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C. L. Folk, R. W. Remington, and J. C. Johnston’s (1992) contingent involuntary orienting hypothesis
states that a salient visual feature will involuntarily capture attention only when the observer’s attentional
set includes similar features. In four experiments, when the target’s relevant feature was its being an
abruptly onset singleton, attentional capture occurred for a static discontinuity cue that was the boundary
between a group of red Xs contiguously joined to a group of green Os within a single row. Such an
attentional capture effect is novel and contrary to Folk et al.’s (1992) hypothesis, because the attentional
set for the target should have included abrupt onset but not color discontinuity, which was the feature that
captured attention. These capture effects were involuntary because they occurred even when the target
never appeared in the same location as the cue, and color could not have been used as a cue to signal the
appearance of the target array (cf. B. S. Gibson & E. M. Kelsey, 1998).
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Considerable research has shown that a salient visual event
(cue) can elicit a shift of attention toward its location, thereby
shortening the response time (RT) and increasing response accu-
racy on a target appearing at or near that location within 200 ms
after the cue’s onset (e.g., Posner, 1980; Jonides, 1981; Jonides &
Yantis, 1988; Rauschenberger, 2003a; Theeuwes, 1996; Yantis,
1996, 1998; Yantis & Jonides, 1984). Such facilitation suggests
that the cue drew attention to its location, a phenomenon known as
attentional capture. Some believe that attentional capture reflects
a stimulus-driven process (e.g., Jonides, 1981; Theeuwes, 1992,
1994, 2004; Yantis, 1993; Yantis & Jonides, 1984), whereas others
propose it depends on top-down influences and is contingent on
the features of the cue being relevant to the observer’s current,
conscious goals (e.g., Ansorge & Heumann, 2003; Bacon & Egeth,
1994; Folk & Remington, 1998, 1999; Folk, Remington, &
Johnston, 1992, 1993; Folk, Remington, & Wright, 1994).

The debate over whether attentional capture is purely stimulus-
driven or an interaction between bottom-up and top-down pro-
cesses originates in Folk et al.’s (1992) contingent involuntary
orienting hypothesis (CIOH). This states that the capture of atten-
tion depends on the observer’s attentional set, which involves the
tuning of one’s attention to detect only those features that are

associated with a target. Folk et al. used a spatial precuing pro-
cedure, in which a cue preceded a target at a cue-onset to target-
onset stimulus onset asynchrony (SOA) of 150 ms. In the cued
condition, the target appeared in the same location as the cue. In
the uncued condition, it appeared at one of three other locations.
The target was either an abruptly onset white X or � presented
alone or a red X or � presented among three simultaneously onset
X or � distractors. The cue was either an abrupt onset of four
white dots around one of the four potential target locations or was
an onset of four red dots around one of the four locations simul-
taneously onset with four white dots around each of the other three
locations. Crossing the target-relevant feature (onset vs. red) with
the cue type (onset vs. red) resulted in four conditions that were
presented in separate blocks (Experiment 3).

Folk et al. (1992) hypothesized that observers would tune their
attentional sets to detect only target-relevant features (i.e., onset in
the onset-target condition and red in the red-target condition).
Presumably, this tuning would allow observers to ignore a cue that
was featurally different from the target but should cause an invol-
untary shift of attention toward a cue that was featurally similar to
the target. These ideas were supported by an attentional capture
effect in the onset-cue/onset-target and color-cue/color-target con-
ditions but not in the color-cue/onset-target and the onset-cue/
color-target conditions.

In the attentional capture literature, salient has been used to
describe any visual stimulus that differs by a single feature from
simultaneously presented stimuli. Such stimuli are called single-
tons (cf. Bacon & Egeth, 1994; Pashler, 1988). An important
question concerns the nature of the target-relevant features that are
presumably in the attentional set. For example, in Folk et al.’s
(1992) color-target condition, was the target-relevant feature (a)
red, (b) a color difference, or (c) a perceptual singleton? Research
by Bacon and Egeth (1994; see also Folk et al., 1992, Experiment
4; Theeuwes, 1991) suggested that the answer to this question
could be (c). They showed that when the target was embedded in
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a shape singleton (i.e., a single green circle among green dia-
monds), a color singleton (i.e., a red diamond) in that display
captured attention. Perceptual attributes that form singletons fall
into one of two categories or dimensions. Salient singletons can
differ from the other stimuli in two dimensions (cf. Folk et al.,
1992; Lamy & Egeth, 2003). In the dynamic dimension, singletons
are salient due to a change over time, such as an abrupt onset or
offset of an item, initiation of motion of an item, or a rapid
increase/decrease in luminance. In the static dimension, singletons
are salient due to a change over space between simultaneously
presented items, such as a red item amid green items (color
singleton) or a circle amid squares (shape singleton).

