clillbrine in the amount o1' activifu- (or its time corirse, or the

spccific neurons irn'oh,ed) that is evoked, rather than quali-

tativelv in the topographic distribution of activitv. In this
scnse, corticzr.l areas that process visu:rl stimuli appcar also to

be inrolved in their conscious perception (Zeki ancl Bartels,

1 t 9 8 .
, \LthoLrqh i t  is clear that brain actir . i ty can djf fer in a qnan-

: i i . t t i r t  l 'aslr iorr in humirn visual cortex u'hen comparing con-
. r,  ,Ll .  ancl unconsciolrs rcprcscntations, the interpretat ion o1-
:: . . .  .rct ivi tr  in ncrrr:r l  lelrrs is not vet clear. N[ethodological
.rr i t i ,  , l  in interprctat ion is :rpPlopriate lbr manv of '  the tech-

ni,  1lr, ' .  i i -ccl in ir l rnrans. i 'br cxarnplc, direct electr ical st irn-

ulrtiorr ancl 
-f\IS 

mav ir:rr.c remote ctli'cts distant fiom the

site of -st inttr lat ion iP:rr-rs et a1., 1997). ' fhe mapping^ benveen
clcctrical fircasLlrements on the scalp and thcir underlving
nculirl gcnerators in coltcx ancl subcortical strlrctures is
indeternrinate (Phi l t ips, Rueg, ancl l i istcin, 2002). Ancl the
phvsiol;gical link betrvecn lirnctional MRI signals, ar.rcl

exting-rishecl left visrral hclcl lirce stirnrrlrrs compared to an e\tin-

cuishccl lcfi vistra.l field hou-.e stimultrs. Thc sray arrorvs indicate

activatiou in a location consistent with the right FFi\ shown in ,4.

These clata demonstrate unconscions catceorv-specific activatron of

the FFA in parictal extinction. (Reprintecl r.vith permission liorn G.
Rees et al.. Neural corrclatcs of conscious zrlcl uncrtnsci,tus visirll
in parietal cxtinction. .Nburocare 8:337 39.1. O 2002 bv Sw,ets and
Zeitlinger.)

underlying neuronal activity is onlv jrLst starting to be eluci-

dated (Rees, Kreiman, ancl Koch, 2002; Smith et al. .  2002;

Logothetis, 2003: see also Logothetis, this voiume). In irdcli-

tion, the spzrtial resolution of l\'IRl (on the ordcr of nril-
linrctcrs) may be insulficient to distineuish activin in

interdigitating populiLtions of nelrrons. Thus a qr,rantitativc

dillbrence in f\'IRi activity may rcflect activation o1' a sepa-

rate population of nenrons, rather than more activit"- in the

same population o{' neurons.

It is therclbrc not cicar exactly what aspect of undcrlying

neural activity cliflcrs r'vhe n eornparinq conscions and uncon-

scious rcprcsentations that reveal a cluantitative dilli:rt:nci: in

fNIRI sign:rl (or, lbr that matter E,RP signzrl$. In adclition ro

overall dilibrences in lcl'el of spiking, there are several other

possibilities. Frrr example, a nlinimum dr-rration of neural

activity rtisht be required for conscious e-xperience (Libet

et a1., 1964). In potential i lgreement with this possibi l i tu

patients ery;criencing' visr,ral hal lucinations shorr e r isc in

1\{l{I signal in visual cortcx sorrc tirnc belore thev report

the prcsence of thc hal lr-rcinzrt ion (f lytcl te et al. ,  1998). The

precise timing of neural activity might also be important.

For example, in hr-rrnans. the perception of moving

pliosphenes causecl by' stirnulation of area VS/NIT r'vith
'I'NIS 

can be reduced Lrv stirnulation ol' Vl. br-rt on11, if stim-

ulation of Vi is applied after the TN'IS pulse to V5,/N{'I

(Pascrurl-Lcone ancl \\':ilsh. 2001). Finally, a specific form of

RI]IIS: NEUR-{L CORREI-ATES OF VIST]AL CONSCIOTISNESS 1179
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.c.rar activitv slrch as rc.Llrrent processing rn svnchrony iry cluring spontaneoLls llr"rctr'rarions in zrrvaieness has been 

I
might be reqr-rircd 1r,..,,, a.. Nlalrb.,rc, 19ii1; I')ngcl et al.. 

