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Attentional selection: A salience-based
competition for representation

JEFFREY R. W. MOUNTS
State University of New York, Geneseo, New York

The role of salience in localized attentional interference (LAI) was examined. In two experiments,
target discrimination performance was measured as a function of the spatial separation between the
target and a salient distractor item. In Experiment 1, both the salience of the distractor and that of a tar-
get were manipulated. Distractor salience was manipulated via size changes to the distractor, and tar-
get salience was manipulated by using unmasked or onset targets. When the target was of low salience,
the magnitude of interference from the distractor increased with distractor salience. However, when
the target had an abrupt onset, the distractor had no impact on target performance. In Experiment 2,
the attentional salience of the distractor was manipulated using a probability manipulation. Displays
contained both a target and a color singleton distractor. The color singleton produced LAI when it was
predictive of the target location but not when it was unpredictive of the target location. The results of
both experiments are consistent with models of competition-based attentional selection.

Several recent models of visual selective attention propose
that attentional selection of an object or region results from
a competition among objects for representation within the
visual system. These include the model of Deco and Rolls
(2004), Cave’s (2001) feature gate model, Desimone and
Duncan’s (1995) biased competition model, and Tsotsos’s
(e.g., Tsotsos et al., 1995) selective tuning model. These
models propose that objects compete for control of visually
selective neurons and that the response of a given neuron
will represent the properties of only the “winning” object.

Given the architecture of the primate visual system, this
competition between two objects should depend on their
relative locations in the visual field, among other things.
According to Desimone and Duncan’s (1995) biased com-
petition model of attention, for example, objects compete
with one another for representation at various levels
within the visual system. Desimone (1998) points out that
this competition should be strongest among objects com-
peting for representation by the same populations of neu-
rons. In general, the proportion of receptive fields shared
by a pair of objects will increase with increased spatial
proximity; therefore, the degree of competition between
objects should increase with decreased spatial separation.
Likewise, in the model of Deco and Rolls (2004), Tsotsos
et al.’s (1995) selective tuning model, and Cave’s (2001)
feature gate model, all of which employ a space-based
hierarchical pyramid architecture, the extent to which two
objects can be processed before coming into competition
with one another depends on their spatial separation. Ob-
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jects with greater spatial separation are processed in paral-
lel through higher levels in the hierarchy before coming
into competition with one another.

Several recent behavioral studies have provided evi-
dence of such a spatially dependent competition among
objects. For example, shape discriminations (see, €.g.,
Mounts, 2000a, 2000b; Mounts & Tomaselli, 2005; Tu-
ratto & Galfano, 2001) and line length judgments (Caputo
& Guerra, 1998) have been shown to be slower and less
accurate when target stimuli appear near attentionally sa-
lient distractors such as color singletons. When observers
are asked to identify two targets, their accuracy in iden-
tifying both targets improves with increased separation
between the targets (see, e.g., Bahcall & Kowler, 1999).
Similarly, when observers are asked to make same—
different judgments, they become faster and more accu-
rate with increased separation between the two targets
(Cutzu & Tsotsos, 2003; McCarley, Mounts, & Kramer,
2004). All of these studies suggest that competition be-
tween attentionally salient objects occurs when they are
spatially proximal and that this competition declines with
increased spatial separation. This localized attentional
interference (LAl) is consistent with the notions that spa-
tially proximal stimuli may be competing for common
pools of neural resources and that increasing the spatial
separation between objects allows them to be represented
by increasingly independent populations of neurons. Re-
cent fMRI data lend additional support to this claim. For
example, Kastner et al. (2001) measured sensory sup-
pression, which is believed to index competition among
visual objects. They found that the stimulus separations
producing sensory suppression in their experiment varied
with visual area, and that these separations yielded good
matches with estimates of receptive field sizes of neurons
within the respective areas.
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Thus, there is growing support for the notion of com-
petition for representation among objects and for the idea
that this competition is spatially mediated, in accordance
with the predictions of models of attentional selection
such as the feature gate, biased competition, and selec-
tive tuning models. In all of these models, the competition
among objects is presumed to be rooted in the salience of
the competing objects (see, e.g., Reynolds & Desimone,
2003). This salience can either arise from stimulus-driven
factors, such as luminance or feature contrast, or be mod-
ulated by more cognitive factors, reflecting top-down at-
tentional biases or attentional set. Indeed, several behav-
ioral studies have shown that LAI can arise with purely
top-down selection of the items (e.g., Bahcall & Kowler,
1999; Mounts & Gavett, 2004). The purpose of the pres-
ent study is to test the assumptions of these models re-
garding the role of salience by evaluating the impact of
salience on the magnitude of LAIL!

