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occlud+d objscts in a k¥y objsct-stlsctive region in th¥
ventral obj¥ct procyssing pathway, latsral occipital com-
plsx (LOC), is intsrm¥diats bs¥twssn tht résponsss to
unocclud+d objscts and scrambl+d objscts. This apptvars
to b+ consisttnt with th fact that wh¥n an objsct is
occludsd, ths corr¢sponding r+tinal imag% contains 1¥ss
+xplicit information about th% obj%ct than whsn ths objsct
is unoccludsd but mor% shap+ information than th% imag+
of a scrambl+d obj¥ct. R¥spons¥s to static occlud+d obj+cts
havs not b%%¥n rsport+d in th+ dorsal pathway (s+%
Discussion), although many r¥gions in this pathway,
notably a broadly dsfinsd ry-gion r¥fsrr+d to as ths dorsal
obj+ct-s¥lsctive foci or dorsal foci (DF), ar$ known to b+
r¥sponsivé to unoccludsd objscts (Gilais-Dotan, Ullman,
Kushnir, & Malach, 2002; Grill-Spsctor, Kushnir, H¥ndlsT,
& Malach, 2000).

Howsvsr, psychophysical and computational studi%s
indicat¥ that th% psrcéption of an obj¥ct partially occludsd
by othsr obj+ct/s #ntails additional information proc¥ssing
st¥ps not involved in psrctiving an unoccludsd intact
objsct (Nakayama, Shimojo, & Silvérman, 1989; Yuills &
Ksrstyn, 2006). In ordsr to pyrcyivy an occludsd visual
objsct, th¥ visual syst¥m must idsntify objsct boundariss,
distinguish actual boundari¥s of a givén obj+ct (“intrinsic”
boundari¥s) from thos+ r¥sulting from occlusion (“$xtrin-
sic” boundari¥s), assign th% resulting partial visws (or
surfacts) to individual objscts and amodally fill-in, or
“sxplain away” th+ missing information about th% occlud+d
parts of a givén objsct of intsrest (s¥% Appindix A for a
dstail+d analysis of th r¥quisits computational st¥ps). Th+
fact that th% psrception of occlud+d objscts ryquirss
additional information proc¥ssing st¥ps rais¥s th¥ possibil-
ity that ths psrcsption of occludsd objscts may b%
corrtlatyd with nsural activity distinctly diffsrént from
activity associat+d with an unocclud+d obj+ct, a notion also
support+d by previous ¥l¥ctrosncsphalographic (EEG) and
fMRI studiss (s#% Johnson & Olshaussn, 2005; Murray,
Fox%, Javitt, & Fox%, 2004; Murray, Imbsr, Javitt, &
Fox%, 2006; also s¥%+ Rausch¥nbsrgsr, Liu, Slotnick, &
Yantis, 2006). Nots that psrctiving an occludsd objsct
from partial visws is distinctly diff$r¢nt from b¥ing awars
or conscious of an obj¥ct that is r¥nd+r¥d invisibls by an
occludsr (Hulms & Zski, 2007), which th% pr¥ssnt study
do¥s not addréss.

In this study, w# focus on brain activity associat¥d with
th¥ ovérall proctss of complsting a singls whols objsct
using partial visws arising from occlusion. To do this, w%
us¥d a stsrvoscopic manipulation in which an occludsd
objsct is pyrctived whn ths occludsr is s¥%n as b¥ing in
front of th+ objct but not whn th¥ sam% “occludsr” is
s¥¥n as b¥ing bvhind th% objsct (Nakayama %t al., 1989).
In this cas%, th% two conditions ar% physically véry similar
(although not idsntical; s+% Msthods for dstails). Non%-
th+l+ss, only on%¥ of th% two conditions supports th+
pircsption of an occludsd objsct and othsr on% do%s not,
which w% $xpsrimsntally verifisd for our stimuli. W+
hypoth¥siz+d th+ regions that ar$ stlsctive for occludsd
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objscts, if thyy sxist, will b+ diffsréntially activé during
ths two conditions. Our r¥sults not only r¥v¥al a hithsrto
unknown ré¥gion in DF ré¥sponsivé to occludsd objscts,
but also show that subrsgions within LOC and DF ar%
mor% r¥sponsivy to occludsd objscts than to thsir
unoccludsd countsrparts.

Subjects

Twslvs adult subjscts (svvin fymalss; two Isft-hand+d;
ags rangs, 19-30 y%ars) participatyd in this study. All
subjscts had normal or corryct¥d-to-normal vision and
had no known n%urological or visual disordsrs. All
subjscts gavs inform¥d conssnt prior to participating in
ths study. All protocols us¥d in th% study wsrs approvsd
in advanct+ by th% Int¥rnal R%vitw Board of ths
Univsrsity of Minn¥sota.

Stimuli
Rationale

Id+ally, on+ would liks to compar% th% brain activity
whsn ths sam% givén imagé of a partially occludsd objsct
¢licits vs. do¥s not #licit ths psrcspt of a whols objsct.
Nakayama +t al. (1989) havs shown that although this is
not f¥asibl¥, small manipulations in th% p¥rc¥ived dspth
ordsr of th+ occludsr can I+ad to th% abov+ two contrasting
prrespts dyprnding on whithsr ths occludsr is psrcsived
as in front of or bvhind ths sam% partial vitws of th+
occlud¥d objsct. Thus, th% stimuli that 1¥ad to th% two
psrespts ars very similar but not idsntical. Our stimulus
s+t includ+d this pair of conditions, along with thr$% othsr
pairs of stimuli d¥sign+d to control for ths stimulus-drivén
diffsr¥nc¥s in psrespts.

Stimulus set

Ths stimulus s+t consist¥d of %ight stimulus conditions
(Figurs 1A; s#% Appsndix A for additional info). Con-
dition 1 was constructtd by placing an occludsr (an
orthonormal planar surfac+ with random, irr¥gular hols¥s in
it) in th% n¥ar d¥pth plan% in front of a luminanc%-d+fin+d
targ+t objvct (a “vass-liks” obj¥ct), so that ths objsct was
partially visibl$ through th% hol$s in th% occludsr. Th+
vas¥-liks obj¥cts wers surfacts of r¥volution crvat+d using
ths Canvas graphical toolkit (ACD Systtms of Amésrica,
Miami, FL). Diffsrént vasss varivd in thsir profils+ and
vitwpoint (s¥%, %.g., Figurss 1A and 1C). In condition 2,
ths sam% partial vitws of ths targst objsct wsrs providsd,
$xcspt that tht “occlud+r” was plactd in ths far dspth
plans. Solsly for convenitncs, ws will r3fsr to th+
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Figure 1. (A) The stimulus conditions used in the study. The numbers denote the condition numbers, and the icons illustrate an exemplar
stimulus for the corresponding condition. The only condition that elicits the percept of an occluded object (condition 1) is denoted by an
asterisk in this and subsequent figures. The stimuli should be viewed with red-green anaglyph glasses with the green filter on right. For
free-fusion versions of conditions 1 and 2, see Appendix A. (B) Schematic illustration of the interpretations elicited by the first two
conditions. The object is perceived as a coherent whole when the occluder is in the near depth plane (left) but not in the far depth plane
(right), although the two stimuli provide the same partial views of the object. The stimulus in the right panel appears like a collection of
disconnected object patches hovering in depth. (C) The blocked design of the fMRI scan. See Methods for details.

orthonormal planar surfact as th% occludsr in all con-
ditions rvgardlsss of its dspth plan%, although strictly
sp¥aking, an occludsr is always in th% n¥ar plans. In %ithsr
condition, th% dspth plan% of ths occludsr was sp+cifivd
using styr¥oscopic disparity (1 arcmin for 3 subj¥cts, +20
arcmin for th% r¥maining subjscts). Th+ targst objsct had
z+ro disparity in all casts and had no dspth cu% othsr than
luminancs (i.%., shading). Th+ fMRI data obtain+d using
th+ two s¥ts of occludsr disparitits wrs statistically
indistinguishabls (2-tailsd Mann-Whitnsy tsst, p > 0.05;
not shown). Condition 1 #licit¥d th% objsct complstion
ptrcept, so that a connsctyd objsct was prcyived byhind
th% occludsr (Figurs 1B, I+ft). But wh¥n th% occludsr is in
ths far dspth plan%, ths sam% partial vitws of th% objsct
fail to #licit a fillsd-in psrcept, instvad yitlding a psrcept
of a collsction of disconn¥ct+d obj¥ct patch¥s hovsring in
dspth (Figurs 1B, right).

