
When attention is cued to a specific location in space, 
the attentional facilitation can be greater for locations near 
the cued location than for those farther away and can also 
be greater for locations that are within the same object 
boundaries as the cued location is (Egly, Driver, & Rafal, 
1994; Moore, Yantis, & Vaughan, 1998), showing that at-
tention can select locations, but also has a tendency to 
select an entire object. Both location-based attention and 
object-based attention have been demonstrated in a vari-
ety of different visual tasks. The nature of object-based 
attention is a particularly important question in visual cog-
nition, because it reflects the relationships between early 
visual processing, higher level object representations, and 
response selection. This study will focus on the factors 
that govern object-based attention.

Object-based attention has been found in many condi-
tions. It arises when different components of a stimulus 
display are perceived as part of a single object or of a sin-
gle perceptual group (Duncan, 1984; Harms & Bundesen, 
1983; Kim & Cave, 2001; Kramer & Jacobson, 1991), 
when a target can occur at one of several possible loca-
tions (Chen, 1998; Egly et al., 1994; Moore et al., 1998), 
and when the targets are either on the same object or 
on different objects (Kramer & Watson, 1995; Lavie & 
Driver, 1996).

Exogenous Versus Endogenous Cuing
Although object effects have been found in a variety 

of paradigms, object boundaries do not always influence 

the allocation of attention (Arrington & Dagenbach, 
2000; Macquistan, 1997; Neely & Dagenbach, 1996). 
For instance, Macquistan found no object effects when 
attention was cued to a location endogenously rather than 
exogenously. The type of cuing does not solely determine 
the nature of attention, however, because Goldsmith and 
Yeari (2003) noted that the differential results associ-
ated with the exogenous and endogenous cues depend on 
the extent of attentional focus on the two types of trials. 
Because exogenous cues are typically situated periph-
erally, whereas endogenous cues are located centrally, a 
broad attentional focus would be more likely to be used 
with exogenous cues, just as a narrow attentional focus 
would be more likely to be used with endogenous cues. 
In Goldsmith and Yeari’s experiments, object-based at-
tention arose only when attention was distributed widely 
over a large area and not when it was narrowly focused 
(see also Abrams & Law, 2000, for object effects with 
endogenous cuing).

Positional Uncertainty
Object-based attention has often been explained with a 

sensory enhancement account that stresses the improved 
quality of an early sensory representation of the selected 
item or its region (Desimone & Duncan, 1995). Shom-
stein and Yantis (2002) questioned this account, however, 
because object-based attention is less likely to occur when 
the target location is known in advance. In their experi-
ments, participants identified a target letter in the pres-
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a spatial cuing paradigm with a peripheral cue in several 
experiments, and they obtained object effects when the 
stimulus duration was 186 msec. However, when the ex-
posure duration was decreased to 129 msec in a subse-
quent experiment, no object effect was found. The latter 
result was similar to the finding of an earlier experiment 
by Lavie and Driver, who also failed to observe any object 
effect in a similar paradigm, with an exposure duration of 
130 msec. These results show that object-based attention 
requires time to develop.

What Turns Object-Based Attention On and Off?
The picture that has emerged of attentional control is 

fairly complex. Object-based attention is more likely to ap-
pear with uncertainty about the target position that makes 
search necessary (Shomstein & Yantis, 2002), but it also 
appears in some circumstances when search is unneces-
sary (Chen & Cave, 2006). Object-based attention is more 
likely to be deployed when the extent of attentional focus 
is large (Goldsmith & Yeari, 2003) but also occurs when 
attention can be narrowly focused, as long as the stimulus 
pattern is subjectively parsed as multiple objects (Chen, 
1998; Chen & Cave, 2006). Furthermore, the manifesta-
tion of the object effect has been linked to the exposure 
duration of the display (Law & Abrams, 2002) and to the 
quality of the object representation within a stimulus pat-
tern (Avrahami, 1999). These studies show that a number 
of factors influence the use of object-based attention, but 
the interactions between these factors that are necessary 
for object-based attention are not clear. Understanding 
these interactions will provide new clues as to when and 
how objects are segregated in visual processing.

One basic question involves the relationship between 
spatial cuing and knowledge of target location. Many of 
the Experiments exploring object-based attention have 
employed a cuing paradigm with positional uncertainty: 
The target has some probability of appearing at many dif-
ferent locations. Shomstein and Yantis’s (2002) results 
suggest that positional uncertainty promotes object-based 
attention. Is the positional uncertainty necessary to pro-
duce object-based attention in Experiments with spatial 
cuing? Furthermore, when object-based attention does 
arise, does it require a certain amount of time for the ob-
ject segregation to be established?

