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Until the early 1980s, it was widely assumed that atten-
tion is typically directed to regions in space, in a manner
that is analogous to a graded spotlight that illuminates a
local convex region. One source of support for this view
was the finding that the spatial separation between ele-
ments significantly modulates attentional effects (e.g.,
Downing & Pinker, 1985; B. A. Eriksen & C. W. Eriksen,
1974;C. W. Eriksen & Hoffman, 1972;Hoffman & Nelson,
1981; LaBerge, 1983; Posner, Snyder, & Davidson, 1980;
Yantis & Johnston, 1990). B. A. Eriksen and C. W. Eriksen
showed, for example, that the time required to identify a
centrally located target letter dependson the identityof ad-
jacent flanking letters: Flankers that are associated with
the same response as the target (compatible flankers)
speed response time (RT), relative to a neutral control con-
dition, whereas flankers associated with a different re-
sponse (incompatible flankers) slow RT, suggesting that
subjects fail to completely ignore flankers. More impor-
tant, this result provided evidence for a spatial account of
attention, because it revealed that flanker interference is
greatest when flankers are near to the target, as compared
with when the flankers are farther away from the target.

Starting in the early 1980s, evidence began to accumu-
late that some tasks engage a selectivemechanism that op-
erates on an object-based, rather than a location-based,
representation(Kahneman& Henik,1981;Rock& Guttman,
1981; for reviews, see Egeth & Yantis, 1997,and Kanwisher
& Driver, 1992). For example, Duncan (1984) asked ob-
servers to view a briefly flashed display that contained a
rectangle and a tilted line that were spatially superim-
posed. The rectangle was either tall or short, and it had a
gap in its contour on either the right or the left side. The
line was tilted either to the right or to the left, and it was
either dashed or dotted.Observers were asked to report two
dimensions on each trial (e.g., gap location and line tilt).
Accuracy was greater when the subjects were required to
report two attributes that belonged to the same object (e.g.,
the height and the gap locationof the rectangle) than when
they had to report one attribute from each object (e.g., the
height of the rectangle and the tilt of the line). Because the
two objects were superimposed and thus occupied over-
lapping spatial locations, Duncan argued that selection
based only on spatial location could not account for the
obtained results and that they therefore reflected an object-
based selectionmechanism (for further discussion of Dun-
can, 1984, see Watt, 1984).

More recently, Egly, Driver, and Rafal (1994) intro-
duced a new paradigm for studying both location-based
and object-based selection. Two adjacent verticallyor hor-
izontally oriented rectangles appeared in the visual dis-
play. After several seconds, the contour at one end of one
of the rectanglesbrightenedbriefly. This cued the observer
to direct attention to that location while maintaining fixa-
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Sensory modulation or priority setting?
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The detection of an invalidly cued target is faster when it appears within a cued object than when it
appears in an uncued object equally distant from the cued location; this is a manifestation of object-
based attention. Five experiments are reported in which it was investigatedwhether early sensory en-
hancement (in which attention “spreads” within an attended object but stops at its borders) or a later
attentional prioritization mechanism best accounts for these effects. In Experiments 1–4, subjects iden-
tified a centrally located target with a buttonpress while attempting to ignore flanking distractors that
were mapped to either a compatible or an incompatible response. The flankers appeared either within
the object occupied by the target or in a different object but at the same distance from the target. The
well-known effect of distance between the targetand the flankers on the magnitude of the compatibility
effect was replicated. However, whether the target and the flankers were in the same or different ob-
jects had no effect on the magnitude of the compatibility effect. In Experiment 5, when attention could
not be narrowly focused in advance, object-based modulation of the flanker effectwas observed. These
results suggest that object-based selectionmay reflectan object-specificattentional prioritization strat-
egy, rather than object-based attentional modulation of an early sensory representation.
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tion at the center of the display. The target event (a white
square appearingat oneendof onerectangle)was most likely
to occur in the cued location(a validlycued target)but could
also occur in the otherend of thecued rectangle (an invalidly
cued same-object target) or in the other rectangle, at the
same distance from the cue (an invalidly cued different-
object target). Both location-based and object-based ef-
fects were observed. Detection was faster for validly cued
targets than for invalidly cued ones, suggesting that the
distance between the cued location and the target affects
perceptual efficiency (a space-based effect). Furthermore,
when the cue was invalid,same-object targets were detected
more rapidly than different-object targets (an object-based
effect). The latter result suggests that when part of an ob-
ject is attended, the rest of the object benefits perceptu-
ally. This paradigm has been extended in several subse-
quent studies (e.g., Behrmann, Zemel, & Mozer, 1998;
Moore,Yantis,& Vaughan,1998;Watson& Kramer, 1999).

