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After C. L. Folk, R. W. Remington, and J. C. Johnston (1992) proposed their contingent-orienting
hypothesis, there has been an ongoing debate over whether purely stimulus-driven attentional
capture can occur for visual events that are salient by virtue of a distinctive static property (as
opposed to a dynamic property such as abrupt onset). The present study identified 3 methodological
criteria for establishing that attentional capture is stimulus driven and not contingent on top-down
attentional control settings. In 5 experiments, attentional capture occurred for a static discontinuity
at the boundary between one group of homogeneous items (red Xs) abutted next to a group of
homogenous items that were featurally different (green Xs) within a single row. Experiment 1
intentionally violated one of the criteria for demonstrating stimulus-driven capture so as to establish
that contingent attentional capture can occur for this novel type of static cue. In the remaining 4
experiments, even with all 3 criteria for stimulus-driven capture partially or completely satisfied, the
static discontinuity captured attention. These attentional capture effects are the first to be obtained
when all 3 criteria for establishing that they are purely stimulus driven have been satisfied.
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Visual–spatial attention tends to shift toward a location occu-
pied by an item that is perceptually salient because of its having a
distinctive feature that differs from a feature shared by all other
items in the visual field (e.g., red item among all green items).
These attentional shifts can result in faster response times (RTs)
and greater response accuracy to a target item that appears at or
near the salient item’s location within 250 ms after its onset (e.g.,
Jonides, 1981; Jonides & Yantis, 1988; Posner, 1980; Rauschen-
berger, 2003a; Ruz & Lupiáňez, 2002; Theeuwes, 1991, 1992,
1994, 2004; Yantis, 1993, 2000; Yantis & Egeth, 1999). When the
salient item (hereinafter called the cue) elicits a shift of visual–spatial
attention to its location, responding to a target appearing at or near this
cued location is facilitated, compared with responding to a target
appearing at a more distant and uncued location. When such a shift of
attention is truly involuntary and not under an observer’s control, the
salient item is said to have captured attention.

An attention-capturing cue that is salient by virtue of its
having a distinctive feature is necessarily a perceptual singleton
(but not all cues that guide or capture attention need be single-
tons: an arrow cue). The various features that can make a

singleton cue distinctive can be classified into one of two
dimensions. The static dimension includes cues that are salient
because of a change over visual space; for example, color
singletons, such as a red item among all green items (e.g., Lamy
& Egeth, 2003; Theeuwes, 1992, 1994, 2004); static luminance
singletons, such as a bright item among all dim items or vice
versa (e.g., Rauschenberger, 2003b); and shape singletons, such
as a diamond among all circles (e.g., Theeuwes, 1992). The
dynamic dimension includes cues that are salient because of a
change over time; for example, abrupt-onset singletons, such as
the abrupt appearance of a new item in a display (e.g., Franco-
neri, Hollingsworth, & Simons, 2005; Franconeri & Simons,
2003; Jonides, 1981; Yantis & Jonides, 1984); dynamic lumi-
nance singletons, such as the abrupt increase or decrease in an
item’s brightness (e.g., Atchley, Kramer, & Hillstrom, 2000;
Rauschenberger, 2003b); and abrupt-offset singletons, such as
the rapid disappearance of an item (e.g., Atchley et al., 2000;
Riggio, Bello, & Umiltá, 1998).

The present research is relevant to an ongoing debate regarding
whether attentional capture reflects a bottom-up, stimulus-driven
process (e.g., Jonides, 1981; Theeuwes, 1991, 1992, 1994, 1996,
2004; Turatto & Galfano, 2000, 2001; Turatto, Gardini, & Masc-
etti, 2004; Yantis, 1993; Yantis, 1996; Yantis, 1998; Yantis &
Jonides, 1984) or is due to goal-directed top-down influences.
Top-down attentional capture depends on the attentional set that
the observer adopts for detecting and locating a visual target (e.g.,
Ansorge & Heumann; 2003; Atchley et al., 2000; Bacon & Egeth,
1994; Folk & Remington, 1998, 1999; Folk et al., 1992; Folk,
Remington, & Johnston, 1993; Folk, Remington, & Wright, 1994;
Gibson & Kelsey, 1998). In contrast, stimulus-driven attentional
capture is driven solely by the cue’s perceptual salience and is
independent of the observer’s top-down attentional set.
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The stimulus-driven/top-down debate is embodied in Folk et
al.’s (1992) contingent involuntary orienting hypothesis
(CIOH), which predicts that attentional capture by a perceptual
singleton depends on an observer’s attentional control settings,
which are set up offline to include the visual features relevant
to detecting, locating, and identifying targets. The CIOH pre-
dicts that any salient (or nonsalient; see Lamy, Leber, & Egeth,
2004) visual stimulus that contains visual features present in the
observer’s attentional set will capture attention, whereas any
visual stimulus that does not contain such features may be
ignored. In support of the CIOH, Folk et al. found that an
abrupt-onset singleton cue captured attention when participants
were set to detect an abrupt-onset singleton target (and presum-
ably had the feature “onset” in their attentional sets) but that a
color-singleton cue did not. In contrast, a red color-singleton
cue captured attention when participants were set to detect a red
color-singleton target (and presumably had “red” and/or “color
difference” in their attentional sets) but that an abrupt-onset
singleton cue did not. If attentional capture were a bottom-up,
stimulus-driven process the irrelevant salient singleton cues
should have overridden the attentional settings and captured
attention. Because this was not the case, the data suggest that
attentional capture is not purely stimulus driven or automatic.1

However, data inconsistent with the CIOH (Folk et al., 1992)
have been reported by Theeuwes (1992), who used a distractor–
interference paradigm rather than Folk et al.’s (1992) cuing
paradigm. With this paradigm, Theeuwes found that the pres-
ence of a color singleton distractor interfered with search for a
shape singleton target when both the target and distractor were
simultaneously present in the search display. Specifically, when
observers were set to locate a single green circle among all
green diamonds, a red color-singleton diamond in that display
slowed responses, suggesting that the color singleton captured
attention even though the attentional set should have contained
the features “green” and “circle” but not “red.” In addition,
Theeuwes (1994) found that a color-singleton distractor cap-
tured attention when observers searched for an abrupt-onset
singleton target and vice versa. Specifically, when observers
were set to search for a green abrupt-onset singleton target
among green non-onset items, a red non-onset color-singleton
distractor slowed responses. Both results are inconsistent with
the CIOH, because an irrelevant singleton overrode the atten-
tional settings and captured attention.

In response to these results, Bacon and Egeth (1994) pro-
posed that Theeuwes’s (1992, 1994) observers could have
adopted a singleton search mode rather than using target-
specific features to locate the target. That is, instead of using
“green” and “circle” to locate the target in Theeuwes’s 1992
study and instead of using “onset” in Theeuwes’s 1994 study,
observers might have instead simply decided to search for the
single different item in the display. If observers adopted such a
singleton search mode and entered “singleton” into the atten-
tional set, the singleton distractor in both studies would have
been relevant to the attentional set and should have captured
attention, as was observed. To support their singleton search
mode hypothesis, Bacon and Egeth showed that, when observ-
ers were forced to use a feature search mode and search spe-
cifically for a green diamond among a green square, green
triangle, and green circles, the very same color singleton that

captured attention when a singleton search mode could have
been used did not capture attention when a feature search mode
must have been used. Bacon and Egeth’s result is consistent
with the CIOH, because it shows that attentional settings me-
diate attentional capture and can prevent salient but irrelevant
singletons from capturing attention.

One question that arises from Folk et al.’s (1992) and Bacon and
Egeth’s (1994) results is, “Will a salient cue capture attention
when the target’s position in a display cannot be determined on the
basis of its being a distinctive singleton?” This was answered in
the affirmative by data reported by Gibson and Kelsey (1998; see
also Atchley et al., 2000; Johnson, Hutchison, & Neill, 2001;
Jonides, 1981), and although this seems to indicate stimulus-driven
attentional capture, Gibson and Kelsey argued otherwise, claiming
that the attentional set can include features other than those asso-
ciated with locating the target’s position in a display.