The Experiments presented here were designed to 
answer these questions. As in our previous study (Chen 
& Cave, 2006), target locations were known before the 
targets appeared, and the stimulus patterns were made of 
three rectangles. However, unlike in our earlier experi-
ments, the target locations were indicated by endogenous 
cues. Given the results from Macquistan (1997), one 
might predict that there would be no object-based atten-
tion in this task. However, there was an important differ-
ence in these new experiments. The task here was to make 
speeded same–different responses to two target letters that 
could appear either on the two ends of a single rectangle, 
or on two separate rectangles. Because two targets ap-
peared simultaneously in different cued locations in all the 
conditions, participants had to adopt an attentional focus 

ence of distractor letters. The target and distractor letters 
appeared within the boundaries of three rectangles. On 
some trials, the target and distractor letters were all within 
the same object, whereas on other trials, the target let-
ter and the distractors were within different objects, so 
that there were object boundaries between the target and 
the distractors. When the location of the target letter was 
not known in advance, so that attention had to be spread 
widely across the display before the letters appeared, the 
interference from the distractor letters was less when they 
were on different objects from the target letter: The object 
boundaries limited the interference between distractor and 
target. However, when the target always appeared at the 
same location in the center of the display, so that atten-
tion could be narrowly focused at this location before the 
letters appeared, the distractor inhibition was no longer 
affected by object boundaries. Given that object-based at-
tention arose when search was necessary, but not when 
advance knowledge of the target location made search 
unnecessary, Shomstein and Yantis rejected the sensory 
enhancement account in favor of an alternative attentional 
prioritization account that attributes the attentional facili-
tation to the higher priority that the selected item or its 
region receives during search.

However, the prioritization account conflicted with re-
sults from Experiments by Chen and Cave (2006), dem-
onstrating that the effect of object boundaries on distrac-
tor interference could be reinstated if, on some trials, the 
display included only one or two of the three rectangles 
making up the full configuration. Presumably, these par-
tial displays prompted participants to think of the display 
as consisting of separate objects, rather than as a single 
configuration, even when all the rectangles appeared 
together. Thus, even with full certainty about the target 
position, so that attention can be focused narrowly at the 
center, participants will still allocate their spatial attention 
to conform to the boundaries of the object surrounding 
the target if they are prompted to interpret the different 
parts of the display as separate objects. These results show 
that top-down interpretation of ambiguous configurations 
can facilitate the establishment of object representations, 
which, in turn, lead to object-based distribution of atten-
tion. Furthermore, these results suggest that object-based 
attention arises because of sensory enhancement of the 
selected item or its region.

Display Duration
Prior research has suggested that object-based atten-

tion is influenced by the quality of object representations 
(Avrahami, 1999). Given that the exposure duration of a 
stimulus pattern contributes to the formation of object 
representation, it should also modulate the manifestation 
of object effects. Previous findings are consistent with this 
view. Whereas object effects were frequently observed 
when the exposure duration of a stimulus was relatively 
long (Egly et al., 1994; Kramer & Jacobson, 1991), they 
were less reliably elicited when it was short (e.g., Lavie 
& Driver, 1996; Law & Abrams, 2002; but see Duncan, 
1984; Kramer & Watson, 1995). Law and Abrams used 
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Apparatus and Stimuli. Stimulus displays were shown on the 
13-in. RGB monitor of a Power Macintosh 6100/66 computer in a 
dimly lit room. The viewing distance between the participants and 
the monitor was approximately 60 cm. MacProbe (Hunt, 1994) was 
used to display stimuli and to record responses.

All stimuli were presented against a homogeneous gray back-
ground. Each trial consisted of a fixation cross, a pattern of three 
rectangles that remained on the screen throughout a trial, a cue, and 
two target letters. The fixation cross was black, and the stimulus pat-
tern was made of one large and two small blue-outlined rectangles. 
On half of the trials, the large rectangle was placed horizontally and 
the small rectangles vertically. On the rest of the trials, their orienta-
tion was reversed. At a viewing distance of 60 cm, the fixation sub-
tended 1.05º of visual angle. The large rectangle subtended 12.04º  
1.72º, and the two small ones each subtended 5.06º  1.72º. The 
small rectangles were situated on the sides of the large rectangle, 
with a gap of 0.1º between the large rectangle and each of the small 
rectangles. The entire stimulus pattern was 12.04º in both length and 
width. The cue was made of a white two-headed arrow, which sub-
tended 1.15º and was located at the center of the stimulus pattern. Its 
orientation was as likely to be vertical as horizontal. The letters were 
black uppercase Ts and Ls written in Geneva font with a point size 
of 30. They were placed at two opposite ends of the stimulus pattern 
and were equally likely to be vertically or horizontally aligned. The 
center-to-center separation between the letters was 10.51º.

Design and Procedure. The experiment employed a within-
participants design. The task was to indicate, as quickly and as ac-
curately as possible, whether the target letters were the same (two Ts 
or two Ls) or different (one T and one L). The letters were equally 
likely to be the same or different. On half of the trials, they appeared 
on the same rectangle (the same-object condition), and on the rest of 
the trials, they appeared on different rectangles (the different-object 
condition).