:"tTi.t";l 
both lbr binocr'r1ar rir":rlrv ancl lbf a varlet'oi' 

I
1991: Lamme ancl Roell'scma' 2000) r'n' "*"-ilrtt' it r'tu' botubltt t'gtt'cs (Kleinscirmiclt et al'' l9!l8; Lr-rmer' Friston' 

I
been sugecsred that sr,.nchronizcd .i..,.o.,r..-piriiogr.phic ur'rd R..r,-rggu. Lumcr andllees, 1999) (ligure tl'l'5)' Unlike 

I
(I_riG) oscillatio.s in thc high-fieqlrenc! rangc i+ir TrciHrr the rivalrl' srudics criscrissecl previ"slv (To.g et irl" 1998; : - 

|
might ti.deriie l'eirt're inresrario' 1t1'r.,r..pr.r.)',,i"* ̂  t""- tt'::Y et al''.2000)':tttl-t,:::ut"t tbcusecl on acti'ity that t' 

I
dic{ate solution to the binclins probiem: Singer ancl Grali $,as dme-locked to the transitions between different perceP- 

' :r:1 

|
1995)rincriormonepotendal;Llbstrateforvisuararvareness 

tual states rather than to thc co.tents of one or other l-: ' ;- l 

I
(crick and Koch, 1990; llt'tg.t or-,a Singer, 200 1), although perceptuai state' corticzrl rcsiorls whose activiw reflects 

I
t'is idea remains controversial (Shr,rdlen and \lovshon, perceptr-ial transitions includc not onlv ventral extrastriate ; 

I
1 999). rn support of this t'corg cognitive processes that arc cortex, but also parietal and frontar reqions previouslv impli- "= 

J
thought to lre croserv associatecr ,uitl, uouor"ri"rr, *,.n ^ .ut"d r' the co.trol of attcntion (L.rme'' Friston' and Rees' r,.":-: 

I
attention (Rock et ar., 1992: Rees and Lo.ri., zootl, .nn 1g9ti). Howeveq rvhereas extrastriate areas are also engaged ' ,, 

I
.roc1-r1are neural svtlL-hronv in monkev lStti''t''""t' tt ol'' Oi 

-T:li*O"us 
perceptual changes' activiw in frontal and j:r 

I
2000: Fries et :r1., 200 l). In httrnans, neuromagrretic pa.ietal cortex is ,p..i{,.oi'y associatecl with the perceptual ;#': 

I

::,T,:,il:1ilil.j::[::r :;Hr ffi:T:i.Tiliiii *i*f:* :ri"#'J;.:il,'.11,:;:::*"lll.,T;T: * 
|

a'd i'trahemispireric correre'ce (.fononi .. ^i., ionu) out-rit1 sulrjects view a 
-rrtgt-of 

bistable ligures such as tlt --"ft' 

I
\.ierving am'igr-rous 'isual stirnuli thzrt can u."p....;".a ", 

l::I:i 
*ut u"d Rubins l-ace/vase (Kleinschmidt lt't,: 't.* 

|
either r.aces or meanrnsress srrapcs t.oa, t.,_u tirrg-distance 199g), and cluring fluctrations in the directiori of motion ol '"r: 

I
patrern ol- svnchronizio,., i,, thr: sci,rip EgG *rnr-i, specifrc " bir,;;;t;;tiorisum.its,l-t:t'"t et al'' 2002)' cli'icall1; tt .# 

|

:LT$:ff:.,:lfil(ri:::1*J:J:;:;#';#;H 6i*l*q;;i;;li1;l;1;1'#:'T"ii"l* '$ |
;:1il:1,;ffi::Tl*,:*,':'.i:;::i#T:#,: #1*: ili":ii:l'it!-ilTi 'il:il11,:;'#;r!r'l s'l
e.ersed 

.'' but a crear svnthesls r'�4) '('L /LL 
;:l*r;:,*:*.';:*:ln:ili:1l:T::5ili'fi'J; til