Reynolds, Chelazzi, and Desimone (1999) found neu-
rophysiological support for the importance of attentional
salience in competition for selection. When two objects
were presented within the receptive field of a V2 or V4
neuron and attention was directed to a location outside the
receptive field, the response rate assumed by the neuron
was intermediate to that produced by either object alone.
In a subsequent experiment, the attentional salience of
one of the objects was increased by cuing the monkey to
attend to one of the two objects. Attending to one of the
stimuli caused the response of the neuron to move toward
the level associated with the attended object. Reynolds
and Desimone (2003) found similar effects when they ma-
nipulated the relative contrast of two stimuli falling within
the receptive field of V4 neurons. When attention was di-
rected elsewhere in the visual field, the response rate of
the neuron was drawn toward that of the stimulus with
the higher contrast. Moreover, they found that attentional
salience and physical salience interacted, since attention
directed to the stimulus with the lower contrast reduced
this effect. They argue that attention acts to increase the
effective contrast of a stimulus, allowing it to compete
more strongly for neural representation.

There has also been some evidence that attentional sa-
lience may modulate the magnitude of LAI in behavioral
studies. The results of Experiment 1 of Mounts (2000a)
suggest a role of attentional salience in modulating LAI
In that study, a color singleton was used as a distractor
item. When the target itself was a form singleton, ob-
servers could adopt a singleton search strategy, render-
ing the color singleton salient. In this condition, LAI was
observed surrounding the color singleton distractor. In
another condition, the target was not a form singleton and
observers had to adopt a feature search strategy. Under
this search set, the color singleton should not have had
high attentional salience and no LAI was observed sur-
rounding it.

Mounts and Gavett (2004) recently measured the im-
pact of salience on LAI more systematically. They used
a compound task (see, e.g., Sperling & Dosher, 1986) in
which observers were cued to monitor two locations for a
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target that was presented at one of the locations (the other
location contained a perceptually similar distractor). The
cues used were either size or color changes to placeholder
stimuli, with the magnitude of change used to manipu-
late the relative attentional salience of the two cued items.
Data showed that target identification performance im-
proved with spatial separation between the cued locations
and that the magnitude of the interference was dependent
on the relative attentional salience of the cues. Less inter-
ference obtained at the location of the more salient cue,
and more interference obtained at the location of the less
salient cue. In a subsequent experiment, the same pattern
was observed when the salience of the targets was ma-
nipulated via the luminance contrast of the targets. In the
present study, an attempt is made to extend these findings
by replicating them in a search style task, where targets
compete for selection with a salient, irrelevant distractor
item (see Caputo & Guerra, 1998; Mounts, 2000a, 2000b;
Turatto & Galfano, 2001).

EXPERIMENT 1

In this experiment, the salience levels of both the tar-
get and the distractor items were manipulated. The target
could either appear with an abrupt onset (high salience)
or be revealed by unmasking a placeholder item (low sa-
lience). Abrupt onsets have been shown to be particularly
powerful in capturing attention (see Yantis, 1996, for a
review), suggesting that they compete strongly for atten-
tional selection. For example, Yantis and Jonides (1984)
found that in a search task, when the target had an abrupt
onset, target detection reaction times (RTs) did not vary
as a function of the number of distractors, suggesting that
the abrupt onsets had a higher attentional priority than
the nononset distractors. Moreover, Yantis and Hillstrom
(1994) found that it was the appearance of a new object,
and not the accompanying luminance increment, that lent
the abrupt onsets their higher attentional priority. From
the perspective of salience-based competition, Keysers
and Perrett (2002) suggest that this competitive advantage
for onsets may arise because the neural response to a new
stimulus is initially strong and declines over time.