Each trial started with the presentation of the fixation cross for 
495 msec. After 510 msec of blank screen, the stimulus pattern ap-
peared. It stayed on the screen for 1,005 msec before the cue was 
flashed for 120 msec. At the offset of the cue, two target letters were 
shown for 120 msec. The participants were instructed to make a 
speeded same–different response to the letters by using their index 
or middle fingers to press one of the two designated keys on the key-
board (the “.” key if the letters were the same and the “/” key if the 
letters were different). To encourage them to perceive the stimulus 

that was broad enough to include both targets in order to 
perform the task. We hypothesized that this widening of 
attention might make it more likely for object-based de-
ployment of attention to occur. Although the locations of 
the targets varied from trial to trial, they were clearly indi-
cated by an endogenous precue of 100% validity.

In Experiment 1, we examined the generality of our 
previous finding that object-based attention could be ob-
served with invariant target location. In Experiment 2, we 
tested the hypothesis that the cue was not merely sensory 
in nature but was interpreted and used to guide attention. 
In Experiment 3, we investigated whether the object effect 
obtained in Experiment 1 required time to develop and was 
therefore subject to elimination when the exposure dura-
tion of the stimulus pattern was brief. In Experiments 4 
and 5, we further confirmed that the cuing in these Experi-
ments was indeed endogenous.

EXPERIMENT 1

The goal of Experiment 1 was to generalize the find-
ings that Chen and Cave (2006) obtained with endogenous 
cuing. Participants saw stimulus displays that consisted 
of three rectangles (see Figure 1), followed by a central 
endogenous cue with 100% validity and two target letters 
at the ends of either the large rectangle or the two small 
rectangles. Because the cue was always valid, there was 
no need to search for the targets. Of particular interest was 
whether participants would still show an object effect—
that is, faster responses to the letters when they were in the 
same rectangle rather than in two different rectangles.

Method
Participants. Fourteen undergraduate students from the Univer-

sity of Canterbury participated in the experiment in exchange for 
payment. All participants reported having normal or corrected-to-
normal vision.

Same-Object
Condition

Different-Object
Condition

+

Pattern
(1,005 msec)

Cue
(120 msec)

Targets
(120 msec)

Fixation
(495 msec)

Blank
(510 msec)

Figure 1. Examples of stimulus displays from Experiment 1. The task was to decide whether the letters were the 
same or different. The cue was 100% valid.
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However, if the cue in Experiment 1 helped guide atten-
tion, we should find different patterns of data across the 
two blocks in Experiment 2. Whereas participants would 
be motivated to shift attention from the cued location to 
the locations of the targets in the valid cue block, they 
would be less likely to do so in the neutral cue block be-
cause the cue did not provide information about the tar-
gets. There is evidence that shifting attention is conducive 
to object-based deployment of attention (Lamy & Egeth, 
2002; Shomstein & Yantis, 2002).

Method
The method was similar to that of Experiment 1 except for the 

following differences. Each participant took part in two consecutive 
blocks. In the valid cue block, all aspects of a trial were identical to 
those in Experiment 1. In the neutral cue block, the cue was made 
of two double-headed arrows that formed the shape of a cross, and 
the participants were informed that the targets were equally likely 
to appear at the horizontal or vertical ends of the stimulus pattern. 
Each block consisted of 192 trials, with a short break in between. 
The order of the blocks was counterbalanced across the participants. 
Twenty new people from the same participant pool took part in the 
experiment.

Results and Discussion
The results are shown in Table 2. One participant’s data 

were not included, because of high error rates that ex-
ceeded 45% in two conditions. A 2  2 repeated measures 
ANOVA on mean RTs revealed a significant main effect 
of object [F(1,18)  14.88, p  .01] and an object cue 
interaction [F(1,18)  4.50, p  .05]. No significant ef-
fect of cue was found [F(1,18)  1, n.s.]. These results 
suggest that RTs were faster when the target letters were 
on the same object (M  613 msec) than when they were 
on different objects (M  625 msec). Furthermore, the 
effect of object was larger when the cue was valid (M  
20 msec) than when it was neutral (M  5 msec). Subse-
quent t tests confirmed that whereas participants showed 
a significant object effect in the valid cue block [t(18)  
3.93, p  .001], they did not do so in the neutral cue block 
[t(18)  1.23, n.s.]. No significant effects were found 
on the accuracy data [F(1,18)  3.45, n.s., for object; 
F(1,18)  1, n.s., for cue; and F(1,18)  1.40, n.s., for 
the object  cue interaction].

The most important finding of Experiment 2 was the 
differential patterns of data on the valid and neutral cue 
trials. As expected, the result in the valid cue block rep-
licated that of Experiment 1: Participants showed a sig-

pattern as being made of three distinct objects rather than one single 
configuration, the participants were shown the individual rectangles 
before they saw the combined form of the stimulus pattern. They 
then performed 32 practice trials, followed by four blocks of 80 trials 
with short breaks in between. The entire experiment took approxi-
mately 30 min to complete.

Results and Discussion
Table 1 shows the mean reaction times (RTs) and ac-

curacy data. Two t tests for dependent means were con-
ducted, one on RTs and the other on error rates. RT was 
shorter when the target letters appeared on the same object 
(M  625 msec) than when they occurred on two differ-
ent objects (M  639 msec) [t(13)  3.99, p  .01]. No 
significant effect was found for the accuracy data [5.5% 
and 6.3% error rates for the same- and different-object 
conditions, respectively; t(13)  1.10, n.s.].

