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It is well established that target detection time can be
reduced at a cued location in space, when compared with
other, uncued locations (e.g., Posner, 1980; Yantis &
Jonides, 1984). Such an attentional cuing effect presum-
ably occurs because stimulus information is extracted
more rapidly and accurately at the cued location. In re-
cent years, it has become increasingly apparent that
cuing provides benefits not just for particular locations
in space, but for common regions within an object as
well. For example, Egly, Driver, and Rafal (1994; see
also Egly, Rafal, Driver, & Starrveveld, 1994) presented
participants with two rectangles, the end of one of which
was cued. As one would expect from previous research
on location cuing, the largest attentional cuing effect oc-
curred within the same object at the same location as the
cue. However, when a target appeared at a different loca-
tion within the cued object, a larger attentional cuing ef-
fect was seen than when a target appeared at an equally
distant location in the uncued object. Thus, attentional
cuing effects appear to be both space- and object-based.

The potential importance of the object-based form of
attention leads one to ask: What defines an object? The
answer to this question is complicatedby the fact that the
sensory information specifying objects is often optically
incomplete. Objects frequently occlude parts of them-
selves and parts of neighboring objects. Despite this

complication, people seem to have no difficulty filling in
the missing information so that complete objects are per-
ceived (Bruno, Bertamini, & Domini, 1997;Gold, Murray,
Bennett, & Sekuler, 2000; Nakayama, Shimojo, & Silver-
man, 1989;Ringach& Shapley, 1996;Sekuler, 1994;Seku-
ler & Palmer, 1992; Sekuler, Palmer, & Flynn, 1994; Shi-
mojo, Silverman, & Nakayama, 1989; van Lier, 1999). If,
as some researchers have suggested, visual completion
occurs preattentively (Davis & Driver, 1997; He & Naka-
yama, 1992;Mattingley, Davis, & Driver, 1997;Rensink&
Enns, 1998), one would expect the attentional cuing effect
to act within discrete regions of partly occluded objects.
Moore, Yantis, and Vaughan (1998) recently reported pre-
cisely such an effect. However, in the displays used by
Moore et al., occluding regions were presented at a differ-
ent retinal disparity from occluded regions. Consequently,
depth relationswere signalednot only by the pictorial cues
associatedwith occlusion (T-junctions), but also by stereo-
scopic cues. Such a stimulus configuration may be impor-
tant, because previous researchers have found that com-
pletion is strengthened and/or speeded by the presence
of three-dimensional occluders (Bruno et al., 1997; Ren-
sink & Enns, 1998). Such a result may not be surprising in
the contextof recent physiologicalevidence.Sugita (1999)
suggests that when pictorial occlusion cues are rein-
forced by stereo cues, neurons in the primary visual cor-
tex (V1) respond to occluded objects as though they were
complete; these same neurons do not respond in the ab-
sence of stereo cues.

Of course, in the natural world, occlusion provides rel-
ative depth information over a much larger spatial range
than that for which stereopsis is effective. Thus, to un-
derstand the role of occlusion and completion in the per-
ception of objects, it is important to understand the effect
of pictorial occlusion cues with and without correspond-
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There is considerable evidence indicating that cuing a specific portion of an object results in the en-
tire object’s being attended to. In the present study, we examined whether previous experience with an
object could halt perceptual (i.e., amodal) completion. In Experiment 1, two parallel rectangles were
initially displayed, and then the middle portions of these objects were occluded. Attentional cuing ef-
fects were found for both discrete portions of the completed rectangles. In the final two experiments,
four discrete objects were initially displayed, followed by the same occluder as that used in the first
experiment. The appearance of the occluder (500 msec before the cue in Experiment 2, 100 msec be-
fore the cue in Experiment 3) allowed the four discrete objects to be completed into two rectangles.
Attentional cuing effects were found for the completed rectangles in both experiments, indicating that
previous experience was not sufficient to halt the amodal completion of objects.
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ing stereo cues. Recent studies by Behrmann, Zemel,
and Mozer (1998) and Brawn and Snowden (2000) sug-
gest that the result should hold over the two-dimensional
case, as well as over the three-dimensional case. How-
ever, there are vast stimulus and task differences among
these studies. For the purposes of the present study, it is
important to ensure that object-based attentional cuing
effects can indeed be found for a two-dimensional ver-
sion of the Moore et al. task. These cuing effects were
examined in the first experiment.