In the present task, the target item was embedded within
a display containing multiple distractor items. Prior to the
revelation of the target (by onset or unmasking), one of
the distractor items underwent a small (low-salience) or
large (high-salience) increase in size. We will term this the
salient distractor to differentiate it from the other distrac-
tors that were included in the display to equate sensory
masking across conditions. Franconeri and Simons (2003)
found that such size increases also lead to attentional cap-
ture, as indexed by search performance. They argue that
the increased attentional priority for items undergoing a
size increase results because such size increases simulate
looming stimuli, which are typically associated with high
behavioral urgency. Mounts and Gavett (2004) found that
the magnitude of the size manipulations could be used
to manipulate the relative attentional salience of stimuli
in similar displays. In the present task, if the target and
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the salient distractor are pitted against each other in a
salience-based competition for representation, then the
observed LAI for target identifications should be sensi-
tive to the salience of the target as well as to that of the
distractor, with more salient items being at a competitive
advantage.? Specifically, as the salience of the distrac-
tor is increased, LAI arising from the distractor should
increase; conversely, as target salience is increased, LAI
arising from the distractor should decrease.

Method

Subjects. Twenty-three students from the State University of
New York at Geneseo participated in the experiment in exchange
for course credit. All of the subjects reported normal or corrected-
to-normal visual acuity.

Apparatus and Stimuli. Stimuli were presented on a 17-in.
Sony G220 monitor set to a resolution of 832 X 624 pixels with
a frame rate of 75 Hz. The observers were seated 57 cm from the
display, with head stabilization aided through the use of a chin and
forehead rest. Responses were made using a PsyScope button box

Unmasked Target

500 msec

(New Micros, Dallas). All sessions were conducted in a darkened
booth.

Stimulus items were circles with crosses in them. Each stimu-
lus circle subtended 1.85° and the individual line segments used
to create the stimuli were 0.15° in width. The stimuli were gray
(luminance = 2.61 cd/m?) presented against a gray (luminance =
0.28 cd/m?) background. On each trial, a target item was created by
removing the left or the right half of the horizontal portion of a cross
(yielding a T with the stem pointing left or right). The subjects made
a speeded discrimination response regarding the shape of the target
(stem to the left or to the right).

As is shown in Figure 1, stimulus items were presented on one
of two imaginary concentric rings with radii of 4.0° and 6.5°. Trials
in which the target was unmasked began with eight equally spaced
items on the inner ring. For trials in which the target had an abrupt
onset, four items were initially presented on the inner ring, spaced
with angular separations of 90°. Both trial types began with eight
items equally spaced along the outer ring. Figure 1 shows the se-
quence and timing of stimulus frames for each type of target. Both
sequences included a preview display (500 msec), a frame in which
the size of one of the distractor items increased (52 msec), and, fi-
nally, the target frame (160 msec). Note that the target item was al-

Figure 1. Example stimulus display sequences for the two target types (top, un-
masked targets; bottom, abrupt onset targets) in Experiment 1. Each trial sequence
began with a preview display of 500 msec. Following this preview, one of the distractor
items on the outer ring underwent a small (4%) or large (12%) increase in diameter.
After 52 msec, the target item was revealed or had its onset on the inner ring and re-
mained for 160 msec, followed by a blank screen. Subjects made a speeded response
concerning the orientation of the T contained within the target circle.



ways presented at a location on the inner ring, whereas the distractor
item (when presented) was on the outer ring.

Conditions and Procedure. Four conditions were created by
crossing two types of targets (onset vs. unmasked) and two types of
distractors (small vs. large increase in size). In the small distractor
increase conditions, one of the items in the outer ring underwent a
4% increase in diameter. In the large distractor increase conditions,
one of the items in the outer ring increased in diameter by 12%.

The subjects completed 20 practice trials followed by 576 experi-
mental trials divided into 12 blocks of 48. This total included 144 tri-
als for each combination of target type and distractor size. For each
of the four target type/distractor size combinations, the two possible
target values were presented an equal number of times at each of the
eight possible target locations (yielding four different target—distractor
separations). For each target location, the size change distractor ap-
peared an equal number of times at each of its eight possible loca-
tions and was absent (control condition) on an additional 16 trials.
The ordering of conditions as well as target and distractor positions
were randomly mixed within blocks. The subjects were instructed to
maintain fixation on the central cross throughout the trial. Incorrect
responses were signaled by a computer beep. Speed and accuracy
feedback was provided every 48 trials. Experimental sessions lasted
approximately 40 min.