Consistent with prior research (Chen & Cave, 2006), 
an object effect was found even though the locations of 
targets were known in advance because of a 100% valid 
endogenous cue. Because the cue appeared at the cen-
ter, the participants presumably shifted attention from 
the cue to the target locations upon the onset of the tar-
get letters. However, despite the shift of attention, search 
was not necessary, since the target always occurred at the 
cued locations. This result provided converging evidence 
to our previous finding that object-based deployment of 
attention did not require visual search and could be ob-
tained with foreknowledge of target locations. It is also 
consistent with Goldsmith and Yeari’s (2003) finding that 
object-based attentional distribution is the result of the 
extent of spatial focus rather than the result of exogenous 
or endogenous cuing.

However, although the presence of a 100% valid cue 
made it unnecessary to search for the target, one may won-
der whether the cue was interpreted or whether it was only 
sensory in nature. Because a neutral cue condition was not 
included in the experiment, we could not verify empirically 
that the participants indeed used the cue to guide attention. 
Experiment 2 was designed to address this issue.1

EXPERIMENT 2

Experiment 2 consisted of two types of trials: valid cue 
trials, which were identical to those in Experiment 1, and 
neutral cue trials, which had an uninformative cue instead 
of a valid one. The two types of trials were presented in 
separate blocks. If the cue was not interpreted in Experi-
ment 1, there was no reason to expect it to be utilized in 
Experiment 2. In other words, we would observe object 
effects regardless of whether the cue was valid or neutral. 

Table 1 
Mean Reaction Times (RTs, in Milliseconds) and Error Rates 

(Percentage Incorrect), With Standard Errors, for Experiment 1

RT % Error

   M  SE  M  SE  

Same 625 26.6 5.5 1.11
 Different  639  26.9  6.3  1.05  

Table 2 
Mean Reaction Times (RTs, in Milliseconds) and Error Rates 

(Percentage Incorrect), With Standard Errors, for Experiment 2

RT % Error

   M  SE  M  SE  

Valid
 Same 609 18.4 5.3 1.11
 Different 629 20.3 7.4 1.36
Neutral
 Same 616 17.7 6.3 1.21

  Different  621  18.7  6.9  1.36  
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ment 1 served only as a sensory cue. Instead, the results 
of Experiment 2 suggest that the participants interpreted 
the cue when it was informative, and that they used it to 
guide attention.

EXPERIMENT 3

In Experiments 1 and 2, the stimulus pattern was dis-
played for about a second before the onset of the cue. This 
was to provide the participants with sufficient time to 
process its structure. In Experiment 3, we decreased the 
exposure duration. If the key to object-based attention is 
the quality of object representations, and if it takes time to 
establish object representations, shortening the exposure 
duration of the stimulus pattern should impair the quality 
of object representations, thereby eliminating the object 
effect observed in the previous experiments.

Method
All aspects of the method in Experiment 3 were identical to those 

in Experiment 1, with the exception that instead of 1,005 msec, the 
stimulus pattern was presented for 120 msec. Fourteen new partici-
pants took part in the experiment.

Results and Discussion
The data are shown in Table 3. As predicted, there was 

no significant difference between the same-object condi-
tion (M  579 msec, with 7.1% error) and the different-
object condition (M  583 msec, with 7.3% error) in either 
RT [t(13)  1.69, n.s.] or accuracy [t(13)  0.24, n.s.].

To confirm that the magnitudes of the object effects 
were different in Experiments 1 and 3, we performed a 
mixed ANOVA on RTs with object condition as a within-
subjects variable and experiment as a between-subjects 
variable. The results showed a significant main effect of 
object [F(1,26)  18.26, p  .001], with longer RTs in 
the different- object condition (M  611 msec) than in the 
same-object condition (M  602 msec). More important, 
there was also a significant object  experiment interac-
tion [F(1,26)  5.92, p  .05], indicating a larger object 
effect in Experiment 1 (14 msec) than in Experiment 3 
(4 msec). The overall response latencies in the two Ex-
periments did not differ significantly [F(1,26)  2.95, 
n.s.]. Because the only methodological difference be-
tween the two Experiments was the presentation duration 
of the stimulus pattern, it seems reasonable to attribute 
the elimination of the object effect in Experiment 3 to the 
shortened exposure time of the stimulus pattern.

One might ask whether the results of Experiment 3 are 
entirely consistent with the results of Law and Abrams 
(2002), who obtained object effects with an exposure dura-

nificant object effect. Importantly, a similar effect was not 
found in the neutral cue block.

