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C o h eren t visu al p ercep t io n n ecessit ates t h e ab ilit y t o t rack d ist in ct o b jects as t h e
sam e en t it ies over t im e an d m o t io n . C alcu lat io n s o f su ch o b ject p ersisten ce ap p ear
t o b e fairly au t o m at ic an d co n st rain ed b y sp ecific ru les. W e exp lo re t h e n at u re o f
o b ject p ersisten ce h ere wit h in t h e o b ject -file fram ewo rk ; o b ject files are m id -level
visu al rep resen t at io n s t h at t rack en t it ies over t im e an d m o t io n as t h e sam e
p ersist in g o b jects an d st o re an d u p d ate in fo rm at io n ab o u t t h e o b jects. W e p resen t
t h ree n ew fin d in gs. F irst , o b jects files are co n st rain ed b y t h e p rin cip le o f
ÔÔb o u n d ed n essÕÕ; p ersist in g en t it ies sh o u ld m ain t a in a sin gle clo sed co n t o u r. Seco n d ,
o b ject files are co n st rain ed b y t h e p rin cip le o f ÔÔco n t ain m en tÕÕ; all t h e p arts an d
p ro p ert ies o f a p ersist in g o b ject sh o u ld resid e wit h in , an d b e co n n ected t o , t h e
o b ject itself. T h ird , o b ject files are sen sit ive t o t h e co n text in wh ich an o b ject
ap p ears; t h e very sam e p hysical en t ity t h at can in st an t iate o b ject -file fo rm at io n in
o n e exp erim en t al co n text can n o t in an o t h er. T h is co n text u al in flu en ce d em o n -
st rates fo r t h e first t im e t h at o b ject files are sen sit ive t o m o re t h an ju st t h e p hysical
p ro p ert ies co n t ain ed wit h in any given visu al d isp lay.
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A s we m ove ab o u t t h e wo rld an d as t h e wo rld m oves ab o u t u s, we read ily
t rack o b jects as b ein g t h e sam e en t it ies fro m o n e m o m en t t o t h e n ext . T h is
invalu ab le sk ill u n d erlies o u r ab ilit y t o in teract wit h o u r enviro n m en t
wit h o u t co n st an t ly recreat in g a rep resen t at io n o f every en t ity. I n p rin cip le,
su ch o b ject t rack in g co u ld b ecarried o u t by co n t in u o u sly co m p arin g a series
o f in d ivid u al visu al sn ap sh o ts (M ich els, Saxen a, & N g, 2005) o r by st o rin g
p revio u s exp o su res t o in d ivid u als o r gro u p s acro ss an en t ire en co u n ter
(R o sen cran tz, G o rd o n , & T h ru n , 2003). H o wever, wh ile t h ese are viab le
co m p u ter visio n st rategies, t h ey wo u ld b e an overwh elm in g p ro p o sit io n fo r
t h e h u m an b rain . R at h er t h an u sin g b ru te fo rce t o ach ieve t h e p ercep t io n o f
p ersist in g o b ject h o o d , o u r visu al system u ses several h eu rist ics t o b o t h
o p t im ize an d sim p lify p ro cessin g. Y et , m u ch rem ain s u n k n o wn ab o u t wh at
h eu rist ics are u sed , h o w t h ey are u sed , an d wh en t h ey are u sed .

A p o werfu l fram ewo rk wit h in wh ich t o reaso n ab o u t an d test t h ese issu es
o f o b ject p ersisten ce is t h e object -file theory (K ah n em an , T reism an , & G ib b s,
1992). ÔÔO b ject filesÕÕ are ep iso d ic, visu al rep resen t at io n s t h at st o re an d
u p d ate in fo rm at io n ab o u t sp ecific o b jects an d t rack t h e o b jects over t im e
an d m o t io n via sp at io tem p o ra l in fo rm at io n . O b ject files are t h o u gh t t o b e a
crit ical m id -level o f visu al rep resen t at io n t h at can t rack an en t ityÕs p ersist in g
id en t ity wit h o u t relyin g u p o n eit h er lo w-level su rface feat u res (e.g., co lo u r,
sh ap e) o r h igh er level in fo rm at io n (e.g., typ e o r catego ry). Fo r exam p le, t ak e
t h e classic A m erican m ovie lin e ÔÔI tÕs a b ird , itÕs a p lan e . . . I tÕs Su p erm an .ÕÕ
D esp ite ch an ges in lo w-level in fo rm at io n (e.g., a size ch an ge as Su p erm an
m oves clo ser) an d in h igh er level catego rizat io n (e.g., switch in g fro m b ird t o
p lan e), t h e it rem ain s t h e sam e* t h ere is n ever any d o u b t as t o h o w m any
o b jects are p resen t (K ah n em an et al. , 1992).

T h e o b ject -file t h eo ry h as gain ed em p irical su p p o rt t h ro u gh t h e object -
reviewing paradigm wh erein sp ecific in fo rm at io n p resen ted o n a given o b ject
is later p ro cessed m o re rap id ly wh en it is p resen ted again o n t h e sam e o b ject
as o p p o sed t o o n a d ifferen t o b ject , even if t h e o b jects h ave m oved
(K ah n em an et al. , 1992). T h at is, wh en t h e in fo rm at io n is in it ia lly b o u n d
t o a sp ecific o b ject , p ro cessin g o f t h at in fo rm at io n at a later t im e is sp eed ed
wh en t h e b in d in g is m ain t a in ed . I n a m o d ified versio n o f t h e o b ject -
reviewin g p arad igm (e.g., K ru sch k e & F ragassi, 1996; M it ro ff & A lvarez,
2007; M it ro ff, Sch o ll, & N o les, 2007; M it ro ff, Sch o ll, & W yn n , 2004, 2005;
N o les, Sch o ll, & M it ro ff, 2005; see F igu re 1), su b jects first view a d isp lay
co n t ain in g at least two o b jects (e.g., two sim p le fram es). Preview in fo rm a-
t io n is t h en b riefly p resen ted in each o b ject (e.g., a let ter is p resen ted wit h in
each fram e). A fter t h e p review in fo rm at io n d isap p ears, t h e o b jects m ove
ab o u t t h e d isp lay. A fin al t arget item (e.g., a let ter) is t h en d isp layed in o n e o f
t h e o b jects an d su b jects are ask ed t o m ak e a sp eed ed resp o n se as t o wh et h er
it is t h e sam e as any o f t h e p review item s o r wh et h er it is n ovel t o t h at t ria l.
T yp ically, su b jects are q u ick er t o resp o n d wh en t h e t arget item reap p ears o n
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t h e sam e o b ject it was p reviewed o n co m p ared t o wh en it reap p ears o n a
d ifferen t o b ject . T h is resp o n se t im e b en efit h as b een term ed t h e object -
specific preview benefit (O SPB). T h e m o t io n serves t o d eco u p le t h e in it ia l
sp at ial lo cat io n fro m o b ject -sp ecific in fo rm at io n ; t h u s t h e O SPB is t h o u gh t
t o arise fro m t h e p review in fo rm at io n b ein g st o red in , o r b o u n d wit h , t h e
p ersist in g o b ject -file rep resen t at io n as o p p o sed t o a lo cat io n .