At least two possible mechanisms for attentional mod-
ulation of perceptual efficiency can be invoked to account
for these results. The first, which we term sensory en-
hancement, is that the deployment of attention improves
the quality of an early sensory representation.Such an im-
provement can be viewed as a result of biased competition
among neural representations (Desimone & Duncan,
1995). According to this view, early sensory representa-
tions of multiple objects are mutually inhibitory, so that
the strength of a representation is weaker when an object
is presented in a multielement scene than when it is pre-
sented alone (Kastner, De-Weered, Desimone, & Unger-
leider, 1998; Reynolds, Chelazzi, & Desimone, 1999). A
top-down biasing signal that is evoked by a spatial cue or
by task instructions can strengthen one of these represen-
tations, which will cause it to more effectively compete
with neighboring representations.When an object “wins”
the competition, it may be said to have been selected. To
the extent that the top-down biasing signal is spatially im-
precise (owing, e.g., to the limited spatial resolution of re-
ceptive fields at various levels of the visual pathways; see
Reynolds et al., 1999, for a discussion), top-down facili-
tation might spread within a local region, falling off with
distance from the center of the attended region. This could
account for distance effects as measured by both speed
and accuracy in cued-attention paradigms.

Object-based attentional modulation of early sensory
representationscould be viewed as a spatial spread of top-
down facilitation that respects object boundaries, so that
representationswithin an attendedobject are stronger than
representations outside the attended object. It should be
noted that although there is a straightforward explanation
for distance effects in this account (it is a result of the
retinotopicorganization of early vision and of the increas-
ing size of receptive fields in successively later stages of
the visual pathway), there is no correspondingly obvious
explanation of how scene segmentation could affect the
top-down biasing signal and thereby influence the spread
of attention in an object-based fashion. Presumably, some

form of feedback from higher object representations to
lower feature representations would be required.

A second possible mechanism for improved efficiency
in visual selectionparadigms,which we term attentionalpri-
oritization, is a later process that affects the order in which
different regions of the scene are visually investigated
when multiple attentional “glimpses” are required.1 Ac-
cording to this idea, there is a predisposition to assign
higher priority to locations within an already attended ob-
ject than to locations in other objects.

Many of the studies in which object-based attentional
modulation has been observed have employed paradigms
that require attention to be deployed to multiple parts of
the scene over time (see the General Discussion section
for exceptions to this generalization). For example, in
cuing paradigms (e.g., Egly et al., 1994; Moore et al.,
1998), subjects first examine the cued location, and if the
target is not found, they may be strategically inclined to as-
sign greater priority to other locationswithin the cued ob-
ject, so that the items within the cued object are examined
before items in the uncuedobject.Avrahami (1999) showed
that there is a tendency for observers to direct attention
from a cued location along contours to uncued locations
when there is no incentive to do so, even when the con-
tours do not bound closed objects.2 Such strategic scan-
ning would yield the sort of object-specific benefits that
were reported by Egly et al. (1994) and others. In studies
that employed matching or counting tasks (Behrmann
et al., 1998; Watson & Kramer, 1999), the nature of the task
is such that subjects must seek pairs of task-relevant fea-
tures for comparison, and as in the studies described
above, they may adopt an (explicit or implicit) strategy to
investigate features that are in or part of one object before
moving on to those within other objects. It is useful to
view this account in the context of Wolfe’s (1994) Guided
Search model: The assignment of attentional priorities
that govern the order of search may well be affected not
only by local feature contrast and by similarity to a target
template (Cave & Wolfe, 1990; Wolfe, 1994), but also by
object structure.

Object-based attentional prioritization affects only the
order of search, and not the quality of the perceptual rep-
resentation at different locations in the scene. It is thus
quitedifferent from early sensory enhancementthat respects
object boundaries. This latter view, however, in which at-
tention “spreads” within an object but stops at its bound-
aries, is implicit in many current object-based accounts.

Moore,Yantis,Vaughan,and Handwerker (2001) recently
reported evidence that object-based attentional modula-
tion does not result from early sensory enhancement that
respects objectboundaries.They employeda cued discrim-
ination task like the one used by Egly et al. (1994) and by
Moore et al. (1998). Two versions of the task were carried
out.The first was an RT version thatmatchedthe no-occluder
condition of Moore et al. (1998). The second was an ac-
curacy version in which the stimuli were presented briefly
and then masked. The critical stimulus–mask onset asyn-
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chrony required for 85% accuracy was estimated with a
staircase tracking procedure to provide a measure of the
quality of the sensory representation separately for the
cued, uncued same-object, and uncued different-object
targets. The results of the RT version of the experiment re-
vealed the standard object-specific advantage. However,
in the accuracy version of the task, no object-specific ad-
vantage was observed. Moore et al. (2001) argued that di-
recting attention to the cued location in the accuracy ver-
sion of the task produced sensory facilitation that fell off
with the distance from the cued location—in all direc-
tions, regardless of object boundaries.This deploymentof
attention did not selectively augment the quality of the
perceptual representation at locations within the cued ob-
ject relative to equally distant locations in other objects.
They attributed the object-specific advantage observed in
the RT version of the task to an object-basedsearch strategy
in which locations within an attended object are investi-
gated before locations in other objects—a strategy that is
availableonly when the stimuli are visible for an extended
period.