PaietatandprefrnntatcorreLatesofui'suaLaaarene'\si:':X*lli::,'"'J:;t'ill1Ht;11:fi:^:;'i:::'Ti:::#l. , . , : .%#it

i::m::'::i:;ijl:1:^1':i.'ii'i'\11,::;T ilTii:?;i :.il"j:"1':::?T'i:;T::l'lTJxii::11f,il'iu'�i'n ffi
iega,r" et a1, 2u02j fr'..o,'g'tu"ai"s'r;'iol,*i*i* T*T:n,::"**:Xi;:l1;n'n;'f l"{""i::,ffi,
[l;:T:l;.l;li;.;:**T;:':"T1.,Tl:;"'J:iil ;:l':',jiiL:',:?,il{;:"{xj}Ei*}:*:xd:'-.'ffi
ticai areas distant tiom striate ancl extrastriate cor[ex to c(]n- dlring continuecl stable vierving of the samc fisures (t<-lt:1t 

-ttlti

scrious vision (Driver ancl Nrattingler,, i99B).,rr,i-r".ql., i, n* ., ot., 20001. In adclition, similar areas of lrontal 2nd.pur]-,ffi

been arquecl that dors:rl lrontoparielal cortex activi'ry rnight etal cortex are activatecl rvhen sulljects beconie consciouslyr':"1

be reratecl onry to unconsci.us proccssi'* zrssociatccr w.ith aw.are of the presencc of a chzrnge in a visual scene' com- -;;-

visuarly guicled action (Nt'ner ancl Goodat., rJgr), ,n.r" i, parecl with u,hen they are bli.d to that cha.se (Beck et d ,'--d-;

now c.mperlins evicrcnce to supporr a crirect.ot. io. fiontar 2001) (figure g4.6). During visuai imagery fr\'RI re'eals"aff

and parietar correx rn visr-rar aware'ess. In mo.kevs. crrro'ic .-or-r,.ni-irl a.pcndent utt]Iit). in frontal and parietal cortexlff':'5

blincrness folkrws :r massive cortical abl:rtio' "i;;tJ ""{ 0'.n"t', u''t*t"ttatt' ancl Haxb'1 2000)' Unmasked and con- "i*.:

frontal areas that spares most of the moclaliw-siccific visual ,.io,rrty:p.-o...i'ed visual.wo'a', '*puteci rvith masked and-'SF

cortex (Nakamura and ivrishkin, r986). sim'arly ..r-rro.rr.r of u.r."n *n.dr. also evoke ".ali; in ftontal anc1. parietal i:p;

frontoparierar cortex i' cats procruccs as much or nlore .o.,.*^1l.ho"ne et al',200 l) (figure B4'7)' Finali'v' the atten- :in-'*,

decrement i. vis*ar discrimination rhan doe, removal of tiu.roi r]irrl *av be us'ociat"d *'ith right intraparietal sulcus'ffi

remporar co.tex (sperr): Nrvers, on.r schric., iouo;. u".- u'r.rp.efiuntol cortical activation's (Nlarois' chun' and Gore'f;

thermore, anatomical ancl electrophv'it'logitui studics shorv tt"::;"-" 
*" ..,*ot.*ented bv experiments on pi 

-E#

that parietirl a.cl preriontar cortex o." ...ip-.oJlv con- .Tn.r. 
data are compreme'ted bv experiments on pahentffi

nectecr and acr tosether rvith visual cortex (iriectman ancr *itr-, uis.,ul extinctiorr rernlti"g tiom right parietal damasg'g

Gold'ran_Rakic, lgga). Direct evidence in normar huma's As mentionecl earlier, NIRI evidencc slrggcsts that extln''-**

for parietar and prel'o.tal correlates of vis.ar or"o...r"r, t-rn, guishecl stimr-rli are processecl anci activate .snlralesiondffi

come fiom reccrt stuclies of bistzrble perceprion. Brzrin activ- verrral visuar corter in the absence ol' arvarcness (Res'=ff

