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An object-based cost of visual filtering

ZHECHEN
Princeton University, Princeton, New Jersey

Although evidence for object-based attention has been reported in a variety of paradigms, few stud­
ies have examined directly the relationship between efficiency in the processing of targets and the
number of intervening distractors. In five experiments, observers judged whether the vertices of two
relevant shapes were of the same height. Experiments 1 and 2 manipulated observers' perceptual set
so that identical stimulus displays were perceived as containing either intervening or flanking distrac­
tors. The observers were faster when the distractors were flanking rather than intervening between the
targets. Experiments 3-5 varied the number of intervening distractors directly.The observers' response
latencies correlated positively with the distractor set-size. Because the distractors were highly dis­
criminable from the targets and the spatial separation between the targets and their interactions with
the adjacent distractors were held constant, it was unlikely that the differential reaction times across
the conditions were caused by lateral inhibition or response competitions from the distractors. The re­
sults suggest the existence of an object-based filtering cost. The implications of the present data for at­
tentional selection over noncontiguous regions are also discussed.

Much ofwhat we see depends on how we parse and or­
ganize a visual scene. Recent vision research has shown
that, in order to process visual information effectively,
we parse our visual world not only into different spatial re­
gions (Posner, 1980; Posner, Snyder, & Davidson, 1980),
but also into potential objects or perceptual groups (Dun­
can, 1984; Harms & Bundesen, 1983; Kahneman &
Henik, 1981; Prinzmetal, 1981; Treisman, Kahneman, &
Burkell, 1983). Furthermore, both location- and object­
based reference frames can be employed to code visual
information in the same situation (Chen, 1998; Egly, Dri­
ver, & Rafal, 1994; Kramer & Jacobson, 1991; Lavie &
Driver, 1996; Moore, Yantis, & Vaughan, 1998). In other
words, attention selects the internal representation ofboth
space and object.

In prior behavioral studies, evidence for an object­
based selection has typically been associated with one of
following findings: (1) Responses to target are faster
and/or more accurate when they are part of a single ob­
ject than when they are parts oftwo objects (Baylis, 1994;
Baylis & Driver, 1993; Behrmann, Zemel, & Mozer,
1998; Duncan, 1984; Lavie & Driver, 1996); (2) response
latencies are shorter when the switching of attention is
within an object rather than between two objects (Chen,
1998; Egly et al., 1994; Moore et al., 1998); (3) response
to a target stimulus is delayed when its surrounding dis­
tractors are from the same perceptual group, relative to
different groups (Baylis & Driver, 1992; Driver & Baylis,
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1989; Harms & Bundesen, 1983; Kramer & Jacobson,
1991), or when its location is the predicted location of a
previously checked moving object rather than other lo­
cations (Tipper, Driver, & Weaver, 1991; Tipper, Weaver,
Jerreat, & Burak, 1994); and finally, (4) positive prim­
ing, rather than negative priming (Tipper, 1985), is found
to accrue to the probe target in a negative-priming para­
digm when the prime target and the distractors are per­
ceptually grouped (Fuentes, Humphreys, Agis, Carmona,
& Catena, 1998). Although all of these findings are un­
doubtedly different aspects of an object effect, the term
may entail an additional phenomenon: a positive corre­
lation between observers' response latencies to a target
(or targets) and the number ofdistractors to be filtered out
in a nonsearch task.' Borrowing the term filtering cost
from Kahneman, Treisman, and Burkell (1983), I will refer
to this type of filtering cost as an object-based filtering
cost.

Please note that my use of the term object-basedfilter­
ing cost does not entail that all filtering cost is object based.
Just as both space and object can be used as reference
frames to code visual information (Chen, 1998; Egly et al.,
1994; Kramer & Jacobson, 1991; Lavie & Driver, 1996;
Moore et al., 1998), filtering costs can be object based
and/or location based, depending on the specific task de­
mand. For example, in B. A. Eriksen and C. W. Eriksen's
(1974) study, observers responded to a target letter pre­
sented either alone or with other flanking letters. The pri­
mary manipulations in the study were the separation be­
tween the target and the flankers (0.06°, OS, or 1°) and
the type of flankers used (target and flankers identical,
target and flankers different but in the same response cat­
egory, or target and flankers different and in different re­
sponse categories). Among other important findings, the
results most relevant to the present paper are that there
was a decrease in observers' response latencies as sepa-

Copyright 2000 Psychonomic Society, Inc. 482



OBJECT-BASED FILTERING COST 483

One Object Two Objects

A II] B D
c D~D D SDI
E D~D

F IDS
• Red 0 Green

Figure 1. Examples of stimulus displays used in Baylis (1994). The displays
are labeled as containing either one or two objects from the perspective of a
participant who is instructed to attend only to the red objects. The task was
to compare the relative position of the two vertices of the red target object(s)
and to indicate which one was lower in position. A: joined one-object condi­
tion. B: joined two-object condition. C: separated congruent one-object con­
dition. D: separated congruent two-object condition. E: separated incongru­
ent one-object condition. F: separated incongruent two-object condition.
Note. From "Visual Attention and Objects: Two-Object Cost With Equal
Convexity," by G. C. Baylis, 1994, Journal ofExperimental Psychology: Human
Perception & Performance, 20, p. 209. Copyright 1994 by the American Psy­
chological Association. Adapted with permission.

ration between the target and the flankers increased and
that, at 0.06° target-distractor separation, observers took
longer to respond to the target letter when it was flanked
by the same letters than when it was presented alone.
Whereas the former result suggested the influence of a
space-based filtering cost, the nature of the cost in the
latter one is unclear: It could be space based, object
based, or both.

Filtering cost has been reported in a number of other
studies as well (c. W. Eriksen & Hoffman, 1972; C. W.
Eriksen & Schultz, 1978; Heinze et a!., 1994; Kahneman
et a!., 1983; Treisman et a!., 1983). It has been noted that
observers were faster to identify a target letter or to read
a word when it was displayed alone, rather than with dis­
tractors (c. W. Eriksen & Hoffman, 1972; Kahneman
et a!., 1983). This was so even when the distractors were
composed of items from a completely different category,
such as black disks (c. W. Eriksen & Hoffman, 1972),
colored shapes (c. W. Eriksen & Schultz, 1978), or a dot
patch (Kahneman et a!., 1983) Kahnemen et a!. further
discovered that when the location ofa target word was un­
predictable, the time it took a participant to read the word
increased with the number of irrelevant shapes in the dis­
play. The effect was eliminated, however, when the target

location was precued. This result suggests that the mech­
anism mediating the filtering cost may be location based.