A second goal of the present study was to determine
whether previous experience with an object could halt
the completion of attentionally relevant perceptual ob-
jects. It is well established that previous experience with
objects can influence perception. In his classic analysis
of the perceptual laws of organization, Wertheimer
(1923/1950) discussed the role of previous experience as
a grouping factor (along with the more commonly ac-
knowledged grouping factors, such as similarity, com-
mon fate, and proximity). For example, in his descrip-
tion of the “factor of objective set,” Wertheimer pointed
out that a grouping percept may differ, depending on
what the observer has just seen (similar to the modern
notions of hysteresis and/or priming). Such a role for past
experience in the perception of partly occluded objects
has recently been suggested by Behrmann et al. (1998).
They show that a previously proposed adaptive compu-
tational network model, called MAGIC, can appropri-
ately group spatially distinct regions of partly occluded
objects. Because the grouping principles MAGIC devel-
ops emerge from experience with different feature and
object combinations in images during the course of
learning, Behrmann et al. suggested that prior exposure
could modify these grouping principles.

Some evidence in favor of this suggestionwas recently
put forward by Joseph and Nakayama (1999). They found
that experience with an object modified the amodal rep-
resentation of that object. However, the results from
Joseph and Nakayama’s experiments concern the amodal
continuation of surfaces behind occluders, rather than
amodal completion (the formation of a perceptual ob-
ject), and Rensink and Enns (1998) have suggested that
continuation and completion are treated differently by
the visual attention system. Thus, it remains an empiri-
cal question whether amodal completion is automatic or
might be influenced by recent experience with objects.
This issue was addressed in Experiments 2 and 3.

EXPERIMENT 1

The purpose of the present experiment was to deter-
mine whether the object-based attentional cuing effect
found previously for occluded objects could be repli-
cated with our apparatus and procedures. Specifically,
this experiment attempted an extension of Moore et al.
(1998), using stimuli in which occlusion was defined
only by the pictorial cue of interposition, in the absence
of consistent stereoscopic depth cues.

Method
Participants. Eight University of Toronto undergraduates par-

ticipated in a single 60-min session. All had normal or corrected-
to-normal vision, were naive as to the purposes of the experiment,
and received course credit for their participation.

Apparatus and Procedure. The experiment was conducted on
a 486 PC with a VGA monitor, and the participants were positioned
in a chin-/headrest 44 cm directly in front of the monitor. The left
portion of Figure 1 illustrates the sequence of events in a trial and
provides schematics of the stimuli. At the beginning of each trial, a
central fixation point (white, 30.5 cd/m2) and the outlines of two
rectangles (blue, 13.0 cd /m2, each subtending 1.5º 3 9º) appeared
on a black (0 cd /m2) background. The rectangles were aligned ei-
ther horizontally or vertically, and the far edge of each rectangle
was 4.5º from the fixation point. In the completion condition, after
1,000 msec, the outline of a plus sign (white, 30.5 cd/m2, with the
vertical and horizontal arms subtending 1º 3 13º) was presented so
that it occluded a portion of the surface of each rectangle. Five hun-
dred milliseconds after the onset of the occluder, a cue was pre-
sented by changing the outline of one end (1.5º 3 1.5º) of one of the
rectangles from blue to white (77.0 cd /m2) for 100 msec. In the no-
completion condition, the cue was presented 1,000 msec after the
onset of the initial display, and the occluding plus sign was never
presented. Following a 200-msec delay after the offset of the cue,
one target and three distractors were presented at both ends of both
rectangles. The target was the outline either of a large circle or a
square (white, 77.0 cd /m2, 0.9º diameter), and the distractors were
the outlines of small circles and squares (white, 77.0 cd/m2, 0.5º di-
ameter). The participants were instructed to press the “z” key with
the left hand if the target was the large circle and the “/ ” key with
the right hand if the target was the large square (all responses were
made on a standard QWERTY keyboard). Incorrect responses, re-
sponses less than 100 msec, and responses greater than 1,200 msec
were considered errors, and a short error tone was presented if any
of these occurred. The next trial began 1,000 msec after each re-
sponse.