A n in it ia l wave o f o b ject -file research fo cu sed o n t h e n at u re o f an o b ject
fileÕs co n ten ts (e.g., K ah n em an et al. , 1992; G o rd o n & I rwin , 1996, 2000;
H en d erso n , 1994; H en d erso n & A n es, 1994), est ab lish in g t h at o b ject id en t ity
can b e m ain t ain ed in an ab st ract fo rm at . F o r exam p le, o n e st u dy fo u n d
sign ifican t O SPBs even if t h e p review an d t arget item s d iffered in fo rm at
fro m wo rd s t o p ict u res (G o rd o n & I rwin , 1996). M o re recen t ly, o b ject -file
research h as exam in ed t h e ru les t h at gu id e h o w o b ject files are co n st ru cted ,
m ain t ain ed , an d d est royed (e.g., M it ro ff & A lvarez, 2007; M it ro ff et al. ,
2004, 2005; N o les et al. , 2005). Fo r exam p le, o b ject files were fo u n d t o b e
sen sit ive t o t h e p rin cip le o f cohesion; t o b e t rack ed over t im e an d m o t io n as
t h e sam e en t ity, an o b ject sh o u ld co n t in u o u sly m ain t ain b o t h a sin gle
co n t o u r an d its st at u s as a sin gle u n it (M it ro ff et al. , 2004). W h en an o b ject
sp lit ap art in t o two , t h e O SPBs fo r t h e two resu lt in g o b jectswere sign ifican t ,
b u t also sign ifican t ly red u ced in m agn it u d e co m p ared t o t h e O SPB fro m
in term ixed co n t ro l t ria ls wh erein o b jects d id n o t u n d ergo a co h esio n
vio lat io n . T h u s t h e co h esio n vio lat io n o f t h e sp lit t in g o b ject p layed an
im p o rt an t ro le in t h e o b ject -file m ain ten an ce, b u t p erh ap s n o t an ÔÔall-o r-
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F igure 1. D ep ict io n o f t h e co n gru en t m atch , in co n gru en t m atch , an d n o -m atch co n d it io n s o f t h e
o b ject -reviewin g p arad igm . F aster resp o n se t im es are typ ically fo u n d o n co n gru en t t h an o n
in co n gru en t m atch t rials an d t h is d ifferen ce rep resen ts t h e o b ject -sp eciÞc p review b en eÞt (O SPB).
F igu res are n o t d rawn t o scale an d o n ly d ep ict o n e m o t io n d irect io n an d o n e t arget let ter lo cat io n .
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n o n eÕÕro le. A n o p en an d im p o rt an t q u est io n t h at rem ain s is t o wh at exten t
su ch ru les gu id e o b ject -file p ro cessin g.

T o d ate, it h as b een su ggested t h at o b ject -file p ro cessin g is in flu en ced by
t h e ru le o f co h esio n (M it ro ff et al. , 2004) an d p erh ap s t h e ru le o f solidity,
t h at o b jects canÕt p ass t h ro u gh o t h er o b jects (M it ro ff et al. , 2005). Prio r
in fan t co gn it io n research d irect ly in sp ired t h ese su ggest io n s an d raises t h e
p o ssib ilit y t h at o t h er su ch p rin cip les m igh t gu id e o b ject files. D evelo p m en t al
wo rk h as exp lo red wh et h er sp ecific p rin cip les co n st rain h o w yo u n g in fan ts
in teract wit h o b jects in t h e wo rld aro u n d t h em (e.g., C h eries, M it ro ff, W yn n ,
& Sch o ll, 2008; Sp elk e, 1990; Sp elk e, K esten b au m , Sim o n s, & W ein , 1995;
W an g, Baillargeo n , & Paterso n , 2005). Fo r exam p le, u sin g lo o k in g t im e
p ro ced u res, Sp elk e et al. (1995) fo u n d t h at yo u n g in fan ts exp ect o b jects t o
m ove alo n g co n t in u o u s p at h s* o b jects can n o t m ove fro m o n e lo cat io n t o
an o t h er wit h o u t t raversin g t h e in term ed iate regio n . Su ch p rin cip les h avealso
b een lin k ed t o t h e ad u lt o b ject -file literat u re (e.g., C arey & X u , 2001;
F eigen so n , C arey, & H au ser, 2002; R ich ard so n & K irk h am , 2004; Sch o ll &
L eslie, 1999). A ssu ch , exp lo rin g ad d it io n al d evelo p m en t a lly in sp ired ru les in
ad u lt m id -level visio n p rovid es a n at u ral co n t in u at io n o f t h is research
en terp rise.