Gibson and Kelsey’s (1998, Experiment 1) participants de-
termined whether a red H or U target was present among several
red nontarget letters (E, P, S); hence, the target was not per-
ceptually distinct. Before the appearance of the target display,
an abrupt-onset singleton cue or a red color-singleton cue
appeared in the same location as, or in a different location from,
the target that appeared in the following display. Because the
target was not a singleton in the target display, the CIOH (Folk
et al., 1992) and the singleton search mode account (Bacon &
Egeth, 1994) predicted no attentional capture from either cue.
In contrast, Gibson and Kelsey argued that because the target
was not distinct, observers would rely on display-wide visual
features as a signal that the target’s display had appeared and
that a search for the target should begin. That is, to facilitate
initiating a search for the target, observers would create an
attentional set containing any feature associated with the ap-
pearance of the target display, and these features would mediate
attentional capture. In Gibson and Kelsey’s Experiment 1, these
features would have been the onset of red items in locations
previously occupied by white placeholders; hence, “red” and
“onset” would have been in the attentional set. Indeed, both the
abrupt-onset singleton and color-singleton cues captured atten-
tion. In Gibson and Kelsey’s Experiment 2, the target display
contained all white letters and the attentional set presumably
included “onset” and “white.” In this experiment, the abrupt-
onset singleton cue captured attention but the red color-
singleton cue did not. Gibson and Kelsey’s display-wide con-
tingent orienting hypothesis (DCOH) is consistent with Folk et
al.’s CIOH, because it demonstrates that the attentional set is a
powerful mediator of attentional capture and can preclude sa-
lient but irrelevant visual singletons from capturing attention.
Their DCOH also extends the CIOH by allowing the attentional
set to also include features that do not localize the target.

1 Research by Theeuwes, Atchley, and Kramer (2000) suggests that a
singleton captures attention in a stimulus-driven manner early in visual
processing, but attention rapidly disengages from a singleton if its salient
and distinctive features are not included in an observer’s attentional set.
This rapid disengagement attenuates any observable capture effect. In
contrast, attention remains engaged on relevant singletons for a longer
time, thereby revealing that the relevant singleton captured attention.
Although this disengagement hypothesis is plausible and logically coher-
ent, it has not yet been rigorously tested.
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The foregoing results demonstrate that top-down information in
the attentional set mediates attentional capture and that irrelevant
stimuli can be ignored. This raises the question of whether it is
possible to obtain evidence that attentional capture is purely stim-
ulus driven. In our view, to establish that attentional capture is
stimulus driven (i.e., automatic) and not mediated by top-down
attentional control, one must satisfy three criteria to which we now
turn.

Three Criteria for Demonstrating Stimulus-Driven
Attentional Capture

The Nondistinctive Target Criterion

To capture attention in a stimulus-driven fashion, a stimulus
must be perceptually distinct, that is, a singleton cue. (However,
for top-down capture to occur, the singleton need not be salient.
See Lamy et al., 2004.) As Bacon and Egeth (1994) have
shown, when the target is consistently a singleton, observers
can adopt a singleton search mode to locate it. Thus, although
observers could adopt a feature search mode instead of a
singleton search mode, whenever attentional capture occurs
when a singleton search mode could be used, this attentional
capture effect could have occurred because “singleton” was in
the attentional set; if so, the capture effect would not have been
stimulus driven. To rule this out and satisfy the nondistinctive
target criterion, one must use targets that are not singletons.
Specifically, the target cannot be the only item in the target
display and cannot contain a salient feature that distinguishes it
from nontarget items.

However, the use of nonsingleton targets is not sufficient for
establishing that a singleton cue captures attention in a stimulus-
driven manner. For example, consider precluding the use of a
singleton-search mode by instructing participants to determine
whether the red letter presented among one green H, one blue P,
and one yellow S is an E or R. If a red color-singleton cue is
presented before the target display, any attentional capture effect
would be due to a top-down influence from the attentional set. This
is so because the feature that renders the cue salient is the same
feature that distinguishes targets from nontargets. Thus, the non-
distinctive target criterion requires that the perceptual feature (e.g.,
red) or dimension (e.g., color) that renders the cue salient not
match the feature or dimension that distinguishes the target from
nontargets. The easiest way to satisfy this criterion is to present a
target that is not perceptually distinct from the other simulta-
neously presented items in the display. For example, this can be
accomplished by presenting a target E or a target R among several
letters that have the same visual features, size, color, luminance,
and onset as the target.

The Cue Invalidity Criterion

If the target appears at or near the cue’s location at above-
chance levels, an observer is likely to shift attention toward the cue
intentionally (Jonides, 1980, 1981) because the cue is a reliable
predictor of the target’s location. This would result in a capture
effect that was entirely due to a goal-directed strategy. To elimi-
nate this possibility, one must satisfy the cue invalidity criterion by
having the probability that the target appears at the cued location

not exceed chance levels. This is easily accomplished by having
the probability that the target appears at the cued location be less
than or equal to the probability that it appears at any one of the
uncued locations. It is not a surprise that the cue invalidity criterion
has been procedurally instantiated in virtually all studies that have
examined stimulus-driven capture, including those that have ex-
amined the influence of the attentional set (e.g., Eriksen & Hoff-
man, 1972, 1973; Folk & Remington, 1998, 1999; Folk et al.,
1992, 1994; Jonides, 1981; Jonides & Yantis, 1988; Todd & Van
Gender, 1979; Yantis & Jonides, 1984).

The Display-Wide Feature Irrelevance Criterion

This criterion is motivated by Gibson and Kelsey’s (1998)
DCOH, which says that capture is contingent upon display-wide
visual features being in the attentional set. Recall that Gibson
and Kelsey found that a red color-singleton cue captured atten-
tion if the target display contained all red letters (Experiment 1)
but not all white letters (Experiment 2), whereas an abrupt-
onset singleton cue captured attention in both experiments.
Presumably, observers placed the display-wide features “red”
and “onset” into the attentional set in Experiment 1 and “white”
and “onset” into the attentional set in Experiment 2. These
attentional sets caused the red singleton to capture attention in a
top-down fashion in the former but not the latter experiment and
the abrupt-onset singleton to capture attention in a top-down
fashion in both.

Because the cuing display must necessarily differ from the
target display in some feature (otherwise it would be the target
display), the display-wide feature irrelevance criterion must be
carefully evaluated for every experiment that uses a cuing para-
digm to examine stimulus-driven attentional capture. To satisfy
this criterion, one must distinguish the target display from the
cuing display by using features that differ from the feature that
renders the cue salient. For example, a red color-singleton cue
could be presented before a target display containing all green
items. On the basis of Gibson and Kelsey’s (1998) original inter-
pretation of the DCOH, the red color-singleton cue should not
capture attention because the salient feature in the cuing display
(“red”) is not the same as the feature that distinguishes the target
display from the cuing display (“green”). However, even if that
cue captured attention, a more subtle analysis reveals that this
would not provide compelling evidence for the capture effect
having been stimulus driven, as is illustrated by findings reported
by Johnson et al. (2001).

Johnson et al. (2001) observed attentional capture when the
color of the singleton cue (red or green) was different from the
color of the entire target display (green or red). This seems to
undermine Gibson and Kelsey’s (1998) original interpretation
of the DCOH and be evidence of stimulus-driven capture.
However, Johnson et al. argued that the DCOH can be extended
to accommodate their results by proposing that observers can
create an attentional set that includes a display-wide visual
feature based on a feature change instantiated between the
presentation of the cuing display and target display. (See Burn-
ham, 2007, for a review of this issue.) The feature change in
Johnson et al.’s study was the color change from a mostly white
cuing display to an all red (or all green) target display. That is,
the cuing display contained a color singleton and several white
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target and distractor placeholders, whereas the target display
contained all red or all green letters at the same locations as the
placeholders. It is possible that, to distinguish the cuing display
from the target display, observers set themselves to detect a
color change. If so, the color-change feature that signaled the
appearance of the target display was also the feature that made
the color singleton cue salient. Thus, the attentional capture
effect that was observed can be considered top-down rather than
stimulus-driven. To satisfy this extended display-wide feature
irrelevance criterion, the feature change that makes the cue
salient must differ from any perceptual feature changes associ-
ated with the appearance of the target display. This requires that
great care be taken in creating both cuing displays and target
displays, a point to which we now turn.