It is likely that the pattern of data above reflects a dif-
ference in the need for attentional shift between the valid 
and neutral blocks. In the valid cue block, the cue was 
100% valid. It makes sense for participants to focus at-
tention to the location of the cue prior to its onset, and to 
shift attention to the target locations as soon as the cue 
could be interpreted. In the neutral cue block, the cue was 
uninformative. Participants would have no incentive to 
attend to the cue. Although the cue was an abrupt onset, 
which attracts attention under most circumstances (Yantis 
& Jonides, 1984), prior research has shown that it does not 
capture attention in violation of participants’ intentions 
(Yantis & Jonides, 1990). Furthermore, there is evidence 
that even when an endogenous cue is informative, the par-
ticipants can still ignore it when they are instructed to do 
so (Jonides, 1981). With respect to the present experiment, 
if the cue in the neutral block could indeed be successfully 
ignored, there would be no need to shift attention between 
the cue and the targets.

Several studies have demonstrated that shifting atten-
tion between different parts of a stimulus pattern facilitates 
object-based deployment of attention (Brown & Denney, 
2007; Lamy & Egeth, 2002; Shomstein & Yantis, 2002). 
In several experiments, Lamy and Egeth reported that 
when targets were presented against background objects 
so that they belonged to different uniformly connected 
(UC) regions as in the present Experiments (see Watson 
& Kramer, 1999, for the distinction between single UC re-
gions and multiple or grouped UC regions), object-based 
attention was observed only when a shift of attention was 
necessary to perform the task. Our finding of the differ-
ential degrees of the object effects in the valid and neutral 
blocks is consistent with the notion that attentional shift 
facilitates the deployment of object-based attention.

Given the nature of the task, one would assume that the 
best strategy in the neutral block of Experiment 2 was to 
adopt a wide attentional focus that included all of the four 
ends of the stimulus pattern at the beginning of each trial. 
If that was the case, did the lack of a significant object 
effect in our results contradict the findings of Goldsmith 
and Yeari (2003), whose participants demonstrated object-
based attentional distribution when they adopted a wide 
extent of attentional focus? Among other methodological 
differences, an important difference between our study 
and that of Goldsmith and Yeari is the stimulus pattern. 
There is evidence that whereas the two-bar stimulus con-
figuration used in Goldsmith and Yeari is more likely to 
be perceived as being made of two separate entities, the 
cross-like stimulus pattern in the present Experiments is 
more likely to be seen as being made of a single object 
(see note 2 of Chen & Cave, 2006). Since the quality of 
object representations is known to influence the manifes-
tation of the object effect (Avrahami, 1999), it is perhaps 
not surprising that the participants in the two studies dif-
fered in the manifestation of the object effect.

In light of the differential patterns of data in the valid 
and neutral blocks, it is unlikely that the cue in Experi-

Table 3 
Mean Reaction Times (RTs, in Milliseconds) and Error Rates 

(Percentage Incorrect), With Standard Errors, for Experiment 3

RT % Error

   M  SE  M  SE  

Same 579 13.8 7.1 1.75
 Different  583  13.3  7.3  1.44  
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processing time for segmenting the stimulus into different 
objects. As for the exact exposure duration required for the 
deployment of attention, that may depend on a number of 
factors, including, but not limited to, the nature of the task 
(Duncan, 1984; Kramer & Watson, 1995), the perceptual 
organization of the stimulus pattern (Chen, 1998; Chen & 
Cave, 2006), the number of distractors to be filtered out 
(Baylis & Driver, 1993; Chen, 2000), and the extent of at-
tentional focus (Goldsmith & Yeari, 2003).

EXPERIMENT 4

Experiment 4 was designed to provide converging evi-
dence that the valid cue used in our Experiments functioned 
as an endogenous cue rather than as an exogenous one. So 
far, the cue had always appeared on the surface of the large 
rectangle. Although the results of Experiment 2 made it un-
likely that the cue was only sensory in nature and that the 
object effects observed in the previous Experiments were 
due to the cue’s being on the large rectangle, it was desirable 
to obtain converging evidence against the hypothesis that 
the cue in Experiment 1 acted as an exogenous cue.

To minimize the possibility of exogenous cuing, we 
changed the stimulus displays in two ways. First, instead 
of onset, we used offset to indicate the appearance of the 
cue (see Figure 2). We achieved this by displaying a pair 
of two-headed arrows at the beginning of each trial, and 
then removing one of the arrows to reveal the cue. Because 
the cue was no longer formed by abrupt onsets, it was less 
likely that it would function as an exogenous cue. Second, 
to ensure that the local transients caused by the offset of the 
arrow were not systematically associated with any specific 
rectangle, we increased the size of the arrows so that they 
extended into the surface of the two smaller rectangles. A 
successful replication of the results of Experiment 1 would 
provide strong evidence that the object effect observed in 
Experiment 1 was obtained with an endogenous cue.

tion of 186 msec. In our experiment, because the stimulus 
pattern remained on the screen throughout a trial, its actual 
exposure duration was 360 msec if we include the presen-
tation durations of the cue and the target display. Whereas 
Law and Abrams employed an exogenous cue, we used an 
endogenous cue, and the rising time of attention triggered 
by an exogenous cue is faster than that triggered by an 
endogenous cue (Jonides, 1981; Müller & Rabbitt, 1989; 
Nakayama & Mackeben, 1989). Müller and Rabbitt used 
a spatial cuing paradigm in which the task was to respond 
to a target after either a peripheral/exogenous cue or a 
central/ endogenous cue. The two types of cue were shown 
in separate blocks, and the cue–target stimulus onset asyn-
chrony (SOA) ranged from 100 to 725 msec. The peak per-
formance on valid trials was at an SOA of 175 msec when 
the peripheral cue was used; it was at an SOA of 400 msec 
when the central cue was employed. These results suggest 
that exogenous and endogenous cues follow different time 
courses in their guidance of attention. Because the pres- 
ent experiment used endogenous cues, longer exposure 
duration was needed for object-based attention to mani-
fest itself than the typical exposure duration required with 
presentation of exogenous cues. Thus, given the difference 
in rising time between the two types of cue, the difference 
between timing in the present experiment and that in Law 
and Abrams is to be expected.