Results

The data from 1 subject were excluded from the analy-
sis because the error rate exceeded 15%. Trials were sep-
arated according to the four target type—distractor type
combinations as well as the four target—distractor separa-
tions (plus the control condition). Outliers in the RT data
were trimmed by excluding trials in which responses were
faster than 300 msec or more than three standard devia-
tions above the mean RT for a given subject in a given
condition. This led to the rejection of fewer than 2% of
the trials within both this and the following experiment.
RTs from incorrect trials (representing 9% of total trials)
were excluded from the analysis. In both experiments, the
pattern of error rates mimicked that of the RT data, and
error rates were not analyzed further.

A comparison of control conditions revealed that onset
targets were responded to more quickly than unmasked
targets [474 vs. 513 msec; #(21) = 6.01, p < .001], sug-
gesting that the target type manipulation was effective
in altering target salience. Figure 2 shows mean differ-
ence RTs (relative to RTs in control conditions) for the
four target—distractor combinations across each of the
four target—distractor separations. A repeated measures
ANOVA with the factors of target type (onset vs. un-
masked), distractor type (large change vs. small change),
and target—distractor separation was run on the difference
RTs. The ANOVA revealed a main effect of target type
[F(1,21) = 18.37, p < .001], a main effect of distractor
type [F(1,21) = 12.16, p < .005], and a main effect of
target—distractor separation [F(3,63) = 4.45, p < .01].
Both the target type X separation [F(3,63) = 5.11, p <
.005] and the distractor type X separation [F(3,63) =
3.32, p < .05] two-way interactions were statistically sig-
nificant. The target type X distractor type two-way inter-
action did not approach significance [F(1,21) < 1], nor
did the three-way interaction [F(3,63) = 1.20, n.s.].

Separate two-way ANOVAs were performed on the
trials in which the target was unmasked and on those in
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Figure 2. Mean reaction times (relative to the respective control
conditions) from Experiment 1 for each target—distractor combi-
nation as a function of target—distractor separation. Solid lines
and symbols correspond to unmasked targets, and dashed lines
and open symbols correspond to onset targets. Small distractor
size changes are indicated by circles, and large distractor size
changes are indicated by squares.

which the target had an abrupt onset, with distractor type
and separation serving as repeated measures factors. For
the unmasked targets, there was a main effect of distractor
[F(1,21) = 8.31, p < .01] and a main effect of separation
[F(3,63) = 5.48, p < .05], and the interaction between
separation and distractor type approached statistical sig-
nificance [F(3,63) = 2.62, p < .06]. For the onset tar-
gets, neither main effect approached significance [dis-
tractor, F(1,21) = 2.11; separation, F(3,63) = 1.54], nor
did the interaction between distractor type and separation
[F(3,63) = 1.00].

In order to determine whether LAI was observed for
each of the possible target type—distractor type combina-
tions, planned linear contrasts for target—distractor sepa-
ration effects were performed. For the unmasked targets,
both the small distractors [F(1,21) = 7.19, p < .05] and
the large distractors [F(1,21) = 9.95, p < .005] were re-
liable. For the onset targets, neither linear contrast was
reliable (both Fs < 1).

Discussion

The results suggest that both salience manipulations
were effective. Responses to onset targets were faster than
those to targets that were unmasked, supporting the con-
tention that onset targets were more salient than unmasked
targets. In general, interference effects were greater for
large distractor changes than for small distractor changes,
suggesting that large changes in distractor size were more
salient. Moreover, these salience manipulations yielded
effects on LAI consistent with the predictions of the
salience-based competition models described above.
Target discriminations were slowed near size change dis-
tractors, and the amount of this slowing depended on the
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magnitude of the size change. This LAI is presumed to
reflect a competition for representation by shared neural
resources. As the distractor becomes more attentionally
salient, it gains control over a larger proportion of these
shared resources, leaving fewer for target representation.
However, this occurred only for unmasked targets. Onset
targets, presumably possessing greater salience, appeared
to be relatively immune from interference from the size
change distractors. In terms of a salience-based compe-
tition explanation, these onset targets were able to win
the competition for representation with both types of size
distractors.?