Filtering cost may also be implicated in the studies of
Baylis and Driver (1993) and Baylis (1994), although the
researchers did not interpret their data in that way. In these
studies, observers were shown displays consisting of
three horizontally aligned red and green shapes (see Fig­
ure I). The task was to compare the two vertices of the
target shape(s) and to determine which was lower in po­
sition. Through the manipulation of the observers' per­
ceptual set, the relevant target features could be seen as
parts of either a single object (when the target was the
center shape) or two objects (when the targets were the
two outer shapes). The main finding was that observers
were faster to perform the task when the target features
were parts ofa single object than they were when the tar­
get features were parts of two objects.

Baylis and Driver (1993; Baylis, 1994) interpreted
their data from the perspective of the target features,
whether they were on one or two objects. This approach
emphasizes the difficulty in attending to two objects si­
multaneously. An alternative way to account for the data
is from the perspective of the distractors, and such an ap­
proach stresses the cost of filtering out irrelevant ob-
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jects. If one thinks of nonattended objects as distractors,
the two distractors in the one-object condition were always
outside the critical vertices to be compared, whereas the
one distractor in the two-object condition was always be­
tween the two target vertices. Assuming that objects
within one's attentional field receive more detailed pro­
cessing than objects outside the attentional field (C. W.
Eriksen & Hoffman, 1972), the one-object advantage
could be due to a difference in distractor position (thus
emphasizing a location-based filtering cost) or to a dif­
ference in the presence or absence ofan intervening dis­
tractor between targets (thus emphasizing an object­
based filtering cost).

It is important to point out that, in the studies of Baylis
and Driver (1993), and Baylis (1994), the stimuli were in­
tended to be parsed in such a way that the middle region
in the two-object condition and the outer regions in the
one-object condition should be perceived as ground. If
the observers indeed parsed the stimulus displays in that
way, the above-mentioned alternative interpretation ofthe
data would be less likely. However, in the experiments
that the present series of experiments modeled most
closely (i.e., the experiment in Baylis and Experiment 2
in Baylis & Driver, 1993), such a parsing would have been
very difficult, for the following reason. The most likely
stimulus displays to yield figure-ground parsing in the
Baylis study were those in the joined condition, where all
the shapes were connected (see Figures lA and IB). How­
ever, these stimulus displays made up only one fourth of
the total trials. Given that the remaining three fourths of
the trials consisted of physically separated shapes, with
distractor shapes sharing neither the contour nor the color
of the target shapes on two thirds of those trials, it would
be hard not to perceive the distractor shapes as individual
objects.

Treisman, Kahneman, and Burkell (Kahneman et aI.,
1983; Treisman et aI., 1983) were among the first to re­
port the relationship between perceptual objects and the
cost of visual filtering. They noted that, when a target
word appeared unpredictably on either side of fixation,
observers spent less time in reading the word when the
word was placed inside an irrelevant shape than when the
word and the shape were on the opposite side offixation
(Treisman et aI., 1983). Their result suggests that group­
ing an irrelevant stimulus with a relevant one could re­
duce the filtering cost associated with the irrelevant
stimulus. Recently, Fuentes and his colleagues (Fuentes
et aI., 1998) reported a similar grouping effect, using a
negative-priming paradigm (Tipper, 1985). They showed
observers pairs of trials consisting of a target letter with
two flanking distractors. The observers' task was to view
the prime trial (the n trial) but to respond to the target
letter on the probe trial (the n + 1 trial). When the target
and the flankers were separated, the usual negative-prim­
ing effect was found: The observers were slower to re­
spond to the probe target when it was the same as the
prime distractors than when the two were unrelated. How­
ever, when the target and the distractors were grouped by

a rectangular outline on the prime trial, the result was re­
versed: The observers were faster to respond to the probe
target when it was the same as the prime distractors than
when the two were unrelated. The fact that a grouping
effect was found in both studies suggests the existence of
an object-based filtering cost.

Using a same-different matching task, the present ex­
periments adopted a novel approach to demonstrate the
relationship between visual perception and object-based
allocation of attention. They differ from other studies in
two important ways. First, whereas the above-mentioned
experiments manipulated the grouping strength between
the target and the distractors, the experiments reported in
this paper varied the number of distractors directly. Sec­
ond, because the separation between the targets and their
adjacent distractors were held constant across condi­
tions, the sensory interactions between the targets and
their surrounding distractors were controlled in the pre­
sent experiments. In Experiments 1 and 2, I sought to es­
tablish the existence ofthe filtering cost, using a paradigm
similar to that of Baylis (1994). In Experiments 3-5, I
further investigated the possibility that the filtering cost
is object based by varying the number of intervening dis­
tractors between the targets while keeping constant both
the spatial locations of the targets, relative to the distrac­
tors, and their interactions.

EXPERIMENT 1

The paradigm employed in Experiment 1 was mod­
eled after that of Baylis (1994). As in the Baylis study,
the observers' perceptual set was manipulated so that the
irrelevant objects could be seen as either being between
or flanking the target objects. Unlike his study, however,
the critical features for comparison were always parts of
two objects, and the task was to make same-different
judgments regarding the relative height oftwo target ver­
tices. This particular design was chosen because it allowed
the experimenter to examine the cost of visual filtering
while keeping constant the sensory aspects of the stimu­
lus array. If the one-object advantage reported by Baylis
was caused solely by the differential number of target
objects, no difference in reaction time and/or accuracy
should be found between the critical experimental con­
ditions in the present experiment, because it employed an
equal number oftarget objects in all conditions. If, how­
ever, we still find differential reaction times and/or accu­
racy, the one-object advantage is at least partly contributed
to by a difference in distractor position, a difference in the
number ofintervening distractors between targets, or both.

Method
Participants. Sixteen Princeton undergraduates, between 18and

26 years old, participated in the study to satisfy course requirements
of the psychology department. All reported having normal or
corrected-to-normal vision. None knew the purpose of the experi­
ment in advance.

Apparatus and Stimuli. A Macintosh I1ci computer with a 13­
in. RGB monitor was used to present stimuli and record responses.
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Figure 2. Examples of stimulus displays from Experiment 1. The displays are labeled from the per­
spective of an observer attending only to the red shapes. The observers made same-different judgments
regarding the relative height of the two outer vertices of the targets in the target-in conditions. The
same-different judgments concerned the relative height of the two inner vertices of the targets in the
target-out conditions. Note that the separation between the target vertices was identical in the two
joined conditions. The six experimental conditions were in-joined (A), in-consistent (8), in-inconsistent
(C), out-joined (D), out-consistent (E), and out-inconsistent (F).

The participants viewed the monitor from a distance of approxi­
mately 60 cm in a dimly lit room. Commercially available graphic
(Superpaint 3.0) programs and experimental (VScope 1.2) programs
were used to generate and display stimuli and to record respo.ises.

Four red and blue chevron-like shapes made up the stimulus dis­
play, as is shown in Figure 2. Each shape subtended 1.91' of visual
angle in length and 1.14' in width. The entire display subtended 5.7'
horizontally when the targets were joined with the distractors and
6.4' when they were separated (the horizontal separation between
the shapes was 0.35').