CURRENT STUDY

I n t h e cu rren t p ap er, we ad d ress two p revio u sly u n exp lo red ru les in t h e ad u lt
o b ject -file literat u re: Boundedness* t h at an o b ject m u st h ave a sin gle
co n t inu o u s b o u n d ary, an d cont ainment * t h at t h e p ro p ert ies o f t h e o b ject
m u st b e lo cated wit h in t h e b o u n d aries o f t h e o b ject itself. By exp lo rin g t h ese
two p o ten t ial o b ject -b ased co n st rain ts we aim t o fu rt h er est ab lish t h e ru les
o f h ow in fo rm at io n is b o u n d in t o o b ject -file rep resen t at io n s. A s will b e
ad d ressed in t h e G en eral D iscu ssio n , o u r invest igat io n in t o b o u n d ed n ess
an d co n t ain m en t h as also given rise t o an in t r igu in g effect * t h e resu lts
su ggest t h at t h e contex t in wh ich an o b ject is en co u n tered in flu en ces t h e
ÔÔgo o d n essÕÕo f t h e o b ject fo r o b ject files; t h e very sam e p hysical en t ity t h at
can in st an t iate o b ject -file fo rm at io n in o n e exp erim en t al co n text can n o t in
an o t h er co n text . W e exp lo re t h e co n t rib u t io n o f co n text by assessin g
b o u n d ed n ess an d co n t ain m en t in two d ifferen t exp erim en t al p ro ced u res.
I n t h e in term ixed co n d it io n , t ria ls co n t ain in g b o u n d ed o b jects (see F igu re 2)
are ran d o m ly in terleaved wit h t rials co n t ain in g u n b o u n d ed o b jects (lik ewise
fo r co n t ain m en t in E xp erim en t 2). I n t h e p u re co n d it io n , o n ly t rials wit h
u n b o u n d ed o b jects are p resen ted (again , lik ewise fo r co n t ain m en t in
E xp erim en t 2). I f t h e gen eral co n text wit h in wh ich a st im u lu s is p resen ted
affects o b ject -file p ro cessin g, we sh o u ld see a d ifferen ce b etween t h e
in term ixed an d p u re co n d it io n s. T h is is exact ly wh at we fo u n d an d it
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rep resen ts a sh arp d eviat io n fro m exist in g lin es o f research t h at h ave fo cu sed
sp ecifically o n t h e ro le o f visu al ch aracterist ics fo r o b ject files.

EXPERIMENT 1: THE ROLE OF BOUNDEDNESS

Previo u s invest igat io n s h ave fo u n d t h at t h e p rin cip le o f co h esio n in flu en ces
wh at t h e ad u lt m id -level visu al system will co n sid er t h e sam e o b ject over
t im e an d m o t io n (M it ro ff et al. , 2004). Y et , why exact ly su ch co h esio n
vio lat io n s d isru p t o b ject files rem ain s an o p en q u est io n . O n o n e h an d , t h e
d eleterio u s effects o f a co h esio n vio lat io n co u ld stem fro m t h e b reak in g o f
an already est ab lish ed b o u n d ary o r t h e in st an t iat io n o f a n ew o b ject . O n t h e
o t h er h an d , t h e m ere p resen ce o f an am b igu o u s b o u n d ary at any p o in t
d u rin g t h e o b ject t rack in g p ro cess co u ld resu lt in su ch d isru p t io n s. H ere we
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Intermixed Condition Pure Condition 

144 Illusory 
defined tria ls 

144 Illusory 
defined tria ls 

H
144 Physically 
Defined tria ls 
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F igure 2. T h e (a) st im u li an d (b ) resp o n se t im es o f E xp erim en t 1.
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ad d ress t h is o p en q u est io n b y exp lo rin g t h e p rin cip le o f b o u n d ed n ess* t h at
an en t ity m u st h ave an d m ain t ain a sin gle co n t in u o u s b o u n d ary. M u st an
o b ject b e ÔÔb o u n d ed ÕÕt o b e rep resen ted as a t ru e o b ject an d t o b e t rack ed
over t im e an d m o t io n as t h e sam e? T h is is an in t r igu in g t o p ic o f en q u iry
sin ce b o t h p rio r in fan t (e.g., X u , 1997) an d ad u lt (e.g., M arin o & Sch o ll,
2005) research h as su ggested t h at b o u n d ed n ess can in flu en ce o b ject
p ercep t io n . H o wever, it rem ain s u n clear h o w t h is sp ecific co n st rain t
in flu en ces o b ject -file calcu lat io n s an d o b ject t rack in g.

T o ad d ress t h e ro le o f b o u n d ed n ess fo r o b ject files, we u se an esp ecially
ap t visu al st im u lu s* o b jects co n st ru cted wit h illu so ry co n t o u rs (e.g.,
K an izsa, 1955/1987; see F igu re 2). O b jects d efin ed by illu so ry co n t o u rs
b eh avem u ch lik e o b jects d efin ed b y p hysical co n t o u rs, an d evid en cesu ggests
t h ey are co m p leted early an d au t o m at ically in visu al p ro cessin g (e.g., D avis
& D river, 1994; Sm it h & O ver, 1977; vo n d er H eyd t , Peterh an s, &
Bau m gart n er, 1984). Sin ce illu so ry-d efin ed o b jects d o n o t h ave a sin gle,
co n t inu o u s b o u n d ary, t h ey p rovid e an id eal st im u lu s fo r exp lo rin g t h e ro le o f
b o u n d ed n ess in o b ject p ersisten ce, allo win g u s t o co m p are t h e viab ilit y o f
o b ject -file p ro cessin g fo r ÔÔo b jectsÕÕwit h an d wit h o u t p hysical b o u n d aries.

Methods

Part icipants. F o rty m em b ers o f t h e D u k e U n iversity co m m u n ity p art i-
cip ated fo r eit h er p aym en t o r co u rse cred it (20 in each o f t h e in term ixed an d
p u re co n d it io n s).

Apparatus and st imuli. T h e exp erim en t was p resen ted o n a M acin t o sh
G 4 co m p u ter wit h a 19-in ch m o n it o r, p ro gram m ed wit h cu st o m ized
so ftware u t ilizin g t h e Visio n Sh ell G rap h ics L ib rary (C o m t o is, 2006).
Su b jects sat ap p roxim ately 55 cm fro m t h e m o n it o r wit h o u t h ead rest rain t .
T h e o b jects in t h e ÔÔillu so ry-d efin ed ÕÕt rials co n sisted o f fo u r eq u ally sp aced
b lack n o tch ed d iscs (0.86 d eg in d iam eter) t h at were align ed in ward screat in g
a K an izsa-lik e illu so ry sq u are t h at su b ten d ed 3.44 d eg2 (see F igu re 2). T h e
o b jects in t h e ÔÔp hysically d efin ed ÕÕt rialswere id en t ical wit h t h e ad d it io n o f a
t h in b lack lin e (0.17 d eg) co n n ect in g t h e d iscs, creat in g a p hysically
co n n ected sq u are. L et ters were d rawn in a b lack m o n o sp aced fo n t
su b ten d in g 1.72 d eg an d were cen t ra lly p resen ted wit h in an o b ject . U n iq u e
p review let ters were assign ed ran d o m ly o n each t rial fro m t h e set
[F,H ,M ,Q ,U ,X ] an d t h e t arget let ter was eit h er o n e o f t h e p review let ters
o r a n ovel let ter fro m t h e sam e set .