In the present paper, we further investigate the extent to
which object-basedattentionalmodulation is a manifesta-
tion of early sensory enhancement that respects object
boundaries or of an attentional prioritization strategy that
investigates locations within an already attended object

before other locations. We employed a modified flanker
compatibilityparadigm (after B. A. Eriksen & C. W. Erik-
sen, 1974). In Experiments 1– 4, subjects were instructed
to attend to the center of a scene containing three rectan-
gles (see Figure 1). Three letters then appeared: one in the
central attended locationand two flanking that location (to
the left and right or above and below). The flankers ap-
peared either within the same rectangle as that occupied
by the target or in different rectangles. The subjects iden-
tified the centrally located target item with a buttonpress
while attempting to ignore the flanking distractors.

Because the target was presented only in the center, op-
timal performance required all noncentral locations to be
ignored. If attention“spreads” within attendedobjects and
stops at their borders, thereby selectively strengthening
early sensory representations within the attended object
(as compared with representations of elements within un-
attended objects), flankers within the attended object
shouldhave a greater influenceon performance (thus yield-
ing larger flanker compatibilityeffects) than do flankers in
unattended objects. In contrast, if the spread of attention
does not respect object boundaries and object-based at-
tentional modulation reflects the order in which locations
in the scene are investigated, there should be little if any
effect of whether the flankers are in the attended or the un-
attended rectangles (because the target occupies a known

Figure 1. Example display for each of the four conditions. H or V required a
left response; V or X required a right response. (A) Same-object compatible re-
sponse; (B) same-object incompatible response; (C) different-object compati-
ble response; (D) different-object incompatible response. Flanker distance re-
mained constant among conditions.
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location and no search of the display is required). To an-
ticipate, no object-specificmodulationof the flanker com-
patibility effect was observed in Experiments 1–4, thus
supporting an attentional prioritization account.

In Experiment 5, a modification of the paradigm used
in Experiments 1–4 was used in which target location un-
certainty was introduced and observers were required to
direct attention to multiple locations within the scene.
Under these circumstances, in which attentional prioriti-
zation could operate, object-specific modulation of the
flanker effect was observed, confirming that the paradigm
is sufficiently sensitive to reveal such modulation when it
is present.

EXPERIMENT 1

Method
Subjects. Sixteen subjects were recruited from the Johns Hop-

kins University community. All the subjects reported normal or
corrected-to-normal visual acuity and were naive as to the purpose
of the experiment. The subjects were paid $7 for their participation
in a single 50-min session.

Apparatus and Stimuli. Stimuli were displayed on a 19-in.
Taxan color monitor driven by an Artist Graphics XJS-1280 graph-
ics accelerator board. A chinrest was used to ensure that the ob-
server’s eyes were positioned 62 cm from the screen. A custom re-
sponse box was used to collect buttonpress responses. Figure 1
shows the layout of some typical displays for Experiment 1. The dis-
play consisted of three solid red rectangles, with a luminance of
3.5 cd/m2, presented on a square gray background region with a lu-
minance of 7.0 cd/m2. The gray background square subtended 8º 3
8º of visual angle. The large central rectangle subtended visual an-
gles of 2.8º 3 0.5º, and the smaller flanking rectangles each sub-
tended visual angles of 1º 3 0.5º. The two small rectangles were
separated from the long rectangle by a gap subtending a visual angle
of 0.1º. The long rectangle was oriented horizontally on a randomly
selected half of the trials and vertically on the remaining half.

A target letter always appeared at the center of the display,
whereas flanking letters appeared adjacent to the target. Each letter
subtended 0.37º 3 0.37º of visual angle. The flankers were posi-
tioned 0.18º from the target, edge to edge, a distance that has been
shown to yield robust flanker compatibility effects (e.g., B. A. Erik-
sen & C. W. Eriksen, 1974). The letters were the color of the gray
background square.

Design and Procedure. A 2 3 2 within-subjects factorial design
was used, with target/flanker compatibility (compatible or incom-
patible) and target–flanker relation (same or different objects) as fac-
tors. The target and flankers were considered compatible if they all
mapped onto the same response key and incompatible if they
mapped onto different response keys (in the compatible condition,
the target and flankers were always different letters). Each of the four
combinations of conditions occurred equally often. Rectangle ori-
entation and target and distractor identity were selected randomly
and equally often within blocks, within the constraints of the exper-
imental design. Targets H and V mapped onto the left response key,
and U and X mapped onto the right response key.

Each trial began with the gray background presented for a 2,000-
msec intertrial interval (ITI). The three rectangles were then presented
on the screen for 1,000 msec, and then the target and the flankers ap-
peared. The stimuli remained on the screen until the subject re-
sponded. The subjects were instructed to respond as quickly as pos-
sible while making no more than about 5% errors. Error feedback
consisted of a beep and an increase in the ITI of 2,000 msec follow-
ing that trial. Each subject completed one 32-trial practice block and

15 blocks of 32 experimental trials. The subjects received feedback
after each block.

Results
Only the RTs for correct responses were analyzed. Fig-

ure 2 shows the mean correct RT and the mean error rate
for each condition of Experiment 1. Preliminary analysis
indicated that there was no main effect of the orientation
of the rectanglesand no interactionof orientationwith any
of the other factors (all Fs < 1), so the data were collapsed
across the vertical and horizontal orientations.