Because targets and cues can be singletons in either dimension,
the cue dimension can be crossed with the target dimension to
create the four conditions that Folk et al. (1992) used (described
above) to evaluate their hypothesis. These four cue-target condi-
tions can be aggregated into two categories: (a) If the perceptual
dimension of the cue and target are the same (dynamic-dynamic
and static-static) and capture is obtained, we will refer to this as an
intradimensional attentional capture. (b) If the perceptual dimen-
sion of the cue and the target differ (static-dynamic and dynamic-
static) and capture is obtained, we will refer to this as cross-
dimensional attentional capture, which is the focus of the present
study.

Within this terminology, Folk et al.’s (1992) CIOH predicts
intradimensional attentional capture but not cross-dimensional at-
tentional capture, and most results in the literature are congruent
with this prediction.1 Spatial precuing studies have consistently
obtained dynamic-dynamic attentional capture (e.g., Ansorge &
Heumann, 2003; Folk et al., 1992, 1994; Gibson & Kelsey, 1998;
Lamy & Egeth, 2003; Wright & Richard, 2003). Static-static
attentional capture, typically within the color domain, is common
and occurs whether the target is a color singleton (e.g., Chastain &
Cheal, 1998; Folk et al., 1992; Folk & Remington, 1998, 1999;
Gibson & Amelio, 2000; Remington, Folk, & McLean, 2001) or
not (e.g., Chastain & Cheal, 1998; Folk & Remington, 1999;
Gibson & Kelsey, 1998; Johnson, Hutchison, & Neill, 2001). Also
consistent with Folk et al.’s CIOH is that many experiments have
tried but failed to obtain dynamic-static, cross-dimensional capture
when the target was a color singleton (Folk & Remington, 1999;
Folk et al., 1992, 1994; Gibson & Amelio, 2000).

However, Lamy and Egeth (2003; Experiments 2–4) have re-
ported results contrary to Folk et al.’s (1992) hypothesis. They had
participants identify a target that appeared inside a static color
singleton circle. Prior to the target, a dynamic abrupt-onset single-
ton cue appeared at one of six potential target locations. Lamy and
Egeth (2003) observed dynamic-static, cross-dimensional atten-
tional capture from the abrupt-onset singleton, even though ob-
servers presumably had an attentional set for a color singleton.
Because Lamy and Egeth (2003; Experiment 4) replicated this
result using procedures virtually identical to those used by Folk et
al. (1992), it is possible that Folk et al.’s failure to obtain such an
effect may have been a Type II error (cf. Gibson, 1999; Rauschen-
berger, 2003a). As Lamy and Egeth (2003; p. 1012) pointed out,
their capture effects refuted the CIOH, which says that a necessary
condition for an abrupt-onset singleton to capture attention is that
the attentional set includes the feature onset. However, Lamy and
Egeth (2003) acknowledged that their results “do not speak to Folk

et al.’s central claim, which is that attentional control settings may
modulate [italics added] attentional capture” (p. 1012).

Lamy and Egeth’s (2003) obtaining dynamic-static, cross-
dimensional attentional capture raises the question of whether one
can also obtain static-dynamic, cross-dimensional attentional cap-
ture. This question is important because some have argued that
dynamic visual events receive attentional priority over static
events and thereby have a “special” status in capturing attention
(Franconeri, Hollingworth, & Simons, 2005; Franconeri & Si-
mons, 2003; Jonides & Yantis, 1988; Theeuwes, 1991; Todd &
Van Gelder, 1979; Yantis, 1993, 1996, 1998; Yantis & Jonides,
1984). Thus, although Lamy and Egeth’s (2003) dynamic-static,
cross-dimensional attentional capture effect undermines Folk et
al.’s (1992) CIOH, a static-dynamic, cross-dimensional capture
effect would do so even more, because it would demonstrate that
cross-dimensional capture is not confined to “special” dynamic
onsets.

Evidence for the existence of a static-dynamic, cross-
dimensional attentional capture effect comes from the additional
singleton paradigm (Theeuwes, 1992, 1994, 2004). The additional
singleton is an irrelevant singleton presented simultaneously with
a singleton target among nontargets, and hence can never appear at
the target’s location. If this added singleton captures attention,
attention must then be redirected to find the target, thereby slowing
RTs in comparison with when the additional singleton is absent.
Theeuwes (1994) obtained both static-dynamic and dynamic-
static, cross-dimensional attentional capture when a color-
singleton target appeared with an irrelevant abrupt-onset singleton
and when an abrupt-onset singleton target appeared with an irrel-
evant color singleton, respectively. (See Theeuwes, Kramer, Hahn,
& Irwin, 1998, and Theeuwes, Kramer, Hahn, Irwin, & Zelinsky,
1999, for evidence of oculomotor cross-dimensional capture.)
Along with the cross-dimensional attentional capture obtained by
Lamy and Egeth (2003), Theeuwes’s (1994) results challenge Folk
et al.’s (1992) CIOH.