P rocedures. E ach t rial b egan wh en su b jects p ressed t h e sp aceb ar wit h
t h eir left h an d . A ÔÔp reviewÕÕ d isp lay wo u ld ap p ear wit h two o b jects
h o rizo n t ally align ed , 4.25 d eg t o t h e left an d righ t o f cen t re. A sin gle
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p review let ter ap p eared in each o b ject fo r 500 m s. T h e let ters were t h en
rem oved an d t h e o b jects t raversed a circu lar p at h (50% clo ck wise) fo r 1000
m s su ch t h at t h ey st o p p ed 4.25 d eg ab ove an d b elo w cen t re. A sin gle t arget
let ter was t h en p resen ted wit h in o n e o f t h e two o b jects (50% o f t h e t im e in
t h e t o p o b ject ) an d su b jectswere t o m ak e a sp eed ed resp o n se as t o wh et h er it
was t h e sam e as either o f t h e two p revio u sly d isp layed let ters (p ressin g ÔÔ1ÕÕ
fo r m atch an d ÔÔ2ÕÕfo r n o m atch ). T h e t arget d isp lay rem ain ed u n t il t h e
resp o n se. O n 50% o f t h e t rials t h e t arget let ter d id n o t m atch eit h er o f t h e
two p review let ters (n o -m atch t rials). O f t h e rem ain in g m atch t rials, 50% o f
t h e t im e t h e t arget let ter reap p eared in t h e sam e o b ject in wh ich it was
in it ia lly d isp layed (co n gru en t m atch t rials) an d 50% o f t h e t im e it reap p eared
in t h e o b ject wh ich in it ia lly co n t ain ed t h e o t h er p review let ter (in co n gru en t
m atch t rials).

Su b jects p art icip ated in o n e o f two exp erim en t al co n d it io n s. T h e
in term ixed co n d it io n co n t ain ed 144 illu so ry-d efin ed t rials an d 144 p hysically
d efin ed t rials, wit h t rials ran d o m ly in term ixed . A given t rial a lways
co n t ain ed eit h er two illu so ry-d efin ed o b jects o r two p hysically d efin ed
o b jects t h ro u gh o u t . T h at is, t h ere was n ever a m ix o f o b ject typ es wit h in a
sin gle t rial. T h e p u reco n d it io n co n t ain ed 144 illu so ry-d efin ed t rials. Prio r t o
t h e exp erim en t , su b jects co m p leted 20 p ract ice t rials t h at m irro red t h eir
exp erim en t al co n d it io n .

Results

T h e su b jects were h igh ly accu rate o n t h e m atch / n o -m atch t ask fo r b o t h t h e
in term ixed (M  96.46%, S D  2.54%) an d p u re co n d it io n s (M  96.44%,
S D  2.26%; see T ab le 1). T rials wit h a resp o n se t im e greater t h an 2000 m s
were rem oved fro m an alyses (0.10% an d 0.73% trials rem oved fo r in term ixed
an d p u re, resp ect ively). A ll fu rt h er an alyses were co n d u cted o n ly o n t rials
wit h a resp o n se t im e wit h in 2 S D s o f each in d ivid u al su b jectÕs glo b al m ean
(rem oval o f 4.11% an d 4.32% o f t h e t rials fo r in term ixed an d p u re) an d wit h
a co rrect resp o n se.

T h e p rim ary m easu re o f in terest was t h e d ifferen ce in resp o n se t im e
b etween t h e co n gru en t m atch t rials (wh en t h e t arget let ter reap p eared in
t h e sam e o b ject in wh ich it was o rigin ally p reviewed in ) an d in co n gru en t
m atch t rials (wh en t h e t arget let ter reap p eared in t h e o b ject it was not
p reviewed in ). T h is resp o n se t im e d ifferen ce rep resen ts t h e o b ject -sp ecific
p review b en efit (O SPB) * a p ro cessin g advan t age b eyo n d gen eral d isp lay-
wid e p rim in g fo r in fo rm at io n t h at h ad p revio u sly b een asso ciated wit h a
sp ecific o b ject file (K ah n em an et al. , 1992). T h e O SPB serves as an
o p erat io n al d efin it io n o f o b ject p ersisten ce su ch t h at fin d in g a sign ifican t
O SPB d em o n st rates t h at t h e o b ject was p erceived as t h e sam e p ersist in g
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en t ity acro ss t h e t rial. A s sh o wn in F igu re 2, t h e in term ixed co n d it io n
revealed a sign ifican t O SPB o f 19.21 m s fo r t h e p hysically d efin ed t rials,
t (19)  3.26, p  .004, yet n o sign ifican t O SPB (5.45 m s) fo r t h e illu so ry-
d efin ed t rials, t (19)  0.88, p  .384. T h e p u re co n d it io n , wh ich co n sisted
so lely o f illu so ry-d efin ed t rials, d id h o wever reveal a sign ifican t O SPB o f
20.76 m s, t (19)  3.23, p  .004; see Y an g, 2006, fo r sim ilar resu lts wit h
ÔÔp u reÕÕ t rials). T h e O SPB fo r t h e illu so ry-d efin ed t rials fro m t h e p u re
co n d it io n was m argin ally sign ifican t ly d ifferen t fro m t h at o f t h e in term ixed
co n d it io n , t (18)  1.78, p  .091. T h e illu so ry-d efin ed t rials p ro d u ced a
sign ifican t O SPB wh en p resen ted in iso lat io n (p u re co n d it io n ) b u t n o t
wh en p resen ted in t h e co n text o f p hysically d efin ed t rials (in term ixed
co n d it io n ).

How bounded are unbounded illusory contours?