Design and Procedure. The experiment was a mixed design,
with target color as the between-subjects variable and the locations
of the targets and the target-distractor relationship as the within­
subjects variables. The latter had three levels: joined, when the targets
and the distractors were connected; consistent or inconsistent, when
the shapes were separated, with congruent or incongruent vertices for
the targets and their adjacent distractors. The observers were in­
structed to attend to either the red or the blue shapes only. They made
same-different responses regarding the relative height of the two
outer vertices of the target shapes if the latter were the two inner­
most shapes. If the target shapes were the two outermost shapes of
the stimulus pattern, the comparison was between the two inner ver­
tices of these shapes. Please note that the critical edges for com­
parison were always parts of two different objects and that the spatial
separations between the target vertices in the two joined conditions
were identical (both were 3.42' of visual angle horizontally). Con­
sequently, the two joined conditions .vere of primary interest here.
The other four conditions were included primarily to encourage the
participants to follow the instructions for the experiment. Ifthe ex­
periment had contained only the joined conditions, the observers
could have performed the task even though they focused attention
on the distractors. By making half the trials inconsistent trials, in

which the contour ofone ofthe distractors was incongruent with the
contour of a target, the observers would be more likely to attend to
the target objects. Otherwise, they would get negative feedback 011 at
least half the trials. Altogether, the experiment had six conditions:
in-joined (IJ), in-consistent (IC), in-inconsistent (Il), out-joined
(OJ), out-consistent (OC), and out-inconsistent (01), where in- and
out- refer to the position of the target shapes, relative to the dis­
tractors.

Each trial started with an asterisk, serving as a fixation point, in
the center of the screen for 500 msec. After a blank period of
200 msec, the stimulus display was presented at the center of the
monitor for 150 msec. The participants were to press one key if the
two critical vertices were at the same level of height and a different
key otherwise (the designated two k-ys were "z" and "/," and they
were counterbalanced across observers). After the observer re­
sponded, either a "+" (meaning the response was right) or a "-"
(meaning the response was wrong) would appear on the screen. If
no response was made within 4 sec after the display onset, a "0"
would appear. The intertrial interval was 900 msec.

Both speed and accuracy were stressed. After 32 practice trials,
each observer performed five blocks of 96 test trials, half of them
being same trials, and the other half different trials. Twice as many
inconsistent trials as either joined or consistent trials were included
in each block. The whole experiment took approximately 50 min to
complete.

Results and Discussion
The reaction time and accuracy data are presented in

Table 1.
A mixed-design analysis of variance (ANOVA) on re­

action times- showed faster response times for the target-



486 CHEN

Table I
Mean Reaction Times (in Milliseconds) and Error Rates (Percent Incorrect),

With Standard Deviations, for Experiment I

Target-DistractorRelationship

Joined Consistent Inconsistent

ReactionTime Error Rate ReactionTime Error Rate ReactionTime Error Rate

Position M SD M SD M SD M SD M SD M SD
Target-in 992 305 9.7 11.2 981 324 8.9 11.0 1,015 296 10.1 9.9
Target-out 1,062 367 18.0 17.7 1,077 350 17.2 16.1 1,112 328 19.6 15.6

Note-The standarddeviations shown here representthe between-subjectsvariabilitywithin a con-
dition, not the within-subjects variabilityacross conditionsthat is of interest in the presentpaper.

in conditions (996 msec) than for the target-out condi­
tions [1,084 msec; F(1,14) = 5.53, P < .04]. Planned
mean comparisons subsequently revealed that the par­
ticipants were faster in the IJ (992 msec) and II
(1,Q15 msec) conditions than in the OJ (1,062 msec) and
OI (1,112 msec) conditions [t(15) = 2.21, P < .05, and
t(15) = 2.69,p < .02, respectively]. The difference be­
tween the IC (981 msec) and the OC (1,077 msec) con­
ditions did not reach significance [t(15) = 1.81, P = .09].
An ANOVAon accuracy did not show any main effects or
interactions at a .05 significance level, even though more
errors occurred in the out conditions (18.3% error rate)
than in the in conditions [9.6% error rate; F(I, 14) =4.11,
P < .07). No other statistical analyses were performed.

The most important finding is that the observers were
slower to perform the task when the distractors were be­
tween rather than flanking the targets. This aspect of the
data is, in fact, similar to the findings of Baylis (1994),
and Baylis and Driver (1993), whose observers were also
slower when the distractors were outside the target than
the other way around. Since the number of target objects
was not varied in the present experiment and the observers
still had differential response times across conditions,
these data raise the possibility that a differential degree of
filtering cost across experimental conditions could be par­
tially responsible for the object effect reported by Baylis
and by Baylis and Driver (1993).

The experiment did not find any consistency effect be­
tween the targets and the distractors. In prior research,
the consistency effect appeared to vary across studies.
On the one hand, Kramer and Jacobson (1991) showed
the dependence of the consistency effect on the grouping
strength between the targets and the distractors. They
found the effect when the target and the distractors were
seen as one perceptual group, but did not find it when
they were seen as belonging to two perceptual groups.
On the other hand, Baylis and Driver (1993) and Baylis
(1994) observed the consistency effect repeatedly in their
studies, although the target(s) and distractors clearly be­
longed to two perceptual groups. The lack of a consis­
tency effect in Experiment 1 could be caused either by a
lack of statistical power or by methodological differences
among the studies. Although Experiment 1 was similar
to the Baylis study in design, there were still some po-

tentially important differences between the two. Whereas
one of the target vertices was not aligned with its adjacent
distractor in the present experiment, neither of them was
aligned in the studies ofBaylis, and of Baylis and Driver
(1993). The fact that the latter had more target sides in­
congruent with the distractor sides than did the former
could have led to the observed consistency effect in their
studies and the lack of it in Experiment 1.

EXPERIMENT 2

In Experiment 2, I sought to replicate the results of
Experiment 1, using a slightly different design. To make
stimulus displays more similar to those ofBaylis (1994),
a new object was inserted at the center ofthe stimulus dis­
play, as is shown in Figure 3. The inserted object could
be seen as belonging with either the target or the dis­
tractor. The observers again made same-different com­
parisons regarding the relative height of the targets, as
defined by colors. As before, the target vertices for com­
parison belonged to two objects. The main question was
whether the observers' response latencies would vary as a
function of their perceptual set.

Method
Participants. Fifteen Princeton undergraduates from the same

participant pool as before participated in the study to satisfy a
course requirement. None had taken part in Experiment I, and none
knew the purpose of the study in advance.

Apparatus and Stimuli. Both the apparatus and the stimuli
were the same as those in Experiment I, except for the insertion of
a new shape and, consequently, the horizontal expansion of the
stimulus display to 7. I" in both the consistent and the inconsistent
conditions.