The differential magnitude of the object effect in Experi-
ments 1 and 3 suggests that the deployment of object-based 
attention requires the encoding of the structural organization 
of a stimulus pattern, which in turn takes time to develop. 
When a stimulus is flashed only briefly, as in Experiment 3, 
participants are unlikely to have enough time to finish the 
processing of its structural organization before the repre-
sentation of the target emerges. As a result, no object effect 
is observed. A similar interpretation has been offered by 
Law and Abrams (2002), who also attributed the absence of 
the object effect in one of their Experiments to insufficient 

Same-Object
Condition

Different-Object
Condition

Pattern
(1,005 msec)

Cue
(120 msec)

Targets
(120 msec)

Fixation
(1,005 msec)

Figure 2. Examples of stimulus displays from Experiment 4. The cue was an offset instead of an onset, and it 
extended into the surface of the two smaller rectangles.
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previous experiments, we anticipated no significant differ-
ence between the same- and different-object conditions.

Method
The stimulus pattern was shown for 120 msec in Experiment 5, in-

stead of for 1,005 msec. Other than this, all aspects of the experiment 
were identical to those of Experiment 4. Fourteen new participants 
from the same pool took part in the study.

Results and Discussion
The RT and accuracy data are shown in Table 5. No 

significant differences were found between the same-
 object condition (M  629 msec, with 4.0% error) and the 
different- object condition (M  630 msec, with 3.7% error) 
in RT [t(13)  0.34, n.s.] or accuracy [t(13)  0.25, n.s.].

As with Experiments 1 and 3, a combined analysis was 
performed on the RT data of Experiments 4 and 5 in order 
to verify that the magnitude of object effects differed as 
a function of stimulus duration. The results showed a 
significant main effect of object [F(1,26)  6.93, p  
.05], with longer RTs in the different-object condition 
(M  626 msec) than in the same-object condition (M  
620 msec), and a significant object  experiment inter-
action [F(1,26)  4.54, p  .05], with the object effect 
larger in Experiment 4 (12 msec) than in Experiment 5 
(1 msec). There was no significant difference in the main 
effect of experiment [F(1,26)  1, n.s.].

In addition to the analyses above, we also conducted a 
mixed ANOVA on the RT data of Experiments 3 and 5 in 
order to ensure that there was no qualitative difference be-
tween them. No significant effects were found [F(1,26)  
1.39, n.s., for object; F(1,26)  2.87, n.s., for experiment; 
or F(1,26)  0.36, n.s., for the object  experiment inter-
action]. These results confirmed that stimulus duration is 
an important factor in the establishment of object repre-
sentations, which in turn is critical in the manifestation of 
object effects.

GENERAL DISCUSSION

These Experiments add to the body of evidence dem-
onstrating that object-based attention can appear or dis-
appear depending on specific circumstances, and they 
provide a clearer outline of the factors that govern object-
based attention.

Sensory Enhancement Versus  
Search Prioritization

In the majority of the Experiments reported here, the 
cues were 100% valid, so that the target locations were 
known with certainty before they appeared. The fact that 
object-based attention arose in these circumstances dem-
onstrates that it is widely used, even when search is unnec-
essary. These results provide converging evidence for our 
previous finding that object-based attention arises due to 
sensory enhancement of a selected item or its region (Chen 
& Cave, 2006), as well as another piece of evidence against 
a search prioritization explanation of object-based attention 
(Shomstein & Yantis, 2002).

Method
The method was identical to that of Experiment 1 except for the 

following changes. Instead of a cross, the fixation display consisted 
of a pair of two-headed arrows that subtended 3.25º of visual angle in 
both length and width. They stayed on the screen for 1,005 msec and 
were then joined by the stimulus pattern. As in Experiments 1–3, the 
stimulus pattern remained on the screen throughout an entire trial. 
After 1,005 msec, one of the arrows would disappear, leaving the 
other arrow on the screen for another 120 msec. Then, two target let-
ters were shown for 120 msec at the locations indicated by the arrow 
cue. Fourteen new participants volunteered for the experiment.

Results and Discussion
Table 4 shows the data. Consistent with the findings of 

Experiment 1, RTs were faster in the same-object condi-
tion (M  610 msec) than in the different-object condition 
(M  622 msec) [t(13)  3.52, p  .01]. There was no 
difference in accuracy between the two conditions [6.1% 
and 5.7% error rates for the same- and different-object 
conditions, respectively; t(13)  0.67, n.s.].