Has an Attentional Capture Effect That Satisfies All
Three Criteria Been Obtained?

Although it is easy to satisfy the nondistinctive target and the
cue invalidity criteria, the display-wide feature irrelevance crite-
rion poses a much greater challenge and, consequently, has rarely
been satisfied. This difficulty stems from the fact that there must
always be a display-wide feature that signals the target display’s
appearance; otherwise, an observer would not know when to begin
searching for the target.

In a comprehensive review of the attentional capture literature,
Burnham (2007) failed to uncover a single experiment that ob-
served attentional capture and satisfied all three criteria for estab-
lishing stimulus-driven capture. However, his review identified six
experiments that did obtain a capture effect when both the non-
distinctive target and cue invalidity criteria were satisfied (Atchley
et al., 2000; Gibson & Kelsey, 1998;Johnson et al., 2001; Jonides,
1981; Lamy & Egeth, 2003, Experiments 3 and 4). As one exam-
ple, Lamy and Egeth (2003, Experiment 3) had observers identify
the item inside a red target circle presented among one green, one
blue, one purple, and two gray circles; hence, the nondistinctive
target criterion was satisfied. Before the appearance of the target
display, an abrupt-onset singleton cue appeared in the same loca-
tion as the target at chance levels; hence, the cue invalidity
criterion was satisfied. However, the items appearing inside the
target and nontarget colored circles in the display were simulta-
neously and abruptly onset; hence, the display-wide feature irrel-
evance criterion was not met because the display-wide feature
“onset” was identical to the feature that made the abrupt-onset cue
salient. According to Gibson and Kelsey’s (1998) DCOH, the
attentional capture effect that Lamy and Egeth observed was
top-down and not stimulus driven.

Burnham’s (2007) literature review revealed only two experi-
ments that satisfied all three criteria: Gibson and Kelsey (1998,
Experiment 2) and Lamy and Egeth (2003, Experiment 5), but
neither experiment obtained an attentional capture effect. For
example, Lamy and Egeth had observers search for a specific
target shape (e.g., gray diamond) among several different gray
shapes (e.g., square, triangle, and circles) and identify the item
inside; hence, the nondistinctive target criterion was satisfied.
Before the appearance of this target display, a red color-singleton
cue appeared in the same location as the cue at chance levels;
hence the cue invalidity criterion was satisfied. Moreover, because
color and color-change features did not signal the appearance of

the target display, the display-wide feature irrelevance criterion
was also satisfied. Consistent with the DCOH (Gibson & Kelsey,
1998), stimulus-driven capture was not observed. This, of course,
raises the question as to whether attentional capture can ever be
obtained when one satisfies all three criteria for establishing that
the effect is stimulus driven.

A recent study from our lab (Burnham & Neely, 2008), using a
novel spatial cuing display, found that a salient static discontinuity
between perceptual groups captured attention when the display-
wide feature irrelevance criterion was satisfied. Observers first saw
a set of red and green preview stimuli presented in randomized
locations within the visual field, which remained in view through-
out the trial.2 Next, a cuing display was briefly presented and
consisted of a row containing a group of tightly packed red Xs
abutted against a group of tightly packed green Xs, with the
boundary where these perceptual groups met instantiating a static
color discontinuity. After the offset of the cuing display, an abrupt-
onset @ or � target appeared at the location that was cued by the
static discontinuity at chance levels; hence, the cue invalidity
criterion was satisfied. The target was randomly red or green and
the target display, which included all of the preview stimuli,
contained the same colors that made up the cuing line. Thus,
observers could not use color, shape, color-change, or shape-
change features to signal the appearance of the target display;
hence, the display-wide feature irrelevance criterion was met. With
these procedures, Burnham and Neely found that RTs to targets
appearing at the location cued by the static color discontinuity
were shorter than RTs to targets that appeared at uncued locations
along the line that did not contain the discontinuity. Thus, unlike
in Folk et al. (1992), a static discontinuity captured attention even
though observers had an attentional set to search for an abrupt-
onset target.

As Burnham and Neely (2008) acknowledged, a potential lim-
itation of their procedures was that their target was an abrupt-onset
singleton and the cue was a single static discontinuity between two
contiguously joined groups of items. If one were to extend the
definition of singleton beyond its traditional sense of a singleton
object to include a singleton location identified by a perceptual
boundary, it is possible that their capture effect was the result of
observers having adopted a singleton search mode. If that were the
case, the obtained capture effect cannot be considered to have been
stimulus driven. However, because Burnham and Neely’s (2008)
perceptual boundary cue did produce a capture effect with the
display-wide feature irrelevance criterion being satisfied, in the
present study we tested whether this same boundary would capture
attention in an experiment that satisfies all three criteria necessary
for establishing that the capture effect is stimulus driven.

To preclude a singleton search mode interpretation of our re-
sults, we forced observers out of a singleton-search mode by
modifying our earlier procedures such that observers now identi-
fied whether a target & or � appeared among three nontarget

2 The purpose of including the preview stimuli was to force observers to
have an attentional set for an abrupt-onset target. If the preview stimuli had
not been presented and the target was the only item in the target display,
observers could have used the color difference between the target and the
background as the feature to identify the target’s location rather than its
abrupt onset.
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distractors sampled from the set � # $ % ∧ ) that all had the same
color, luminance, size, and simultaneous onsets as each other and
the target. If the static discontinuity that we used in our earlier
study captures attention in a purely stimulus-driven manner, we
should still observe a capture effect with these procedures, which
satisfy all three criteria for establishing stimulus-driven capture.
However, because six experiments that satisfied the nondistinctive
target and cue invalidity criteria all obtained a capture effect
(Atchley et al., 2000; Gibson & Kelsey, 1998; Johnson et al., 2001;
Jonides, 1981; Lamy & Egeth, 2003, Experiments 3 and 4)—
whereas the two experiments that satisfied the display-wide feature
irrelevance criterion as well as the other two criteria did not obtain
a capture effect (Gibson & Kelsey, 1998, Experiment 2; Lamy &
Egeth, 2003, Experiment 5)—we first wanted to ensure that our
static discontinuity captures attention when only the nondistinctive
target and cue invalidity criteria are satisfied. If it does, we will
modify our procedures to satisfy the display-wide feature irrele-
vance criterion. If a capture effect were still to be obtained even
then, our results would be the first to demonstrate that a static
discontinuity cue can produce a purely stimulus-driven attentional
capture effect.

Experiment 1

The goal of Experiment 1 was to establish that the static dis-
continuity used by Burnham and Neely (2008) can capture atten-
tion when the target is not an abrupt-onset singleton and when all
criteria but the display-wide feature irrelevance criterion are sat-
isfied. In all experiments reported herein, observers identified
which of two possible targets, � and &, appeared among three
distractors. Because the target and distractors had simultaneous
onsets and were featurally similar to each other, the target could
not be located on the basis of a distinctive feature; hence, the

nondistinctive target criterion was satisfied. If an attentional cap-
ture effect were observed in Experiment 1, it could not be ex-
plained by the CIOH (Folk et al., 1992) or by the singleton search
mode account (Bacon & Egeth, 1994). The cuing display con-
tained a single row of characters that spanned the width of the
screen and contained a contiguous subgroup of red Xs abutted
against a contiguous subgroup of green Os. This produced a static
color/shape discontinuity, which across trials randomly occurred at
one of four boundary positions. We had this cuing row appear at
one of three different vertical positions across trials because Burn-
ham and Neely (2008) found that this produced a larger capture
effect than when the cuing row appeared at the same central
vertical position on every trial. (See Figure 1, which is not an
actual stimulus display but shows several examples of where the
row position of the cuing line and the boundary position of the
discontinuity within the cuing line could appear with respect to
fixation.) The target and the three distractors appeared in a row
directly under the cuing row’s position at horizontal positions
corresponding to the four possible boundary positions in the cuing
array. Each target was presented equally often at each potential
target position but independently of where the discontinuity oc-
curred; hence, the cue invalidity criterion was satisfied. However,
because the target display contained four white characters, whereas
the cuing display contained and red Xs and green Os, the atten-
tional set could contain color change as a feature that signaled the
appearance of the target display. Because the static discontinuity
also involved a color (and shape) change, the display-wide feature
irrelevance criterion was not satisfied. If, as in the six experiments
in the literature discussed earlier, the static discontinuity at the
boundary position captures attention with all but the display-wide
feature irrelevance criterion satisfied, responses to targets appear-
ing at that same lateral position (cued targets) should be faster than

Figure 1. Illustration of the display layout and the cued and uncued conditions. The 500-ms fixation (plus
sign) was removed from the screen before the cuing line appeared. Only one of the three cuing lines
appeared on any trial. In the cuing line, the Xs were red (bold font) and the Os were green (normal font).
The Xs and Os were not presented in different fonts in the experiment. The 150-ms cuing row appeared
before the target and was removed from the screen 50 ms before the target appeared. Only a single asterisk
or ampersand target appeared on any trial. Row Position 1 illustrates a cued target (asterisk) presented at
Target Position 1, whereas Row Positions 2 and 3 illustrate an uncued target (ampersand) presented at
Target Positions 1 and 2, respectively.
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responses to targets appearing at a lateral position that is equally
distant from, but on the other side of, fixation from the static
discontinuity (uncued targets).