However, it is not clear whether Theeuwes’s (1994) results
represent a capture of spatial attention or a filtering cost associated
with “filtering out” the added singleton (Folk & Remington, 1998;
Kahneman, Treisman, & Burkell, 1983; Treisman, Kahneman, &
Burkell, 1983). That is, the slowing of RTs in the presence of the
added singleton could be due to that singleton’s consuming non-
spatial attentional resources, thereby delaying a response to the
target without attention having been drawn to the added single-
ton’s location. One method to determine whether attentional cap-
ture by an added singleton is due to spatial capture or to a filtering
cost is to examine whether the magnitude of attentional capture by
the added singleton varies with its spatial distance from the target
(Theeuwes, Kramer, & Kingstone, 2004; Turatto & Galfano, 2000,
2001; Turatto, Galfano, Gardini, & Mascetti, 2004). If the added
singleton captures attention to its location, the time required to

1 The only known exception to this, aside from the present results, is
Rauschenberger’s (2003b) Experiment 2, in which a bright static-
luminance singleton cue captured attention when observers were set to
detect a dynamic luminance singleton target. However, because observers
in that experiment were set to detect luminance differences and to search
for singletons, it is not clear whether Rauschenberger’s (2003b) result
represents a true static/dynamic, cross-dimension capture of attention that
was not contingent on an attentional set for luminance differences.
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shift attention from its location to the target’s location should
increase as the spatial distance between them increases. Thus,
attentional capture effects should become larger as distance be-
tween the added singleton and target increases, that is, if the
capture of attention was spatial. Unfortunately, because Theeuwes
(1994) did not test for compatibility effects or distance effects, we
cannot be sure whether his results represent spatial capture or a
filtering cost.

In the spatial precuing paradigm in which the attention-
capturing event and target are not simultaneously present, filtering
costs should be eliminated (or greatly reduced) because there is
little reason to attend to the cuing display at all and because there
is no irrelevant singleton physically present in the target display to
consume nonspatial attentional resources. Moreover, because the
target sometimes appears at the cue’s location and other times at
some other location in the spatial precuing paradigm, attentional
capture effects observed in the spatial precuing paradigm neces-
sarily instantiate a spatial distance effect. That is, a difference in
RT between the cued and uncued conditions is a function of the
target’s distance from the cue. Thus, unlike the additional-
singleton paradigm, spatial precuing procedures allow one to con-
clude with greater certainty that a static-dynamic, cross-
dimensional capture of spatial attention was not due to nonspatial
filtering cost.

Although several spatial precuing studies have tested for static-
dynamic, cross-dimensional attentional capture (Folk & Reming-
ton, 1998; Chastain & Cheal, 1998), no such effect has been
obtained.2 One explanation is that when the relevant feature that is
presumably in the attentional set is the “special, high-priority”
abrupt-onset feature, all “nonspecial, low-priority” static stimuli
are ignored and precluded from capturing attention. A second
possibility is that prior procedures have not used a static discon-
tinuity salient enough to capture attention when the attentional set
contains an abrupt-onset feature. To evaluate this latter possibility,

in the present research we used a spatial precuing paradigm but
abandoned the use of the traditional static singleton cue in which
the “salient” feature is embodied in a single display element (e.g.,
a red singleton item among green items). Our cue was the bound-
ary between a group of red Xs contiguously juxtaposed next to a
group of green Os, all aligned in the same row (see Figure 1). A
study reported by Todd and Kramer (1994; Experiments 3 and 4)
led us to believe that this boundary between two perceptual groups
might be more salient than a static discontinuity that resides in a
single element in a diffuse display.

In Todd and Kramer’s (1994) experiments, observers searched
for a target letter among other simultaneously presented letters.
The letters formed the circumference of a perceptual circle that
contained two contiguous half-circles of letters, one of all green
letters and the other of all red letters. The adjacent letters posi-
tioned at the ends of each half-circle formed two color boundaries.
The target could appear at any potential letter position, indepen-
dent of where the two color boundaries appeared. Observers were
faster to report the target letter was present when it appeared as one
of the four letters that formed one of the two color boundaries (i.e.,
when the target was “at” a color boundary) in comparison with
when the target appeared at nonboundary locations within one of
the half-circles. Thus, the static color discontinuity at the boundary
between two perceptual groups captured attention; however, this
does not answer our question of whether such a static discontinuity
will capture attention when the target is a dynamic, abrupt-onset

2 Results from Richard, Wright, and Ward (2003) might seem to con-
tradict this claim. They found attentional capture when an abrupt-onset
singleton target appeared at a color-singleton cue’s location, but only when
the target was more likely to appear at the cued location than at other
locations, which the participants were aware of. Hence, the color-singleton
cue advantage was due to a cue-validity effect, which the authors acknowl-
edged. (See also our footnote 1.)