Design and Procedure. Except for the following changes, the
design and the procedure were otherwise identical to those of Ex­
periment I. Owing to the insertion of the new object, the compari­
son was between the two outer vertices of the target shapes when
the stimulus display contained only two target elements. When there
were three target elements, the comparison was between the two
inner vertices of the two outer target objects. The three target-in
conditions (i.e., 11, IC, and II) contained two target objects, whereas
the three target-out conditions (i.e., OJ, OC, and 01), now had three
stimuli in the target color, although the observers knew that only
the two outer shapes were designated as targets. As in Experi­
ment I, the spatial separations between the critical target vertices
were identical in the two joined conditions. Again, the participants
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Figure 3. Examples of stimulus displays from Experiment 2. The displays are labeled from the perspec­
tive of an observer attending only to the red shapes. The observers made same-different judgments re­
garding the relative height of the two outer vertices of the targets in the target-in conditions. The same­
different judgments concerned the relative height of the two inner vertices of the two outer targets in the
target-out conditions. The six experimental conditions were in-joined (A), in-consistent (B), in-inconsistent
(C), out-joined (D), out-consistent (E), and out-inconsistent (F).

were instructed to attend exclusively to either the red or the blue
shapes and to perform the same-different judgment task as quickly
and as accurately as possible.

Results and Discussion
The data are shown in Table 2. Only 12 of the 15 par­

ticipants' data were included in the analysis. Two partic­
ipants did not complete the experiment, owing to com­
puter failures, and the third person had an extraordinarily
high error rate (45% errors in Block I and 34% in Block 2).
An ANOVA found faster reaction time, as well as higher
accuracy, in the target-in conditions (1,036 msec, with
10% errors) than in the target-out ones [1,122 msec, with
19.1% error; F(1,10) = 6.52, P < . 03, and F(I,IO) =
8.68,p < .02, respectively]. Paired t tests further showed
that, for the two critical joined conditions, although the
separations between the edges for comparison were exactly

the same, the responses were both faster [1,028 msec in
the IJ condition vs. 1,122 msec in the OJ condition;
t(11) = 2.94. P < .02] and more accurate [10.2% in the
II condition vs. 18.4% in the OJ condition; t(11) = 2.27,
P < .05] when the judgments were made with regard to
the two outer vertices in the II condition, rather than the
two inner vertices in the OJ condition. The observers also
made fewer errors in the IC condition than in the OC
condition [6.6% vs. 18.5% error rates; t(11) = 4.76,p <
.0001]. Furthermore, the reaction time differences be­
tween the two consistent conditions (1,012 msec in the
IC condition vs. 1,101 msec in the OC condition) and their
inconsistent counterparts (1,069 msec in the II condition
vs. 1,144 msec in the 01 condition) approached signifi­
cance [t(11) = 2.13,p < .06, and t(11) = 2.15,p < .06,
respectively]. No significant difference in accuracy was
found between the II (13.3% error) and the 01 (20.4%

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

With Standard Deviations, for Experiment 2

Target-Distractor Relationship

Joined Consistent Inconsistent

Reaction Time Error Rate Reaction Time Error Rate Reaction Time Error Rate

Position

Target-in
Target-out

M SD

1,028 295
1,122 318

M SD

10.2 6.7
18.4 15.1

M SD

1,012 252
1,101 296

M SD

6.6 4.7
18.5 11.9

M SD M
1,069 301 13.3
1,144 285 20.4

SD

10.1
12.5
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error) conditions. No other statistical analyses were per­
formed on the data.

The results ofExperiment 2 were very similar to those
of Experiment 1. In both experiments, regardless of
whether there was an object in the center of the stimulus
pattern, the observers were more efficient in comparing
the relative height between the two edges when the tar­
get vertices contained fewer, rather than more, irrelevant
items. It is important to point out that, in Experiment 2,
the observers had been forewarned that, although the cen­
tral shape sometimes had the same color as the target ob­
jects, it would never be designated as a target. Together
with the findings of Experiment 1, these results support
the notion that the efficiency of processing of the tar­
get(s) varies as a function of the filtering cost of the dis­
tractors.

Compared with Experiment 1, Experiment 2 contained
an extra object at the center of the display. One would
expect that the added item would increase the observers'
overall response latencies. Although the observers ap­
peared to take longer to respond in Experiment 2 than in
Experiment 1 (with average reaction times of 1,079 and
1,040 msec for Experiments 2 and 1, respectively), a com­
bined analysis across the experiments showed no signif­
icant effect of experiment (F < 1). Rather, there was a
highly significant distractor position effect [F(1,26) =
11.53,P < .001], as well as a distractor consistency ef­
fect [F(2,52) = 3.98,p < .03]. The last effect implies that
the lack of a consistency effect in the two experiments
when they were analyzed individually could be due to a
lack of statistical power.

Admittedly, neither Experiment 1 nor Experiment 2
distinguished an object-based selection mechanism from
a location-based one. To explain the data within the
framework of an object-based model, one could argue
that the differential response times across the conditions
were caused by the different number of intervening dis­
tractors between the target-in and the target-out condi­
tions. Because these distractors were potential sources of
interference and were presented as sudden onsets (Kramer
& Hahn, 1995), they competed for attentional resources.
Thus, the more distractors needed to be filtered out, the
less efficient the target processing would be. To explain
the data from the perspective ofa location-based model,
one could emphasize the difference in distractor positions
between the target-in and the target-out conditions. Since
distractors within one's spotlight cause more interfer­
ence to the processing of the targets than do distractors
at other locations, longer reaction times from the target­
out condition would be expected.

Although it is difficult to distinguish an object-based
account from a location-based one in the previous two
experiments, given that an object-based filtering cost
stresses the importance of the number ofdistractors to be
filtered out and a location-based filtering cost empha­
sizes the importance ofthe spatial separation between tar­
gets and distractors, the two accounts can lead to very dif-

ferent predictions in the right paradigm. Imagine that ob­
servers perform a type of same-different matching task
involving two relevant objects that is similar to that in
the previous experiments and that the principle manipu­
lation in the experiment is the number of intervening dis­
tractors between the targets. Whereas an object-based
account would predict a positive correlation between the
observers' response latencies and/or accuracy and the
number ofdistractors, a location-based account would pre­
dict no such correlation. Experiment 3 was conducted in
order to differentiate between the two accounts.

EXPERIMENT 3

If filtering cost is object based, so long as irrelevant
objects interfere with the processing of the targets, their
exclusion should consume resources, and there should
be a positive correlation between observers' reaction
times to the targets and the number of irrelevant objects
to be filtered out. Location information about the targets
should not be a deciding factor in the demonstration of
an object-based filtering cost. Experiment 3 tested this
hypothesis by varying the number of intervening distrac­
tors between the targets, while keeping constant both the
separation of the targets and their lateral interaction with
the distractors. The task was to compare the relative height
ofthe two inner vertices of the target objects and to make
a speeded same-different response on each trial.