A repeated measures analysis of variance (ANOVA)
was conducted,with compatibility and relation as within-
subjects factors and RT as the dependent measure. The
ANOVA revealed a significant main effect of compatibil-
ity [F(1,15)= 29.39,p < .001]:RTs for compatible flankers
(M = 592 msec) were faster than those for incompatible
ones (M = 612 msec). In addition, there was a significant
main effect of relation [F(1,15) = 5.68, p = .05], so that
RTs were slightly slower when the target and flankers ap-
peared in the same object (M = 605 msec) than when they
appeared in different objects (M = 599 msec). However,
the interaction between compatibility and target–flanker
relation was not significant [F(1,15) < 1]. The flanker in-

Figure 2. Mean correct response times (A) and error rates (B)
in Experiment 1. The data are collapsed across the vertical and
horizontal orientations of the display.

A

B
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terference effect of 21 msec did not depend on whether
the target and flankers were within the same object or not.

An analysis of the error rates revealed a similar pattern.
The main effect of compatibilitywas significant [F(1,15) =
23.7, p < .001], and the main effect of relation was not sig-
nificant [F(1,15) = 3.34, p < 1]. In addition, there was no
significant interactionbetween the factors. All of the sub-
jects performed with at least 90% accuracy in each condi-
tion in all of the experiments.

Discussion
The results of Experiment 1 replicate earlier studies

showing that subjects respond faster when targets and
flankers are compatible than when they are incompatible.
However, they fail to reveal an object-based modulationof
the flanker effect.

Responses were slightly slower when all the letters ap-
peared within the same object than when they appeared in
different objects. We speculate that this result may reflect
a segmentation process that is required to separate irrele-
vant information (i.e., flankers) from the relevant infor-
mation (i.e., the target) when the items are within the same
object; this segmentation stage may not be required when
the flankers appear in different objects, because they are
already perceptually segmented from the target. This was
a very small effect and so must be interpreted with cau-
tion. The primary result of Experiment 1, however, was
that the flanker compatibility effect was not affected by
whether the items appeared within the same object or not.

EXPERIMENTS 2 AND 3

It might be argued that the absence of an object-based
attentional modulation effect in Experiment 1 can be at-
tributed to a lack of statistical power (although the effect
size was, in fact, zero). To rule out this possibility, we in-
troduced a distance manipulation to exploit the fact that
the farther away from the target the flankers are, the
smaller the interference they produce, at least within a cer-

tain range of distances (e.g., B. A. Eriksen & C. W. Eriksen,
1974;Hoffman & Nelson, 1981;Posner, 1980).Thisallowed
us to determine whether our paradigm was powerful
enough to reveal any modulation of the flanker compati-
bility effect.

It is also possible that object-based attentionalmodula-
tion is overriddenby space-basedmodulationwhen flankers
are very close to the target. In Experiment 1, the flankers
were only 0.18º from the target. Therefore, in Experi-
ment 2 we tested for object-based attentional modulation
with the flankers positioned farther away from the target,
and in Experiment 3 we manipulated target–flanker dis-
tance within subjects.

Method
Subjects. Sixteen new subjects from the Johns Hopkins Univer-

sity community participated in Experiment 2, and 19 new subjects
participated in Experiment 3. All the subjects reported normal or
corrected-to-normal visual acuity and were naive as to the purpose
of the experiment. The subjects were paid $7 for their participation.

Apparatus and Stimuli. The stimuli were the same as those in
Experiment 1, with one difference. Flankers in Experiment 2 ap-
peared at an intermediate distance from the target (0.37º of visual
angle). In Experiment 3, flankers appeared at two distances from the
target. The near distance was 0.18º (as in Experiment 1), and the far
distance was 0.69º.

Design and Procedure. The design of Experiment 2 was the
same as that in Experiment 1. For Experiment 3, a 2 3 2 3 2 within-
subjects design was used. The factors were target/distractor com-
patibility (compatible, incompatible), target–distractor relation
(same-object, different-object), and distance (near, far). Rectangle
orientation and target and distractor identity were selected randomly
and equally often within blocks. The trial sequence was identical to
that in Experiment 1. Each subject completed 32 practice trials and
eight blocks of 64 experimental trials.

Results
Figures 3 and 4 show the mean correct RTs for Experi-

ments 2 and 3, respectively. These data were collapsed
across the two rectangle orientations (vertical and hori-
zontal), because none of the main effects or interactions
involving that factor was significant (all Fs < 1).

Experiment 2. The data were subjected to a two-way
ANOVA, with relationand compatibilityas within-subjects
factors and RT and error rate as dependent measures. The
ANOVA revealed a significant main effect of compatibil-
ity [F(1,15) = 15.24,p < .001]: RTs were faster for compat-
ible than for incompatible flankers. However, the interac-
tion between compatibilityand relationwas not significant
[F(1,15) < 1]. The analysis of the error rates revealed the
same pattern.

Experiment 3. An ANOVA was conducted, with rela-
tion, compatibility, and distance as within-subjects factors
and RT and error rate as dependentmeasures. The ANOVA
revealeda significantmaineffect of compatibility[F(1,18) =
3.6, p < .001] and of distance [F(1,18) = 22.0, p < .001].
RTs were faster when flankers appeared further away from
the target (M = 594 msec) than when they appeared closer
(M = 608 msec).