Figure 1. Illustration of the display layout and the cued and uncued conditions. The 500-ms fixation � 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 (shown in bold font), and the Os were green (shown in 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 * or & target appeared on any
trial. The opening and closing parentheses [( )] did not appear in the experiment. They are presented here to
indicate the locations of all four of the potential boundary positions and target positions on the screen. Row
Position 1 illustrates a cued * target presented at Target Position 1, whereas Row Positions 2 and 3 illustrate an
uncued & target presented at Target Positions 1 and 2, respectively.
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singleton. To determine if Todd and Kramer’s (1994) capture
effect occurs (a) when the static color discontinuity is present in a
cuing display that can be entirely ignored because it does not
contain a target or provide information as to the target’s loca-
tion and (b) when the object of search is a dynamic-onset
singleton, we modified their stimuli for use with the spatial
precuing paradigm. In short, we wanted to determine whether a
static-dynamic, cross-dimensional capture of spatial attention
can indeed be observed.

Experiments 1A and 1B

In all experiments, participants made a speeded discrimination
for an abrupt-onset singleton target appearing at one of four
locations. The target appeared after the presentation of a cuing
display which, as described earlier, contained a single row made
up of a group of red Xs and a group of green Os, which produced
a static color/shape discontinuity at one of four boundary positions
(see Figure 1). Four potential target positions were located directly
below the place where the red X at the color/shape boundary could
be positioned along the row. The target was presented equally
often at each position, independent of the boundary; hence, the
boundary did not predict the target’s location. The only difference
between Experiments 1A and 1B was the vertical position at which
the cuing row and target appeared. In Experiment 1A, the single
cuing row and target always appeared at about the same vertical
level as fixation. In Experiment 1B, the single cuing row and
corresponding target positions were at one of three different ver-
tical positions: one at about the level of fixation (as in Experiment
1A), and one above and one below fixation. These additional row
positions were included to increase spatial uncertainty and induce
observers to spread attention diffusely across the visual field. We
thought this might provide a more sensitive measure of attentional
capture. Because (a) the target appeared at the boundary’s location
by chance (25% of the time), (b) the boundary was not present
when the target was present, and (c) the static color/shape discon-
tinuity was featurally irrelevant to locating the abrupt-onset sin-
gleton target, there was little or no reason for observers to attend
to the cuing display.3 If the static color/shape discontinuity cap-
tures attention, RTs should be faster when the target appears at the
location cued by the discontinuity in comparison with when it
appears at the three uncued locations.

Method

Participants. Fifty undergraduates (n � 24 in Experiment 1A,
n � 26 in Experiment 1B) from the University at Albany, State
University of New York participated for partial fulfillment of the
research requirement for an introductory psychology course or
extra credit in an advanced course. By self-report, all participants
had normal or corrected-to-normal vision, and none of them had
previously participated in the procedures used in the experiments.

Design. The design for Experiment 1A was a 4 (boundary
position) � 4 (target position) � 2 (target: * vs. &) within-
subjects, randomized design. For Experiment 1B, it was a 3 (row
position) � 4 (boundary position) � 4 (target position) � 2
(target) within-subjects, randomized design.

Stimuli. Experiments 1A and 1B were programmed and pre-
sented using Micro Experimental Laboratory II (MEL 2; Schnei-
der, 1995) software on a Gateway 2000 computer connected to a
17-in. color monitor. Responses were made via the Z and slash
keys on a standard QWERT keyboard.

All displays were presented on a black background. The cuing
display consisted of red, uppercase Xs (Color Code 12) and green,
uppercase Os (Color Code 10), forming a row spanning the width
of the screen.4 Individual Xs and Os subtended 0.3° horizontally
and 0.5° vertically, with less than 0.1° separating adjacent ele-
ments from a viewing distance of 60 cm. The target (& or *) was
white (Color Code 15), subtended 0.3° by 0.4°, and located 0.8°
directly below the cuing line. (Spatial separations were measured
center to center.) The static color/shape discontinuity was formed
at the boundary location where the red Xs met the green Os and
was positioned 7.1° or 3.0° to the left or right of fixation. (From
left to right, we refer to these four positions as Boundary/Target
Positions 1–4.) In Experiment 1A, the cuing line was presented
0.8° above fixation, and the targets were presented at the same
vertical level as fixation. In Experiment 1B, the cuing line was
presented 3.0° above fixation, 0.8° above fixation, or 1.4°
below fixation. (From top to bottom, we refer to these as Row
Positions 1–3.) This allowed the targets below the two periph-
eral cuing lines to be separated by the same vertical distance
from fixation (2.2°).

Procedure. Participants were informed that their task was to
identify, as quickly and as accurately as possible, which of two
targets was presented. Half of the participants responded to the &
with the Z key and to the * with the slash key. Key assignment was
reversed for the other participants. Sixty warm-up trials included
only target displays, and 48 subsequent practice trials included the
cuing display and mimicked the experimental trials.