Method
Participants. Twelve naive Princeton undergraduates, between

the ages of 18 and 26, participated in the study. They all reported
having normal or corrected-to-normal vision. Each was paid $4. As
before, none had taken part in the previous experiments, and none
knew the purpose of the experiment beforehand.

Apparatus and Stimuli. The apparatus and stimuli were the
same as those in Experiment I, except for the following three
changes. First, the target objects were at the two far ends of the dis­
play, and the comparison was between the two inner vertices of the
target shapes (see Figure 4). The horizontal separation between the
targets was 3.42', and the entire display subtended 5.7'. Whereas
the width of the distractor(s) was 2.72' and 1.19' in the one- and
two-distractor conditions, respectively, the horizontal separation
between the target vertices and their immediately adjacent distrac­
tors was 0.35' in both cases. Second, the relationship between the
vertices of the distractor(s) and the vertex of their adjacent target
was that of being orthogonal to each other, and the targets and the
distractors were always separated. Third, to discourage the observers
from adopting external reference frames when performing the task,
the stimulus array was presented at locations randomly selected
within the boundary of an invisible 8.69' x 4.59' rectangle. Please
note that, although the absolute location of the stimulus array var­
ied from trial to trial, the positions of the targets, relative to the dis­
tractors, remained the same throughout the experiment.

Design and Procedure. The design and procedure were again
similar to those of Experiment 1. As in the previous experiments,
half the participants were instructed to attend to the red shapes, and
the other half to the blue shapes. The within-subjects variable was
the number of distractors between the targets. Its three levels cor­
responded to the three experimental conditions: no distractor (OD),
one distractor (I D), and two distractors (2D).
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A No-distractor I
B One-distractor 101
c Two-distractor IDDI

III Red D Blue

Figure 4. Examples of stimulus displays from Experiment 3. The displays are
labeled from the perspective of an observer attending only to the red shapes.
The observers made same-different judgments regarding the relative height of
the two inner vertices of the target shapes. The three experimental conditions
were no distractor (A), one distractor (B), and two distractors (C).

EXPERIMENT 4A

Table 3
Mean Reaction Times (in Milliseconds) and

Error Rates (Percent Incorrect),
With Standard Deviations, for Experiment 3

condition or the ID condition. The observers' response la­
tencies could be impaired, not by the number of distrac­
tors per se, but by the extra number of distracting lines
and angles associated with the stimulus displays in the
2D condition. To rule out a confusability account as a pos­
sible interpretation of the data, the next two experiments
were conducted.

Experiment 4A was essentially the same as Experi­
ment 3, with two major differences. First, instead ofusing
single colored shapes, as in the previous experiments,
the shapes in this study contained a black outline. Second,
rather than having three conditions that contained zero,
one, or two distractors, the three conditions in the new ex­
periment contained no distractor, a simple distractor (SD),
and a complex distractor (CD). Whereas the SD was made
up of a colored shape with a black outline, the CD was
made up of the same shape plus some extra black lines
(see Figure 5). If the differential response latencies be­
tween the ID and the 2D conditions in Experiment 3 was
caused by the differential number ofdistractors between

5.7
6.6
6.4

SDM

10.7
13.8
17.0

SD

220
233
244

Reaction Time Error Rate

M

872
926
957

No distractor
One distractor
Two distractors

Condition

Results and Discussion
The reaction time and accuracy data are given in

Table 3. An ANOVA on reaction times showed a signif­
icant effect for condition [F(2,20) = 23.98, p < .001].
Paired t tests found faster reaction times in the OD con­
dition (872 msec) than in the ID condition [926 msec;
t(1l) = 3.66, p < .001], as well as faster reaction times
in the ID condition than in the 2D condition [926 vs.
957 msec; t(1l) = 2.75, P < .02].

The same analyses were performed on the accuracy
data. There was a significant effect for condition
[F(2,20) = 17.98, p < .00 I]. Paired t tests indicated that
the observers were more accurate in the OD condition
(10.7% error) than in the ID condition [13.8% error;
t(1l) = 4.53,p < .001]. They also made fewer errors in
the ID condition than in the 2D condition [13.8% error
vs. 17% error; t(1l) = 2.9, p < .02].

Our data suggest that the observers' performance was
influenced by the number of intervening distractors, de­
spite the fact that the distractors were highly discrim­
inable from the targets and that both the locations of the
targets relative to the distractors and the interaction be­
tween the targets and their immediately adjacent distrac­
tors were held constant across the experimental condi­
tions. The data support the notion of an object-based
filtering cost.

However, Experiment 3 contained a potential con­
found: The stimulus display in the 2D condition was
more complex than the stimulus display in either the OD

Each observer performed two blocks of 192 trials, yielding 128
trials per condition. The total experiment took approximately half
an hour to complete.
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A No-distractor I I
B

c

Sinnple-distractor

Complex-distractor

101
1001

II .Red with black outline

D Blue with black outline

Figure 5. Examples of stimulus displays from Experiment 4A. The displays
are labeled from the perspective of an observer attending only to the red shapes.
The observers made same-difTerent judgments regarding the relative height of
the two inner vertices of the target shapes. The three experimental conditions
were no distractor (A), simple distractor (B), and complex distractor (C).

targets, no difference in reaction times should be found
between the SD and the CD conditions in the present ex­
periment, because the number ofdistractors was held con­
stant. If, however, the previously found filtering cost was,
in fact, due to a differential degree of confusability be­
tween the two conditions, we should expect to find longer
reaction time in the CD condition than in the SD condition.

METHOD

Participants. Twelve naive undergraduates, between the ages of
18 and 26, from the University of Mississippi participated in the
study in exchange for psychology course credit. All had normal or
corrected-to-normal vision by self-report. Again, none knew the
purpose of the study beforehand.

Apparatus and Stimuli. The apparatus remained the same as
before, except that a Power Macintosh 6100/66 was used to run the
study. Except for the following changes, the stimuli were the same
as those in Experiment 3. First, each shape contained a black out­
line, which was 0.04" in width. This, however, did not change the
size of the individual shape or the overall size of the entire display.
Second, there was only one distractor in both the SD and the CD
conditions, with the distractor in the latter condition containing two
more black lines; each was 0.04" in width, and they had exactly the
same contours as the distractor shapes in the 2D condition of Ex­
periment 3 (see Figure 4).

Design and Procedure. The design and procedure were similar
to those of Experiment 3. The within-subjects variable was the type
of distractors between the targets. The three conditions were OD,
SD,andCD.

Results and Discussion
Table 4 contains the reaction time and accuracy data.