Design . The experiment consisted of 256 trials in each of the
completion and no-completion conditions. The conditions were
blocked, and the order of the conditions was counterbalanced across
subjects. For half of the trials in each condition the rectangles were
aligned horizontally, and for the other half they were aligned verti-
cally. The cue was equally likely to occur in any of the four ends of
the rectangles. The target was presented at the cued end on 75% of
the trials (valid trial), at the uncued end of the cued rectangle on
12.5% (invalid same-object trial), and at the uncued end of the uncued
rectangle directly across from the cue on 12.5% (invalid different-
object trial). The target never occurred at the uncued end of the un-
cued rectangle that was diagonally across from the cue. The partic-
ipants were explicitly informed of the relationship between the cues
and the targets. The cue was equally likely to occur in any of the
four possible locations, and the target was equally likely to be a cir-
cle or a square. The distractor stimuli were randomly determined on
each trial. Short breaks were given after every 84 trials.

Results
The mean response times (RTs) from correct trials

were analyzed with a 2 (condition, occluder or no oc-
cluder) 3 3 (location, valid, invalid same-object, invalid
different-object) analysis of variance (ANOVA). The
mean RTs appear in the top panel of Figure 2. A main ef-
fect of location was found [F(2,14) = 18.3, p , .0001],
with the fastest RTs on valid trials and the slowest on in-
valid different-object trials. There was no main effect for
condition [F(1,7) , 2.8, p . .14] and no condition 3 lo-
cation interaction [F(2,14) , 1]. Planned comparison
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t tests indicated that responses were faster for valid tri-
als than for invalid same-object trials ( p , .002, p ,
.0015, for occluder and no-occluder conditions, respec-
tively), and responses were faster for invalid same-object
trials than for invalid different-object trials ( p , .035,
p , .007, for occluder and no-occluder conditions, re-
spectively). In addition, order effects were examined for
the occluder condition. A planned comparison indicated
that there was no difference in the size of the object-
based effect between occluder first-block (26 msec) and
occluder second-block (34 msec) participants ( p . .55).

The percentages of errors are shown in the top portion
of Table 1 and were also analyzed with a 2 (condition) 3
3 (location) ANOVA. No main effects for condition

[F(1,7) , 1] or location [F(2,14) , 2.2, p . .15] were
found. The interaction of conditionand location also was
not significant [F(2,14) , 1].

Discussion
The present results indicate that occluded objects re-

ceived the same object-based attentional benefit as did
complete objects, even when occlusion was signaled
solely by pictorial cues. The results of this experiment
suggest that the visual system fills in missing informa-
tion behind occluders to form objects even in the ab-
sence of consistent stereo cues. Such a result is consis-
tent with previous examinations of visual completion of
objects, in which occlusion was indicated solely by pic-
torial cues (e.g., Behrmann et al., 1998; Brawn & Snow-
den, 2000; Gold et al., 2000; Ringach & Shapley, 1996;
Sekuler, 1994; Sekuler & Palmer, 1992; Sekuler et al.,
1994; Shore & Enns, 1997; van Lier, 1999).

EXPERIMENT 2

Experiment 2 was designed to determine whether the
amodal completion of objects, as indicated by the pres-
ence of object-based attentional effects, is modified by
prior experience. Unlike the two long rectangles initially
presented in Experiment 1, the initial display in the pres-
ent experiment consisted of four smaller rectangles. In

Figure 1. Trial sequences used in Experiments 1 (left portion), 2 (middle portion), and 3 (right portion). The target display
is shown only for the no-occluder condition of Experiment 1. The same target location probabilities (75% valid, 12.5% invalid
same-object, 12.5% invalid different-object), with the appropriate displays, occurred for both no-occluder and occluder con-
ditions in Experiments 1, 2, and 3. See the text for details.