T h e d ifferen ces b etween t h e in term ixed an d p u re co n d it io n s su ggest t h at
illu so ry-d efin ed o b jects d o n o t u n d erlie o b ject -file p ro cessin g as well as
p hysically d efin ed o b jects. H o wever, an im p o rt an t q u est io n is wh et h er
illu so ry-d efin ed , m o d ally co m p leted en t it ies sh o u ld even b e co n sid ered
ÔÔo b jectsÕÕ. W e ad d ress t h is b efo re d iscu ssin g t h e im p licat io n s o f t h is st u dy
via an ad d it io n al exp erim en t . H ere we p it illu so ry-d efin ed o b jects again st
en t it ies co n st ru cted o f t h e sam e elem en ts t h at d o n o t give rise t o a su b ject ive
o b ject . T wen ty n ew su b jects p art icip ated in an exp erim en t id en t ical t o t h e
in term ixed co n d it io n d escrib ed ab ove wh ere h alf t h e t rials were t h e illu so ry-
d efin ed t rials p revio u sly d escrib ed wit h p ac-m en facin g each o t h er t o create
an illu so ry sq u are an d t h e o t h er h alf o f t h e t rials h ad t h e sam e p ac-m en
ro t ated 180 d eg so each was facin g away fro m t h e cen t re. Su b jects rep o rted
seein g an illu so ry sq u arewh en t h e p ac-m en faced in ward s b u t n o t wh en t h ey
faced o u tward s. T h e in ward s facin g, illu so ry-d efin ed , t rials revealed an
O SPB o f 11.98 m s (co n gru en t an d in co n gru en t m atch m ean R T s  595.19
m s an d 607.17 m s, resp ect ively), t (19)  2.06, p  .053. H o wever, t h e
o u tward s facin g, n o n illu so ry-d efin ed , t rials d id n o t p ro d u ce a sign ifican t
O SPB (1.83 m s; co n gru en t an d in co n gru en t m atch m ean R T s  609.44 m s
an d 611.27 m s, resp ect ively), t (19)  0.16, p  .867. A ny co n cern over t h e
relat ive visib ilit y o f t h e p review an d t arget let ters b etween t h e in ward s an d
o u tward s facin g t rials d u e t o p hysical d ifferen ces is alleviated b y id en t ical
p erfo rm an ce in accu racy (M  96.91% an d 96.28%, resp ect ively) an d in n o -
m atch t rial R T (612.54 m s an d 613.89 m s, resp ect ively). T h e resu lts su ggest
t h at t h e illu so ry-d efin ed t rials in E xp erim en t 1 d o rep resen t o b ject -b ased
p ro cessin g* t h e m eregro u p in g o f in d u cin g elem en ts in t o a co h eren t en t ity is
n o t as su fficien t as an ÔÔo b jectÕÕin p ro d u cin g o b ject -sp ecific p review effects.
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Discussion

O b jects co n st ru cted o f illu so ry co n t o u rs d o n o t always u n d erlie t h e
fo rm at io n an d /o r m ain ten an ce o f o b ject files. T h is is q u ite su rp risin g given
t h at illu so ry co n t o u rs are p ro cessed early in visu al p ercep t io n an d t h at t h e
st im u li in t h is exp erim en t ad h ered t o several st ro n g gro u p in g cu es t h at h ave
p revio u sly b een sh o wn t o u n d erlie o b ject t rack in g (e.g., van M arle & Sch o ll,
2003; Y an g, 2006). Sin ce t h e o n ly d ifferen ce b etween t h e illu so ry- an d
p hysically d efin ed o b jects was t h e lack o f a p hysical b o u n d ary, t h ese resu lts
su ggest t h at t h e d evelo p m en t ally in sp ired ru le o f boundedness m ay in fact
in flu en ce ad u lt co m p u t at io n s o f o b ject p ersisten ce. I m p o rt an t ly, it is n o t t h e
case t h at t h e illu so ry-d efin ed o b jectscan n ever su p p o rt o b ject files* t h ey d id
p ro d u ce a sign ifican t O SPB wh en p resen ted in iso lat io n wit h n o p hysically
d efin ed o b jects p resen ted in t h e exp erim en t . T h u s b o u n d ed n ess m ay b e an
im p o rt an t ru le fo r fo rm in g an d /o r m ain t ain in g o b ject p ersisten ce, b u t n o t
always a n ecessary ru le. A n in t rigu in g o u tco m e o f t h is st u dy is t h at t h e
contex t in wh ich illu so ry-d efin ed o b jects are p resen ted (in iso lat io n vs.
in term ixed wit h p hysically d efin ed o b jects) can im p act wh et h er o r n o t
o b ject -file rep resen t at io n s are in st an t iated . W e retu rn t o t h is issu e o f co n text
in t h e G en eral D iscu ssio n after first exp lo rin g t h e p rin cip le o f co n t ain m en t
in E xp erim en t 2.

EXPERIMENT 2: THE ROLE OF CONTAINMENT

E xp erim en t 1 p rovid ed two fin d in gs* o b ject files are sen sit ive t o t h e
p rin cip le o f b o u n d ed n ess an d t h is sen sit ivity can b e m o d u lated b y
co n text u al in fo rm at io n . H ere we lo o k t o fu rt h er exp lo re t h e ro le o f co n text
b y invest igat in g t h e in d ep en d en t ly im p o rt an t q u est io n o f wh et h er o r n o t
o b ject files are sen sit ive t o t h e p rin cip le o f cont ainment * t h at an o b jectÕs
feat u res m u st b e lo cated wit h in t h e b o u n d aries o f t h e o b ject itself fo r it t o b e
t rack ed over t im e an d m o t io n as a sin gle p ersist in g en t ity. C o n t ain m en t h as
b een exp lo red in t h e d evelo p m en t al literat u re (e.g., H esp o s & Baillargeo n ,
2001; W an g et al. , 2005) b u t h as yet t o b e exp lo red in t h e ad u lt o b ject
p ersisten ce literat u re. A s well, we also h o p e t o p rovid e co nvergin g evid en ce
fo r E xp erim en t 1Õs in t rigu in g im p licat io n t h at t h e o b ject -file system is
sen sit ive t o co n text u al in fo rm at io n .