Th% r¥maining conditions w#%r$ controls, including
conv+ntional intact and scrambl¥d targ+t obj+cts (condi-
tions 3 and 4, r¥spyctivily), partially occludsd scramblsd
targst obj¥cts with th% occludsr in th¥ n¥ar- or ths far dspth
plan% (conditions 5 and 6), and th+ n%ar- or th¥ far occludsrs
alon% (conditions 7 and 8). Not% that conditions 1 vs. 5 and
2 vs. 6 contain th¥ sam% pairwis+ disparity and monocular
cuss to occlusion (s¥% Howard & Rogsrs, 2002).

Multipls diffsrent stimuli wsr$ constructyd for %ach
condition using all possibl$ combinations of appropriat+
objsct and/or occludsr, drawn from a rspsrtoirs of 40
diffsrent objscts (and th¥ir scramblsd counttrparts) and
five diffsrsnt occludsrs ¥ach in nvar and far dspth planss.
Stimuli w#r% synth¥siz¥d off-lin% using ths Matlab utility
(Mathworks, Natick, MA) and stor¥d on disk. During th%
actual $xpt¥rim#nts, th+ stimulus corr¥sponding to a givén
condition was drawn randomly without r¥plactm¥nt from
th% corr¥sponding stimulus pool.

Psychophysical experiments

To ascértain that thy stimuli #licitvd th% intsndsd
pircspts d¥scribyd abovs, w% carrivd out thr$% psycho-
physical $xpsrim#nts that wsr$ id¥ntical to $ach othsr and
to th+ fMRI $xpsrim¥nt $xc¥#pt as not+d othsrwis+. Expéri-
msnt 1 ussd a two-altsrnative forc¥d-choicy (2AFC)
paradigm. Each stimulus subttndsd 9° x 9° and was
pres¥ntyd against a n¥utral gray background. During $ach
trial two stimuli, on% corr¥sponding to condition 1 and th%
oth#r corr¥sponding to condition 2 (s#% Figurs 1) wsrs
pressntyd svquentially in random ordsr for 0.5 s $ach with
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an intsrstimulus int¥rval of 0.1 s. Subjscts psrform+d a
2AFC task in which th¥y r¥port+d, using a k¢¥y préss, which
on% of th% two simultan+ously pr¥s¥nt+d stimuli contain¥d
a cohsré¥nt obj¥ct. Within any given trial, only th¥ disparity
of th% occludsr (i.%., n¥ar vs. far) diffsr+d bstwssn ths two
stimuli. All oth#r stimulus params#tsrs, including ths
occlud+d obj+ct, th+ occlud+, and ths absoluts magnituds
of disparity, wer+ idsntical b¥tw%%n th% two stimuli in any
givén trial. Ths objtct and ths occludsr during any givén
trial w#rs randomly drawn from th% sam% r¥psrtoirs as
that us+d during th+ fMRI scans (s+% b¥low). Th+ disparity
of ths occludsr was +0, 1, 5, 10, 20, or 30 arcmin,
dsp¥nding on th+ trial. Th% p¥rformancs of th% subj¥ct at
tach disparity was m%asursd over 40 randomly intsr-
Is+avsd trials. Subj¥cts undsrwsnt practics trials until thsy
wery rvady to bsgin ths actual trials. Data from th%
practict trials wsr% discard+d. No f¥+dback was provid+d.
Aftsr th $xpsrimsnts, subjscts wers dsbrisfsd so as to
obtain additional, alb¥it qualitativ¥, confirmation that thsy
had $xpsrisncsd th% intsndsd psrcspts.

In Exptrim#nt 2a, stimuli corr¥sponding to conditions 5
and 7 wsrs pressntyd ons psr trial in random ordsr.
Subjscts wsry requirsd to réport whythsr or not thyy
pircyived a singls amodally complstyd occludsd objsct.
Expsrimtnt 2b was ths sam% as Expsrim$nt 2a, $xcspt
that in this cas%, th% subj¥cts r¥port¥d whsthsr ths
occludsd objsct was bvhind or in th% sam% d+pth plan%
as th% occludsr.

Eight of th% 12 subj¥cts participat¥d in Expsrimsnt 1,
and four subj¥cts participatyd in Expsrims$nts 2a and 2b.

MRI scans

Stimuli w%r% back-projsctvd via a vidvo projsctor
(r¢fresh raty, 60 Hz) onto a transluctnt scr¥sn placyd
insid$ th¥ scann%r bor¥. Subjtcts vitwsd ths stimuli
through a mirror locat¥d abovs th%ir %y$s. Functional
MRI data wsr% collsctyd using a 3T Sit#msns Trio scann¥r
with an %ight-chann¥l h¥ad array coil. Blood oxygn
[sv#]-dspsndsnt (BOLD) signals wsr+ m¥asurtd with an
EPI (scho-planar imaging) st¥qusncs (TE: 30 ms, TR:
2000 ms, FOV: 22 x 22 cm?, matrix: 64 x 64, flip angls:
75°, slics thickn$ss: 3 mm, numbsr of slicys: 24, slicy
oritntation: axial). Th+ bottom slict+ was position+d at th+
bottom of th+ t¥mporal lob%s. T1-wsightvd structural
imag¥s at th¥ sam% slict locations and high-r¥solution
3D structural data s+t (3D MPRAGE; 1 x 1 x 1 mm®
r+solution) w¥r% also coll¥ctyd in th% sam% s¥ssion b+fors
th% functional runs.

Th% scans wsr% carrivd out using a blocksd d+¥sign with
20-s stimulus blocks s%paratvd by 20 s inttrstimulus
blocks (Figurs 1C). During %ach stimulus block, stimuli
corr¥sponding to a givén condition, drawn randomly from
th+ corrssponding stimulus r¥psrtoirs dsscrib¥d abov,
wers prisentsd for 500 ms ¥ach on% aftsr anothsr without
intsrvéning gaps. Each stimulus subt¥nd+d 9.4° x 9.4°
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and was pr¥s¢nt+d against a nvutral gray background. All
+ight conditions wsr% us¥d during ¥ach scan, and all scans
(including th% r¥tinotopic mapping, s+% bs¥low) wsrs
compl+t+d in a singls s¥ssion.

Subjscts viswsd tht stimuli using r¥d-grs$n anaglyph
glass¥s. Subjscts wers instructyd to fixats ths fixation
spot during th% intsrstimulus blocks. In k%%ping with
many %arlisr studits of objsct psrception (Grill-Spsctor
¥t al., 2001, 2004; also s+% Jossph, Partin, & Jonts, 2002;
Grill-Spsctor & Malach, 2004), $y$ mov¥m¥nts wsr+
allowsd during stimulus blocks, and th% subjscts wsr+
instruct¥d to carsfully obssrvs th+ shap+ of th% obj%ct in
ths stimulus. Aftsr ths scan, w% vsrifitd for $ach subjsct
that th% stimuli had #licit¥d th¥ir int¥ndsd p¥rcspts.