Method

Participants. Thirty-one University at Albany undergraduates
participated toward partial fulfillment of the research requirement
for an introductory psychology course or extra credit in an ad-
vanced course. All participants self-reported normal or corrected-
to-normal vision. In this and all subsequent experiments, no par-
ticipant had previously participated in an experiment using these
procedures. Participants were individually tested in a soundproof
and dimly lit room in a single session lasting approximately 50
min.

Design. The complete design was a 2 (target: � or &) � 3
(cuing row position) � 4 (boundary position) � 4 (target position)
completely within-participants, randomized design. Five hundred
seventy-six trials were presented, providing six observations per
each of the 96 conditions. When data from the uncued and cued
conditions for targets occupying peripheral and central locations
were aggregated across the two targets, the three cuing row posi-
tions and the target appearing on the left or right side of the
display, there were 72 observations per each of the four conditions
of central interest: peripheral cued versus uncued and central cued
versus uncued.

Stimuli. All experiments were programmed and presented
using Micro-Experimental Laboratory II (MEL 2, Schneider,
1995) software on a Gateway 2000° computer connected to a
17-in. (43.18-cm) color monitor. Responses were made with the z
key and ? key on a QWERTY keyboard. Participants sat approx-
imately 60 cm in front of the monitor without head restraint.

All stimuli were presented on a black background (0.16 cd/m2).
The cuing array consisted of red uppercase Xs (22.35 cd/m2)
positioned next to green uppercase Os (23.41 cd/m2) in a single
row that spanned the horizontal width of the screen (see Figure 1).
The red Xs met the green Os to form a color/shape discontinuity at
one of four potential boundary position locations (hereinafter
referred to as BP1–BP4). The potential boundary positions along
the cuing line were located 7.1° and 3.0° to the left and right of
fixation. The individual Xs and Os subtended 0.3° horizontally and
0.5° vertically with less than 0.1° between them. The cuing line
appeared at one of three vertical row positions because Burnham
and Neely (2008) showed that this increased the magnitude of the
capture effect relative to when the cue and the target distractor
positions always occurred in the same vertical position near the
center of the screen. The target and the distractors in the target
display appeared after the cuing display was erased and were
located 0.8° below where the cuing line appeared. The vertical
separation between the center of the screen (i.e., fixation) and Row
Position 1 was 3.0° above; for Row Position 2, it was 0.8° above;
and for Row Position 3, it was 1.4° below. This ensured that the
vertical separations between fixation and targets presented at Row
Positions 1 and 3 were equal (2.2°). Targets presented at Row
Position 2 were at fixation level.

In the target display, a target (& or �) was randomly selected and
presented at one of the four potential target positions (hereinafter
referred to as TP1–TP4) located below where the potential bound-
ary positions could appear along the cuing line in the preceding

cuing array. Each target appeared equally often but randomly, at
each target position, which was hence independent of the cued
position. A different distractor was selected randomly and without
replacement from the symbols @ # $ % ∧ ) to appear in each of the
three potential target positions not occupied by the target. Each
target and distractor subtended approximately 0.3° horizontally
and 0.4° vertically and were colored white (28.88 cd/m2).

Procedure. Each participant was told to identify as quickly
and accurately as possible which of the two potential targets
appeared among three distractors. Half of the participants re-
sponded to the target � with the z key and to the target & with the ?
key. Key assignment was reversed for the other half. Each partic-
ipant completed 40 warm-up trials without the appearance of the
cuing display, followed by 48 practice trials with the cuing display,
and then six blocks of 96 randomized data collection trials each.

Each trial (warm-up, practice, and data collection) began with
the 500-ms presentation of a fixation cross (�) subtending approx-
imately 0.3° vertically by 0.3° horizontally. In each warm-up trial,
immediately after the fixation was erased, a target randomly ap-
peared at TP2 or TP3 at Row Position 2, with a distractor presented
in each of the three remaining locations. In all of the trials, the
target display remained visible for 5,000 ms or until a response
was made. In the practice trials and the data collection trials, after
the fixation was erased a cuing array was presented for 150 ms and
followed by a blank screen for 50 ms. A target was then randomly
presented at one of the four potential target positions, with dis-
tractors occupying the three other potential target positions. Par-
ticipants were informed that the line presented before the target
display was irrelevant and would not help them locate the target.
To encourage participants to maintain a high level of accuracy, a
500-ms tone signaled incorrect responses or a failure to respond
within 5,000 ms. The next trial began 1,000 ms after a response
was made or, in the case of no response, after 5,000 ms had
elapsed.

Results

In all experiments reported herein a criterion of at least 90%
overall accuracy was used as a basis for including each partici-
pant’s data. Data from 1 participant in Experiment 1 were excluded
on this basis. The analyses are reported on the remaining 30
participants. RTs were removed for trials on which an incorrect
response or no response was made and for trials with responses
faster than 150 ms and slower than 2,000 ms. The retained RTs
greater than 3 standard deviations from the mean were also re-
moved. A total of 5.4% of all responses were removed (3.3%
because of errors). Unless noted otherwise, all effects called sig-
nificant are associated with p � .05, two-tailed.

RTs. For any uncued target, the discontinuity could appear at
any one of the three other locations, two of which necessarily
differed from the target’s eccentricity from fixation. For example,
if the target appeared at TP1, a discontinuity at BP4 had the same
eccentricity from fixation, but a discontinuity at BP2 or at BP3 was
closer to fixation. To control for differences in eccentricity for
cued and uncued targets and to examine whether eccentricity
affected capture, we combined the mean RTs into the following
four conditions: (a) The peripheral cued condition included trials
for which both the target and discontinuity appeared at TP1 or both
at TP4. (b) The peripheral uncued condition included trials for
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which the target appeared at TP1 and the discontinuity at BP4 and
for which the target appeared at TP4 and the discontinuity at BP1.
(c) The central cued condition included trials for which both the
target and discontinuity appeared at TP2 or both appeared at TP3.
(d) The central uncued included trials for which the target ap-
peared at TP2 and the discontinuity at BP3 and where the target
appeared at TP3 and the discontinuity at BP2. This equates for the
cued and uncued trials the eccentricities between fixation and (a)
the discontinuity and/or (b) the target.3

If the discontinuity captured attention, cued RTs should be
shorter than uncued RTs. Because a 2 (eccentricity: peripheral vs.
central) � 2 (cued vs. uncued) repeated measures ANOVA re-
vealed that the Cuing � Eccentricity interaction was not signifi-
cant, F(1, 29) � 1.38, p � .245, MSE � 1189; Table 1 presents the
means of the cued and uncued RTs averaged over eccentricity. As
shown there, RTs were faster for cued targets than for uncued
targets, resulting in a 34 � 15 ms (the number following � is the
95% confidence interval) cuing main effect, F(1, 29) � 22.31,
MSE � 1596, �2 � .435; which indicates that the static disconti-
nuity captured attention. A main effect of eccentricity, F(1, 29) �
311.16, MSE � 3230, �2 � .915; was due to RTs being 183 � 21
ms shorter to targets presented more centrally at Target Positions
2 and 3 (875 ms) than peripherally at Target Positions 1 and 4
(1052 ms). This pattern is consistent with the target position main
effects observed by Burnham and Neely (2008).