EXPERIMENT 2

Experiment | revealed that stimulus-based manipula-
tions of salience affected the magnitude of interference
between a distractor and the target item. In Experiment 2,
the salience of a distractor item was manipulated using
a probability manipulation as opposed to the stimulus
manipulation used in Experiment 1. In the present ex-
periment, the salient distractor was a color singleton em-
bedded among the other distractor items. For half of the
subjects, the color singleton was predictive of the target
location (i.e., the target was the singleton on 50% of the
trials). This should bestow a relatively high attentional
salience on the color singleton. For the other half of the
subjects, the color singleton was unpredictive of the loca-
tion of the target, yielding a situation in which the color
singleton should have lower attentional salience (relative
to the case in the predictive singleton condition). Across
the two conditions, the stimulus displays used were physi-
cally identical, differing only in their relative frequency.

Method

Subjects. Fifty-six students from the State University of New
York at Geneseo participated in the experiment in exchange for
course credit. All of the subjects reported normal or corrected-to-
normal visual acuity and were screened for color blindness using
Ishihara color plates.

Apparatus and Stimuli. The apparatus was identical to that used
in Experiment 1. Stimulus items were again circles with crosses in
the middle and were the same size as those used in Experiment 1. The
stimuli were either red (CIE x = .54,y = .29; luminance = 2.40 cd/
m2) or green (CIE x = .31, y = .51; luminance = 2.56 cd/m?) and
were presented on a black background (luminance = 0.28 cd/m?2).
A single ring of stimulus circles was presented along an imaginary
ring with a radius of 4.5°. Figure 3 shows the frame sequence, which
included an 82-msec preview frame followed by a 146-msec target
frame. As in Experiment 1, a target item was created by removing
the left or the right half of the horizontal portion of a cross (yield-
ing a T with the stem pointing left or right). The subjects made a
speeded discrimination response regarding the shape of the target
(stem to the left or to the right).

Conditions and Procedure. Half of the subjects were randomly
assigned to the unpredictive singleton condition. These subjects
completed a session that included 20 practice trials followed by 9
blocks of 48 experimental trials, for a total of 432 experimental tri-
als. For half of these subjects, a green singleton among red items
was used, whereas the other half of the subjects experienced a red
singleton among green items. The target item was presented equally
often at each of the eight possible locations. The color singleton

146 msec

Time

Figure 3. Example stimulus display sequence for Experiment 2.
A preview display containing a color singleton was initially pre-
sented. After 82 msec, one of the stimulus items lost a line seg-
ment, revealing the target’s location and identity. Subjects made
a speeded response concerning the orientation of the T contained
within the target circle.

distractor also appeared equally often at each of the eight locations,
and its location was uncorrelated with the location of the target. The
color singleton was withheld on 48 of the trials to yield a control
condition.

The other half of the subjects were assigned to the predictive sin-
gleton condition. These subjects completed a session that included
20 practice trials followed by 10 blocks of 48 experimental trials, for
a total of 480 experimental trials. Half of the subjects saw displays
containing a green singleton among red items, and the other half
viewed displays with a red singleton among green items. The target
item appeared equally often at each of the eight target locations. The
color singleton was withheld on 32 control trials and was present in
the remaining 448 trials. For half of these 448 trials, the target ap-
peared at the color singleton location. For the other 224 such trials,
the color singleton was presented equally often at one of the seven
nontarget locations.

For both tasks, the subjects were instructed to maintain fixation
on the central cross throughout the trial. Incorrect responses were
signaled by a computer beep. Speed and accuracy feedback was
provided after every 48 trials. Each session lasted approximately
30 min.

Results

Four subjects in the unpredictive singleton condition
and 5 subjects in the predictive singleton condition were
replaced because their error rates exceeded 15%. RTs
were trimmed for outliers (<2% for each condition) as
in Experiment 1. Figure 4 shows the mean correct RTs
(relative to the control condition) for the two probability
conditions as a function of target—distractor separation.
RTs to color singleton targets in the predictive singleton
condition were reliably shorter than those to targets in
the corresponding control condition [#(27) = 6.31, p <
.001], whereas RTs to color singletons in the unpredic-
tive singleton condition did not differ from those in the
corresponding control condition [#(27) = —.24, n.s.]. A
mixed-model ANOVA, with the between-subjects factor
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Figure 4. Mean reaction times (relative to the control condition)
from Experiment 2 for the predictive and unpredictive conditions
as a function of target—distractor separation. A separation of 0
corresponds to trials in which the target appeared at the color
singleton location.