Each scan lasttd 5 min 40 s, and th% subjscts wer+
allowsd to rest brisfly if nscsssary bstwssn scans. Ths
scans wsrs repvatyd six timss %ach for th+ first sight
subj¥ct (who also participat¥d in r¥tinotopic scans, s+%
b¥low) and 4 tim%s %ach for th% last four subjscts (who
also participattd in control Expsrimént 1, s¥% b¥low).
Thus, $ach scanning $xpsrim%nt last¥d about 50-60
minutss, dyp¥nding on th% subjsct.

Control experiments: Bold responses during object
recognition task

To dstsrmin% whsthsr task-dspsndsnt factors such as
atttntion mads a diffsréncs, ws carrisd out thr$% control
#xp¥rim¥nts, +ach involving an obj¥ct r¥cognition task.
Th% control Exptrimsnt 1 was id¢ntical to th+ main scan
$Xxpsrim¥nt abovs, $xcipt that only th% last four subjscts
wers involved, and thsy psrformsd a on%-back objsct
discrimination task during th% stimulus blocks of th% scan.
All stimuli wsrs pressntsd ovsr a small cé¥ntral fixation
spot which th% subj¥ct was instruct+d to fixats throughout.
At random junctur$s during $ach stimulus block, a givén
occlud¥d objsct was fratursd in two successive stimuli.
This répstition occurryd twict during $ach stimulus block
and fyatursd a diffsrént occludsd objsct ¥ach tims. Whil+
maintaining fixation, th+ subj%ct psrform+d a on%-back task
in which h% or sh¥ pr¥ss+d a button wh¥n sh% psrc+ived this
r¥p+tition. Th scans of control Expsrimsnt 1 wers ripsatsd
4 tim¥s for +ach subjsct.

Control Expsrimsnt 2 was id+ntical to Expsrimsnt 1,
$xcspt that a singly subjsct (diffsrent from ths four
subj¥cts in control Expsrim+nt 1) was involvsd and, for
practical r¥asons, th¥ r¥spons¥s to only conditions 1 and 2
could b+ m¥asuryd (30 r¥pstitions psr condition). Control
Expsrimsnt 3 us¥d idsntical to control Exp$rimsnt 2,
#xcpt that th+ targ+t objvcts wirs facts instvad of vasws,
and a sixth subjsct, diffsrént from ths five subjscts in
control Expsrimsnts 1 and 2, was us¥d. Control Exp#ri-
mént 3 was dssignyd to ¥nsurt that our r¥sults wsrs not
sp¥cific to vasts (30 r¥p+titions p¥r condition).

Whils ths subjscts wir% told to maintain fixation in all
of th+ abov% #xp¥rim#nts, it was not possibl+ to monitor



th¥ir $y¥ mov¥ms%nts to asc¥rtain fixation sinc% th%
subjvcts wors anaglyph glass¥s. For this r¥ason, thss+
$xpsriménts do not address ths sffsct of fixation on th%
r¥spons¥s to our stimuli.

Retinotopic mapping

Rstinotopic regions wsrs d+fin+d using standard procs-
durss (D¥Yos st al., 1996; Tootsll st al., 1997, 1998;
Wand+l1l, Chial, & Backus, 2000). W% préssntsd countsr-
phas¥ (8 Hz) chscksrboard wsdgss (wedgs angls, 45°) for
20 s ¥ach in on% of th+ 8 radial positions spac+d uniformly
45° apart from %ach othsr starting at 0° (vertical msridian
in ths uppsr visual fivld). Each radial position was
ripratyd 4-6 tim¥s, dspsnding on ths subjsct. Th+s
boundari¥s of r¥tinotopic arvas wsrt d+fin¥d as smoothsd
contours showing th% high¥st linvar corrtlation with th+
h¥modynamic function corrssponding to vsrtical or
horizontal mésridian stimulation. R&tinotopic mapping
was discontinu¥d aftsr th data from ths first %ight
subj¥cts showsd no r¥gions of intsrést in ths r¥tinotopic
arvas (s+% Rssults).

Data analyses

Ths BOLD data w%r¥ motion-corr¥ct¥d using SPM2
softwars (Wsllcoms Dspartmsnt of Cognitivy Nsurology,
London, UK) and high-pass filtsr#d at 3 cyclss psr scan,
co-rygistsryd with ths anatomical data and transformsd
into th% Talairach spac% using BrainVoyagsr (Maastricht,
Ths Nsthsrlands). Rygions of intsrést (ROIs) s¥lsctivs for
th+ Intact Objvct—N%ar Occludsr condition wsr+ d+fin+d,
svparatsly for sach subjsct, at p < 10~* (uncorrsctsd for
multipls comparisons) using th%+ Intact Objsct—N%ar
Occludsr > Intact Objsct—Far Occludsr contrast (i.%.,
condition 1 > condition 2). Objsct--386(Intact7wsd[(I+ami.3103-0.414753-1.0915Td[imilarts1y26398dtm+i2(dal)-268(using27-
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subjsct using a disparity at which h% or sh% discriminats+d
bstws+n ths two conditions at p < 10~ %,

In Exptrim¥nt 2a, w% t¥stvd whethsr conditions 5 or 7
(th+ two othsr conditions that also containtd a n%ar
occludsr) #licityd amodally complstyd psrcspts. Subjscts
wsrs r+quirsd to rsport whithsr thsy psrcsived, though
th+ holss in th% occludsr, a singls, connsctyd objsct
bthind th% occludsr, or stvéral disconn¥ctyd fragmsnts, or
n¥ithsr psrcept. All four subjicts in this $xpsrim$nt
rvportyd psrcviving a singls, cohsr¥nt objsct in a largs
majority of trials (=99% for all subj+cts; 100% for two
subjscts). In Expsrimsnt 2b, w% ascértainyd that condition
5 was psrcyived as a singls, connsctyd t¥xtursd surfacs
amodally complstsd bvhind ths occludsr. Condition 7 did
not %licit an amodally complst¥d psrcspt, but instvad ths

Left hemienhara
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occludsr was psrcvived as a singls surfac+ with black
patchss corrsponding to th% hol+s in th% occludsr.

Patterns of response selectivity for occluded
objects

W+ msasuryd BOLD ré¥spons¥s to ¥ach of ths %ight
stimuli using a block¥d dssign (s¥% Figurs 1C and
Msthods for d+tails). To dstsrmin% ths brain régions, if
any, that wsrs préfsréntially résponsivy to occludsd
obj¥cts, ws comparsd th+ BOLD rsspons+ to condition 1
against th% r¥spons+% to condition 2.

Figurs 2A shows two s¥ts of foci (red voxels) signifi-
cantly mor% r¥sponsiv+ to condition 1 than to condition 2

Rinht hamienhara

Figure 2. Regions of selectivity for occluded objects. (A) Clusters (red) that showed significantly higher responses to the Intact Object—Near
Occluder condition than to the Intact Object-Far Occluder condition (i.e., condition 1 > condition 2, p < 10™*, uncorrected for multiple
comparisons) in a representative subject are shown on the flattened surface of either hemisphere. The retinotopic areas (dotted
lines) were defined as described in Methods. The gray rectangle in either hemisphere denotes the area shown in the corresponding
panel in B in slightly reduced form. (B) Overlap (yellow) between the OO-selective regions (red) and the UO-selective regions (green).
The UO-selective regions were defined using the Intact Object—-No Occluder > Scrambled Object—-No Occluder contrast (condition 3 >

condition 4, p < 10~ * uncorrected). See Results for details.
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(Intact Objsct—Nsar Occludst > Intact Obj+ct—Far Occludsr
contrast, p < 10~* without corrsction for multipls
comparisons). For conv¥nitncs, ws will r#fst to thes+ loci
as occlud+d objsct-stltctivy (OO-s+lsctivy) loci. W+ difins
“prefsrential” or “s¥lsctive” r¥sponst as tht largsr
résponsy to a givén stimulus (condition 1 in this cas%)
r¥lativy to r¥sponss/s to othtr r¥lsvant stimulus/stimuli
(condition 2 in this cas¥).