Table 1
Error Rates (Percentages) for Experiments 1, 2, and 3

Invalid Invalid
Condition Valid Same-Object Different-Object

Experiment 1
Completion 5.75 4.25 6.13
No completion 5.50 3.63 5.63

Experiment 2
Completion 5.13 4.13 4.63
No completion 4.37 3.13 3.75

Experiment 3
Completion 4.37 6.47 3.75
No completion 5.50 3.00 2.25
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Figure 2. Mean response times (RTs) for the valid, invalid same-object, and
invalid different-object conditions from Experiments 1 (top panel), 2 (middle
panel), and 3 (bottom panel). Error bars indicate standard errors.
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the presence of the occluder, however, the visual display
was exactly the same as the completion condition from
the previous experiment (i.e., it looked as if two long rec-
tangles were underneath an occluding cross). The ques-
tion is the following: Will the attentional system treat
these stimuli as two occluded objects (indicated by the
visual display) or as four separate objects with an inter-
vening occluder (indicated by prior information)? More
specifically, if the attentional system treats the stimuli as
two completed objects behind an occluder, the object-
based effects from the previous experiment should be
found again (i.e., faster invalid same-object responses
than invalid different-object responses). If the attentional
system treats the stimuli as four separate objects, despite
the presence of the occluder, no object-based effects
should be found (i.e., equivalent RTs between invalid
same-object trials and invalid different-object trials).

Method
Participants . Eight University of Toronto undergraduates par-

ticipated in a single 60-min session. All had normal or corrected-
to-normal vision, were naive as to the purpose of the experiment,
and did not participate in Experiment 1; they received course credit
for their participation.

Apparatus and Procedure. The same apparatus as that in Ex-
periment 1 was used in Experiment 2. The procedure was also the
same, except that the two long rectangles used previously were re-
placed with four shorter rectangles (see the right portion of Fig-
ure 1). The four rectangles were 1.5º 3 4º, so that the plus sign in
the occluding condition occluded the space in between the pairs of
rectangles up to and including the contour of their facing edges.

Design . The design of Experiment 2 was identical to that of Ex-
periment 1.

Results
The mean RTs from the correct trials were analyzed

with a 2 (condition) 3 3 (location) ANOVA, and these
RTs appear in the middle panel of Figure 2. A main effect
of location was found [F(2,14) = 95.9, p , .0001], with
the fastest RTs on valid trials and the slowest on invalid
different-object trials. There was no main effect for con-
dition [F(1,7) , 1] and no condition 3 location inter-
action [F(2,14) , 1.2, p . .34]. Planned comparison
t tests indicated that, for the completion condition, re-
sponses were faster for valid trials than for invalid same-
object trials ( p , .0001) and responses were faster for in-
valid same-object trials than for invalid different-object
trials ( p , .02). Although in the no-completion condi-
tion we found the same advantage for valid trials over in-
valid same-object trials ( p , .0001), no difference was
found between invalid same-object and invalid different-
object trials ( p . .58). Also, a planned comparison indi-
cated that there was no difference in the size of the object-
based effect between occluder first-block (26 msec) and
occluder second-block (34 msec) participants ( p . .65).

The percentages of errors are shown in the bottom
portion of Table 1 and were analyzed with a 2 (condi-
tion) 3 3 (location) ANOVA. No main effects for condi-
tion [F(1,7) , 1], or location [F(2,14) , 1] were found.

The interaction of condition and location was also not
significant [F(2,14) , 1].