of condition (predictive vs. unpredictive singleton) and the
repeated measures factor of target—distractor separation
(using the four nontarget locations), was conducted on the
difference RTs (relative to the respective control condi-
tions). The ANOVA revealed no main effect of condition
type [F(1,54) = 1.10, n.s.], a main effect of separation
[F(3,162) = 4.64, p < .005], and a significant interac-
tion between condition and separation [F(3,162) = 3.35,
p < .05]. This interaction was followed up with the use
of linear contrasts on the factor of separation separately
for each condition. The linear contrast for the unpredic-
tive singleton condition was not reliable [F(3,81) < 1],
whereas the linear contrast for separation in the predic-
tive singleton condition was statistically significant
[F(3,81) = 5.08, p < .005].

Discussion

The results suggest that the probability manipulation
was effective in controlling the attentional salience of the
color singleton. In the predictive singleton condition but
not in the unpredictive singleton condition, responses to
color singleton targets were reliably faster than those in
the control condition, suggesting that the color singleton
captured attention in the predictive but not in the unpre-
dictive singleton condition. The effects of the attentional
salience of the color singleton were also manifest in the
responses to targets at the nonsingleton locations, with
singleton—target separation effects (i.e., LAls) being ob-
served in the predictive but not in the unpredictive single-
ton condition. This result complements the results of Ex-
periment 1, demonstrating that the top-down attentional
salience of a distractor item mediates the magnitude of
LAI observed.
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The lack of LAI in the unpredictive singleton condition
was slightly surprising, since previous studies have re-
vealed LAI surrounding an uninformative color singleton
(Mounts, 2000a; Theeuwes & Godijn, 2001). There are
several possible explanations for this discrepancy. First,
this may reflect differences between the target stimuli
used in these studies. In both Mounts (2000a) and Theeu-
wes and Godijn (2001), the target was a shape singleton,
whereas in the present experiment the targets were not
only shape singletons but also transient events (caused
by the offset of one of the line segments). If subjects used
the transient cue to locate the target in this task, then the
contingent attentional capture hypothesis (Folk, Reming-
ton, & Johnston, 1992; Folk, Remington, & Wright, 1994)
would predict that an unpredictive static color singleton
would not capture attention. Second, the features defining
the target and the distractor were held constant for each
subject. Theeuwes and Burger (1998) found that interfer-
ence from a singleton distractor could be avoided under
such conditions. A final possible explanation derives from
the findings of Experiment 1, which showed that if the
target is high enough in salience, LAI (and perhaps atten-
tional capture by a less salient distractor) can be avoided.
Thus, perhaps the salience of the offset transient was great
enough to prevent capture by the color singleton in the
unpredictive singleton condition but not in the predic-
tive singleton condition, in which the attentional salience
of the color singleton was higher. Finally, even though
attentional capture was not evident in the unpredictive
singleton condition, responses at nonsingleton locations
were reliably slowed relative to control. This may reflect
a singleton filtering cost, as postulated by Folk and Rem-
ington (1998).

GENERAL DISCUSSION

The results of two experiments demonstrated the role
of target and distractor salience in mediating LAI. In both
experiments, LAI was accentuated with increases to the
attentional salience of the distractor. In Experiment 1, the
presence of LAI depended on the salience of the target
as well. These results are consistent with competition-
based models of attentional selection (see, e.g., Cave,
2001; Deco & Rolls, 2004; Desimone & Duncan, 1995;
Tsotsos et al., 1995). According to this general class of
models, performance to a target depends on the process-
ing resources that the target is able to secure through
salience-based competitions with other items in the visual
scene. LAI is observed when spatially proximal targets
and attentionally salient distractors compete for process-
ing resources, with target identification performance re-
flecting the proportion of resources available to represent
the target. Experiment 1 demonstrated that the ability to
represent the target depends on both the salience of the
target and the salience of the distractor. Moreover, Experi-
ment 2 demonstrated that this competition can be medi-
ated solely through the top-down control of the attentional
salience of a distractor, since different patterns of LAI
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were obtained with identical stimulus displays across the
predictive and unpredictive singleton conditions. These
results, obtained in a search-style task, conceptually rep-
licate the findings of Mounts and Gavett (2004) and are
consistent with models of attentional selection based on
competitive interactions.