; r#iw

.:'iF?ij:
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. ,  Rr i l+.5 E, ,errr - re latecl  act i r . i rv  assot : iatcc l  rv i th b inocuiar
, . . i , : r l ( ' i ( r p rua l  - s r r i t c l r t : s . . 1 ,  Fou r . t i t l v so [ ' t he r l ec l i a l anc l l : i t e ra r l

r ' : . , ,  '  .  ' t  . i  r ' , t r r r lc l i r rg o1'  arr  : rnator l ical  ternplat , .  i lnagc i r r
i . . . . , r : - ,  l r  sD.t ( ( . .  ( l l  r rh ic l i  a lc srrper intp, tsccl  an:as rvherc evokecl
.  ' : . :  r  r ' : rs  - 'orc i1 i tu l lv  re lutecl  to perceptuai  t ransi t ions in e i ther

r. ( i..r. l ' ir':Lh'r rccl or phvsic:rl stirnultrs zrlte rnation (gre en).
\ :  . , .  r : r ,  , (1r , l l : r t r r l  l ; r '  pcrccpr ion c lur . ing both r ival rous ancl  physical
' r : : . i . t r :  tLt i t rnat i i ,n.  ancl  the bi lateral  svrrmetrv of  the evoked
:. il\1tv irnr appareltr. iE llhrstrative postevent ltistograms o{' the
n(,(lul:rri.)rr of activitv procluced br. transition events in rivalry (recl)

ancl phvsical stimulus alternatiorr (ereen) conditions 1i-om t]rree
dillbrent subjccts. Thc evokccl activity tprerr:ent r:h:rnge in BOLD
contrast) is shorvn as :r lunction of postcvent time (in seconds)
lor ezrr:h sullject. with the fittecl rnock:]s of' hemoclvrrarnic response
function superimposccl in solicl lirres. 

'fhc 
nrotlulation oi' activitr.

shown hcre is taken h'om a voxel in right anterior fusi_ft_rrm
gvms. (Reprinted r,vith permission {iorn Ii. D. Lunrer et al.. Neura.l
correlates o1' pcrceptuai riv:rlrv in the human brain. J'clszce
280:1930 1934. O 1998 bir  rhe Aner ical  Associat ion for  rhe
r\clvancemcnr of Scicnce.) (Sce color plate 75.):
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FrcuHp B-l.b ClonscioLrs a\varcness of changc. Three r.iews of an
anatonrir:al tempi:rrt irrain on rvhich are superirr-rposed loci (in
black *lrert evrkccl actir,itr. \vas greater wherr subjccts consciously
dctcctecl a changc in nvo st--qut--nti;rlly presented visual inraues, eonr-
pared to r'vhcn thc sar-ne phvsical changr. remainecl undctcctecl.

Clonscions change detection activates not only the ventral visual
cortex bnt also arcas of' right dorsolateral preliontal :lnd bilateral
parietal cortex. (I{eprinted with permission tiom D. NI. Beck et al..
Neural correlates ol cltange detection and change blinclness. -i\at.
Neurosci.4:6.t5 650. O 2001 bv the Nature PubiishirLg Group.)
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Visible words

Frcunr 8,!.7 IN'IRI activations to risible and masked rvords' Acti-

vations produced by single rvords that are eithcr m:rskecl and not

consc,iottsly perceived (right) or visiblc and consciously perccived

(lelt1. Onlv the left hemisphcre is shou'n, as seen throttsh 21 translu-

ccnt three-clilnensional reconstructioll of the 'skull ancl brain of one

of the partic\rants. In these transPzuent views. the deep llctivati,ns

in lusiiorm, parietal. anc-1 nresial lrontal cortex appear tlrror-rgh rire

\ \bjciul ik, et 2r1.. 2000. 2002: \ iui l leumier et al ' ,  200 l) '

Hr:,uvever. bec:rttse extinction does not arisc on all bilateral

trials, this also allbrds all opp,rtullitv to comp:rle trials in

rvhich the patient reports a\\':Ireness r'virh ph,vsicallv idcntr

cai tr ials rvhen alvaretrtss of one o1'thc st inrul i  is absent'  In

trials in which one patient lcorrectly) reports sceing bilateral

stimulation, a\,vareness is specificallv associatecl lvith covari-

ation of activitv in a distributed nenr"ork involving prirnary

visual cortex. inferior temporal cortex' and areas of pre-

fiontal and le11 parietal cortex (Driver et al ' 2001:

Vu i l leumier  e t  a l . ,2001:Rees.  \ \Qc iu l i t ,  e t  a l ' ,2002) '  Con-

scious perception of emotional faces leads to enhzrnced

activit,v in fr-rsifbrm. ptrrictarl, and prefiontal areas ol' the

Ieft hemisphere. inclepcndcnt of emotional exPressron

ft'uilleumier et al', 2002).