Error rates. The mean error rates were computed in a fashion
similar to that for RTs and are presented in Table 1. A 2 (eccen-
tricity: peripheral vs. central) � 2 (cued vs. uncued) repeated-
measures ANOVA revealed an eccentricity main effect, F(1,
29) � 22.88, MSE� .001, �2 � .441; which arose from fewer
errors being made to targets presented more centrally (.02) than
peripherally (.04). The cuing main effect and the interaction were
not significant: cuing, F(1, 29) � 1.74, p � .197, MSE � .001;
Eccentricity � Cuing: F(1, 29) � 2.84, p � .103, MSE � .001.
Hence, there were no speed–accuracy tradeoff problems.

Discussion

The results clearly demonstrate that a static discontinuity cap-
tured attention when the nondistinctive target and cue invalidity
criteria were satisfied. That is, responses to the target were faster
when it appeared at the same position as the static discontinuity
than at an equally eccentric but uncued position. This attentional
capture effect was obtained even though (a) the discontinuity was
nonpredictive of where the target would appear, (b) the target was
not a perceptual singleton, and (c) the target did not have a
distinguishing feature that made it similar to the discontinuity.
Thus, observers should have had little to no incentive to attend to
the discontinuity and use it to locate the target. However, because
Experiment 1 did not satisfy the display-wide feature irrelevance
criterion for stimulus-driven capture, in the following experiments
we modify the stimuli to satisfy this criterion as well.

Experiments 2A and 2B

It is possible that the capture effect observed in Experiment 1
was a contingent capture of attention because it can be explained
by an extension of Gibson and Kelsey’s (1998; see also Atchley et
al., 2001; Burnham, 2007; Johnson et al., 2001) DCOH described

in the introduction. This extension of the DCOH states that in
addition to features that can help an observer locate the target, the
attentional set can also contain any feature change that occurs in
the transition between the cuing display and target display so as to
facilitate the temporal segregation of the target display from other
displays. If the feature that makes the cue distinctive in the cuing
display matches the display-wide feature that changes when the
target display appears, then the capture of attention by that feature
is considered to be a contingent capture effect. In Experiment 1,
the cuing display contained red and green stimuli and the target
display contained all white stimuli; hence, a perceptual “color-
change” was present in the transition between the cuing display
and the target display. Because this color change could have been
entered into the attentional set and because a color change desig-
nated the breakpoint cued location in the cuing display, Experi-
ment 1’s attentional capture effect may be considered a contingent
capture effect rather than being purely stimulus-driven.

To address this issue, in Experiments 2A and 2B we used the
same procedures as in Experiment 1 such that the Nondistinctive-
Target and Cue-Invalidity criteria for demonstrating a stimulus-
driven capture effect that were satisfied in Experiment 1 were also
satisfied in Experiments 2A and 2B. However, in both Experi-
ments 2A and 2B we now made it so that the discontinuity was no
longer relevant to the feature changes between the cuing display
and the target display. If we still obtain an attentional capture
effect in either experiment, it would provide the first compelling
evidence that a static discontinuity can elicit a purely stimulus-
driven capture of attention.

In Experiment 2A, we presented target displays that were iden-
tical to those we used in Experiment 1. To make the static discon-
tinuity irrelevant to the appearance of the target display we now
presented cuing displays with white Xs juxtaposed next to white
Os within a single row. Thus, the boundary between the perceptual
subgroups was a static shape discontinuity. Because there is no

3 We thank Jan Theeuwes for suggesting this analysis. We also analyzed
the data in the same manner as Burnham and Neely (2008) did by entering
the mean RTs into a 3 (row position [RP]: 1 � above fixation, 2 � at
fixation, 3 � below fixation) � 4 (target position [TP]) � 2 (cued vs.
uncued) factorial. This analysis yielded a main effect of RP (faster re-
sponses to targets appearing at RP2 than at RP1 and RP3) and TP (faster
responses to targets appearing centrally at TP2 and TP3 than peripherally
at TP1 and TP4 and faster responses to targets at TP1 than at TP4 and faster
responses to targets at TP2 than at TP3, which replicates the left-to-right
processing bias that Burnham and Neely observed). The main effect of
cuing (faster responses to cued targets than uncued targets) was also
significant. Because the RP main effect was significant in that analysis, we
included that factor in an Eccentricity � Cuing analysis, which yielded a
main effect of RP, F(2, 58) � 12.95, MSE � 2726, �2 � .309; due to RTs
being shorter at RP2 (797 ms) than at RP1 (947 ms) and RP3 (973 ms).
Because RP did not interact with any factor here or in any of the following
experiments, we report our analyses without RP as a factor. We also
reanalyzed the data from Experiments 1A, 1B, and 2 from an earlier study
(Burnham & Neely, 2008) reported in this journal, using the same and
more appropriate analyses that we used to analyze the data here. The results
of these analyses replicated the results from the analyses we reported in
that study. Most important, the cuing effects remained positive and ro-
bustly significant and did not interact with the effects of target eccentricity.
We did not reanalyze the data from Experiment 3 in Burnham and Neely
(2008), because the target never appeared at the cued location.
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longer a color-change discontinuity between the cuing and target
displays to signal the appearance of the target display and no color
change within the cuing display itself, if a capture effect occurs it
cannot be attributed to a “color change” being contained in the
attentional set. If attentional capture is observed in Experiment 2A,
it would satisfy all three criteria for establishing that it was
stimulus-driven.

One potential problem with removing the color-change static
discontinuity in the cuing display in Experiment 2A is that the
static shape discontinuity would be less salient than the color/
shape discontinuity used in Experiment 1. Thus, if we failed to
obtain attentional capture in Experiment 2A it could be due to the
reduced salience of the discontinuity rather than to our now satis-
fying all three criteria for stimulus-driven capture. To address this,
in Experiment 2B we used the same cuing display as in Experi-
ment 1. To make the discontinuity irrelevant to the appearance of
the target display, we now presented target displays that mimicked
the cuing display by containing some red stimuli and some green
stimuli, instead of all white stimuli. Because the colors in the cuing
display were now identical to the colors in the target display,
observers could not use color change to signal the appearance of
the target display. Moreover, because the target and some distrac-
tors were of the same color, a color difference could not be used
to determine the target’s location. Thus, the color discontinuity
in the cuing display in Experiment 2B would not be in the atten-
tional set and all three criteria for stimulus-driven attentional
capture would be satisfied. If we observe a capture effect in either
or both of Experiments 2A and 2B, we can conclude it was
stimulus-driven due solely to the salience of the discontinuity and
not to the discontinuity being relevant to detecting the appearance
of the target display.

Method

Unless noted, all of the methods used in Experiments 2A and 2B
were identical to those in Experiment 1.

Participants. Sixty-eight undergraduates (n � 34 in Experi-
ment 2A and n � 34 in Experiment 2B) from the same pool used
in Experiment 1 participated.

Stimuli: Experiment 2A. In Experiment 2A, the target dis-
plays were identical to those in Experiment 1. The only difference
between Experiments 1 and 2A was that the cuing displays used in
Experiment 2A contained white Xs and white Os instead of red Xs
and green Os. We also increased the size of the X and O items to
0.7° vertical and 0.5° horizontal to offset the decrease in salience
at the discontinuity due to removal of the colors from the cuing
display. The four boundary positions and the vertical separation
between the cuing line and the target/distractor positions at each
row position were the same as in Experiment 1.