Experiment 2, in which LAI can be manipulated via
attentional set, suggests that such a manipulation cannot
be accounted for by simple sensory masking (cf. Efron &
Yund, 1999), since retinal input was equated across the
predictive and unpredictive singleton conditions. Other
studies in the literature have also ruled out simple sensory
masking accounts of LAI (e.g., Bahcall & Kowler, 1999,
Experiments 2 and 3; McCarley et al., 2004; Mounts &
Gavett, 2004, Experiment 4). Nonetheless, the mecha-
nisms underlying LAI may be related to those that pro-
duce masking phenomena such as crowding (see, e.g.,
Bouma, 1970; Levi, Klein, & Aitsebaomo, 1985; Toet
& Levi, 1992; Wolford & Chambers, 1983). Intriligator
and Cavanagh (2001) observed that attentional resolution
was limited in the visual periphery and decreased with
increased retinal eccentricity. They argued (along with
He, Cavanagh, & Intriligator, 1996) that phenomena such
as crowding might result from poor attentional resolu-
tion (concluding that attentional resolution was coarser
than visual resolution at any given eccentricity). In the
crowding paradigm, as the spacing between the target and
flanking items is decreased, limits in attentional resolu-
tion result in difficulty in extracting information from the
target location only. The target representation is therefore
degraded by feature information coming from flanker lo-
cations, which ultimately renders the target unrecogniz-
able. Intriligator and Cavanagh also point out that in the
typical crowding task the target is defined solely by its
location. When additional features (e.g., a unique color
or orientation; see Kooi, Toet, Tripathy, & Levi, 1994)
are available to define the target, crowding is reduced.
Intriligator and Cavanagh argue that these additional cues
aid in the attentional selection of the target, thereby reduc-
ing interference from flanker features.

In studies of LAI, uniformly dense displays are typi-
cally employed by using “filler distractors,” so that the
target is always flanked by similar items across the vari-
ous target—salient distractor separations. However, the
target is also typically specified by some additional cue
(be it a location precue or a unique feature) that renders it
discernible from the flanking distractors, as is the salient
distractor.# With distraction effects from the filler dis-
tractors equated across the separation conditions, target
identification performance across conditions will be sen-
sitive to the separation between the target and the salient
distractor when the stimulus or the attentional salience of
the second item makes it difficult or impossible to filter
to the same extent as the filler distractors.

Thus, LAI may be a special case of the crowding phe-
nomenon, wherein one of the flanks has enhanced “crowd-
ing” capabilities due to increased stimulus or attentional
salience. Future research is necessary to examine whether

LAI exhibits characteristics similar to those of crowding.
Existing research suggests that this may be the case. Bah-
call and Kowler (1999) and Cutzu and Tsotsos (2003)
found that the spatial extent of LAI varied with retinal ec-
centricity, as does crowding (see, e.g., Toet & Levi, 1992).
Furthermore, preliminary data from this laboratory sug-
gest that salient distractors more eccentric than the targets
produce larger regions of LAI than do salient distractors
located more centrally, as is observed in crowding (see,
e.g., Banks, Larson, & Prinzmetal, 1979). It will also be
informative to determine the stage processing affected
by LAI, since crowding has been postulated to affect the
feature integration stage (see, e.g., Pelli, Palomares, &
Majaj, 2004).

In addition to evaluating the relationship between LAI
and crowding, determining the stage of processing af-
fected by LAI will allow a further evaluation of the com-
petitive interaction models described above to account for
this phenomenon. According to these models, resource
limitations affect the perceptual representation of the
target. However, alternative models of visual process-
ing postulate that attentional effects such as cuing can be
modeled solely at the decision level, with attention having
no effect on the perceptual representation of the stimuli
(see, e.g., Eckstein, Shimozaki, & Abbey, 2002). Using
a Posner-style cuing procedure (see, e.g., Posner, 1980),
Eckstein et al. (2002) found no evidence that attention
causes changes in perceptual filters and concluded that
attentional cuing effects could be accounted for solely by
decisional processes. Specifically, Eckstein et al.’s (2002)
model assumed that in the decision stage the weighting of
information from the cued location is enhanced whereas
the weighting at the uncued location was reduced. Such a
shift in weights was sufficient to capture cue validity ef-
fects in the absence of any changes to the underlying per-
ceptual representations. Target facilitation in the predic-
tive condition of Experiment 2 of the present work might
similarly be accounted for by such a decisional weighting
model. However, in order to account for the observed sep-
aration effects when the color singleton was not the target,
a decisional weighting model would have to propose that
spatial constraints regulate information flow into the de-
cisional stage, in such a way that decisional weightings at
noncued locations would vary with distance from the cue
(in this case, the color singleton).