In addition, the ANOVA revealed two significant inter-
actions: relation with distance, [F(1,18) = 6.8, p = .018]

Figure 3. Mean correct response time (RT) results in Experi-
ment 2. Flankers in this experiment were positioned an inter-
mediate distance away from the target.
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and compatibility with distance [F(1,18) = 4.5, p = .05].
However, there was no significant three-way interaction
observed [F(1,18) = 0.02, n.s.]. Analysis of error rates
(see Table 1) revealed a significant main effect of com-
patibility [F(1,18) = 17.4, p = .001] and a marginally sig-
nificant main effect of relation [F(1,18) = 3.8, p = .07] and
distance [F(1,18) = 3.6, p = .07]. However, there were no
significant interactions.

Discussion
The results obtained in Experiments 2 and 3 reveal

space-based, but not object-based, modulationof the flanker
compatibility effect. The compatibility effect was greater
when the flankers were closer to the target than when they
were farther away. This confirms that our paradigmis pow-
erful enough to reveal modulationsof the flanker compat-
ibility effect when they are present. However, no object-
specificmodulationof thecompatibilityeffect was observed
at any distance, as was evidenced by the absence of sig-
nificant interactions involving compatibilityand relation.

EXPERIMENT 4

It is important, of course, that any test of object-based
modulationsof the flanker effect employ perceptuallydis-
tinct objects. One could argue that the objects used in Ex-
periments 1–3 were too similar in appearance (they were
the same color and texture) and too close together (the gap
between the rectangles was only 0.1º, to permit us to use
the very close distances initially used by B. A. Eriksen &
C. W. Eriksen, 1974). It might have been the case that the
subjects perceived the three rectangles as one red cross.3
If so, it would not be surprising that no object-based at-
tentionalmodulationswere observed in Experiments 1–3.

In Experiment 4, we used a red central rectangle and
black flanking rectangles to increase their distinctiveness.
In addition, we manipulated the distance between the rec-
tangles while maintaining a constant Euclidean distance
between the target and the flankers.

Method
Subjects. Eleven new subjects from Johns Hopkins University

participated in this experiment. All the subjects reported normal or
corrected-to-normal visual acuity and were naive as to the purpose
of the experiment. The subjects were paid $7 for their participation.

Apparatus and Stimuli. The stimuli were the same as those in
Experiment 2, with two differences. First, the color of the smaller
rectangles was changed from red to black. Second, the gap between
the central and the flanking rectangles was either small (0.1º, as in
Experiments 1–3) or large (0.25º, or half the width of the rectan-
gles). The flankers were positioned 0.37º from the target throughout
the experiment. Larger gaps were not used because the magnitude of

the flanker effect declines dramatically with distance (e.g., the mean
effect in Experiment 3 with a distance of 0.69º, although significant,
was only 12 msec, an effect size that is similar to that reported by
B. A. Eriksen & C. W. Eriksen, 1974, for a corresponding distance),
and this flanker distance would have compromised the power of the
experiment. The fact that the large red and small black rectangles
were different objects, particularly in the large-gap condition, was
clear and unambiguous.

Design and Procedure. A 2 3 2 3 2 within-subjects design was
used, with compatibility (compatible, incompatible), relation (same
object, different object), and rectangle gap (small, large) as factors.
The procedure was identical to that in the previous experiments.
Each subject completed 32 practice trials and five blocks of 128 ex-
perimental trials.

Results and Discussion
Figure 5 shows the mean correct RTs for Experiment 4.

These data were collapsed across the two display orienta-
tions (vertical and horizontal), because none of the main
effects or interactions involvingthat factor was significant
(all Fs < 1).

An ANOVA was conducted, with relation, compatibil-
ity, and gap distance as within-subjects factors and RT and
error rate as dependentmeasures. The ANOVA revealed a
significant main effect of compatibility [F(1,10) = 29.0,
p < .001]. However, none of the other main effects and
none of the two-way or three-way interactions was signif-
icant (all Fs < 1, n.s.). Analysis of error rates revealed only
a significant main effect of compatibility; there were no
significant interactions.

Figure 4. Mean correct response times (RTs) in Experiment 3.
(A) Flankers presented at a near (0.18º) distance away from the
target; (B) Flankers presented at a far (0.69º) distance away from
the target.

Table 1
Experiment 3: Mean Error Rates

Same Object Different Object

Condition Near Far Near Far

Compatible .01 .02 .02 .01
Incompatible .04 .03 .03 .02
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The results of Experiment 4 show that increasing the
distinctivenessof the rectangles by varying their color and
their separation did not change the main finding in Exper-
iments 1–3. Flanker interference is not affected by whether
the target and the flankers are in the same or different ob-
jects, even when the objects in question are quite distinct.

EXPERIMENT 5

So far, we have demonstrated that under conditions of
narrowly focused attention, the flanker compatibility ef-
fect is not influenced differentially by flankers appearing
on the same or different objects (this finding has been cor-
roborated by Lamy & Egeth, in press, Experiment 4). In-
stead, early sensory enhancement of attended and nearby
location does not respect object boundaries. According to
the attentional prioritization account, when attention can-
not be narrowly focused because multiple locations in the
scene are task relevant (here, the target could appear in
one of four locations),object-basedeffects should emerge.
Such an outcome would show that it was the attentivestate
of the observer, and not some specific details of our para-
digm, that determines whether object-based effects are
observed.