Each trial began with a 500-ms presentation of a fixation cross
(�), subtending 0.3° by 0.3°, at the center of the screen. In the

3 Three row positions were used in Experiment 1B to increase the spatial
uncertainty of the cuing row and the target. It should be noted that although
the target’s vertical position was nominally more uncertain in Experiment
1B than 1A, after the vertical position of the cuing line was encoded for
each trial, the horizontal spatial uncertainty of the following target was the
same for the two experiments. This could work against our obtaining an
effect of spatial uncertainty on attentional capture. Also, it is important to
note that even though the cuing line served as a cue for the target’s vertical
location and as a temporal cue that the target was about to be presented,
there would be no reason for participants to direct attention toward the
horizontal location of the discontinuity any more than to any other hori-
zontal location along the cuing line. Future research could be designed to
determine whether the attentional capture effects we observed here would
be obtained when the vertical position of the cuing line containing the
color/shape discontinuity were not predictive of the target’s location, such
that the cuing line should be totally unattended.

4 An inability to secure a photometer prevented us from measuring the
luminance of our stimuli. Thus, it is possible the red Xs and green Os
differed in luminance, which would produce a luminance difference at the
XO discontinuity. However, on the basis of our and others’ (including
some participants’) subjective reports that the Xs and Os seemed equally
bright (and were simultaneously presented), we do not believe this is a
problem. But even if the Xs and Os did differ slightly in their brightness,
this would not undermine our claim that the XO boundary was a static
discontinuity.
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practice and experimental trials, immediately after the fixation’s
offset, the cuing display was presented for 150 ms and followed by
a 50-ms presentation of a blank screen. A target was then randomly
presented at one of the four positions below that cuing line. The
target remained on the screen for 5,000 ms or until a response was
made. Participants were told that the row of letters shown prior to
the target was irrelevant and would not help locate the target. A
500-ms tone signaled incorrect responses. The next trial began
1,000 ms after each correct response or tone offset, or when no
response had been made after 5,000 ms had elapsed.

Three hundred eighty-four experimental trials were presented.
In Experiment 1A, this provided 12 observations for each of the 32
conditions; in Experiment 1B, this provided 4 observations for
each of the 96 conditions. Rest breaks were provided every 96
trials. At the end of each block an instruction display reminded the
participants of key assignment, stressed speed and accuracy, and
told participants to initiate the next block by pressing the B key.

Results

In all of the experiments, an observer had to be at least 90%
accurate for his or her data to be included in the analyses. All
participants in Experiments 1A and 1B met this criterion. How-
ever, data from 2 participants in Experiment 1B failed to be
recorded, leaving 24 participants for the analysis. The RT data
were first treated by removing error trials, no-response trials, and
trials with RTs faster than 150 ms and slower than 2,000 ms.
Responses greater than three standard deviations from the overall
mean of these trimmed RT data were also removed. In Experi-
ments 1A and 1B, a total of 4.4% of responses (2.9% of which
were errors) and 5.6% of responses (3.4% of which were errors),
respectively, were removed. Unless noted, all effects called sig-
nificant are associated with p � .05 (two-tailed).

Experiment 1A RT analyses. The mean RTs for targets appear-
ing at each target position when the boundary was at that same
position (cued) were subtracted from the mean RTs when the
boundary was at one of the other three positions (uncued). If the
discontinuity captured attention, this cuing effect difference would
be positive. The means of the cued and uncued RTs (averaged over
target position and target type) are presented in Table 1. A 2 (cued
vs. uncued) � 4 (target position) repeated measures analysis of
variance (ANOVA) revealed main effects of cuing, F(1, 23) �
7.54, MSE� 249, �2 � .247, and target position, F(3, 69) � 67.95,
MSE� 310, �2 � .747. The target position main effect shows that
the nearly equivalent RTs to targets presented centrally at Target
Positions 2 (520 � 19.5 ms—the number following the plus/minus
sign is the 95% confidence interval) and 3 (524 � 18.5 ms) were
faster than the nearly equivalent RTs to targets presented periph-
erally at Target Positions 1 (553 � 19.6 ms) and 4 (562 � 20.0
ms). The main effect of cuing shows that the 6.2 � 4.7 ms
attentional capture effect was significant. The interaction was not
significant (F � 1).

Experiment 1A error rate analyses. The mean cued and mean
uncued error rates appear in Table 1. A 2 (cued vs. uncued) � 4
(target position) repeated measures ANOVA revealed a target
position main effect, F(3, 69) � 3.21, MSE� .0006, �2 � .122,
reflecting fewer errors to targets presented at Target Positions 2
(.024 � .008) and 3 (.021 � .010) than to those presented at Target
Positions 1 (.033 � .010) and 4 (.034 � .014). The main effect of
cuing, F(1, 23) � 1.99, p � .172, MSE� .0005, �2 � .08, and the
interaction (F � 1.0) were not significant. Hence, the cuing effect
for RTs was not compromised by a speed/accuracy tradeoff.