More generally, the success of recent signal detection
models of search performance (e.g., Eckstein, Thomas,
Palmer, & Shimozaki, 2000; Palmer, 1994; Palmer, Ames,
& Lindsey, 1993; Palmer, Verghese, & Pavel, 2000) has
brought into question the need for limited-capacity pro-
cessing assumed in many models of visual attention.> For
example, Palmer et al. (2000) showed that visual search
phenomena such as set size effects and the effects of dis-
tractor heterogeneity could be accounted for successfully
by models based on signal detection theory. These mod-
els assume independence of items in the stimulus display
(i.e., items are processed in parallel and with unlimited
capacity). In contrast to this assumption, in both the at-



tentional capture tasks employed in the present study and
divided attention tasks (i.e., dual-identification and same—
different tasks), the observation of LAI appears to impose
spatial limits on the ability of attentional processes to op-
erate on items independently (see also McCarley, Mounts,
& Kramer, 2005). This suggests that either (1) the per-
ceptual representations of spatially proximal stimuli are
degraded due to local capacity limitations (as proposed
by the competitive interaction models) or (2) spatial con-
straints exist regarding the attentional regulation of infor-
mation flow into the decisional stage. The latter alterna-
tive would be consistent with observed differences in the
spatial resolution of visual versus attentional processing
(Intriligator & Cavanagh, 2001). Research to determine
the stage(s) of processing affected by spatially mediated
interference will aid in discriminating between statistical
decision models and capacity-limited perceptual models
as explanations of the phenomenon. Of course, it should
be noted that the competitive interaction models of atten-
tional selection and the signal detection models of search
performance need not be mutually exclusive; Verghese
(2001) illustrates how attentionally modulated competi-
tive interactions among stimuli could be modeled within a
signal detection theory approach, correctly predicting the
effect of an attentional cue on search performance.
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NOTES

1. The term localized attentional interference (LAI) will be used even
when the competition is rooted in stimulus-driven salience. This is be-
cause the objects are presumed to be competing for attentional selection,
which in these models corresponds to an enhanced neural representa-
tion. Moreover, Mounts and Gavett (2004) found that both attention-
based and stimulus-driven salience yielded similar interference effects,
consistent with single-cell data (Reynolds & Desimone, 2003).

2. The use of the term salience here encompasses both stimulus-driven
and attentionally mediated salience. Although the neural substrates un-
derlying the attentional priority given to looming stimuli is poorly un-
derstood, the behavioral evidence suggests that such size changes do
enhance the attentional salience of such stimuli (see, e.g., Franconeri &
Simons, 2003; Mounts & Gavett, 2004). Moreover, attentionally medi-
ated and stimulus-mediated manipulations appear to have comparable
effects, both at the behavioral (see, e.g., Mounts & Gavett, 2004) and the
single-cell (see, e.g., Reynolds & Desimone, 2003) levels.

3. One might argue that the immunity of the onset targets from in-
terference arises because of the source of their salience (i.e., stimulus
driven). For instance, one could imagine a system in which items with
high attentional priority due to stimulus factors (e.g., abrupt onsets) al-
ways take priority over items with high attentional priority due to atten-
tional settings. However, Yantis and Jonides (1990) found that spatially
cuing a subsequent (offset) target (an attentional manipulation) rendered
it immune from the distracting effects of an abrupt onset distractor.

4. The example given here is for attentional capture tasks involving a
target and an attentionally salient distractor. However, the same is true
of other types of tasks that yield LAI, such as dual-identification tasks
and same—different tasks.

5. The type of decision models described in this section have typically
been applied to simple, single-dimension detection tasks (e.g., detec-
tion of a luminance increment or a hue difference). The task used in the
present study (shape identification) may involve different information
integration and decision processes. Nonetheless, it seems reasonable
that such models can be successfully extended to the present type of
stimulus decision (see, e.g., Palmer et al., 2000).

(Manuscript received December 5, 2003;
revision accepted for publication February 11, 2005.)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