Stimuli: Experiment 2B. In Experiment 2B, the cuing dis-
plays were identical to those in Experiment 1, but the target
displays now included red and green stimuli instead of all white
stimuli as in Experiment 1. Specifically, when the discontinuity
in the cuing display was at BP2 or BP3 the two target display
stimuli appearing to the left of fixation were red and the two
target display stimuli appearing to the right of fixation were
green. When the discontinuity appeared at BP1, the leftmost
target display stimulus was red and the other three were green.
In contrast, when the discontinuity appeared at BP4 the right-
most target display stimulus was green and the other three were
red. Thus, the proportions of red and green stimuli in the target
display equaled those in the preceding cuing display. We be-

Table 1
Mean Reaction Times for Target Appearing in the Uncued or Cued Locations (Averaged Over Central and Peripheral Eccentricities)
and Corresponding Capture Effects for Experiments 1–4

Variable Exp. 1 Exp. 2A Exp. 2B Exp. 3 Exp. 4

n 30 30 30 30 25
Cuing display

stimuli
Red Xs & White Xs & Red Xs & Red Xs & Red Xs &

green Os white Os green Os green Xs green Xsb

Target display
stimuli

Four white
symbols

Four white
symbols

Red symbols &
green symbols

Red symbols &
green symbols

Red symbols &
green symbols

Uncued 984 (.03) 974 (.02) 1,017 (.03) 1,042 (.04) 977 (.04)
Cued 949 (.03) 955 (.02) 994 (.04) 1,010 (.04) 929 (.04)
Capture effect 34 � 15� (0) 18 � 12� (0) 23 � 14� (�.01) 32 � 15� (0) 48 � 21� (0)
Cohen’s dIGD/dCD .41/1.22a .20/.80 .21/.91 .25/1.13 .33/1.31
#Os showing effect 25/30� 23/30� 20/30† 22/30� 20/25�

Note. Mean reaction times are rounded to the nearest millisecond, and proportion errors are rounded to the nearest tenth. The capture effect was computed
so that the target positions and break positions for the cued and uncued conditions were equated. (See text for details.) Error rates appear in parentheses.
Brief descriptions of the target and cuing displays used in each experiment are included. The “#Os showing effect” represents the number of observers
demonstrating a predicted positive capture effect out of the total number of observers demonstrating a nonzero effect. Exp. � Experiment.
a Following Dunlap, Cortina, Vaslow, and Burke (1996), we computed Cohen’s d on the basis of (a) the standard deviations of the scores within the cued
and uncued conditions, which assumes that cuing is manipulated between participants, dIGD, which is d4	 in Cohen’s study (1988, Equation 2.3.8), and (b)
the standard deviation of the individual within-participant uncued minus cued difference scores, which is based on cuing being manipulated in a
within-participant design, dCD. On the basis of our (correlated) within-participant t (called tC), dIGD � �2
1 � r� � tc/�N, where r is the correlation for
the within-participant paired cued and uncued reaction times, and dCD � �2 � tc/�N. Dunlap et al. recommended that dIGD be used as a measure of effect
size in meta-analyses. However, with respect to determining statistical power from Cohen’s (1988, chap. 2) tables, dCD (what Cohen, 1988, p. 49, computes
as d in Equation 2.3.9) should be used. For N � 40, the power associated with dCD in the tables will be slightly overestimated; for N � 40, the tabled power
values will be very close to the true value (see Cohen, 1988). b Cuing line at center only.
† p � .05, one-tailed. � p � .05, two-tailed.
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lieved that this would make it less likely an observer would use
a color change to signal the appearance of the target display.

Results

Data were treated as in Experiment 1. Data from 4 participants each
in Experiment 2A and 2B were excluded because of failure to main-
tain 90% accuracy. The analyses are reported on the basis of the
remaining 30 participants in each experiment. In Experiment 2A,
4.4% of responses were removed (2.5% from errors), and in Exper-
iment 2B, 5.5% of responses were removed (3.5% from errors).

Experiment 2A: RTs. The mean cued and uncued RTs were
calculated as in Experiment 1. As shown in Table 1, the mean cued
RTs were shorter than mean uncued RTs. A 2 (eccentricity) � 2
(cuing) repeated measures ANOVA revealed significant main ef-
fects of eccentricity, F(1, 29) � 350.57, MSE � 2989, �2 � .925;
and cuing, F(1, 29) � 9.53, MSE � 1059, �2 � .247. The main
effect of eccentricity replicates Experiment 1. Responses to cen-
trally presented targets (871 ms) were 187 � 20 ms faster than
responses to peripherally presented targets (1058 ms). Most im-
portant, the main effect (18 � 12 ms) of cuing indicates that the
static shape-only discontinuity captured attention. Because Exper-
iment 2A satisfied all three criteria for establishing a stimulus-
driven capture effect, this attentional capture effect from a static
shape discontinuity can be considered to be purely stimulus driven.
The Cuing � Eccentricity interaction was not significant, F � 1.

Experiment 2A: Error rates. The mean cued and uncued
error rates were calculated in the same manner as Experiment 1
and are presented in Table 1. A 2 (eccentricity) � 2 (cuing)
repeated measures ANOVA revealed a main effect of eccentricity,
F(1, 29) � 18.95, MSE � .001, �2 � .395; which was due to fewer
errors being made to targets presented centrally (.02) than more
peripherally (.04). No other effects were significant, all Fs � 1.
Thus, there were no speed–accuracy tradeoff problems.

Experiment 2B: RTs. As shown in Table 1, the cued RTs were
once again shorter than the uncued RTs. A 2 (eccentricity) � 2
(cuing) repeated measures ANOVA revealed main effects of eccen-
tricity, F(1, 29) � 207.79, MSE � 5422, �2 � .878; and of cuing, F(1,
29) � 12.38, MSE � 1329, �2 � .299. The main effect of eccentricity
replicates the results of Experiments 1 and 2A: Responses were 194 �
27 ms faster to targets presented more centrally (908 ms) than pe-
ripherally (1,102 ms). Most important, the main effect of cuing
indicates that the cuing effect (23 � 14 ms) was significant, which
suggests the static color/shape discontinuity captured attention in what
appears to be a completely stimulus-driven manner, because all three
criteria for stimulus-driven capture were satisfied. The interaction was
not significant, F � 1.

Experiment 2B: Error rates. The mean cued and uncued
error rates were calculated in the same manner as in Experiments
1 and 2A and are presented in Table 1. A 2 (eccentricity) � 2
(cuing) ANOVA on the errors revealed a main effect of target
position, F(1, 29) � 10.95, MSE � .001, �2 � .274. This was due
to fewer errors to targets presented more centrally (.03) than to
targets presented more peripherally (.04). The main effect of cuing
was significant, F(1, 29) � 4.72, MSE � .001, �2 � .140. This
was due to .0081 � .0075 more errors to cued targets (.038) than
uncued targets (.030), which suggests a possible speed–accuracy
tradeoff problem. The interaction was not significant, F � 1.

To examine the speed–accuracy tradeoff issue, we computed
each participant’s cuing effect (uncued target minus cued target)
for both RTs and errors. The correlation in cuing effects, r(29) �
.01, was not significant; this correlation should have been negative
if the cuing effect for RTs was being undermined by a speed–
accuracy tradeoff. We also submitted the data to Townsend and
Ashby’s (1983) processing efficiency analysis by dividing each
participant’s mean cued and uncued RTs by the mean cued and
uncued accuracy rates, respectively, and performing a t test on the
resulting cuing effect. If this t is significant, it suggests that
processing in one condition is more efficient than in the other
when both speed and accuracy are taken into account; however, if
this t is not significant, it suggests that the cuing effect cannot be
interpreted because of a speed–accuracy tradeoff. The difference in
processing efficiency between the cued condition (1,033 ms/
accuracy) and uncued condition (1,049 ms/accuracy) just failed to
reach conventional significance, t(29) � 1.93, p � .064, SEM �
8.04. However, because the correlation between cuing effect errors
and cuing effect RTs did not approach significance, the “negative”
(.0081) cuing effect for errors was so small, and the processing
efficiency analysis was significant by a one-tailed test and repli-
cates the cuing effect of Experiment 2A, we do not believe that this
small speed–accuracy tradeoff renders the cuing effect for RTs in
Experiment 2B uninterpretable.

Discussion

Experiments 2A and 2B yielded what we believe to be the first
attentional capture effects by a static discontinuity that have sat-
isfied all three criteria for being stimulus driven. Thus, the results
of Experiments 2A and 2B are consistent with a salience-based,
stimulus-driven theory of attentional capture (e.g., Theeuwes,
1991, 1992, 1994, 1996; Turatto & Galfano, 2000, 2001; Yantis &
Jonides, 1984). The results are inconsistent with the CIOH (Folk et
al., 1992, 1993, 1994), the DCOH (e.g., Burnham, 2007; Gibson &
Kelsey, 1998; Johnson et al., 2001) and the singleton search mode
(e.g., Bacon & Egeth, 1994; Pashler, 1988) account of attentional
capture.