In Experiment 5, a small bright square was flashed
briefly in the center of the central rectangle (see Figure 6).
The square was uninformative about the location of the
upcoming target but was presumed to summon attention
to the central rectangle.After a 100-msec interstimulus in-
terval (ISI), the target and three nontargets appeared. The
target appeared either in the cued rectangle or in one of the
uncued rectangles.The two flankers never appeared in the
same rectangle as the target (a third, nonsense symbol was
presented to balance the display and prevent apparent mo-
tion effects).

The crucial factor here is whether the target appears in
the cued objector in one of the uncuedobjects.The flanker
compatibility effect should be small when the target ap-
pears in the cued object and the flankers are in the uncued
object, because (according to the attentionalprioritization
account), when attention cannot be narrowly focused, lo-
cations within the cued object should have higher priority
than locations in other objects. Conversely, the compati-
bility effect should be large when the target is in the un-
cued object and the flankers are in the cued object, be-
cause (according to this account) one or both of the
flankers should be queried before the target (see note 1).

Method
Subjects. Twenty new subjects from Johns Hopkins University

participated in this experiment. As in the previous experiments, the
subjects reported normal or corrected-to-normal visual acuity and
were naive as to the purpose of the experiment. The subjects partic-
ipated in return for extra credit applied to a psychology course.

Apparatus and Stimuli. The stimuli were the same as those in
Experiment 2, with two differences. First, a small bright square sub-
tending a visual angle of 0.3º 3 0.3º was presented in the center of
the display. In addition to two flankers, another character (e.g., a
star) was presented in order to balance the display and prevent ap-
parent motion. The star was easily discriminable from the letters and
subtended 0.37º 3 0.37º of visual angle.

Although the precise location of the target was not known to the
subject in advance of each trial, the target was known to appear in
one of only four possible target locations, at an intermediate distance
from the central cued location. On any given trial, the flankers and
the nonletter character all appeared either near (0.18º) the cued lo-
cation or far (0.69º) from the cued location.

Design and Procedure. A 2 3 2 3 2 within-subjects design was
used, with compatibility (compatible, incompatible), relation be-
tween the cued rectangle and the target rectangle (same object, dif-
ferent object), and flanker distance (near, far) as factors. Note that
in this experiment, the targets and the flankers were never in the
same object. The crucial issue was whether the target was in the cued
object or not; in the latter case, the flankers necessarily appeared in
the cued object.

The procedure was identical to that in the previous experiments,
with several exceptions. First, after the initial configuration was pre-
sented on the screen for 1,000 msec, the spatially uninformative cue
was flashed for 100 msec. After an ISI of 100 msec, the target, along
with two flankers and a star, was presented. The target appeared in
one of four locations that were located an intermediate distance away
from the center of the display, with a nonsense character presented
across from it along with two distractors (i.e., flankers) presented on
the sides (see Figure 6). Distractors on any given trial appeared the
same distance away from the center. The items remained on the
screen until the response. Each subject completed one 32-trial prac-
tice block and eight blocks of 64 experimental trials.

Figure 5. Mean correct response times (RTs) in Experiment 4.
(A) Rectangle gap presented at the distance of 0.1º, as in Experi-
ments 1, 2, and 3; (B) Rectangle gap increased to 0.25º of visual
angle away from the central rectangle.



48 SHOMSTEIN AND YANTIS

Results and Discussion
Only RTs for correct responses that were less than

1,500 msec were analyzed. Figure 7 shows the mean cor-
rect RTs for the near and far conditions in Experiment 5.
The ANOVA was conducted, with compatibility, relation,
and distance as within-subjects factors and RT as a de-

pendentmeasure. The ANOVA revealed a significantmain
effect of compatibility [F(1,19) = 6.76, p < .02]: RTs for
compatible flankers were faster (M = 836 msec) than those
for incompatibleflankers (M = 849 msec). The main effect
for distance was not significant [F(1,19) = 3.02, p = .09]:
RTs for near flankers were slightly, but not significantly,

Time

Initial
Display - 1,000 msec

Uninformative
Cue - 100 msec

ISI - 100 msec

Figure 6. Sample trial from Experiment 5. As in prior experiments, H or V required a left response, whereas U or X required a
right buttonpress. (A) A target–nontarget location map. The target could appear in one of the locations that are marked with a let-
ter T. Nontargets could appear in the locations marked with a letter N, with the constraints that within a trial, (1) all nontargets were
equidistant from the center of the display and (2) nontargets never appeared in the same object as the target (see the Method section
for details). This map was not visible to the subjects. (B) A sample display from the cued object, incompatible response, near-distance
condition. (C) A sample display from the uncued object, compatible response, far-distance condition.
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slower than those for far flankers (this effect was signifi-
cant in the error rate analysis; see below). In addition,
there was a significant interaction between relation and
compatibility [F(1,19) = 7.2, p < .02]: The compatibility
effect when the target was in the cued object (6 msec) was
significantly smaller than when the target was in the un-
cued object (21 msec). No other interactionwas significant.