Loss of awareness for objects in the contralesional visual

fielcl in parietal extinction is t-rpicaliv complete, aftecting all -

stimuius features (cven those such as color and motion

thought to be reprcscnted in extras[riate visr'ral cortcx)' ln

this rcspcct, the eflects ol parietai damage ou phenomcnal

expe rience are clistinct fi'tlm the clGcts rlf' extrastriate

clamage, 'uvhere alvareness of onlv an isolated visual {bature

ma,v be lost. This profotlncl loss of the abilitv to consciouslv

represent difi-erent objects in clifferent cgJocentric sp;rtial

Iocations may clepend on the putative iunction of parictal

cortcx in re mztppine retinotopic sPllce rclPfescntecl in ventlarl

visnal cortcx into rnore complex hcad-and-bod1'centered

represe niat ions (Cohen and ,\nclcrse n, 2002). Bi lateral pari-

etal lesions can gil'e rise to cven nlorc pronolrnccd visual

deficits, lvith unprerlictzrble perception and recognition o1'

onlv parts of the visr-ral fic-lcl (simr-rltanas-nosia)' together rvitir

impairmcnts o['visr,rall,v guidcd r-eacl]ing and visual scaruring'

(Bal int,  1909; Husairr nnci Steit ' r ,  l9B8;. Patients r 'vi th simul-

tzrnagnosia ma,v shor'v nonspalial cxtiuction, lailing to pcr-

r  ' - ' t ' {
1.,.-

{. . .  -
"Masked 

words

overlving lateral cortice-s. Nlasked lvords that arc not consciously

perccived activate a large area of the left fusilorm g1'rus, r'vhile

ti.ibl. ouo.dt producc grcater activation in this area combined rvith

r,r,idespreacl activiry in lefi parietal arrd prefrontal cortex (Reprinted

w.ith perntission lrom S' Dchaene et 2r1., Cerebral nechanisms of

word masking artcl unconsci<rus repetition priming' Nui Ncurosci'

1:752- i58.  O 2001 bv the Natr-r re Publ ishing Group)

ceive the seconcl ol trvo objects presentcd simultaneously in

overlapping locations (Humphreys et al', 1994)' Of course,

patients with parietal extinction (and even paticnts rvith

tilot..ol parietzrl dzrmage) remain conscious of nme kinds of

phenomenal experience, such as in the ipsilesionai I'isual

fieltl. tsut the lesions encounterccl in patients are tlpicalil'too

small to stancl cornparison lvith the large ablations of the

dorserl stream that render monke,vs blind (Nakamura and

Nlishkin, 1986). The cffbct on phenomenai arvareness in

humans o1' bilateral danase to the entire trontal and pari-

etal cortex therefore remains ar open question'

Despite varieci paradigtns and tlpes of visual stimulation,

the anatomical location of the areas in parietal and pre-

liontal cortex activated bv changes in the contents of visual

consciousness is rclativelv consistent' \Ieta-anal,vsis suggests

J
I

: ; -
;:: llg:

specificalll' rclzrtccl to visr-ral consciousness' active during
. . i :5? ! l

tr,vo prominent foci in the superior parietal lobule and dor-

solateral pre lrontal cortex (ltees. 2001; Rees, Kreiman, and

Koch, 2002) (iigure B4.B). These observations suugest the

cxistence of a scneral mechanism in these areas that is

transitions between different tlpes of pcrceptual expenenc€'

anci associated with content-independent spatial rLrpresenta-

tion rather than content-speciiic visual features (e'g', Driver

and ivfattingley: 1998; Driver and Vuilleumieur, 2001;

Kanrvishcr, 2001). Nthough fi'ontal and parietal areas play

a promincnt role in the orsitnization of behavioq their

irwolvernent in rivaln' is indcpenclent of motor report

(Lumer and Rees, 1999). DLrring transitions in binocular

rivalrl at:tivifv is coorclinateci be tween ventral visr'lal areas'

parieial areas, and pre frontzrl areas in a u'ay that is not linked'j

to externai mcrtor or sensorv events but instead varies in':

strcngth rvith the fi'equencv ,,i'p"r."p,.tol evettts' In parietal 
'