However, a careful analysis reveals one very subtle potential
violation of the display-wide feature irrelevance criterion in both
Experiments 2A and 2B that must be addressed. Specifically, in
both experiments, the cuing display contained Xs and Os, whereas
the target display contained a target from & or � and three
nontargets from the set @ # $ % ∧ ). Thus, there was a perceptual
shape change between the stimuli in the cuing display and in the
target display that might be in the attentional set. If so, Experi-
ments 2A and 2B did not satisfy the display-wide feature irrele-
vance criterion because the static discontinuity that captured at-
tention in both experiments was a shape change. Experiment 3
addresses this problem.4

4 In addition to a shape change signaling the transition from the cuing
display to the target display, a change in the spatial density of the items in the
display changed from densely packed in the cuing display to sparsely packed
in the target display. However, because the discontinuity in the cuing line that
captured attention was not associated with a density change, the observed
capture effects cannot have been due to item density having been in the
attentional set. We return to this issue in the General Discussion.

325STIMULUS-DRIVEN ATTENTIONAL CAPTURE



Experiment 3

In Experiment 3, we seek to rule out the possibility that the
shape change at the static discontinuity that captured attention in
Experiments 2A and 2B was contingent on observers entering
“shape change” into the attentional set because a shape change
occurred in the transition from the cuing display to the target
display. To rule this out, in Experiment 3 we removed the shape
discontinuity from the cuing display but retained the color discon-
tinuity. However, as in Experiment 2B, we removed the color
change between the cuing and target displays by having both
displays contain both red and green elements. Because there is no
longer a color change between the cuing and target displays to
signal the appearance of the target display, if the color change
within the cuing display captures attention, it cannot be attributed
to a contingent capture based on “color change” being in the
attentional set. Moreover, because there is no longer a shape
change associated with the boundary within the cuing line, if a
capture effect is obtained, it also cannot be attributed to a contin-
gent capture based on the shape change that occurs between the
cuing and target displays. Hence, if an attentional capture effect is
observed, it would satisfy all three criteria for establishing
stimulus-driven capture.

Method

Unless noted, all of the methods used in Experiment 3 were
identical to those used in Experiment 2B.

Participants. Thirty-four undergraduates from the same par-
ticipant pool used in the earlier experiments participated.

Stimuli. The only difference between Experiments 2B and 3
was that the green Os that were used in the cuing displays in
Experiment 2B were changed to green Xs in Experiment 3, which
created a color-only static discontinuity in the cuing display.

Results

Data were treated as in the earlier experiments. Data from 4
participants were excluded due to a failure to maintain 90%
accuracy. The analyses are reported on the basis of the remaining
30 participants. A total of 7.0 % of the responses were removed on
the basis of the trimming procedures (3.6% from errors).

RTs. As shown in Table 1, the mean cued RTs were shorter
than the mean uncued RTs. A 2 (eccentricity) � 2 (cuing) repeated
measures ANOVA revealed main effects of eccentricity, F(1,
29) � 172.89, MSE � 6214, �2 � .856; and of cuing, F(1, 29) �
19.11, MSE � 1579, �2 � .397. The main effect of eccentricity
replicated that in the earlier experiments and was due to faster
responses to targets presented more centrally (931 ms) than to
targets presented more peripherally (1120 ms). Most important, the
cuing main effect (32 � 15 ms) shows that the color-only discon-
tinuity captured attention. The interaction was not significant,
F � 1.

Error rates. The mean cued and uncued error rates are pre-
sented in Table 1. A 2 (eccentricity) � 2 (cuing) ANOVA on the
error data revealed a main effect of eccentricity, F(1, 29) � 12.93,
MSE � .001, �2 � .308; due to fewer errors to targets appearing
more centrally (.03) than peripherally (.05). The cuing main effect
and the interaction were not significant: cuing, F � 1; Eccentric-

ity � Cuing: F(1, 29) � 2.72, p � .110, MSE � .001. Hence, it is
unlikely that there was a speed–accuracy tradeoff problem.

Discussion

Experiment 3 demonstrated that a static color discontinuity
captured attention when all three criteria for stimulus-driven at-
tentional capture were satisfied and the cuing effect was not
contingent on the static discontinuity being similar to a feature
change that occurred between the cuing display and the target
display. Thus, to our knowledge, the capture effect observed in
Experiment 3 represents the first reported capture effect that sat-
isfies all three criteria needed to certify that it is a truly stimulus-
driven capture of attention.

Experiment 4

As noted in the introduction, the distractor–interference para-
digm has also been used to examine stimulus-driven attentional
capture (e.g., Theeuwes, 1992, 1994). In this paradigm, a capture
effect is said to have occurred if target RTs are longer when one of
the distractors in the target display is a singleton than when none
of them are. However, there is an advantage to using the cuing
paradigm rather than the distractor–interference paradigm for es-
tablishing that a capture effect is automatic (viz., occurs indepen-
dently of attentional resources being allocated to the item that
captures attention). In the distractor–interference paradigm, the
observer must necessarily allocate attention to processing the
display that contains the attention-capturing distractor, that is,
the target display which contains the target for response. In the
cuing paradigm, this need not be the case, because the attention-
capturing item appears in the cuing display, which does not contain
an item that requires a response. Thus, if an item in the cuing
display captures attention with procedures that satisfy the three
criteria for establishing that the capture effect is stimulus driven,
the evidence that the capture effect is automatic is stronger, be-
cause there is no incentive for the observer to allocate attention to
the cuing display.

Unfortunately, this advantage of the cuing paradigm was not
realized in our previous experiments, because participants had an
incentive to attend to the cuing line’s vertical position, which
perfectly predicted the vertical position of the target and distractor
stimuli. However, it is very important to note that this does not
explain why attention would have been focused on the horizontal
boundary position created by the static discontinuity within the
cuing line (i.e., why the static discontinuity captured spatial atten-
tion). Although attention was likely allocated to processing the
cuing line’s vertical position, the target’s horizontal position was
cued by the discontinuity only at chance levels.

In Experiment 4, we used procedures that should remove any
incentive participants might have to attend to the cuing line. We
did this by always having the items in the target display appear at
exactly the same four locations on all trials. Thus, observers did
not need to attend to the cuing line to know where the target and
distractor items would appear in the target display. If the capture
effects observed in our previous experiments depended on observ-
ers having allocated attention to the cuing line to encode its
vertical position, the capture effect should be eliminated or re-
duced in Experiment 4. If this result were obtained, our previously
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observed capture effects would still be considered to be stimulus
driven (not contingent on attentional settings) but would not be
considered to be automatic because, for the static discontinuity to
capture attention, attentional resources must have been allocated to
processing the cuing line. In contrast, if the capture effect observed
in Experiment 4 were just as large as that observed in our previous
experiments, we would have stronger evidence that, in addition to
being involuntary, they are automatic as well (in that they do not
require the allocation of attentional resources to processing the
cuing line).

Method

Unless noted, all of the methods used in Experiment 4 were
identical to those used in Experiment 3.

Participants. Thirty-one undergraduates from the same par-
ticipant pool used in the earlier experiments participated.

Stimuli. The only difference between Experiments 3 and 4
was that the cuing line appeared at Row Position 2 on each trial
only; hence, there was no vertical or horizontal spatial uncertainty
in where the target and distractors would appear in the target
display.

Results

Data were treated as in the earlier experiments. Data from 6
participants were excluded due to a failure to maintain 90%
accuracy. The analyses are reported on the basis of the remaining
25 participants. A total of 6.6% of the responses were removed on
the basis of the trimming procedures (3.5% from errors).