An ANOVA revealed a significant effect for condition
[F(2,20) = 5.21,p < .02]. The observers were faster in the

ODcondition (792 msec) than in either the SD (832 msec)
or the CD condition [833 msec; t(11) = 2.53, P < .03,
and t(ll) =2.38,p < .04, respectively]. No difference was
found between the SD and the CD conditions [832 vs.
833 msec; t(11) < 1, n.s.].

Accuracy data showed a similar pattern. There was a
significant difference for condition [F(2,20) = 6.47,p <
.001]. The observers were more accurate in the OD con­
dition (19.3% error rate) than in the SD condition [24.3%
error rate; t(11) = 3.33, P < .001]. Again, there was no
significant difference between the SD and the CD condi­
tions [24.3% error rate vs. 20.7% error rate; t(ll) = 2.0,
p> .05].

The most important finding of this experiment is that,
although the observers' performances were influenced by
the presence or absence of a distractor, they were not af­
fected by the degree ofconfusability associated with the

Table 4
Mean Reaction Times (in Milliseconds) and

Error Rates (Percent Incorrect),
With Standard Deviations, for Experiments 4A and 4B

ReactionTime Error Rate

Condition M SD M SD

Experiment4A
No distractor 792 162 19.3 7.4
Simple distractor 832 195 24.3 9.0
Complex distractor 833 192 20.7 7.1

Experiment48
No distractor 816 152 17.7 7.1
One distractor 849 161 21.9 8.6
Two distractors 875 172 22.6 8.6



distractor. This suggests that it is unlikely that the longer
reaction times observed in the 2D condition, relative to
the 1D condition, in Experiment 3 were caused by the
greater degree ofcomplexity of the stimulus displays as­
sociated with the former condition, at least in the present
paradigm. Rather, the efficiency of target selection ap­
pears to relate directly to the number of intervening dis­
tractors.

It is true that Experiment 4A ruled out confusability as
the primary cause of the filtering cost in Experiment 3.
Nevertheless, it was still desirable to conduct a further ex­
periment that would involve the manipulation of the dis­
tractor set-size while using colored shapes with black
outlines.

EXPERIMENT 4B

Experiment 4B was basically the same as Experi­
ment 3, except for the change in stimulus displays from
solid colored shapes to colored shapes with black out­
lines. As in Experiment 3, the participants performed a
speeded same-different judgment task with regard to the
height of the inner vertices of the target shapes, and the
primary manipulation of the experiment was the number
ofdistractors between the targets. It was expected that the
participants' response latencies would correlate positively
with the number of intervening distractors.

Method
Participants. Sixteen naive undergraduates from the same sub­

ject pool as that in Experiment 4A participated in the study. None
had taken part in the earlier experiments. None knew the purpose
of the experiment beforehand.

Apparatus and Stimuli. The apparatus was the same as that in
Experiment 4A. Except for the change from solid colored shapes to
colored shapes with black outlines (0.04" in width), the stimuli were
identical to those in Experiment 3.

Design and Procedure. Both the design and the procedure were
the same as those in Experiment 3.

Results and Discussion
Table 4 contains the reaction time and accuracy data.

An ANOVAon both reaction times and accuracy showed
a significant effect for condition [F(2,28) = 17.33, p <
.001, for reaction time, and F(2,28) = 8.78,p < .001, for
accuracy]. The participants were both faster and more ac­
curate in the OD condition (816 msec, with 17.7% error)
than in the lD condition [849 msec, with 21.9% error;
1(15)= 3.75,p < .001, for reaction time, and 1(15)= 3.33,
p < .001, for accuracy, respectively]. They were also faster
in the ID condition than in the 2D condition [849 msec vs.
875 msec; 1(15) = 3.00,p < .001]. No difference in accu­
racy was found between the last two conditions [1(15) <
l,n.s.].

Consistent with the results of Experiment 3, the par­
ticipants in this experiment responded fastest when the
targets contained no intervening distractors, next fastest
when there was one intervening distractor, and slowest
when there were two intervening distractors. Given the re-
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sults of the last three experiments, it appears that the fil­
tering cost in the present series of experiments is object
based.

As was described in the introduction, Kahneman et aI.
(1983) reported a strong distractor set-size effect when
the location of the target was unpredictable. The effect
disappeared, however, when the target location was pre­
cued. In Experiments 3 and 4B, distractor set-size effects
were found despite the fact that the position of the targets
relative to the distractors was the same. How can we rec­
oncile these seemingly inconsistent results? One impor­
tant difference between Kahneman et aI.'s study and the
present experiments was the number of target objects in
the design. Whereas there was only a single target in the
study of Kahneman et aI., there were two targets here.
With only a single target, a precue could presumably guide
attention to the target effectively. Once attention arrived
at the target, it could zoom in (c. W Eriksen & St. James,
1986) and focus directly on the target, leaving all irrele­
vant objects outside the focus of the attention field. In
such a paradigm, the number ofirrelevant objects in other
parts of the visual field might not matter very much, es­
pecially when the distractors were separated from the tar­
get by more than 1

0

(8. A. Eriksen & C. W Eriksen, 1974),
as was the case in Kahneman et al.s study. In contrast,
when the display contained two targets with intervening
distractors, knowing the location of the targets did not
solve all the problems, if attention could not select non­
contiguous regions (a more detailed discussion on this
issue is presented in the General Discussion section).
Since objects compete for attention, the more distractors
between the targets, the longer it takes to process the
targets-hence, the distractor set-size effects in Experi­
ments 3 and 48. This is not to say, of course, that the
object-based filtering cost cannot reach an asymptote.
Factors such as the attentional load of the task (Lavie &
Cox, 1997) and/or the spatial separation among individ­
ual distractors may all affect the extent of the filtering
cost. Further research is needed to determine how these
factors are related to the object-based filtering cost.

EXPERIMENT 5

Although the relative location of the targets within a
stimulus array did not change over trials in the previous
experiments, its absolute location was still unpredictable.
Thus, it was possible that the object effects observed in
Experiments 3 and 4B were associated with the spatial
uncertainty ofthe stimulus display. To test this, a new ex­
periment was designed, in which the stimulus arrays were
presented at exactly the same location throughout the ex­
periment. The distractors were also changed from chevron­
like shapes into rectangles, so that the target and the dis­
tractors differed not only in color and location, but also
in shape. If the observers' response latencies still corre­
lated positively with an increase in the number of dis­
tractors between the targets, the notion of an object­
based filtering cost would be strengthened.
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Figure 6. Examples of stimulus displays from Experiment 5. The displays are
labeled from the perspective of an observer attending only to the red shapes. The
observers made same-difTerent judgments regarding the relative height of the
two inner vertices of the target shapes. The three experimental conditions were
one distractor (A), two distractors (B), and three distractors (C).

Method
Participants. Twenty Princeton undergraduates from the same

participant pool as that in Experiment 3 took part in the experiment.
Each was paid $3 for his or her participation. None had taken part
in the earlier studies, and none knew the purpose ofthe experiment
beforehand.