Note that RTs to targets in the compatibleconditionare
no slower when the target is on the uncued object than
when it is on the cued object (see Figure 5). One might
have expected to find a reorientation cost when attention
had to be redirected from the cued to the uncued rectangle
(as observed, e.g., by Egly et al., 1994). One contravening
factor here is that when attentionmust be redirected to the
uncued rectangle, a compatible flanker is first encoun-
tered. A compatible flanker will contribute to preparation
of the appropriate response, producing a “head start” in
processing the eventual target. This may well have con-
tributed to the absence of a reorientation cost.

An analysis of the error rates revealed a significant
main effect of relation [F(1,19) = 5.46,p < .04], so thatmore
errors were made in the different-object condition,as com-
pared with the same-object condition. In addition, there
was a significant main effect of distance [F(1,19) = 4.13,

p = .05], so that error rates for the near distance were
slightly greater than those for the far distance. There were
no significant interactions among the factors.

These results are important to our argument for two rea-
sons. First, they demonstrate that our paradigm is sensitive
enough to detect object-based modulation of the flanker
compatibility effect when it is present. Second, they show
that the critical factor that determineswhether object-based
modulation will occur is whether attention must be di-
rected to multiple locations in the scene, in which case an
object-basedattentionalprioritizationstrategy causes atten-
tion to visit locationswithin the attended object before lo-
cations in other objects.

GENERAL DISCUSSION

The results from Experiments 1–4 revealed a complete
absence of object-specificmodulationof the flanker com-
patibilityeffect. Furthermore, consistent effects of target–
flanker distancewere observed (i.e., the effect was smaller
when distractors were farther away from the target), show-
ing that our paradigm was powerful enough to reflect spa-
tial modulations of the flanker compatibility effect. Ex-
periment 5 demonstrated that when attention had to be
deployed to multiple locations in the scene, owing to spa-
tial uncertainty, object-based attentional prioritization
could operate to produce object-based modulation of the
flanker effect. We conclude that the object-based effects
observed in many selective attention paradigms may be
attributable to an object-specific prioritization process
and are not due to a “spread” of attention that respects ob-
ject boundaries.

This conclusion can readily account for object-based
effects in a variety of paradigms, such as those used by
Behrmann et al. (1998), Egly et al. (1994), Moore et al.
(1998), Moore et al. (2001), and Watson and Kramer
(1999). How well does this view account for other sources
of evidence for object-based attention? One of these is
Duncan’s (1984) study, in which he used a paradigm that
resembles the accuracy version of Moore et al. (2001) in
that it involved brief, masked displays and accuracy mea-
sures. According to the sensory enhancement mechanism,
such displays should not provide the opportunity for the
deployment of attention to multiple locations, which, ac-
cording to the present account, is how object-basedeffects
arise. At first glance, then, this experiment appears to pre-
sent problems for the attentional prioritization account.

In our view, however, the object-based effects observed
by Duncan (1984) are of a sort that is conceptuallydistinct
from those revealed by paradigms like that of Egly et al.
(1994). Indeed, Duncan interpreted his results as reflect-
ing just the sort of attentional prioritization process out-
lined by Moore et al. (2001). According to Duncan, ob-
servers select one of the objects (includingall of its relevant
attributes) in a single selective episode. If the task requires
judgments about two attributes of a single object, both of
them would be available for report. However, if the task re-

Figure 7. Mean correct response times (RTs) in Experiment 5.
(A) Flankers presented at a near (0.18º) distance away from the
center of the display. (B) Flankers presented at a far (0.69º) dis-
tance away from the center of the display. Note that when the tar-
get is in the cued object, the flankers are in the uncued objects,
and vice versa.
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quires report of one attribute from each object, the second
object has to be selected, and because of the rapidly follow-
ing mask, this was frequently interrupted, thereby reduc-
ing accuracy. Thus, Duncan’s explanationis perfectly con-
sistent with a prioritization account of object-based
effects.

This interpretation highlights an important property of
experiments like that of Egly et al. (1994). When subjects
are cued to attend to one end of one of the rectangles in
preparation for an upcoming target, they do not select the
rectangle as a whole. The judgmentrequiredby the task did
not concern the rectangle; it concerned a localized event
in a location that happened to be defined relative to the rec-
tangle. Egly et al. interpreted the validity effects in terms
of the extra time required to shift attention from the cued
location to another location, either within that rectangle
(which could be done efficiently) or in another object
(which incurred an additionalbetween-objectscost). Sim-
ilarly, in the experiment of Moore et al. (1998), the task re-
quired making a letter discrimination (rotated T vs. rotated
L), not a decision about the rectangle as a whole. The fact
that invalid same-object RTs were slower than valid RTs
suggests that it was not the case that all locations in the
rectangle were selected at once.