Ons of ths OO-sslsctive foci was locatsd in ths
latsral occipital r¥gion and th% othsr mors dorsally in
th% caudal intraparistal r+gion (for Talairach coordinatss,
s¢+ Tabls 1A). No systtmatic htmisphsric diffsrsncss
wrs apparsnt for #ithsr focus.

Ws comparsd th% occlud¥d objsct-s¢lsctivy (OO-
s¥l¥ctive) foci with th¥ convéntional unoccludsd objsct-
s¥lsctivy (UO-s¥lsctivy) foci idntifivd using th% Intact
Objsct—No Occludsr > Scramblsd Objsct—No Occludsr
contrast (condition 3 > condition 4, p < 10~ % green and
yellow pixtls in Figurs 2B). Not+ that this contrast is
orthogonal to that us+d for idsntifying OO-s+lsctivs foci.
This contrast r¥v¥al¥d pryviously known objsct-s¥lsctive
foci in th% latsral occipital complsx (LOC) and postsrior
intraparittal r¥gion, both of which w#r% id+ntifiabl+ from
thsir Talairach coordinat¥s (s+% Tabls 1B) and also from
th¥ir location r+lativé to promin¥nt anatomical landmarks.
As not¥d in th% Introduction s¥ction, th¥ objsct-s¥lsctivs
foci at comparabl+ Talairach coordinat¥s in th% posttrior
intraparistal r¥gion hav$ b¥%n r+fsrred to as ths dorsal foci
(DF; s#% Gilais-Dotan %t al., 2002; Grill-Spsctsr &t al.,
2000), a notation w% will adopt h#r% for convsnitncs. Ths
OO-s¢lsctivey clusters substantially ovérlappyd th% corrs-
sponding UO-s¥lsctivs foci in both LOC and DF (yellow
voxels in Figurs 2B; also s+% Tabl+ 1), indicating that ths
two s+ts of foci wers clostly relatsd.

No othsr foci #lstwhs1% in th% brain wsré consistintly
idsntifiabls across subjscts (not shown). Murray st al.
(2002) havs found that in primary visual arsa (V1), ths

Location X
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r¥spons+ is suppr¥ss¥d in r¥spons¥ to th% intact objsct
compar¥d to th% scrambl¥d objsct. Howsvsr, in our cas+
no significant V1 clustér (d#fin¥d as >6 contiguous voxlss
using th% comparabls condition 3 > condition 4 contrast)
was $vidsnt in ¥ith¥r h¥misphsrs in 9 of ths 12 subjscts.
In ths r¥maining thr$% subj+cts, th+ V1 r¥sponsts consist+d
of n+gativs BOLD r+spons+s (NBRs) outsid+ th+ stimulat+d
visual fi#ld (as d+fin+d by th% r¥spons+ to conditions 3 and
4). This NBR may r¢prés¢nt “vascular st¥al,” suppréssion
of nvural activity, an activs blood flow control syst¥m, or
r¥bound from latsral inhibition (Chsn, Tylsr, Liu, & Wang,
2005; Shmu%l, Augath, Osltsrmann, & Logothstis, 2006;
Shmu#l, Augath, Os%ltsrmann, Pauls, & Logothstis,
2003; Shmusl st al., 2002; Smith, Williams, & Singh,
2004; Wads, 2002). Ovsrall, thy V1 sffsct did not vary
significantly across th% stimuli, but did vary significantly
across subjscts (2-way ANOVA, stimuli x subjcts;
stimuli, p > 0.05; subjscts, p < 0.05; int¢raction factor
p < 0.05; data not shown), indicating that this was not a
clsar-cut, stimulus-drivén $ffsct.

Effect of object recognition task on responses
to occluded vs. unoccluded objects

Ths abov# $xpsrimsnts allowsd passiv¥ frs+ viswing of
ths objscts bscauss many %arlisr studiss havs shown
r¥liabls activation of highsr visual arvas using this
paradigm (Grill-Spsctor %t al., 2001, 2004; also s+% Jos+ph
#t al., 2002; Grill-Spsctor & Malach, 2004). Judging by
th% abov+ r¥sults, this paradigm is ad+quats for r¥vsaling
at Ivast soms OO-s+Isctive regions (s+% Discussion). But it
r¢mains possibls that ths prsfsrential r¥sponsss to
occlud+d objscts rvsalsd by this paradigm ars somshow
only appar$nt in th% abs$nc% in abstnc% of a b¥havioral
task. To ¢xplors this possibility, w% carritd out thrs+
control $xpsrimsnts in which th% subj+ct had to psrform

Yy z

(A) Intact Object—Near Occluder > Intact Object—Far Occluder contrast (OO-selective foci)

Left hemisphere

Lateral occipital —38+4

Parietal —22+4
Right hemisphere

Lateral occipital 41+ 2

Parietal 32+3

—74 +3 5+7
—-78 +4 27 + 4
-71+3 —4 +4
-71+5 27 +5

(B) Intact Object—No Occluder > Scrambled Object—No Occluder contrast (UO-selective foci)

Left hemisphere

LOC —40 £ 4

DF -27+3
Right hemisphere

LOC 41+ 2

DF 27 +3

—-63+3 -4 +5
—-80+3 27 + 4
-59+7 -5+3
-75+3 25+3

Table 1. Talairach coordinates of the activation foci (center of activation +SEM).
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an obj¥ct rvcognition task whils maintaining fixation. It
should b¥ $mphasiz+d that th% purpos+ of this $xp¥rimsnt
was not to d+vlinvats ths sffscts of thss+ bshavioral
paramstirs on OO-stlsctive résponsts but solsly to
ascertain that thy OO-s+lsctive r¥spons+s persist during a
bvhavioral task.

In control Expsrim#nt 1, w% scannsd four subj+cts whils
thyy ps¥rform+d a on¥-back obj+ct discrimination task
using th¥ sam% s+t of ¥ight stimuli as abov% (s¥#% M¢+thods
for d+tails). Th+ r¥sults for all four subj¥cts as a group ars
illustratyd in Figurs 3 (s#% 13 gsnd for d+tails).

Passive viewing
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For th+ OO-s+lsctivs contrast (condition 1 > condition
2, top row), ths foci of activation during th% b¥havioral
task (top right) largsly ovsrlappsd, albsit wsrs mors
¢xt¥nsive than, thos+ from thos+ obtain¥d using passivé
fixation (top I+#ft), indicating that th+ OO-s¥lsctive foci
ryvealyd using th+ passive fixation $xpsrimsnt ars liksly
r¥latyd to ths psrception of occlud+d obj+cts, as oppos+d
to simpl% bottom-up proc¥ssing of occludsd stimuli. Not%
that th% r¥sponsss wsr+ mors widssprad during th¥ obj¥ct
r¥cognition task than during passiv¥ vitwing. Morsovsr,
many foci w#r% activatyd during th% obj¥ct récognition

Object recognition task

Figure 3. Comparison of responses during passive viewing vs. object recognition task. The results shown are from the four subjects who
performed both the main experiment (passive viewing, left column) and control Experiment 1 (object recognition task, right column). This
figure shows the results of the group analysis of the data from all four subjects overlaid on the flattened brain surface of one of the four
subjects. Voxels that show significant activation (p < 10, uncorrected for multiple comparisons) by either contrast in either experiment
are shown in red. The arrows in the right column denote selected clusters of significant activation evident during the object recognition

task but not during the passive viewing (left columns).
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task but not during th% passivs viswing (arrows). How-
$ver, th¥s¥ may or may not represint nov+l foci that ars
s¥l¥ctively activatyd during obj¥ct r¥cognition task (as
oppos+d to during passivé vitwing) b¥caust th¥ss data
were collsctyd from a subs+t of th¥ subjvcts. Qualitatively
similar r¥sults wsrs obtain¥d using a diffsrént subjsct
whil% sh% psrform%d an obj¥ct r¥cognition task using only
conditions 1 and 2 (control Expsrim#nt 2) and in anothsr
subjsct whils h% psrformsd a viswpoint discrimination
task using occlud+d fac+ stimuli (control Expsrimsnt 3)
(data not shown).