ertincti'n. awarcness of bilateral visual stimulation is spe cifi- i

I  1 8 2 CONSCIOUSNESS

c:allv assor:iated with covzrriation of activitf in a ciistributed
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r, I I ll \c'ural correlatc's o1'conscious vision in parietal and
:.:.,. rr rr'.\.  ̂ ,\reas of pirrietal ancl pref rontal cortex that shor.r
: :  r r  , :  r  ' l , r r , 'c l  r r , i t l r  char. iges in r . , isual  a\vareness in a number
' . i ,  1  : t r r r i r r - .  I _u rnc r  e t  a l . ,  l g98 ;  Lumer  and  Rces .  1999 :
' ,  r r r i : c i r , . r  r i l . .  l ! r ! _ ) i l :  R r r r as  c t  a1 . . 20 { )0 ;  Beck  e t  a l . . 2001 )a re
rl ,rn :i :rrrnciar.ciizccl breirr in Tal:rirach space (Talairach ancl

nenlork involr.ine prirnar-r' r..isuai cortex. infcrior temporal
corte\. and areas of pr-cfror-rtal ancl lcft pzrrietal cortex
l)r iver et al. ,  20()1: \ , i r i l leumier et al. ,  200i).  Tl.rese obser_

i lrtions represent direct eviclcnce that awarencss mav be
',.cificall,v arssociatecl with corrari:rtion benveen visual cortex
:irrcl nonvisual arezrs of cortcx. complcmcnting earlicr studies
::r.lviltg simiiar distributecl interactions ass,cizrted with c,n_

' iolrsncss in normal sulr jects (Dolan e t al. ,  i997; Lumer and
l i ,  es. 1999; \ lclntosh, Rajah. ancl Lobaugh, 1999). 

"Ihis

: ir-Tests that functional inter:rct ions betrveen visr_ral and fron_
lr; ' . rr ietal corte\ ma\-make an importarnt contr ibution to the
conrr r l ts of '  conscrorrsness. Such an interaction has been pro_
po:t 11 1111 theort: t ical (Crick and Koch, 1995) and empir ical
(Drir, ' r  .urcl - \ Iatr ine.leu 199t: i)  grounds, one possibi l i tv is that
this rtplcsenls ilcti\-ir\, in a global ncuronal r.vorkspace
(Baar-s. l9g8: Dehaene and \accache, 200 l ;  Baars and
Irankl in. 2003: Delrzrerrc. Sere.ent, and Changeux, 2003).

Slnthesis

f'he evidence reviewed in this chapter sussesrs that although
acdvity in visual cortex may be nect_.ssarl.. it cloes nor appear
sufficient lbr conscious vision rvithout some contribution
from parietal and/or preliontai cortex. \Vhat is the natr_rre
of that contribution? It is striking that tiie stuclies rer,,iewed
here all focuscd on transitions between experiences r,vith di1:
lercnt tr .pes o1' phenornen:r l  content..James (1g90) rnadc a
phenomenal distinction bcfwecn the experience of' rapid
charret:s irr perceptr-ral a\\.rlreness (transitivc states) ancl stabie
c,rntcnrplat ion i 'sul l- \ tnnti \ .e st.rtcs). Both zrre part of our
crcnclav erperience of the visu:r l  environnrent. perhaps the

1 n n

{S L.lmer et al 19gg
* Lumer & Flees 19gB
* Kleinsdrmldt et at 1 g9S

Potus et aJ 2000
(J Bed et al 20C 1

-60 -80 -100

Tournoux, l98Bj. F,ach cir.cle is placed at the centcr of a cluster o1.
activation. with diilerent shaclcs represerrting cliIIi:rent studies; over_
lappirrg loci l}om the same stuclv are ornitiecl lor clariry There is
prominent c|-rstering of activations in superior parietai ancl dorso_
lateral prefronral cortex, hightighted bv lar_^e, light circles. (See
color platc 76.)

neural correlates of conscious experience in parietal cortex
are thus rnore specificallv correlates of transitivc states? The
anatornical loci ass.ciatcd with these correl.tes substantierriv
overlap areas previousl,v associatecl with covert spatial attcn_
tion (Corbetra er al. ,  19g5). Incleecl.  the cleploymenr of
spatial artention and the phenomenal experience ol' binoc_
ular rivahy both entail the suppression of visual information
frorn conscious perception. Monocular stimuli become peri_
odically invisible during rivalry: sensorv evcnts associatcd
with unattended (or neglected) stirnuli havc a climinished
impact on awareness. Both phenomena mav call on
common neural machinery in frontoparietal cortcx that is
involveci in the sele ction of neuronal actir,.irv leacling to visr-rai
a\\ 'areness (Rces. 2001; Rees ancl Lavie, 2001).