Experiment 1B RT analyses. The mean cued and uncued RTs
for Experiment 1B are presented in Table 1, averaged over all three
row positions and for Row Position 2 only (for later comparison to

Table 1
Mean Reaction Times When the Target Appeared in the Uncued or Cued Location (or Followed No Cue, as in Experiment 3) and
Corresponding Capture Effects (With Error Rates in Parentheses)

Condition Exp. 1A, RP2

Exp. 1B

Exp. 2, overall Exp. 3, overallOverall RP2

Uncued 543 (.030) 567 (.040) 560 (.061) 726 (.034) 669 (.028)
Cue absent 660 (.029)
Cued 537 (.026) 555 (.040) 542 (.050) 703 (.032)
Capture effect 6* (.004) 12* (0) 18* (�.011) 23* (.003) 9* (�.001)
Cohen’s dIGD/dCD

a .14/.79 .16/.93 .22/1.00 .13/1.22 .08/.54
No. Os showing effect 17/24† 20/24* 20/24* 19/24* 22/35

Note. Reaction times are rounded to the nearest millisecond and error rates to the nearest thousandth. For Experiments 1A, 1B, and 2, there were N �
96 cued trials and N � 288 uncued trials. For Experiment 3, there were N � 192 uncued and N � 192 cue-absent trials. “No. Os showing effect” represents
the number of observers demonstrating a positive capture effect out of the total number of observers demonstrating a nonzero effect. Exp. � Experiment;
RP2 � Row Position 2 in the center of the screen.
a Following Dunlap, Cortina, Vaslow, and Burke (1996), we computed Cohen’s d based on (a) the standard deviations of the scores within the cued and
uncued conditions, which assumes cuing is manipulated between subjects, dIGD (which is d4� in Cohen’s [1988, p. 49, Eq. 2.3.8]) and (b) the standard
deviation of the individual within-subject uncued minus cued difference scores, which is based on cuing being manipulated in a within-subject design, dCD.
Based on our (correlated) within-subject t (called tC), dIGD � �2	1 � r) � tc/�N, where r is the correlation for the within-subject paired cued and uncued
reaction times, and dCD � �2 � tC/�N. Dunlap et al. (1996) 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; chapter 2) tables, dCD (what Cohen, 1988, p. 49, computed as d in Eq. 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, p. 49).
* p � .05, two-tailed. † p � .05, one-tailed.
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Experiment 1A). A 2 (cued vs. uncued) � 3 (row position) � 4
(target position) repeated measures ANOVA revealed main effects
of row position, F(2, 46) � 10.81, MSE� 1,481, �2 � .312; target
position, F(3, 69) � 34.37, MSE� 1,540, �2 � .600; and cuing,
F(1, 23) � 10.48, MSE� 2,079, �2 � .304. The row position main
effect indicated that RTs were faster for the targets presented at
Row Position 2 (551 � 32.1 ms) than for the targets presented at
Row Positions 1 (569 � 33.7 ms) and 3 (563 � 32.6 ms). The
target position main effect reflects the same pattern as in Experi-
ment 1A: RTs were faster to targets presented at Target Positions
2 (543 � 33.7 ms) and 3 (547 � 32.7 ms) than to those presented
at Target Positions 1 (573 � 33.1 ms) and 4 (582 � 32.3 ms). The
cuing main effect indicated that the 12.3 � 7.7 ms attentional
capture effect was significant. None of the interactions was sig-
nificant: Row Position � Cuing, F(2, 46) � 2.35, p � .107,
MSE � 746, �2 � .093; Target Position � Cuing, F(3, 69) � 1.60,
p � .198, MSE � 815, �2 � .065; Row Position � Target Position
and the three-way interaction (F � 1.0). Thus, these results rep-
licate those in Experiment 1A.

Experiment 1B error rate analyses. The mean cued and mean
uncued error rates appear in Table 1. A 2 (cued vs. uncued) � 3
(row position) � 4 (target position) repeated measures ANOVA
revealed a target position main effect, F(3, 69) � 11.28, MSE�
.003, �2 � .329, reflecting fewer errors at Target Positions 2
(.026 � .010) and 3 (.028 � .010) than at Target Positions 1
(.058 � .021) and 4 (.052 � .021). The Target Position � Cuing
interaction was significant, F(3, 69) � 3.86, MSE � .003, �2 �
.145, due to a .025 � .014 capture effect being significant at Target
Position 2, t(23) � 3.61, SEM � .007, but not the three other
positions. Neither the row position main effect, F(2, 46) � 2.33,
p � .110, MSE � .0028, �2 � .092, nor the cuing main effect (F �
1.0) was significant. None of the interactions reached significance:
Row Position � Cuing, F(2, 46) � 2.21, p � .122, MSE � .0035,
�2 � .088; Row Position � Target Position, F(6, 138) � 1.56, p �
.163, MSE � .0027, �2 � .064; and the three-way interaction, F(6,
138) � 1.64, p � .140, MSE � .0028, �2 � .067. Once again, the
data are not compromised by a speed/accuracy tradeoff.