Togsthsr, ths r¥sults of th¥s+ control $xp¥rimsnts
suggsst that ths résults in tht main $xpsrim$nt wsr$ not
idiosyncratic to th% vas% stimuli and th% passiv¥ viswing
paradigm us¥d in that $xp%rim¥nt. Not% that this do%s not
n¥c¥ssarily m¥an that bvhavioral task has no #ffsct on th%
r¥sponsss to occludsd objscts, but only that th% r¥sponsss
r¥v¥alyd in main $xptrimsnt abov¥ wsry unliksly havs
b%%n a cons¥qusncy of ths stimuli and th% paradigm ussd
(s%% Discussion).

Responses to the stimulus set in the OO-selective foci
in LOC and DF

Ws $xaminsd th% r$sponsss of thy two OO-stlsctivs
foci, as d+finvd by th+ Intact Objsct—Nsar Occludsr >

A LOC
20s
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Intact Objsct—Far Occlud#r contrast, to all #ight stimuli
using a s+ri¥s of post hoc tysts. Figury 4A (top) shows th+
avsragsy tim% coursy of th+ BOLD r¥spons+ of th+ OO-
s¥l¥ctive focus in LOC. Th% avsrags psrcent chang¥s in
th+ BOLD r¥spons+ to individual conditions ar% shown in
Figurs 4A (middls). Condition 1, th+ OO condition,
#licit¥d ths largsst signal changs, at 1.16 £ 0.08 (SEM) %.
As sxpsctyd from ths contrast us¥d, this r¥sponsy was
significantly largsr than th% r¥spons+ to condition 2
(condition 1 > condition 2; 1-tailsd Mann-Whitn%y t¥st,
p < 107®). Howsvsr, ths responss to thy OO condition
was also significantly largsr than ths r¥sponst to th+
unocclud¥d objsct (condition 1 > condition 3; 1-tailsd
Mann—Whitn#y test, p < 0.01). Not+ that this lattsr r¥sult
is not nscessarily ¥xpsctyd sincy this ROI was dsfinsd
sol¥ly using th% condition 1 > condition 2 contrast, and
th% r¥spons+ to condition 3 play¥d no part in d+fining
this ROL.

Th% r¥sponss to ths OO condition was largsr than ths
r¥spons+ to any othsr stimulus, including th% r¥spons% to
¢ithsr typs of occludsr pressntyd alons (Tuksy’s HSD
t+st, p < 0.05 in all cas¥s; s¥% Msthods for additional
info). This indicat¥s th% r¥spons+ of this focus to th%
OO condition was not sol¥ly attributabls to stimulus
propértits, including th% préssncy of ths targst objsct
(cf. condition 1 vs. 3), disparity sign of th% occludsr

B DF
20s
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Figure 4. The time course (top) and the average magnitude +SEM (midde, bottom) of the responses in LOC (panel A) and DF (panel B).
In either region, the response to each condition was calculated across all voxels that were significantly more responsive to the Intact
Object—Near Occluder condition than to the Intact Object—Far Occluder condition (condition 1* > condition 2) within each subject and
averaged across subjects. The red stripes and the intervening blanks in the top panel denote stimulus and the interstimulus blocks,
respectively. Results shown at top and middle in either panel were obtained using the entire data set from each subject. Results shown at
bottom are from a cross-validation analysis in which the ROIs were defined using half of the data from each subject, and the responses of
the ROIs were calculated from the remaining halves of the data. See Methods for details. The arrows in the bottom panel show p values

for selected a priori comparisons using the Mann—Whitney test.
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(cf. condition 1 vs. 5/7), partial visws of th% objsct (cf.
condition 1 vs. 2), or th% préssncy of thy occludsr (cf.
condition 1 vs. 5). Nots that th% r¥spons+ was not
attributabls to amodal complstion per se %ithsr sincs
condition 5, which supports amodal complstion of a
background tsxturvd surfact (s¥% abov%) but do¥s not
+licit a shap+ psrespt, $licityd a significantly smallsr r%s-
pons% (condition 1 > condition 5; 1-tailtd Mann—Whitnsy
test, p < 107°).

To dstsrmins whthsr ths prifsrential r$sponst to ths
OO condition r¢lativé to ths unocclud+d condition was
attributabl$ to s¥lsction bias, w% carritd out cross
corrtlation analys¥s using non-ovsrlapping halvss of data
(s¥% Msthods for d+tails). Th% résults from this analysis
wers qualitatively similar (Figurs 4A, bottom).

It should b% not+d that in comparisons involving
occlud+d stimuli on th¥ on% hand and unocclud+d
stimuli on th% othsr, th¥ préssncy of ths occludsr is
confound+d by th% présincy of non-zsro disparitiss,
which may hav$ contributtd to th% preferential r¥spons+s
to th+ OO condition. How%vsr, this confound was $qually
trus for all conditions with an occlud+r, notwithstanding
which th% r¥sponss to on¥ of th¥m (OO condition) was
largsr than th% r$sponsts to th% r¥maining conditions.
Thus, this confound is unlik¢ly to havs b%%n a signi-
ficant contributor to ths prefsrential résponsss to ths
OO condition.

Ths pattérn of résponsss of th+ DF focus across th+
stimuli (Figurs 4B) was substantially diffsrént from
risponsy pattsrn of thy LOC focus (2-way ANOVA,
conditions x foci; foci, p < 0.05; foci-conditions int%r-
action, p < 0.05). Ths OO stimulus also ¥licit¥d th% largsst
r¥sponst in DF (at 2.08 = 0.25%) and, as $xp%ctsd, this
r¥sponsy was significantly largsr than th% r¥sponss to
condition 2 (1-tailtd Mann-Whitnsy test, p < 0.01).
Howsvsr, tht respons+ to th+ OO stimulus was also largsr
than th% r¥spons+ to th¥ conv+¥ntional unocclud+d obj¥ct
(i.%., condition 1 > condition 3; p < 0.01). Tog+th#r, th¥s+
résults indicats that ths LOC and ths DF foci ars $ach
s¥lsctively responsivy to occludsd objscts, but with
som¥what diffsrént pattérns of r¥sponsss across ths
stimulus conditions.