This phenomenoloeical distinction raises rhe possibilin,
that the maintenance of a conscious perceptnal statc may
involve dilrerent cortical rnechzr'isr's ilom those i'vol'ecl i'
scneratins transit ions (Portas et al. ,  2000). Sustainecl per_
ceptual experience is an obvious feature ol 'consciousncss but
is inco.sistent with thc observation that the brain is clesigneci
to represent only the unexpected (Friston, 2002). Ibr a
percept to be sust:rineci requires either the filling in o1-
missing inlbrmation or prevention of' :rdzrptation rvhen stim_
ulation remains constant. Such mechanisms might depcnd
on top-dou'n sign:rls fionr higherJevel brain resions. Furure
n'ork in this area may prove rewzrrding, as there arc tanta_
lizing indications that such n-rechanisms clo exist. R.,r
exarnple. r4ren a stereo irnager becomes visible, ransient
acti\.it) is seen in lrontal zrr-rd parictal cortcx (Irortas et al..
2000). However, in a subseqr-rent pcriocl rvhcre pcrception of
the same image is snstained, activitv is seen in diilerent
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regions of pref iorttal cortex and in thc hippoc;rnlpus' Thus,

sustaining a visual pcrcept recntits cliil'cl'ent anatorlical loci

liorl thosc assr-rciatcd r'r'ith imn-recliatc conscior-ts rec oguiti otl'

Similariy: resions o1-brain activation in liontal and parietal

cortex assocriated rvith transient selection ol' an item from

spatial working mcmorv difler from thrlse assor:iatecl rvith

sustained maintenance of items in r'vorking meinorv (Rovve

et al.. 2000). Fitralir,; as previouslv revierved, brain arcas acti-

vated during epochs of sustained face perception in binoc-

r-rlar rivalrv inciude the F}}\ (Lumer. Friston, and Rces. l99B;
'lbng 

et al., 19981 Lr.rmer 2000)' Horvever, several pre{iontal

aleas also shorv greatcr ar:tivitv during sustained face per-

ccption (l,umeq 2000). These areas show strong overlap with

those previouslv implicatcd in maintaining w'orking Incmorv

{irr laces in a delaved match-to-sample task (Courtnev et al',

1 997). The phenomenological distinction benveetr transitive

:urd stLbstzrntive statcs of mind mav pcrhaps reflect thc

invoh.'ement ot- distinct rcgions of dorsal uind ventral fron-

toprrrietal col'tex associated with attelition and working

nlemor\i

Cioncluding remarks

-l'hc 
evidence revieu'ed hcre sttger:sts that ventral visual

r(,rrir\ is lrnder-riabiv lirnd unremzrlkablv) crucial ftlr con-

., i,rr-r. r'isit.rn irt hltrnans; both prirnar,v visual cortex and

', , ' rrr lul  ertrastr iatc cortcx contain ueuronal poptl lat ions

i. ir , , .r  .rcl ivi tr  closelv correlates \,vi th thc content-c of con-

:L irrLr:nr-S:. Di l lelent areas emphasize di l lerent features in

eonscioLrsness; prirnarv visual cortex appears to be more

irnportant ftrr brightness anci contrast, "vhiie \t5IN'IT and

aleas of the fr-rsilbrm gn-rus are more important {br motion

:incl color, respectiveh: Within these areas, level of activation

i,s one factor that may clistinguish consciotls and unconscious

rcprese ntatiorts. Holver er. cvell strong activation in visual

cortex cran be insufficient for arvareness lvithout a contribu-

tion frorn parietal and/or prefrontal cortex. The mininial

strllicient conditions (in humans) lor a visr-ral scene to be rep-

resented in consciousness mav therelirre be the combinalion

of :rn activated representzrtion of its constituent featr-rres in

striate and cxtrastriate visuai cortex, coupled with activity in

specific reqions of parietal and prelrontal cortes.
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