Discussion
The results from the no-completion conditionconfirm

that the attentional effect seen in Experiment 1 and in
previous research (e.g., Egly, Driver, & Rafal, 1994;
Egly, Rafal, et al., 1994) is truly object based. When stim-
uli with the same spatial configuration are presented but
comprise separate objects, the same advantage is no
longer seen for invalid same-object targets over invalid
different-object targets. If previous experience with the
multiple-object configuration affected the deployment
of attention, we would expect similar results in the com-
pletion condition. However, the results from the comple-
tion condition follow the same pattern of results as that
seen in Experiment 1—that is, faster responses for invalid
same-object targets than for invalid different-object tar-
gets. This pattern of results indicates that visual comple-
tion occurred despite preexposure to the multiple-object
configuration.Such a result suggests that amodal comple-
tion is automatic; it is not influenced by recent experi-
ence with objects.

One might argue that the lack of an experience effect in
our experiment was due to our choice of temporal param-
eters. Previous research (Murray, Sekuler, & Bennett,
1999; Ringach & Shapley, 1996; Sekuler & Palmer, 1992)
has shown that visual completion requires some short,
but measurable, amount of time. Estimates of the re-
quired time to completion range from 60 to 200 msec, in
conditions in which a time course is observed. In the pres-
ent experiments, the occluder was present for 500 msec
before the cue appeared. We specifically chose this du-
ration because we wanted to be sure the observer viewed
the occluded stimulus for a long enough period to enable
completion. However, the possibility remains that an ex-
perience effect would be seen at much shorter initial oc-
clusion durations. This possibility was directly tested in
Experiment 3.

EXPERIMENT 3

The second experiment showed that prior experience
was not sufficient to stop amodal completion. However,
the occluder was presented for some time (500 msec) be-
fore the cue, and it is possible that the representation of
the four separate objects deteriorated in that time. To ex-
amine this possibility, the occluder in the present exper-
iment was presented for only 100 msec before the cue.
This time interval was chosen because it should be near
the minimum duration needed for completion (Murray
et al., 1999;Ringach & Shapley, 1996;Sekuler & Palmer,
1992). In addition, the occluder object (the plus sign) was
always present in both the occluder and the no-occluder
conditions. In the occluder condition, the target objects
appeared to lie behind the plus sign, whereas the target
objects in the no-occluder condition appeared to lie in
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front of the plus sign (see Figure 1). By doing this, the
amount of visual information presented in both condi-
tions was made more comparable.

Method
Participants . Eight University of Toronto undergraduates par-

ticipated in a single 60-min session. All had normal or corrected-
to-normal vision, were naive as to the purpose of the experiment,
and did not participate in either Experiment 1 or 2; they received
course credit for their participation.

Apparatus and Procedure. The same apparatus as that used
previously was used in Experiment 3. The procedure was the same
as that in Experiment 2, except for two alterations. The first was
that the occluder was presented for 100 msec before the cue. The
second was that the occluder appeared in both the completion and
the no-completion conditions, with the occluder appearing on top
of the rectangles in the completion condition and below the rectan-
gles in the no-completion condition. This way, the displays in the
two conditions were more similar to each other, although amodal
completion was possible only in the completion condition.

Design . The design of Experiment 2 was identical to that of Ex-
periment 1.

Results
The mean RTs from the correct trials were analyzed

with a 2 (condition) 3 3 (location) ANOVA, and these
RTs appear in the bottom panel of Figure 2. A main ef-
fect of location was found [F(2,14) = 52.1, p , .0001],
with the fastest RTs on valid trials and the slowest on in-
valid different-object trials. There was no main effect for
condition [F(1,7) , 1]. The interaction was significant
[F(2,14) = 4.1, p , .04]. Planned comparison t tests in-
dicated that, for the completion condition, responses
were faster for valid trials than for invalid same-object
trials ( p , .001) and responses were faster for invalid
same-object trials than for invalid different-object trials
( p , .005). Although in the no-completion conditionwe
found the same advantage for valid trials over invalid
same-object trials ( p , .002), no difference was found
between invalid same-object and invalid different-object
trials ( p . .65). Also, a planned comparison indicated
that there was no difference in the size of the object-
based effect between occluder first-block (26 msec) and
occluder second-block (30 msec) participants ( p . .70).