As indicatyd abov%, in both LOC and DF, th+ OO-
stlsctive foci overlappsd ths largsr objsct-stlsctive foci
(as ds¥tsrminyd by ths Intact Objsct—No Occludsr >
Scramblsd Objsct—No Occludsr condition). W+ studivd
ths r¥sponsss of thess largsr objsct-sslsctive rygions to
our stimuli. In LOC (Figurs 5A), th% r$spons% to th%
convsntional unocclud+d obj*ct (condition 3) was signifi-
cantly largsr than th% r¥spons+ to th¥ corr¥sponding
scrambl¥d obj¥ct (condition 4), as $xp¥ct¥d from th%
contrast us+d for d+fining th¥s+ ROIs. This r¥spons+ was
also significantly largsr than th% r¥spons+ to ¥ach of th%
othsr conditions (Tuksy’s HSD tsst, p < 0.05), $xcspt ths
r¥sponsy to thy OO stimulus (p > 0.05), indicating that
activity in ths objsct-s¢lsctive LOC focus is liksly
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Figure 5. Average responses (tSEM) of object-selective ROls in
LOC (panel A) and DF (panel B). In either region, the response to
each condition was calculated across all voxels that were
significantly more responsive to the Intact Object-No Occluder
condition than to the Scrambled Object—-No Occluder condition
(condition 3 > condition 4; denoted collectively by the green and
yellow voxels in Figure 2B) within each subject and averaged
across subjects. See Methods for details. Cross-validation
analysis yielded similar results (not shown).

corrvlatvd with ths objsct psrcypt rvgardlsss of its
occlusion status. In th% obj¥ct-s¥lsctive DF focus
(Figurs 5B), ths ré¥spons% to th% unoccludsd obj+ct was
significantly largsr than th% r¥spons+ to scrambl+d objsct,
as ¥xpsctvd. Howsvsr, DF réspons+ to ths unocclud+d
objsct was statistically indistinguishabl+ as that to many
control stimuli (condition 3 vs. condition 1, 2, 5, or 6;
Tuksy’s HSD test, p > 0.05 in all cas¥s), indicating that
whsn th% r¥spons+s to th¥ control stimuli wsr$ tak$n into
account, ths r¥spons+ of ths greatsr DF focus was no
longsr s¥lsctive for objscts.

Tog+thsr, th¥s+ results indicats that th+ lack of OO
s¥lsctivity in ths grvatsr LOC and DF foci aris¥s bscaus+
of a compl¥x pattsrn of r¥lative incrvasss in th¥ r¥sponsss
to non-O0 stimuli.
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Role of LOC and DF in the processing of
occluded objects

Our résults provids ths first $vidsncy for prifsréntial
r¥sponst¥s to occlud¥d objvcts in th¥ visual cort¥x to our
knowl+dgs. In ths OO-s+lsctivs foci in both LOC and DF,
th¥ r¥spons+ to occlud+d obj¥cts was significantly largsr
than th% r¥spons% to %ith%r th% objsct or ths occludsr by
itstlf. Th% r¥spons¥ in n%ithsr focus was attributabl+
sol¥ly to low-lsv#]l stimulus params#tsrs, such as ths
propsrtivs or ths pressncy of th¥ occludsr, or to amodal
complstion per se. This is consistynt with prévious EEG
studi¥s that show that bordsr compl+tion is dissociabl+
from objsct r¥cognition (Murray #t al., 2006). Whil it is
conc¥ivabl+ that th¥ r¥spons+ to occlud+d obj+cts was dus
to ths potentially greater difficulty of psrctiving an
occlud+d objsct vs. psrc¥iving an unocclud+d objsct, this
factor is unlik+ly to hav+ play+d a major rol%, both b¥caus+
thes+ sffscts wsrs $vidsnt $ven with passivs vitwing and
b¥caus+ ths othtr conditions with an occludsr (%.g.,
condition 2 or 5) #licitvd significantly lowsr r¥spons+
undsr th¥ sam% vitwing conditions. Thus, our r¥sults
collsctivtly indicats that th¥s+ foci ar% s¥lsctively r¥spon-
sive to occlud+d objvcts and h¥nc% ar% lik+ly to play an
important rol% in th% psrc¥ption of occludsd objscts.

Th# significanct of our r¥sults is also that th¥y r¥v+al that
th OO-s¢lsctivs foci ary a part of th% préviously known
obj¥ct proctssing pathway. Ths sslsctivity for occlud+d
obj¥cts présumably r+flscts ths additional information
procsssing r¥quiryd for th+ psrcsption of such objscts. As
not¥d %arlitr, in ordsr to psrc¥ive an occlud+d obj+ct, ths
visual syst+m must distinguish b¥tw%%n th% imag% s+gmsnts
that b¥long to th% occlud+r vs. to th% occlud+d objsct and
prresptually “sxplain away” th% missing information about
th+ occlud+d objsct (Ksrsttn & Yuills, 2003; also s+
App+ndix A). Hows$vsr, our résults do not allow us to
dstsrmins ths pricisy rols of th¥s+ foci in this procsss,
givén thy limitsd spatial and tsmporal r¥solution of th%
BOLD r¢spons+. Non¥th+lsss, both th¥s+ foci ar% liktly to
play a high-1$v#1 rol% in this proc¥ss, bycauss ths r¥sponsss
in both foci largsly parall+] th¥ intsnd+d psrcspt and not ths
low-I$v#] stimulus paramstérs, and bycauss both th¥ss foci
ars clostly associattd with high-1$v#l, non-r¥tinotopic
rvgions known to play k%y rolss in objvct psrcsption
(Grill-Spsctor #t al., 2001, 2004; Kourtzi & Kanwishsr,
2000; Spiridon, Fischl, & Kanwishsr, 2006).

Previous studies of occlusion

Although occlusion (or int¥rposition) has b¥¥n a subjsct
of a largs numbsr of psychophysical studiss (%.g., s¥%
Fang & H+%, 2005; Nakayama %t al., 1989; for rsvis+ws, s+
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Howard & Rog#rs, 2002; Komatsu, 2006), not many
studi¥s hav$ addr¥ss¥d th¥ n¥ural m¥chanisms of occlu-
sion. As not¥d %arlisr, L¥rn%r &t al. (2002) havs $xaminsd
th+ BOLD r¥spons¥s to partially occlud+d lin¥ drawings.
Whils thsy did not find occlusion-r¥latyd #ffscts in DF,
th+y did rsport that in LOC, th% r¥spons+ to occlud+d
objscts was high+r than th% r3spons+ to scramblsd objscts,
but significantly lowsr than th% r¥sponss to unoccludsd
objscts. Th+ rvason why thsy fail+d to find prefersntial
r¥spons¥s to occludsd objscts is hard to ascértain sinct
th¥ir study diffsr¢d from ours in a numbs%r of important
r¥spscts, including th typs of objscts (animals or
unfamiliar nov$l obj¥cts in th¥ir cas¥ vs. familiar
inanimat% obj¥cts in our cas¥) and occludsrs (vertical bars
vs. random hol¥s) us¥d. Howsvsr, it is plausibls that ths
typ% of analytical contrasts us+d was a major contributing
factor to th+ diffsréncs bstwssn th+ two studiss. In our
cas¥, %vidincss for prifsréntial r¥sponsts to occludyd
obj¥cts wsrs revealyd using ths Intact Objsct—Nwar
Occludsr vs. Intact Objsct—Far Occludsr contrast
(Figurss 2 and 3), which was not possibl+ in cas+ of
Lsrnsr st al. (2002) sinct their stimulus s¥t was limitsd to
intact unocclud+d objsct, intact occlud+d obj+ct and
scrambl+d occlud+d objsct. Thus, in th¥ir cas+ th% spatially
localizs#d prifsréntial r¥spons+s to occlud+d objscts wirs
prisumably aviragyd out across th¥ $ntirs objtct-s¥lsctive
LOC r+¥gion (s#% our Figur+ 5). Th+ data in Figur+ 5 also
potsntially $xplain why Lsrnsr +#t al. (2002; also s¥% Lsrnsr,
Harsl, & Malach, 2004) did not find occlusion-r¥lat+d
sffscts in DF sincy ths largsr DF r¥gion r¥sponds
comparably to th¥ thr#+ classss of stimuli us+d by th¥m.
Soms procvdural diffsréncss bstwssn ths two studiss
art worth noting b¥caus% th+y app¥ar not to havs mad+ a
substantial diffsréncs. Lsrnsr &t al. (2002) r¢quirsd that
th+ subjscts covsrtly nam+% th% objtcts whils fixating,
whsrsas our main $xpsrimsnt was simplsr in that it
involv¥d only passiv+ vitwing. Th+ fact that w+ found
preferential r¥sponsss to occlud+d objscts using a simpl+
task without a fixation requirtmsnt indicatts that attsn-
tional and fixation controls ar% not critical for finding th%
prefersncsy for occludvd obj¥cts. On ths othsr hand, w+
found that th% r¥sponsts wsrs qualitativély similar when
th+ subjtct did psrform an att¥ntion-dsmanding task.
Thsss two results togsthsr indicats th% r¥sults obtainsd
using passiv¥ vitwing ar% not an artifact of this paradigm.
This is consisttnt with th% fact that, in th% macaqu%
infsrottmporal cortyx, form r¥pressntation is virtually
unaltsrsd by fixation vs. fr¥+ viswing (DiCarlo &
Mauns+l1l, 2000). Nonsth¥l¥ss, it r¢¥mains possibls that
instituting th¥s% controls may uncovsr additional and/or
larger foci for th% proc¥ssing of occlud+d objscts (s¥+
Bshrmann, G%ng, & Shomst+in, 2004; Komatsu, 2006;
Murray %t al., 2004; Rauschsnbsrgsr & Yantis, 2001;
Rauschsnbsrgsr #t al., 2006). Nots, howsvsr, that ths
possibility that instituting a mor% %laborats b¥havioral
paradigm may r+v+al additional complsxitits of ths undsr-
lying mschanisms do¥s not undsrmin% th% importancs of
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r+vialing th% sxisttnct foci preferentially résponsivs to
occlud+d obj+cts in ths first plact, as our r¥sults do.
Murray ¥t al. (2002) havs réportsd that activity in V1 is
lowsr wh¥n an occludsd objsct is psrctived as a cohsrént
whols than whsn it is psrc+ived as a collsction of incohsr¥nt
imags slsments. Ths rvduc¥d V1 activity may r+flsct ths