RTs. As shown in Table 1, the mean cued RTs were once
again shorter than the mean uncued RTs. A 2 (eccentricity) � 2
(cuing) repeated measures ANOVA revealed main effects of ec-
centricity, F(1, 24) � 161.17, MSE � 5818, �2 � .872; and of
cuing, F(1, 24) � 21.56, MSE � 2665, �2 � .473. The main effect
of eccentricity replicated that in the earlier experiments and was
due to faster responses to targets presented more centrally (856
ms) than to targets presented more peripherally (1051 ms). Most
important, the cuing main effect (48 � 21 ms) shows that the
color-only discontinuity captured attention. The interaction was
not significant, F(1, 24) � 2.13, p � .158, MSE � 1350.

Error rates. The mean cued and uncued error rates are pre-
sented in Table 1. A 2 (eccentricity) � 2 (cuing) ANOVA on the
error data revealed a main effect of eccentricity, F(1, 24) � 6.07,
MSE � .001, �2 � .202; due to fewer errors to targets appearing
more centrally (.03) than peripherally (.05). The cuing main effect
and the interaction were not significant; cuing, F � 1; Eccentric-
ity � Cuing, F(1, 24) � 1.68, p � .208, MSE � .001. Hence, it is
unlikely that a speed–accuracy tradeoff compromises the cuing
effect.

Comparing Experiments 3 and 4. To determine whether the
numerically larger cuing effect in Experiment 4 (48 ms) was
significantly larger than the cuing effect observed in Experiment 3
(32 ms), we conducted a 2 (experiment: 3 vs. 4) � 2 (eccentric-
ity) � 2 (cuing) mixed ANOVA with experiment as the sole
between-participants factor. The ANOVA yielded significant main
effects of experiment, F(1, 53) � 4.72, MSE � 60460, �2 � .082;
of eccentricity, F(1, 53) � 333.37, MSE � 6035, �2 � .863; and
of cuing, F(1, 53) � 41.78, MSE � 2071, �2 � .441. Participants

were faster to respond in Experiment 4 (953 � 49 ms) than in
Experiment 3 (1,026 � 45 ms), which is likely due to slower
responses to the vertically distant targets from fixation (RTs to
targets appearing at Row Positions 1–3 were 1,044 � 42 ms,
1,011 � 41 ms, and 1,023 � 47 ms, respectively). No interaction
was significant: Experiment � Eccentricity, F � 1; Experiment �
Cuing, F(1, 53) � 1.763, p � .193, MSE � 2071; Eccentricity �
Cuing, F � 1; Experiment � Eccentricity � Cuing, F(1, 53) �
2.47, p � .122; MSE � 1575. An analysis comparing RTs in
Experiment 4 to RTs to targets appearing at only Row Position 2
in Experiment 3 also failed to yield a significant difference in the
cuing effects, F(1, 53) � 1.65, p � .204, MSE � 3300. Thus, the
numerically larger cuing effect in Experiment 4 was not signifi-
cantly greater than the cuing effect observed in Experiment 3. The
important point is that, if attention to the cuing line increases the
cuing effect, the cuing effect in Experiment 4 should have been
smaller, not larger, than the cuing effect in Experiment 3.

Discussion

The results of Experiment 4 are clear: The static discontinuity
once again captured attention and resulted in faster responding to
a target that appeared at the boundary position at the static dis-
continuity compared with some other location. The cuing effect in
Experiment 4 was numerically larger than the cuing effect in
Experiment 3, although participants should have had no incentive
to attend to the cuing line in Experiment 4, because the locations
of the distractors and target in the target display could be predicted
with 100% accuracy even if no cuing line had appeared. Thus, the
attentional capture effects observed here do not appear to depend
on whether there is any incentive at all for the observer to pay
attention to the cuing line. This further reinforces the claim that our
capture effects were stimulus driven and not dependent on the
allocation of attentional resources to the cuing line.

General Discussion

To our knowledge, the present results are the first to demon-
strate that a static color discontinuity captures attention in a purely
stimulus-driven manner. This is because, unlike attentional capture
effects in previous studies, the attentional capture effects observed
in the present study occurred under conditions that satisfied all
criteria for establishing that a capture effect is purely stimulus
driven: the nondistinctive target criterion, the cue invalidity crite-
rion, and most important, the display-wide feature irrelevance
criterion. Previously obtained capture effects by a static disconti-
nuity, including those from our lab (Burnham & Neely, 2008),
satisfied only two of these criteria, but not all three.

One question that arises is whether the capture effects that we
observed were larger when the display-wide feature irrelevance
criterion was completely violated (Experiment 1), compared with
when the criterion was completely satisfied (Experiments 3 and 4).
If Gibson and Kelsey’s (1998) DCOH is correct, one would expect
facilitation to targets at the location cued by the static discontinuity
to be larger when the feature change at that discontinuity was
relevant to distinguishing the cuing display from the target display
(as in Experiment 1) than when it was irrelevant to distinguishing
the cuing display from the target display (as in Experiments 3 and
4). However, as shown in Table 1, there was no evidence what-
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soever that the cuing effect was larger when the display-wide
feature irrelevance criterion was violated in Experiment 1 than
when that criterion was satisfied in Experiments 3 and 4. This
suggests two possibilities. One is that contingent capture effects
depend only on features relevant to locating the target and not on
features that distinguish the target array from the cuing array,
contrary to Gibson and Kelsey’s (1998) DCOH. If that were so,
one would not need to satisfy the display-wide feature irrelevance
criterion to demonstrate stimulus-driven attentional capture. By
this analysis, the attentional capture effects obtained in the six
previous experiments that satisfied both the nondistinctive target
and cue invalidity criteria (Atchley et al., 2000; Gibson & Kelsey,
1998; Johnson et al., 2001; Jonides, 1981; Lamy & Egeth, 2003,
Experiments 3 and 4) should be considered to be stimulus driven.
A second possibility is that Gibson and Kelsey’s DCOH is valid
and that, in our Experiment 1, observers did not enter “shape
change” or “color change” features into their attentional sets to
temporally segregate the cuing and target displays. Rather, because
the target array and cuing array differed in the spatial density of the
items (tightly packed in the cuing display and sparse in the target
display), observers entered an “item density change” feature into
their attentional sets to allow them to temporally segregate the
cuing and target displays. This second scenario has two implica-
tions: (a) The capture effects in all of our experiments were
stimulus driven because they satisfied the display-wide feature
irrelevance criterion due to the discontinuity that captured atten-
tion in all of our cuing arrays not being associated with an item
density change. (b) Because the cuing and target displays in the six
experiments cited earlier in this paragraph did not differ in item
density, the color change and onset change features were entered
into the attentional set such that the capture effects that were
observed in these six experiments were indeed top-down, per
Gibson and Kelsey’s (1998) arguments. Only future research can
determine which of these two possible accounts is true.

A final obvious question is why our experiments obtained
attentional capture by a static discontinuity when our procedures
satisfied all three of the criteria necessary to establish stimulus-
driven capture of attention, whereas others have failed to do so.
One possibility offered by Burnham and Neely (2008) is that the
visual system may automatically assign high attentional priority to
the boundaries between perceptual subgroups. Specifically, our
observers may have grouped the individual elements in the cuing
display line by their perceptual similarity (cf. Koffka, 1935), and
the visual system then assigned high attentional priority to pro-
cessing the boundary between these perceptual subgroups. How-
ever, there are three other more mundane explanations as to why
we observed stimulus-driven capture effects in our spatial cuing
paradigm and others have not: (a) Our static color and shape
discontinuities may be more salient than in previous research
because they were produced by elements that are much closer
together in space than in previous research. (b) Our target and
distractor items were in a linear array, whereas in previous re-
search they were positioned around a square, diamond, or circular
display. (c) There were no place markers indicating the target and
distractor locations in either our cuing or target displays, whereas
in the six previous experiments that satisfied both the nondistinc-
tive target criterion and cue invalidity criterion and in the two
experiments that also satisfied the display-wide feature irrelevance
criterion, such place markers appeared in both the cuing and target

displays. However, whichever of these procedural differences
caused our results to differ from previous results, the important
point is that the present results are the first to demonstrate that (a)
a static discontinuity can indeed produce a capture of spatial
attention when all three of the criteria for establishing that this
capture of spatial attention was stimulus driven are satisfied and
that (b) this stimulus-driven capture effect occurs even when there
should be no incentive for the observer to allocate attention to the
display that contains the attention-capturing visual event.
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