Methods

Part icipants. F o rty m em b ers o f t h e D u k e U n iversity co m m u n ity p art i-
cip ated fo r eit h er p aym en t o r co u rse cred it (20 in each o f t h e in term ixed an d
p u re co n d it io n s).
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Apparatus, st imuli, and procedures. T h e exp erim en t al p arad igm was
id en t ical t o E xp erim en t 1 excep t fo r t h e fo llo win g. T h e o b jects in t h e
ÔÔin sid eÕÕt rials were o u t lin ed sq u ares (2.87 d eg2, 0.17 d eg fram e t h ick n ess)
an d h ad t h e p review an d t arget let ters d rawn at t h eir cen t re. T h e ÔÔo u tsid eÕÕ
t rialswere id en t ica l t o t h e in sid e t rials excep t t h e let terswere d rawn 2.87 d eg
t o t h e left o f each o b ject Õs cen t re (see F igu re 3). Su b jects in t h e in term ixed
co n d it io n co m p leted 144 in sid e t rials ran d o m ly in term ixed wit h 144 o u tsid e
t rials. Su b jects in t h e p u re co n d it io n co m p leted 144 o u tsid e t rials.

Results and discussion

A s fo r E xp erim en t 1, t h e su b jects were h igh ly accu rate o n t h e m atch / n o -
m atch t ask fo r b o t h t h e in term ixed (M  98.61%, S D  2.25%) an d p u re
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144 O utside 
tria ls

144 Inside 
tria ls
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144 O utside 
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Outside Trials 
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Outside Trials 
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t(19) = 0.46
p = 0.651
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t(19) = 3.38
p = 0.003
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p = 0.017
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F igure 3. T h e (a) st im u li an d (b ) resp o n se t im es o f E xp erim en t 2.
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co n d it io n s (M  97.27%, S D  3.02%; see T ab le 1). O u t lyin g d at a were
rem oved u sin g t h e criteria d escrib ed in E xp erim en t 1: T rials were rem oved
wit h a resp o n se t im e over 2000 m s (0.38% an d 0.43% fo r in term ixed an d
p u re, resp ect ively) an d fo r a resp o n se t im e over 2 S D s fro m t h e in d ivid u al
su b jectÕs m ean (4.46% an d 4.43% rem oved fo r in term ixed an d p u re,
resp ect ively). A s d ep icted in F igu re 3, t h e in term ixed co n d it io n revealed a
sign ifican t O SPB o f 23.94 m s fo r t h e in sid e t rials, t (19)  3.38, p  .003, yet
n o sign ifican t O SPB (3.85 m s) fo r t h e o u tsid e t rials, t (19)  0.46, p  .651.
H o wever, in t h e p u reco n d it io n , t h erewas a sign ifican t O SPB o f 12.80 m s fo r
t h e o u tsid e t rials, t (19)  2.62, p  .017.

T h e in term ixed co n d it io n o f E xp erim en t 2 p rovid es t h e first evid en ce t h at
t h e p rin cip le o f cont ainment can affect o b ject -file calcu lat io n s. W h en t h e
p review an d t arget let ters were sim p ly m oved o u tsid e t h e o b jects, t h e
co rresp o n d in g o b ject fileswere at ten u ated su ch t h at t h ey failed t o p ro d u ce a
sign ifican t O SPB. T h is o ffers a su rp risin gly sp ecific ad h eren ce t o t h e
p rin cip le o f co n t ain m en t sin ce an O SPB was fo u n d wh en all o t h er asp ects
o f t h e d isp lay were id en t ica l excep t t h at t h e let ters ap p eared in sid e t h e
o b jects. T h is fin d in g also h igh ligh ts t h e fact t h at o b ject files are n o t d riven
so lely b y a sim p le asso ciat io n b etween t h e p review in fo rm at io n an d t h e
o b jects in t h e d isp lays; su ch an asso ciat io n wo u ld p red ict n o d ifferen ce
b etween t h e in sid e an d o u tsid e t rials.

H o wever, t h e o b ject file ad h eren ce t o co n t ain m en t ap p ears t o b e
co n t in gen t u p o n t h e n at u re o f t h e o b jects p resen t in t h e exp erim en t sin ce
t h e o u tsid e t rials d id p ro d u ce a sign ifican t O SPB in t h e p u re co n d it io n .
Beyo n d t h e t h eo ret ical im p licat io n s t h at will b e d iscu ssed in t h e G en eral
D iscu ssio n , t h e p u re co n d it io n also serves t o alleviate co n cern s t h at sim p le,
at h eo ret ical d ifferen ces b etween t h e in sid e an d o u tsid e d isp lays m ay b e
d rivin g t h e in term ixed t rial resu lts. I t is n o t t h at t h e o u tsid e t rials (t h o se
vio lat in g co n t ain m en t ) can n ever u n d erlie o b ject files, it is t h at t h ey d o n o t
su ccessfu lly d o so in t h e co n text o f m o re can o n ical o b ject relat io n sh ip s.

GENERAL DISCUSSION

T h ree n ovel fin d in gs are p resen ted h ere. F irst , o b ject files, ep iso d ic m id -level
visu al rep resen t at io n s t h at b in d id en t ity in fo rm at io n t o visu al o b jects, are
sen sit ive t o t h e p rin cip le o f b o u n d ed n ess* o b jects wit h o u t co m p lete clo su re
d o n o t su p p o rt o b ject files as well as o b jects wit h co m p lete clo su re. Seco n d ,
o b ject files are in flu en ced by t h e p rin cip le o f co n t ain m en t * o b jects wit h o u t
all o f t h eir id en t ifyin g in fo rm at io n resid in g wit h in t h eir p hysical b o u n d aries
d o n o t su p p o rt o b ject files as well as o b jects t h at d o co n t ain all t h eir p arts.
T h ird , t h e glo b al co n text created by t h e typ es o f o b jects p resen ted acro ss an
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exp erim en t can m o d u late t h e in flu en ce o f t h ese two p rin cip les. W e d iscu ss
t h e b ro ad er im p act o f t h ese issu es in t u rn .