CC_a

r¥sidual” s¥nsory signals aftsr most of ths imag% informa-
tion is “¢xplain+d away” through f¢+dback from highsr arvas
(Murray #tal., 2002). It is intriguing that w% did not obs$rv+
this r¥ducsd activity in V1. On% possibls r+ason for this is
that th% r¥ductd V1 activity is r¥tinotopic and th¥r+fors
dissipattd in our cas%. Anothsr possibility is that th+
rvduction in activity is substantially gr¥atsr whin th%
subj¥ct is activély ¥ngagsd in an obj¥ct r¥cognition task,
as oppos¥d to during passivé vitwing us¥d our main
sxpsriménts. Although ws did not obs%rvs ths r+duction
in our control $xptrimsnts #ithsr (which involvsd an obj+ct
r+cognition task), it r¥mains possibl+ that this $ff¥ct can b+
uncoveryd using diffsrént tasks and/or largsr data svts.
Furthsr $xpsrimsnts ars n¥+dsd to clarify this ph¥nomsnon.

Olson #t al. (2004) hav+ re¥portsd that in arsas MT+ and
th+ intraparittal sulcus (IPS), a moving gray-and-whit+ disk
that smoothly disapp¥ars b+hind a static occludsr #licits an
intttmsdiats 1$vs#l r¥sponsy by¥twssn thost whin ths disk
abruptly disappt¥ars and whsn it is not occlud+d at all. It
r¥mains to b% s¥¥n whithér and to what $xtsnt th¥s+ foci ars
functionally r¥lat¥d to th+ on¥s w+ find (and vic% vsrsa). On
th% on% hand, shaps psrception of static occlud+d objscts
may b% diffsrént from th% psrcsption of dynamic occlusion
(s%% Grill-Spyctor & Malach, 2004). On th% othsr hand, ths
nsural mschanisms of psrcyptual awarsnsss of an objsct
rsndsr+d invisibly by occlusion may b+ diffsrént from th+
pircyption of a partially visibls objscts us¥d in our
sxptriménts. It is also possibl+ that static occlusion d+finsd
by disparity may b+ proctss+d diffsr¢ntly than thost d+finsd
by othsr static occlusion cuss. Tylsr, Likova, Kontss+vich,
and Wad+ (2006) r¥csntly comparyd BOLD r¥spons¥s to
visual sc¥nss with dspth bordsrs ds+finyd by disparity,
motion, luminanc% bordsrs, lins contours, or illusory phas+
bordsrs and found that arta KO is prifsrentially r$sponsivs
to dspth structurss dsfintd by disparity or motion. Th%
$xt¥nt to which th% r¥spons¥s in our cas¥, $sp+vcially in DF,
ars rvlatsd to thy ust of disparity as thy dspth cus (s3%
Brouwsr, van Es, & Schwarzbach, 2005, Gilais-Dotan %t al.,
2002; Tylsr #t al., 2006) r¢mains to b+ d¥tsrminsd.

Hulm# and Zski (2007) r¥céntly invsstigatsd ths nsural
mschanisms of psrceptual awarsn¥ss of objscts (facss or
housss) that wsrs n¥arly fully occlud+d, so that th+
subjscts had littl+ dirsct s¥nsory psrcyption of ths obj+ct
but wsrt nonsth¥léss conscious of its préssncy. They
r¢portyd that whil$ prémotor arvas ars prifsréntially
activatyd wh¥n th% subjvcts w¥r% conscious of an oth¥r-
wist occlud¥d objsct, th+ activity of fusiform fac+ arvas
(FFA) and th% latsral occipital r¥gion w%r% invariant
regardlsss of whsthsr th% objscts wsrs visibl+ or not. It
r¥mains to b% s¥¥n whsthsr or to what $xtent ths nsural
m¥chanisms of awartn¥ss of an objsct in ths abs¥nc% of
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dirsct psrc+ption addréss+d by Hulm# and Z+ki (2007) ars
r¥latyd to thost involvéd in complsting a singls whol%
objsct using partial vitws arising from occlusion addr¢ss+d
by th% pres#nt study.

Future directions

Many prévious studiss havs shown stlsctivity for various
objsct catvgorivs in LOC (s+% Grill-Spyctor & Malach,
2004). Thus, obj¥ct catvgorits such as facss, body parts,
inanimat+ obj%cts, and sc¥n%¥s ar¥ all proc¥ss+d in distinct,
alb¥it clostly rélatyd, subrsgions of LOC (Grill-Spsctor
st al.,, 2000, 2001; Kourtzi & Kanwishsr, 2000). Th%
s¥lsctivity r¢v¥alsd by our study is nov#l in that it is not
bas+d on obj¥ct catvgory but instvad on ths occlusion status
of an obj¥ct, i.¥., whithsr a givén objsct is occlud+d or not.

Our findings straightforwardly sugg#st thr$% major topics
for futurs ré¢ssarch. First, doss s¥lsctivity for occludsd
objscts also ¥xist for othsr obj+ct catvgorits, ¥.g., for
occlud¥d fac¥s or occlud+d body parts, in LOC and/or DF?
Eithsr sc¥nario would hav% important implications for th%
functional organization of th% obj¥ct procsssing pathway.
As not¥d #arlist, our $xp¥rimsnts using viswpoint discri-
mination of occludsd facts do indicats th% $xisténcs of
prefersntial r¥sponsss to occlud+d facss.