Apparatus and Stimuli. The apparatus used in the experiment
was the same as that in Experiment 3. Several changes to the stim­
uli were made. First, the distractors were changed from chevron­
like shapes to rectangles. The entire stimulus display now sub­
tended 6.3°, with 4.02° between the targets. The width of the
distractor(s) was 3.32°, 1.5°,and .88° of visual angle in the !D,2D,
and 3D conditions, respectively (see Figure 6). Second, the spatial
uncertainty regarding the stimulus arrays was removed. All the tri­
als were presented at the center of the screen during the entire ex­
periment.

Design and Procedure. The design and procedure were the
same as those in Experiment 3, except that the three conditions now
contained one distractor (I D), two distractors (2D), and three dis­
tractors (3D). The total experiment took approximately 30 min to
complete.

Results and Discussion
The reaction time and accuracy data are shown in

Table 5. Although an ANOVA on reaction times found a

Table 5
Mean Reaction Times (in Milliseconds) and

Error Rates (percent Incorrect),
With Standard Deviations, for Experiment 5

ReactionTime Error Rate

nonsignificant result at a= .05 level [F(2,36) = 3.04,p =
.06], contrast analyses did show a significant linear trend
for conditions [F(I,18) = 6.44,p < .03]. The observers
were slowest when there were three intervening distrac­
tors (666 msec), next slowest when there were two inter­
vening distractors (661 msec), and fastest when there was
only one intervening distractor (654 msec). No other ef­
fects were found.

It is true that the object-based filtering cost is not as
substantial as that found in the previous experiments.
This could be due to the invariant display location of the
stimulus array and the distractor shape change in Exper­
iment 5. These changes also brought a steep decrease in
observers' average reaction time and error rate, a drop of
259 msec in reaction time and 7% in error rate from Ex­
periment 3 to Experiment 5. What is important, however,
is the fact that the observers' performances were still af­
fected by the number of intervening distractors, even
though these distractors were very different from the tar­
gets. Because the targets (and the distractors, too) were
displayed at exactly the same locations throughout the
experiment, one would think that an object-based filter­
ing cost should be hard to demonstrate, since the exper­
imental design encouraged the observers to selectively
attend to the targets while inhibiting the entire region be­
tween the targets. The finding ofthe differential response
latencies across conditions gave strong support to the no­
tion of an object-based filtering cost.

Condition

One distractor
Two distractors
Three distractors

M

654
661
666

SD

111
112
111

M

7.8
6.7
7.8

SD

6.2
4.6
5.9

GENERAL DISCUSSION

Previous work established that grouping distractors
with a target could attenuate (Treisman et aI., 1983) or



even reverse the distractor interference effect (Fuentes
et aI., 1998). Our experiments provide new evidence of
the existence ofan object-based filtering cost by demon­
strating a positive correlation between observers' re­
sponse time to the targets and the number of distractors.
Experiments 1 and 2 showed that observers were faster
to compare the height of two target vertices when the dis­
tractors were flanking, rather than intervening between,
the targets. Besides demonstrating the filtering cost in a
perceptual comparison task, these results also pointed
out a potentially important confound in the studies of
Baylis (1994) and Baylis and Driver (1993), suggesting
that the observed one-object advantage reported by these
researchers could, in part, be attributed to a differential
degree of filtering cost across the experimental condi­
tions. Experiments 3 to 5 tested the notion of an object­
based filtering cost directly by varying the number of in­
tervening distractors between the targets. Despite the
difference in shape, color, and location between the tar­
gets and the distractors, the observers' response times to
the targets increased positively with the increase in the
number of intervening distractors. Because both the spa­
tial separation between the targets and their interactions
with the adjacent distractors were held constant, it is un­
likely that the differential reaction times across the condi­
tions were caused by lateral inhibition or response com­
petitions from the distractors. Neither is it likely that the
effects were due to a differential degree of confusability
of the stimulus displays across the critical conditions, as
was evidenced by the results of Experiment 4A. Rather,
the data suggest the existence of an object-based filter­
ing cost.

Please note that I am not arguing for an object-based
filtering cost that is spatially invariant, in the sense that
spatial location plays no role in the attentional selection
process because objects are selected from an internal
representation where they are encoded in a spatially in­
variant way (cf. Vecera & Farah, 1994; but see Kramer,
Weber, & Watson, 1997). Indeed, I am doubtful that the
observers' performance would be more impaired if they
had to filter out two superimposed intervening distrac­
tors rather than one distractor. However, the fact that the
observers' reaction times correlated positively with the
number of intervening distractors suggests the existence
ofa type of filtering cost that is mediated by objects. The
data are also consistent with a modified spotlight model
that takes into account the number of objects within the
spotlight. As Yantis has suggested (Yantis, personal com­
munication, 1998), we can assume that the spotlight
must traverse the space between the two target objects,
and it may do so more slowly when there are multiple ob­
jects in the path, because it lingers at each object. Such
a spotlight model would predict a distractor set-size ef­
fect observed in the present experiments.

It is unclear whether the filtering cost observed in our
experiments was inhibitory in nature. The observers
could be delayed because the intervening distractors
were within the attentional field and, therefore, received
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sensory processing automatically, with more distractors
taking up more resources. Alternatively, they could be
delayed because the application of inhibition took up re­
sources and the amount of resources consumed corre­
lated positively with the amount of inhibition, which, in
turn, was influenced by the number of distractors. Al­
though research from both behavioral and neurophysio­
logical studies have cumulated considerable evidence
that target facilitation and distractor inhibition are two
important components of selective attention (Cepeda,
Cave, Bichot, & Kim, 1998; Chelazzi,Miller, Duncan, &
Desimone, 1993; Keele & Neill, 1978; Moran & Desi­
mone, 1985; Neill, 1977; Tipper, 1985; Valdes-Sosa,
Bobes, Rodriguez, & Pinilla, 1998), most of the studies
employed only a single target with distractors at other lo­
cations. A recent electrophysiological study (Heinze et aI.,
1994), in which observers' event-related brain potentials
(ERPs) were measured, seems to suggest that no sup­
pression was applied to the intervening locations occu­
pied by the distractors. The observers in the Heinze et al.
study were shown a horizontal array of four symbols,
with two of these locations designated as the relevant lo­
cations for a particular block. The task was to press a
button when matching symbols were found at the rele­
vant locations. Occasionally, instead of the task-relevant
symbols, a task-irrelevant probe would appear at one of
the four locations, and the observers were told to ignore
these probes. ERPs recorded to the task-irrelevant probes
revealed that, when a block required observers to attend
to two adjacent locations, the probes that were presented
at task-irrelevant locations elicited smaller sensory­
evoked electrophysiological responses than did those
that were presented at task-relevant locations. In contrast,
when a block required observers to attend to two sepa­
rate locations, no difference in ERPs was found between
the probes at the intervening locations and those at the
target locations. In light of the above data, it is possible
that the filtering cost observed in our experiments was
not associated with an inhibitory mechanism working to
suppress the intervening distractors.