Object file rules

T h e cu rren t fin d in gs co m b in e wit h p ast wo rk t o su ggest t h at d ist in ct
p rin cip les can gu id e t h e fo rm at io n an d m ain ten an ce o f o b ject files. T h e
in flu en ce o f t h ese p rin cip les o n o b ject -file p ro cessin g m irro rs in fan t
co gn it io n research ; wh en en t it ies vio late cert a in p rin cip les o f p ersist in g
o b ject h o o d , in fan t s d o n o t t reat t h o se en t it ies as ÔÔrealÕÕo b jects (e.g., C h ian g
& W yn n , 2000; H u n t ley-F en n er, C arey, & So lim an d o , 2002). Fo r exam p le,
yo u n g in fan ts h ave sp ecific exp ect at io n s ab o u t t h e q u alit at ive an d q u an t i-
t at ive p ro p ert ies o f o b jects h id d en b eh in d o cclu d in g su rfaces: W yn n (1992)
fo u n d t h at wh en in fan ts are sh o wn two o b jects p laced b eh in d a screen , t h ey
exp ect t h ere t o b e two item s wh en t h e screen is rem oved . H o wever, H u n t ley-
F en n er et al. (2002) fo u n d n o su ch exp ect at io n s wit h p iles o f n o n co h esive
san d .

E ach p rin cip le tested wit h in t h e o b ject -file fram ewo rk t o d ate (co h esio n ,
b o u n d ed n ess, co n t ain m en t , an d so lid ity) h as b een exp lo red wit h yo u n g
in fan ts an d h as b een fo u n d t o d irect ly gu id e h o w in fan ts reaso n ab o u t
p ersist in g o b ject h o o d . A s su ch , it will b e h igh ly b en eficial fo r b o t h field s t o
exp lo re o t h er d evelo p m en t ally in sp ired p rin cip les in ad u lt m id -level visio n
(e.g., o b ject su p p o rt ; N eed h am & Baillargeo n , 1993) an d t o re-exp lo re t h ese
p rin cip les wit h in fan ts. Fo r exam p le, b ased u p o n t h e fin d in gs o f M it ro ff
et al. (2004), C h eries et al. (2008) retu rn ed t o t h e p rin cip le o f co h esio n in
in fan ts an d fo u n d t h at even very sim p le co h esio n vio lat io n s co u ld d isru p t
in fan t sÕab ilit y t o t rack o b jects t h ro u gh o cclu sio n .

The contingency of object file rules

A n im p o rt an t asp ect o f b o t h o f t h ecu rren t exp erim en ts is t h at t h ey su ggest a
co n t in gen cy t o h ow o b ject files o b ey sp ecific ru les* vio lat io n s o f b o u n d ed -
n ess an d co n t ain m en t adversely affect o b ject files, b u t n o t in every sit u at io n .
T h e illu so ry-d efin ed an d o u tsid e t rials p ro d u ced sign ifican t O SPBs wh en
p resen ted in iso lat io n b u t n o t wh en in term ixed wit h t h e p hysically d efin ed
an d in sid e t rials. I t rem ain s an o p en q u est io n wh et h er t h is co n t in gen cy t ak es
a grad ed fo rm o r an all-o r-n o n e fo rm ; o b ject files m igh t b e fo rm ed fo r t h e
illu so ry-d efin ed an d o u tsid e o b jects b u t fo rm ed t o a lesser d egree, o r n o t at
all, fo r t h e vio lat io n t rials in t h e in term ixed co n d it io n s. Previo u s fin d in gs
su ggest ad h eren ce t o t h e co h esio n ru le is grad ed * wh en o b jects sp lit in t o
two , t h e resu lt in g o b jects p ro d u ced sign ifican t b u t at ten u ated O SPBs
(M it ro ff et al. , 2004). W o rk o u tsid e t h e o b ject -file literat u re h as also
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d em o n st rated a grad ed asp ect t o o b ject -b ased effects. F o r exam p le, visu al
at ten t io n can sp read t h ro u gh a sin gle o b ject m o re efficien t ly wh en t h e o b ject
o b eys t h e b o u n d ed n ess p rin cip le; o b ject -b ased at ten t io n effects can b e fo u n d
fo r en t it ies lack in g clo su re (A vrah am i, 1999), b u t t h eeffects areen h an ced fo r
b o u n d ed o b jects (M arin o & Sch o ll, 2005). T h e cu rren t fin d in gs can n o t
d ist in gu ish t h e exact n at u re o f t h is co n t in gen cy, b u t t h ey d o raise several
im p o rt an t issu es ab o u t co n text u al in flu en ces o n o b ject files.

Context affects object files

T h e co n text wit h in wh ich an o b ject is p resen ted in flu en ces t h e d egree t o
wh ich its o b ject -file rep resen t at io n ad h eres t o sp ecific ru les. F o r exam p le, t h e
ru le o f b o u n d ed n ess h ad n o clear in flu en ce wh en u n b o u n d ed o b jects were
p resen ted in iso lat io n b u t a st ro n g effect wh en t h o se sam e u n b o u n d ed
o b jects were seen in t h e co n text o f b o u n d ed o b jects. F ew o b ject files are
m ain t ain ed at any given m o m en t (K ah n em an et al. , 1992) so p erh ap s wh en
less-t h an -id eal en t it ies are seen in t h e co n text o f can o n ical o b jects, reso u rces
are wit h h eld so t h ey can b e reserved fo r t h e m o re legit im ate o b jects. T h is
wo u ld su ggest t h at o b ject files are n o t rest ricted t o t h e ÔÔh ere-an d -n o wÕÕo f
any given sit u at io n sin ce t h ey can b e affected by p rio r in fo rm at io n . N o te
also t h at t h e co n text u al effects o p erated tem p o rally over t h e exp erim en t *
o b jects t h at vio lated t h e b o u n d ed n ess o r co n t ain m en t p rin cip les were n ever
p resen ted in t h e sam e visu al array as o b jects t h at d id n o t vio late t h ese
p rin cip les.