S+cond, natural visual sc¥n¥s contain many computa-
tional complsxitits oth$r than occlusion, including (but
not limit¥d to) visual cluttér, variations in vi¥wpoint,
illumination, siz¥, position, and th% availabls cuss to
objsct shaps and idsntity. From th$ computational visw-
point, th¥s+ sc¥narios %ntail s¥v¥ral distinctly diffsrént
typss of information proc¥ssing (K¥rst¥n, Mamassian, &
Yuills, 2004; Yuills & Ksrsttn, 2006). Doss ths visual
systtm contain r¥gions s¥l¥ctivé for th¥s+ information
proc¥ssing ryquiryménts? Th¥r% is som% %vidsnct that
among th% objsct-stl¥ctivy re¥gions, ventral occipital
rvgions (LOa/pFs) do contain r¥pressntations of objsct
shap$ s¥nsitiv¥ to viswpoint or illumination, although not
to siz+ and position (Fang & H%, 2005; Grill-Sp+ctor #t al.,
1999). Wslchman, Dsubslius, Conrad, Biilthoff, and
Kourtzi (2005) havs rsport+d that foci within LOC ars
s¥l¥ctive for combinations of binocular disparity and
pirspyctivs than to #ithsr cu¥ alon%, although it is uncl¥ar
whsth#r thess foci ars functionally distinct from thos# that
ars s¥lsctivey for #ithsr cus alons.

Third, what is th¥ rols of prior knowl¥dg+ in psrc¥ption
of occludsd obj+cts? Previous studits indicats that psrcsp-
tion of unocclud+d obj+cts in impov+rish+d stimuli, such as
two-ton% imagts of facts and obj+cts, is griatly facilitatyd by
$xposurt to th¥ corr¥sponding full grayscal% stimuli, and that
ths tmporal cort¥x plays an important rol+ in this l¥arning
(Dolan st al., 1997; Tovs+, Rolls, & Ramachandran, 1996).
Ms-chanisms by which ths visual syst¥m similarly us¥s prior
knowlsdg+ of obj¥cts to pyrctive visual sc¥nss in which ths
impovsrishmént of s¥nsory information arists from occlu-
sion r¥main to b $xplorsd.
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Thsss issu¥s highlight ths fact that much r¥mains to b%
[sarn¥d about how th% visual syst¥m d+als with th% various
computational challtngss pos+d by natural visual sc¥nss.
Ths résults of our study rais+ th+ prospsct that undsr-
standing how th% visual systtm dvals with th¥s+ complsx-
iti+s will b+ a fruitful arsa of futurs resvarch.

Conclusions

Sptcific regions in both th% t+mporal and pari+tal visual
proc¥ssing pathways ary preferentially r¥sponsive to
occludsd objscts. Thess rvgions ars liksly to play an
important rol% in th% ptrcsption of occludsd objscts.

Appendix A

Computations involved in the perception of
an occluded object

Ths psrception of an occlud+d obj+ct is part of thy mors
g¥n¥ral imags parsing problsm (Yuills & Ksrstsn, 2006).

A1EE

B1 B2

Red: Near

1
% [l < K

Blue: Primary target(s)
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Figurs Al illustrat¥s k¥y computational st¥ps. Ths Isft
pan#l of Figurs Al shows an imag# that can b% intsrpretsd
in on% of two ways. On¥% th% on% hand, it can b% s%%n as a
collsction of thr$% rsctangular, possibly t¥xtursd or
shadsd, patchss supsrimpossd on a uniform gray planar
background. Altsrnatively, it can b% s¥¥n as a shadsd
#llipsoid b+¥hind a gray plans with thr$$ réctangular
apsrturss. If on% cross-fusss ths 13ft and right imagss of
Figurs A1 (I+ft and right imagss to th% right and 13ft $y%s,
r¥spyctively), th first intsrpritation b¥comss quits com-
ptlling du% to th% fact that st¥r¥o information providss
$vidsncs for thrss rectangular patchss floating abovs a
gray background, and that th% surfact boundarits of th+
thr$+ patchss ar% intrinsic to th patchss, as shown in red
in pan¥l B1. Th% p¥rcsptual “sxplanation” of th+ imag+
data (pantl C1) is that of thr%%, possibly scrambl+d,
patchss floating in ths forsground (blue outlines) abovs a
gray plan% (orange outline). On th% othsr hand, if on%
cross-fus¥s th¥ two imag¥s in Figurs A2, th% s¥cond
intsrpritation bycomss comptlling. In this lattsr cas%, ths
$dgss of th¥ thr$% rSctanglys bycom#¥ intrinsic to th¥ gray
planar surfact (shown in red in pan%¥l B2), and on% thus
intérprits the réctangular patchss as holss. Thess réctan-
gular ¥dgss ar¥ now %xtrinsic to th¥ r¥gion insid+ th%
apsrturt, and b¥caust th¥s+ $dgss art no long+r bound to

ZEE

Green: Far

Orange: Secondary-target

Figure A1. Key computational steps in the perception of an occluded object.
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Condition 2

Figure A2. Free fusion stereograms.

th% int¥rnal patch r¥gions, th% r¥gional and partial $dg+
information (curvt#d obj¥ct fragmsnts within th% réctan-
glss) provid+s candidats data to b+ “fit” by a singl% clos+d
objsct, 1.5, in this cas¥, an %llipsoid. This obj%ct dstsction
stags may involv$ both amodal complstion (i.%., filling in
of th¥ #llipsoid bas+d on Gé#stalt principlss, %.g., of good
continuation), as w¥ll as acc¥ss to high-lsv$l familiar
modt+ls, such as “¢1lipsoid.” Th% psrceptual “sxplanation”
of th+ imag+ data (pan%l C2) is that of an #llipsoid (blue
outline) floating bvhind a gray plany (orange outline).
Not+ that both ths disparity data and a high-lsvsl
hypothssis about ths form of th% occludsr can b+ us+d to
“sxplain away” thos+% parts of th+ imag+ that do not b¥long
to ths targst objvct (Yuills & Ksrsten, 2006).

In som% s¥ns%, th% s¥cond intsrprétation (pan+l C2) is
th$ simpl$r or mor% %conomical d¥scription, and it is
known that singl$, clos¥d volumstric objscts play a
dominant rol% in obj¥ct psrc¥ption (Arguin & Saumitr,
2004; Moors & Eng#l, 2001). Furthsrmor#%, as unocclud+d
stimuli, clost¥d volumstric forms ars particularly sffsctivs
at activating obj¥ct proc¥ssing r¥gions of th visual
pathway, such as LOC (Moor+ & Eng+l, 2001).

Free fusion stereograms

Figurt A2 shows stér¥ograms corr¥sponding to con-
ditions 1 and 2 that can bs fus+d %ithsr divsrgsntly (fop)
or convsrgsntly (bottom). Ths resulting psrcypts ars
illustratsd in Figurs 1B.

Rs¥adsrs who $xpsritncs problsms achisving fusion can
follow thss% standard instructions. Visw th% stimuli with

your %y%s Isv#l and about 20 inchss (51 cm) from th%
imag+%. Hold up a fingsr about 6 inchss (15 cm) from your
fact and csntsred at ths middls of a givén st¥r¥o pair.
Focus your $y%s on th% fingsr tip. Whsn ths stsrso pair
apptars as two (blurr¥d) pairs, slowly movs your fingsr in
a straight lin¥ bstw$%n your fact and th% stérvo imag+
whils maintaining focus on th% fingsr until th+ middls pair
of th% imag#s fus+ into ons. Without moving your fingsr,
slowly shift th+ focus from your fingsr to th% imag# so that
tht fus¥d imag% in th% middl+ appsars thr¥%-dim$nsional
whils ths fingsr apptars singls but blurrsd. With som#%
practic%, you should b% abl% to r¥mov+ your fingsr without
losing st¥r¥o fusion.

If you find this difficult to do with ths imagss for
convsrgsnt fustrs, try thosy for divergsnt fussrs, and
vich vérsa.
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