The percentages of errors are shown in the bottom
portion of Table 1 and were analyzed with a 2 (condi-
tion) 3 3 (location) ANOVA. No main effects for condi-
tion [F(1,7) , 2.7, p . .14] or location [F(2,14) , 2.7,
p . .14] were found. The interaction of condition and
location was also not significant [F(2,14) , 2.9, p .
.08].

With a better control condition and a much shorter du-
ration between the appearance of the occluder and the
onset of the cue, the results from the present experiment
replicated the results from the second experiment. Taken
together, these two experiments provide converging evi-
dence that, at least under some circumstances, previous
experience is not sufficient to stop object completion, as
measured by object-based attentional effects.

GENERAL DISCUSSION

Our results support the view that visual completion
precedes object-based attentional selection, even when
the cue for completion is purely pictorial. Our results
suggest further that object-based attentional selection is
not necessarily modified by past experience with ob-
jects. These results place important constraints on the
development of models of object recognition and visual
attention.

For example, our results place constraints on the no-
tion of object files (Kahneman, Treisman, & Gibbs,
1992). One would assume that object files were initially
formed when observers viewed our preview stimuli (two
long rectangles in Experiment 1 or four smaller rectan-
gles in Experiments 2 and 3). If, as was suggested by
Joseph and Nakayama (1999), the object file tag remains
when an occluder is added to the stimulus, one would
have expected completion to be disrupted in our Exper-
iments 2 and 3, so that no object-based attentional cuing
effect would be seen. However, the pattern of results in
the occluder conditions in all the experiments were iden-
tical. Regardless of whether two or four object files were
initially tagged, once the occluder was in place the at-
tentional system treated the stimuli like two occluded
objects.

Why did Joseph and Nakayama (1999) f ind such a
striking effect of past experience where we found no ef-
fect over the same time frame? One important difference
seems to be that the preview stimuli used by Joseph and
Nakayama were intended to enhance visual completion,
whereas our preview stimuli were intended to inhibit vi-
sual completion. In addition, the stimuli used by Joseph
and Nakayama merely indicated that an object continued
behind an occluder (because there were no relatable con-
tours on the opposite side of the occluder), whereas our
stimuli provided strong pictorial cues that an object
should be completed behind an occluder (there were re-
latable contours on the opposite side of the occluder;
Kellman & Shipley, 1991). Thus, effects of past experi-
ence were found when preview objects enhanced the per-
cept of continuation, but no effects of past experience
were found when preview objects conflicted with cues
for visual completion. Finally, it is important to remem-
ber that our experiment was addressing the role of pre-
vious experience on the allocationof object-based atten-
tion, whereas Joseph and Nakayama were investigating
the role of previous experience on motion perception.
Previous experience may differentially affect these dif-
ferent types of tasks.

Although one might take the present results as evi-
dence that object files actually are not formed, it seems
more reasonable to propose that our study simply illus-
trates one instance in which object files may be over-
written or replaced. It may be that object file tags survive
only when they complement cues for visual completion
but that, when the object file conflicts with completion
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cues, an effectively new object file is formed. Future
studies might examine the limits of this effect—for ex-
ample, by examining the relationship between the rela-
tive salience of object files and completion cues (e.g., by
manipulating contour relatability, common surface char-
acteristics, etc.).

The results of those further studies, combined with the
present results, will place strong constraints on compu-
tational models of grouping and visual completion, such
as MAGIC (Behrmann et al., 1998; Mozer, Zemel,
Behrmann, & Williams, 1992). If, as was suggested by
Behrmann and colleagues, the grouping principles
MAGIC derives can be altered by experience, our results
point to a limit of that plasticity. Any modification of
MAGIC, or related models, to enable short term plastic-
ity in the allocation of attention to occluded objects must
account both for the conditions under which plasticity is
enabled (e.g., Joseph & Nakayama, 1999) and for those
in which it is not (the present study).
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