To verify that there was no qualitative difference in the 
magnitude of the object effect between Experiments 1 
and 4, we performed a mixed ANOVA on RTs. The results 
indicated a significant main effect of object [F(1,26)  
28.32, p  .01], with longer RTs in the different-object 
condition (M  631 msec) than in the same-object condi-
tion (M  618 msec). Neither the main effect of experi-
ment [F(1,26)  1, n.s.] nor the object  experiment inter-
action [F(1,26)  1, n.s.] reached statistical significance.

The results of Experiment 4 were remarkably similar to 
those of Experiment 1. They demonstrate that an object ef-
fect can be obtained when the cue is endogenous and when 
prioritizing items for search is not required.

EXPERIMENT 5

Experiment 5 was conducted in order to confirm that 
the differential object effects observed in Experiments 1 
and 3 could also be replicated with the large offset cue. The 
design of the experiment was identical to that of Experi-
ment 4, with the exception of the shortened presentation 
duration for the stimulus pattern. Given the results of the 

Table 4 
Mean Reaction Times (RTs, in Milliseconds) and Error Rates 

(Percentage Incorrect), With Standard Errors, for Experiment 4

RT % Error

   M  SE  M  SE  

Same 610 23.1 6.1 1.03
 Different  622  24.0  5.7  1.09  

Table 5 
Mean Reaction Times (RTs, in Milliseconds) and Error Rates 

(Percentage Incorrect), With Standard Errors, for Experiment 5

RT % Error

   M  SE  M  SE  

Same 629 24.3 4.0 0.45
 Different  630  25.9  3.7  0.68  
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and their explanation that the object effect disappears 
with the narrower focus of attention is consistent with 
the results of other studies noted above. However, the 
exposure time for the two-object display was shortened 
from 177 to 130 msec in their fourth experiment. Law 
and Abrams (2002) performed a similar experiment with 
exposure times of 129 and 186 msec, and demonstrated 
that shortening the exposure time in this way was suffi-
cient to eliminate the object effect. Thus, the results from 
Experiments 3 and 5 are generally consistent with Law 
and Abrams’s conclusion that object-based attention can 
be prevented with short exposure times.

However, it is interesting that exposure times of 177 
or 186 msec were sufficient for object-based attention in 
these earlier studies, whereas our Experiment 3 showed 
no object-based attention when the three rectangles were 
displayed for a total of 240 msec before the letters ap-
peared. As noted earlier, the extra time may have been 
necessary in our experiment in order to allow for the in-
terpretation of the endogenous cue. Extra time may also 
have been required in order to parse and organize the three 
rectangles in our experiments, as opposed to the two lines 
used by Lavie and Driver (1996) and by Law and Abrams 
(2002). Our task also required a more complex allocation 
of attention, with two cued locations on opposite sides of 
the display, which may also have required more prepara-
tion time.

The Role of Object-Based Attention in Visual 
Processing and the Generation of Responses

These results, taken together and combined with previ-
ous results, show the factors governing object-based at-
tention to be fairly complex. Note that participants are 
able to proceed with this visual comparison task with or 
without the object representations. Visual processing ap-
parently does not wait for the object representations to 
be completed, at least not in such a way as to influence 
performance. This pattern suggests that the object-based 
system is available to help in directing the allocation of 
spatial attention but is not necessarily an integral part of 
the attention process. The fact that we can direct attention 
spatially with no objects in the visual field is additional 
evidence for the flexibility of the attention system.

These results also suggest that there is substantial flex-
ibility in how fully a stimulus is segregated into objects. 
In some tasks (Chen & Cave, 2006, Experiment 1; and 
the neutral block of Experiment 2 in the present study; 
Shomstein & Yantis, 2002), the objects are apparently not 
encoded or not fully encoded, and thus they do not affect 
attention. Interestingly, it does not take much to trigger 
object segregation. The object boundaries do not have to 
be relevant to the task in order to be encoded. Inducing 
participants to shift attention or prior experience with the 
objects (Chen & Cave, 2006, Experiment 2) was enough to 
trigger object segregation. Thus, object segregation must 
occur easily enough so that it is often triggered spontane-
ously, even though it is not an automatic processing stage.

Although object-based attention may not require much 
effort, these Experiments show that it does require a cer-

Endogenous Versus Exogenous Cuing
The cues in the present Experiments were endogenous, 

yet attention was affected by the object boundaries. Thus, 
although object-based attention is often associated with 
exogenous cuing, as has been noted by Macquistan (1997) 
and other researchers (Arrington & Dagenbach, 2000; 
Neely & Dagenbach, 1996), our findings provide another 
demonstration that it can also occur with endogenous 
cuing. These results go beyond those of Goldsmith and 
Yeari (2003) by showing that object-based attention can 
arise in a cuing task that differs from theirs in a number of 
ways, including the 100% certainty about the target loca-
tion that removes any aspect of search from the task.