Spatial uncertainty effects. To determine whether spatial un-
certainty (increased number of potential cuing and target positions)
significantly increased the attentional capture effect, the data from
Experiments 1A and 1B were compared for Row Position 2, which
was common to both experiments. The capture effect of 17.8 �
10.6 ms at Row Position 2 in Experiment 1B was significantly
greater than the 6.2- � 4.7-ms effect in Experiment 1A, F(1, 46) �
4.26, MSE� 753, �2 � .085. Thus, we used more than one row
position in Experiments 2 and 3.

Discussion

The results of Experiments 1A and 1B reveal two important
findings: First, our static color/shape discontinuity cue produced
an attentional capture effect that has been replicated in at least 10
other experiments in our lab. Second, the magnitude of this atten-
tional capture effect increased as the spatial uncertainty of the
cuing row was increased.

Experiment 2

In Experiments 1A and 1B, a static discontinuity captured
attention when observers identified an abrupt-onset singleton tar-

get. At face value, these data can be interpreted as providing the
first demonstration of a static-dynamic, cross-dimensional capture
of attention. Unfortunately, two limitations must be addressed
before this interpretation can be made with confidence.

The first and most critical issue is that observers may have
located the target on the basis of its static features rather than its
dynamic onset, because the target was the only item in a blank
visual field.5 That is, an observer could immediately locate the
target on the basis of its color and/or luminance difference relative
to the black background (static features). Because such informa-
tion is in the same (static) dimension as the attention-capturing
discontinuity, the capture would be neither cross-dimensional nor
noncontingent (cf. Folk et al., 1992). We designed Experiment 2
such that observers could not locate the target on the basis of any
static feature and had to rely solely on its dynamic and abrupt
onset.

The second issue is related to Gibson and Kelsey’s (1998)
displaywide contingent orienting hypothesis, which states that the
attentional set can contain not only target-specific features but also
features that are relevant to the appearance of the target display as
a whole, because such features signal that the target has appeared.
According to Gibson and Kelsey (1998), if the cue is similar to
such features, then a capture effect should be considered a contin-
gent capture effect. In Experiments 1A and 1B, the features sig-
naling the target display’s appearance (white and onset) were
presumably in the attentional set; however, neither of these repre-
sents features that created the attention-capturing discontinuity
(i.e., red–green and XO). Because the features of the discontinuity
were not likely in the attentional set, the capture effects in Exper-
iments 1A and 1B cannot be explained by Gibson and Kelsey’s
(1998) unelaborated original hypothesis.

However, our observers could have used the color change that
occurred between the presentation of the red/green cuing display
and the white target to temporally segregate the displays. If this
were the case, the more abstract color-change feature may have
been entered into the attentional set (Burnham, 2007; Johnson et
al., 2001). If so, then the capture effects in Experiments 1A and 1B
could have been due to the color-change feature at the color/shape
discontinuity being in the attentional set. To remedy this problem,
in Experiment 2 we equally often presented the abrupt-onset
singleton target as a red or a green item. In this way, we hoped to
preclude color change from entering the attentional set, because
the colors present in the cuing display would be present in the
target display. Hence, entering color change into the attentional set
would not help temporally segregate the displays. If we still
obtained attentional capture in Experiment 2, we could be confi-
dent that it could not be explained by Gibson and Kelsey’s (1998)
or Folk et al.’s (1992) hypotheses.

In Experiment 2, the basic procedures of Experiments 1A and
1B were used. Aside from the presentation of the target as a red or
green item, the main difference between Experiments 1A, 1B, and
2 was that, in Experiment 2, at the beginning of each trial a set of
unique preview stimuli (red and green symbols #, !, $, %, ˆ, �, 
,
and �) appeared at randomly chosen locations and remained in

5 We thank Andy Leber for pointing out this potential problem and for
providing a general suggestion for how to avoid it.
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view until a response was made to the later-presented target (see
Figure 2). Because the target was always the same color as some
of the preview stimuli, observers could not use red or green to
locate the target. Also, because each preview stimulus was asso-
ciated with a luminance difference relative to the background,
observers could not use a luminance difference to locate the target.
Thus, observers could not use static features to detect the target’s
appearance; rather, to find the target efficiently, they had to rely on
its dynamic abrupt onset. That is, if a person naı̈ve to the experi-
ment were shown the static target displays for Experiments 1A and
1B and asked to identify the target’s location, they could do so
with 100% accuracy (because there was only one element in the
display). However, for Experiment 2 (and also for Experiment 3),
they would have chance accuracy. It is only the dynamic appear-
ance of the target in the display that signals its location.