Another group of studies that has providedevidence for
object-based selection but that does not appear to be con-
sistent with our notion of attentional prioritization are
those that have examined the influence of Gestalt group-
ing principles on the magnitude of the B. A. Eriksen and
C. W. Eriksen (1974) flanker compatibility effect (Baylis
& Driver, 1992; Driver & Baylis, 1989; Harms & Bunde-
sen, 1983; Kramer & Jacobson, 1991). The rationale for
these studies was that any modulationof the flanker effect
by factors that play a role in perceptualgrouping (e.g., sim-
ilarity, common fate, uniform connectedness)would con-
stitute evidence for object-based selection.4

The study of Kramer and Jacobson (1991), in particu-
lar, seems to challenge the prioritizationaccount.Subjects
were asked to report the texture of a central vertical line
(i.e., whether the line was dashed or dotted) while at-
tempting to ignore adjacent flanker lines that were them-
selves either dashed or dotted. The response associated
with the flankers was compatible, incompatible, or neu-
tral with respect to that required by the target. The authors
varied color similarity and contourconnectedness in order
to manipulate whether the target and the distractors were
perceived as part of the same or different objects. They
found that the response compatibility effect was greater
when the flankers were part of the same object as the tar-
get than when the target and the flankers were perceived
as belonging to different objects.

Although this study bears a surface similarity to the
present studies, it is more properly viewed as being a vari-
ant of Duncan’s (1984) object-based selection paradigm.
To the extent that the connecting lines caused the target and
the flankers to be treated as a single object, enhancement
of the flanker compatibilityeffect is to be expected, relative
to conditions in which subjects can select the central tar-

get line as a separate object,without accompanyingflanker
parts. Thus, like the study of Duncan, Kramer and Jacob-
son’s (1991) object-based effects reflect attentional prior-
itization, and not early sensory enhancement.

In contrast, the entities that were relevant for perform-
ing the task in the present experiments were individuated
letters. Despite the fact that common region can influence
perceived grouping (Palmer & Rock, 1994), the letters in
the present experiments were never seen as part of a sin-
gle object.Put anotherway, the letters were in or on the rec-
tangles, but they were never seen as part of the rectangles.
It is this fact that makes the present paradigm useful for in-
vestigating whether the “spread” of early sensory en-
hancement respects object boundaries.The data show that
it does not.

Under what conditions, then, will object-based atten-
tionalmodulationbe observed? First, when different parts
of a scene are selected together because they are perceived
as part of a single object, those parts should be equally
available for report (as in Duncan, 1984), or they should
selectively interact (as in Kramer & Jacobson, 1991). Sec-
ond, when a task affords an opportunity to deploy atten-
tion to multiple locations in the scene, as in Experiment 5,
locations within the same object are likely to be attended
before locations that occupy different objects. In para-
digms involving partially valid spatial cues (e.g., Egly
et al., 1994;Moore et al., 1998), attentionmust be directed
to both cued and uncued locationsacross trials, and in fact
the critical evidence for object-based attentional modula-
tion is provided by data from trials in which attentionmust
be directed to uncued locations. In matching paradigms
(e.g.,Behrmannet al., 1998;Lavie& Driver, 1996)or count-
ing paradigms (Watson & Kramer, 1999), attention must
be directed to at least two regions in order to carry out the
task. We have argued that in these paradigms, subjects
may adopt a strategy that gives higherpriority to locations
within an already attended object over locations in other
objects.

In contrast, when attention is highly focused on a sin-
gle location, as in Experiments 1–4, object-based priori-
tization cannot exert an influence, and object-based ef-
fects are not observed.5 Similarly, when the display is brief
and then masked (e.g., Moore et al., 2001), there is no time
to deploy attention to more than one location, even if such
a strategy might be useful. In this situation, only the ef-
fects of early sensory enhancement, which are not object
based, will be observed.
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NOTES

1. Although,here and elsewhere, we discuss attentional priorization as
an ordering of a strictly serial search, an equally plausible implementa-
tion would be display-wide parallel processing with different rates of in-
formation extraction according to attentional priority.

2. Moore et al. (1998) showed, however, that this effect is not merely
a predisposition to follow contours, because they observed an object-
specif ic advantage even when the object in question was partly occluded
by an intervening surface, thereby interrupting the contours of the at-
tended object. This is what justifies our claim that this is an object-based
scanning strategy.

3. We thank Dominique Lamy for suggesting this interpretation and
experiment to us.

4. Baylis and Driver (1992; Driver & Baylis, 1989) found that when
flankers were similar in color to the target or underwent common motion
with the target, they produced greater interference than otherwise, and
furthermore, they found that these factors were sometimes more impor-
tant than spatial proximity. The authors concluded that attention is di-
rected not only to spatial regions, but also to perceptual groups of ob-
jects. However, the results of Baylis and Driver and of Driver and Baylis
should be interpreted with caution, because they have not been consis-
tently replicated (Berry & Klein, 1993; Kramer, Tham, & Yeh, 1991).

5. Lavie and Driver (1996) drew what appears to be a similar conclu-
sion. They found that object-based effects disappeared when attention
was directed to one region of the display. However, their results are dif-
ficult to reconcile with studies such as Egly et al. (1994), because their
task required that attention be directed to multiple locations in the scene.
Furthermore, their conclusions must be interpreted with caution, be-
cause they have not been consistently replicated (Lamy, 2000).
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