Our results are related to the issue of visual selection
over noncontiguous regions. Evidence regarding whether
attention can select noncontiguous regions in the visual
field is rather mixed (see Cave & Bichot, 1999, for a re­
cent review). Results from Posner and his colleagues
(Posner et aI., 1980) supported a nonsplit beam of atten­
tion. Using a dual-cue paradigm, they showed that the de­
tection ofa target was enhanced when its location was in­
dicated by a primary cue. However, when its location was
indicated by a secondary cue, performance was facili­
tated only when it was near the location of the primary
cue. Similar conclusions were also reached by other re­
searchers, using either cuing paradigms (c. W. Eriksen &
St. James, 1986; C. W.Eriksen & Yeh, 1985) or other par­
adigms involving intervening distractors (Heinze et aI.,
1994; Pan & Eriksen, 1993). However, opposite findings
have been reported by some other researchers (Bichot,
Cave, & Pashler, 1999; Castiello & Umilta, 1992; Kramer
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& Hahn, 1995). Bichot et al. compared observers' per­
formances in a digit identification task when pairs ofdig­
its were displayed either simultaneously or successively.
They found no difference in accuracy. Kramer and Hahn
further discovered that the distribution of attention may
depend on the type of stimulus onset employed in an ex­
periment. They noted that, when targets and distractors
were presented as sudden onsets, observers were unable
to ignore the distractors. In contrast, when the stimuli were
presented as non onsets by removing segments of pre­
masks, no interference effect ofthe distractors was found.

In the present set of experiments, the observers' re­
sponse time was influenced not only by the presence of
the intervening distractors, but also by their set-size.
Consistent with the findings of Heinze et al. (1994) and
Pan and Eriksen (1993), observers in our experiments
found it impossible to ignore the intervening distractors,
suggesting their inability to allocate attention to noncon­
tiguous regions of space, at least in the present paradigm
with sudden stimulus onsets. The author agrees with the
proposal ofKramer and Hahn (1995) that the distribution
of attention is a flexible process. Whether attention can
be allocated to noncontiguous space may depend, in part,
on the presentation method ofthe stimuli. It is likely that,
when stimulus displays involveno sudden onsets, location­
based inhibition can be applied relatively easily over a
homogenous region occupied by distractors, resulting in
little distractor interference. This may be especially true
when the target locations were stationary or precued, as
was the case in Kramer and Hahn's study. In contrast,
when targets and distractors are presented as sudden on­
sets, since abrupt visual onsets attract attention auto­
matically (Theeuwes, 1991; Yantis & Jonides, 1984), ob­
servers may find it hard to ignore the distractors, leading
to the observed distractor interference effect. Because
objects compete for attention (Treisman et al., 1983), the
greater number of distractors to be excluded from pro­
cessing, the longer it would take for the visual system to
process the targets-hence, the object-based filtering cost.

If objects compete for attention and sudden onsets at­
tract attention, why did Bichot, Cave, and Pashler (1999,
Experiment 6) not find an object-based filtering cost, even
though their stimuli were also presented as sudden onsets?
In the study of Bichot et al., observers were shown a cir­
cular array ofeight shapes, followed by a brief display of
letters, one in each shape. Twotasks were required on each
trial: to determine whether the target shapes (defined by
color) were the same or different, and to report as many
letters as possible. Accuracy was used as the dependent
measure. The main finding ofinterest is that accuracy was
impaired by the presence of distractors between the tar­
gets but that there was no distractor set-size effect.

How can we reconcile this difference in data between
Bichot et al.'s (1999) study and Experiments 3 and 4B?
It is possible that the difference in data was partly due
to the way the observers' performance was measured.
Whereas response latencies were the primary dependent
measure in our experiments, accuracy was used in their
study. Because the object-based filtering cost is a rather

subtle effect, especially when the distractors are highly
distinct from the targets, it is possible that, whereas the
effect could be reflected in the observers' reaction times,
it could hardly be demonstrated in accuracy (Chen,
1998; Egly et al., 1994). This difference in measurement
might have also contributed to the finding ofVecera and
Farah (1994, Experiment 2), who observed no difference
in the distractor interference effect when the distractors
were between a pair of targets and when they were flank­
ing the targets displayed in an overlapping manner. It is
worth noting, however, that in both Experiments 3 and
4B of the present paper, the reaction time increase was
larger from the ODcondition to the lD condition (an in­
crease of 54 msec in Experiment 3 and 33 msec in Ex­
periment 4B) than from the lD condition to the 2D condi­
tion (an increase of3l msec in Experiment 3 and 26 msec
in Experiment 4B). Combining the results from the pre­
sent experiments and those ofBichot et al., it appears that
the first intervening distractor adds a large cost, whereas
additional ones add less.

Another ofBichot et al.'s (1999) findings that is ofrel­
evance to the present series of experiments was the ob­
servation that, although observers reported more letters
at the target locations than at the distractor locations, no
difference was evident between the intervening distrac­
tor locations and other locations. This implies that even
though the intervening distractors interfered with target
processing, they do not appear to have received more spa­
tial attention than did distractors at other locations, as as­
sessed by the probe technique. Because the probe tech­
nique was developed to measure spatial attention (Kim
& Cave, 1995), if the interference effect observed by Bi­
chot et al. in Experiment 6 was mediated by objects rather
than by location, such a result would not be unexpected.
Taken together, the existing data suggest the existence of
an attentional process with multiple reference frames.
The demonstration ofan object-based filtering cost may
depend on the nature of the task, as well as on the mea­
surement employed in the studies.
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NOTES

1. The phrase nonsearch task is used here to emphasize the differ­
ences between the present paradigm and visual search. Whereas both
paradigms involve the manipulation of distractor set-size, they differ in
a number of important ways. In visual search, observers typically re­
spond to the presence or absence of a target, and the target location
changes randomly from trial to trial. In contrast, in the present para­
digm, targets appeared on every trial, and their locations relative to the
distractors remained the same in each experiment.

It is also worth noting that we typically do not take the distractor set­
size effect in a standard conjunction search task as evidence for object­
based selection, even though observers' response latencies correlate
positively with the number ofdistractors in a stimulus display. This may,
in part, be due to the fact that, in a typical conjunction search paradigm,
sensory interactions between the target and the distractors are usually
not controlled across conditions, leaving open the question of whether
the effect could be object-based, location-based, or both.

2. Color was not associated with any statistically significant results,
either as a main effect or as an interaction. This is true in all the exper­
iments reported in this paper. Accordingly, the data shown in the paper
are pooled across colors.
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