D oes contex t affect percept ion, at tent ion, or memory? T h e p resen t
fin d in g t h at o b ject files are sen sit ive t o t h e n at u re o f t h e o b jects seen b efo re
t h em m irro rs p revio u s o b ject -b ased at ten t io n research (e.g., C h en & C ave,
2006; Z em el, Beh rm an n , M o zer, & Bavelier, 2002). Z em el et al. (2002) were
ab le t o reverse wh at su b jects p erceived as an o b ject o r n o n o b ject in an
am b igu o u s d isp lay b y exp o sin g t h em t o sp ecific visu al st im u li. T h at is, h o w
su b jects p ro cess o b ject h o o d fo r a sin gle t rial can b e d irect ly affected by wh at
t h ey h ave seen b efo re. Previo u s research h as t h u s revealed exp erien ce effects
o n t h e ab ilit y t o p arse an d d ist rib u te at ten t io n t h ro u gh st at ic d isp lays, an d
t h e p resen t wo rk is t h e first t o d em o n st rate sim ilar exp erien ce effects fo r
o b ject -file rep resen t at io n s. H o wever, it rem ain s an im p o rt an t go al t o
est ab lish wh en alo n g t h e p ro cess t h ese co n text u al effects ad m in ister t h eir
in flu en ces. O n t h e o n e h an d , as m o st ly d iscu ssed h ere, t h e effects can b e at
t h e rep resen t at io n al st age, wh erein n o n can o n ical en t it ies are n o t rep resen ted
as p ersist in g o b jects in t h e p resen ce o f b et ter o b jects. O n t h e o t h er h an d , t h e
in flu en ce co u ld also o ccu r at t h e p ercep t u al st age, su ch t h at t h e p resen ce o f
b et ter o b jects lead s t o t h e p arts o f t h e n o n can o n ical o b jects n o t b ein g
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p erceived as b o u n d ed t o get h er in t o a sin gle o b ject . F u t u re wo rk can h elp t o
d ist in gu ish b etween t h ese two t h eo ret ical p o ssib ilit ies.

L imits of the contex tual effects. T h e effects o f co n text d o n o t seem t o b e
u n iversally ad m in istered . W e h ave recen t ly fo u n d t h at o b ject -file t rack in g
relies h eavily u p o n sp at io tem p o ral p aram eters; in t h e ab sen ce o f sp at io tem -
p o ral co n t in u ity, su rface feat u re in fo rm at io n (e.g., an o b jectÕs co lo u r o r
sh ap e) d o es n o t su p p o rt o b ject -file m ain ten an ce (M it ro ff & A lvarez, 2007).
A n alogo u s t o t h e exp erim en t al co n d it io n s o f t h e cu rren t p ap er, b o t h
ÔÔin term ixed ÕÕ an d ÔÔp u reÕÕ co n d it io n s were tested * feat u re-d efin ed t rials
were eit h er in term ixed wit h sp at io tem p o rally d efin ed t rials o r p resen ted
alo n e. I n co n t rast t o t h e clear d ifferen ces b etween t h e in term ixed an d p u re
co n d it io n s o f E xp erim en ts 1 an d 2, su rface feat u res failed t o u n d erlie o b ject -
file p ro cessin g in b o t h co n d it io n s (M it ro ff & A lvarez, 2007). W h ereas
sp at io tem p o ral co n t inu ity is a n ecessary co n d it io n fo r o b ject files, t h e
p rin cip les st u d ied h ere ap p ear t o o p erate in a m o re co n t in gen t fash io n .

CONCLUSIONS

T h ecu rren t exp erim en ts b egan wit h t h e p rim ary go al o f exp lo rin g t h eeffects
o f vio lat in g t h e b o u n d ed n ess an d co n t ain m en t p rin cip les o n o b ject files.
H o wever, n o t o n ly d id t h ese st u d ies d em o n st rate n ovel, nu an ced effects o f
b o u n d ed n ess an d co n t ain m en t vio lat io n s, t h ey also revealed an excit in g
co n text u al in flu en ce o n o b ject files. W h ereas o b ject files h ave b een exam in ed
an d d iscu ssed as ÔÔh ere-an d -n o wÕÕrep resen t at io n s o f a given visu al enviro n -
m en t , t h e co n text u al effects su ggest a m u ch b ro ad er sco p e. C o m b in ed wit h
p rio r research t h ere n ow exist t h ree cases in wh ich co n text can affect o b ject
files (wit h vio lat io n s o f co h esio n , b o u n d ed n ess, an d co n t ain m en t ) an d o n e
case in wh ich o b ject files are im m u n e t o co n text (sp at io tem p o ra l vio lat io n s).
T h ese co n text u al effects sp eak t o t h e n at u re o f feat u re b in d in g in visu al
wo rk in g m em o ry, h igh ligh t in g p erh ap s a sp ecial ro le fo r sp at io tem p o ral
fact o rswh ere t rack in g an o b ject relies relat ively lit t le o n an o b ject Õs feat u res.
C o nversely, t h e effect ive b in d in g o f ep iso d ic in fo rm at io n (e.g., t h e p resen t a-
t io n o f a let ter) t o a sp ecific o b ject can b e in flu en ced b y t h e ÔÔgo o d n essÕÕo f
t h e o b ject itself. C learly t h ese resu lts ju st scratch t h e su rface o f t h is
im p o rt an t issu e an d in so d o in g t h ey raise several q u est io n s. F o r exam p le,
wh at o t h er asp ects o f o b ject p ersisten ce are co n text -d ep en d en t an d co n text -
in d ep en d en t? H o w m alleab le are t h ese co n text effects? A re t h e co n text
effects in teract ive (e.g., wh at wo u ld h ap p en wh en in term ixin g t h e illu so ry-
d efin ed t rials o f E xp erim en t 1 wit h t h e o u tsid e t rials o f E xp erim en t 2)? W it h
t h ese an d o t h er su ch q u est io n s st ill u n an swered , we h ave m u ch t o learn
ab o u t o b ject files. N evert h eless, t h e cu rren t fin d in gs serve an im p o rt an t ro le

CONTEXT AND OBJECT FILES 209

D
ow

nl
oa

de
d 

B
y:

 [D
uk

e 
U

ni
ve

rs
ity

] A
t: 

22
:1

4 
12

 F
eb

ru
ar

y 
20

09



b y elu cid at in g t h e co m p lex n at u re o f o b ject -file p ro cessin g. T o facilit ate
o b ject p ersisten ce, o b ject files b o t h ad h ere t o sp ecific ru les an d in co rp o rate
p rio r k n o wled ge.
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