Attentional Shift
The differential magnitudes of the object effects in the 

valid and neutral blocks of Experiment 2 are consistent 
with the notion that attentional shift between different 
parts of a stimulus pattern facilitates object-based de-
ployment of attention (Brown & Denney, 2007; Lamy & 
Egeth, 2002; Shomstein & Yantis, 2002). Whereas a sig-
nificant object effect was found when participants had the 
incentive to shift attention from the cue to the target loca-
tions, no object effect was observed when such incentive 
was eliminated by the use of an uninformative neutral cue 
instead of a valid one.

Why does attentional shift facilitate object-based atten-
tion? Goldsmith and Yeari (2003) proposed that the shift-
ing of attention encourages participants to spread attention 
widely over the stimulus pattern, which in turn enhances 
the creation and maintenance of object-based represen-
tations. The key to object-based deployment of attention 
is therefore the quality of object-based representations, a 
notion consistent with the proposal of Avrahami (1999). 
It is worth noting that although both attentional shift and 
spread of attention are conducive to object-based atten-
tion, neither of them is a necessary condition. In a previ-
ous article (Chen & Cave, 2006), we showed that as long 
as a stimulus pattern is subjectively parsed as comprising 
multiple objects, object-based attention can be observed 
even when there is no need to shift attention. Similarly, in 
the neutral block of Experiment 2 reported here, although 
the best strategy was to adopt a wide attentional focus that 
covered the entire stimulus pattern, there was no evidence 
of object-based attention, presumably because robust ob-
ject representations could not be established and/or main-
tained due to the nature of the stimulus pattern used in 
the experiment. We share Goldsmith and Yeari’s view that 
having viable object representations is a critical factor of 
deploying object-based attention.

Object-Based Attention Takes Time to Develop
Experiments 3 and 5 showed that object-based attention 

can be prevented by shortening the exposure time of the 
object stimuli. Display timing has been a factor in other 
studies of object-based attention. Lavie and Driver (1996) 
found object effects in their first three Experiments but 
not in their fourth. They attributed the difference to the 
introduction of a spatial cue in the fourth experiment, 
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tain amount of time. In some tasks, a response is needed 
too quickly to wait for object segregation to occur. Luck-
ily, in those cases the visual system can allocate attention 
and generate a response without it.

AUTHOR NOTE

We thank Morris Goldsmith, Kate Arrington, and an anonymous 
reviewer for their helpful comments. Correspondence concerning this 
article should be addressed to Z. Chen, Department of Psychology, Uni-
versity of Canterbury, Private Bag 4800, Christchurch, New Zealand 
(e-mail: zhe.chen@canterbury.ac.nz).

REFERENCES

Abrams, R. A., & Law, M. B. (2000). Object-based visual attention with 
endogenous orienting. Perception & Psychophysics, 62, 818-833.

Arrington, C. M., & Dagenbach, D. (2000, November). The reliabil-
ity of object-based attention following peripheral and central cues. 
Poster presented at the 41st Annual Meeting of the Psychonomic So-
ciety, New Orleans.

Avrahami, J. (1999). Objects of attention, objects of perception. Per-
ception & Psychophysics, 61, 1604-1612.

Baylis, G. C., & Driver, J. (1993). Visual attention and objects: Evi-
dence for hierarchical coding of location. Journal of Experimental 
Psychology: Human Perception & Performance, 19, 451-470.

Brown, J. M., & Denney, H. I. (2007). Shifting attention into and out 
of objects: Evaluating the processes underlying the object advantage. 
Perception & Psychophysics, 69, 606-618.

Chen, Z. (1998). Switching attention within and between objects: The 
role of subjective organization. Canadian Journal of Experimental 
Psychology, 52, 7-16.

Chen, Z. (2000). An object-based cost of visual filtering. Perception & 
Psychophysics, 62, 482-495.

Chen, Z., & Cave, K. R. (2006). Reinstating object-based attention 
under positional certainty: The importance of subjective parsing. Per-
ception & Psychophysics, 68, 992-1003.

Desimone, R., & Duncan, J. (1995). Neural mechanisms of selective 
visual attention. Annual Review of Neuroscience, 18, 193-222.

Duncan, J. (1984). Selective attention and the organization of visual 
information. Journal of Experimental Psychology: General, 113, 
501-517.

Egly, R., Driver, J., & Rafal, R. D. (1994). Shifting visual attention 
between objects and locations: Evidence from normal and parietal 
lesion subjects. Journal of Experimental Psychology: General, 123, 
161-177.

Goldsmith, M., & Yeari, M. (2003). Modulation of object-based at-
tention by spatial focus under endogenous and exogenous orienting. 
Journal of Experimental Psychology: Human Perception & Perfor-
mance, 29, 897-918.

Harms, L., & Bundesen, C. (1983). Color segregation and selective at-
tention in a nonsearch task. Perception & Psychophysics, 33, 11-19.

Hunt, S. M. J. (1994). MacProbe: A Macintosh-based experimenter’s 
workstation for the cognitive sciences. Behavior Research Methods, 
Instruments, & Computers, 26, 345-351.

Jonides, J. (1981). Voluntary vs. automatic control over the mind’s eye’s 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