If observers are still faster to respond to targets when they are
presented near the place where the color/shape discontinuity ap-
peared, we can be confident that our results represent a static-
dynamic, cross-dimensional capture of attention. In contrast, if
RTs are unaffected by where the target appears relative to the
discontinuity, we must conclude that our capture effect in Exper-
iments 1A and 1B was in actuality a static-static, intradimensional
attentional capture effect.

Method

Unless otherwise noted, all aspects of the procedures were
identical to those used in Experiments 1A and 1B.

Participants. A new group of 27 undergraduates was sampled.
Design. The design was a 2 (row position) � 4 (target posi-

tion) � 2 (target above vs. below cuing line) � 4 (boundary
position) � 2 (target: * vs. @) within-subjects, randomized design.

We used only two row positions, above and below fixation, be-
cause potential locations for preview stimuli near the middle of the
screen coincided with target locations and the cuing line location
associated with Row Position 2 in Experiments 1A and 1B.

Stimuli. Experiment 2 was programmed and presented with
E-Prime software (Schneider, Eschman, & Zuccolotto, 2002). The
& target used in Experiments 1A and 1B was changed to @ due to
a software problem. A target appeared at one of four positions
above or below the place where a cuing line had appeared, rather
than only below the cuing line as in Experiments 1A and 1B. We
did this to increase spatial uncertainty over the vertical location of
the target. When a target appeared to the left of fixation it was
colored red, and when it appeared to the right of fixation it was
colored green.

The cuing display contained a line of red Xs and green Os that
was added to the preview display. The row position of the cuing
line was 3.0° above or below fixation. The target appeared 0.8°
above or below the place where the cuing line appeared.

Eight preview stimuli (#, !, $, %, ˆ, �, 
, and �) were presented
at the beginning of each trial and remained in view until a response
was made to the later-presented target. Each symbol appeared in a
different 1 of 32 locations, with the location of each randomly
determined on each trial. Because each symbol appeared in a
randomly chosen location across trials, the configuration of the
preview stimuli varied unpredictably. Thus, observers could not
expect the target to appear as the “odd-item-out” against the
preview stimuli. The preview stimuli never appeared in any po-
tential target location, because this could reduce the uncertainty of
the target’s location. All preview stimuli presented to the left of
fixation were red, and those presented to the right of fixation were
green. The number of preview stimuli to the left and right of
fixation was random; hence, the number of green and red preview
stimuli was unpredictable.

Procedure. Participants now received 32 rather than 48 prac-
tice trials and 384 experimental trials. Participants were instructed
to set themselves to detect the “abrupt onset of a single new item
in the display” and to ignore the preview stimuli because the target
never appeared with them.

Each trial began with the presentation of the preview stimuli
(see Figure 2). After 1,000 ms, a fixation cross was presented and
remained on the screen throughout the trial. We left the fixation on
so that its offset would not interfere with, or be misinterpreted as,
the target onset. Five hundred ms after the fixation appeared, the
cuing display appeared. The target was presented in one of four
positions above or below where the cuing line had appeared.
Visual feedback was given for 500 ms after each correct response
(Correct!), incorrect response (Wrong Answer!), or failure to re-
spond within 5,000 ms (No Response?), followed by a 1,000-ms
intertrial interval.

Results

Data from 3 participants were discarded due to failure to main-
tain 90% accuracy. RTs and error rates for the remaining 24
participants were separately analyzed. The trimming procedures
used in Experiments 1A and 1B were used in Experiment 2,

Figure 2. Trial sequence for Experiments 2 and 3. In this example, the
abrupt-onset * target appears at the cued (boundary) location.
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resulting in the removal of a total of 8.5% of the responses (3.4%
were errors).6

RTs. The mean cued and uncued RTs are presented in Table 1,
averaged over both row positions. The effect of whether the target
appeared above or below the cuing line was not significant and did
not enter into any significant interactions (Fs � 1), so the data are
averaged over that factor. A 2 (cued vs. uncued) � 2 (row
position) � 4 (target position) repeated measures ANOVA re-
vealed main effects of target position, F(3, 69) � 24.96, MSE �
4,458, �2 � .759, and cuing, F(1, 23) � 17.85, MSE � 2,845,
�2 � .437. As in our earlier experiments, the target position main
effect was due to faster RTs on targets presented at Target Posi-
tions 2 (675 � 72 ms) and 3 (698 � 74 ms), than on targets
presented at Target Positions 1 (739 � 74 ms) and 4 (747 � 74
ms). The 23 � 11 ms cuing effect suggests that the static color/
shape discontinuity captured attention. The only interaction that
approached significance was Row Position � Cuing, F(1, 23) �
3.89, p � .061, MSE � 3,729, �2 � .145. This was due to a larger
and significant 35 � 17 ms cuing effect at Row Position 2, t(23) �
4.19, SE � 8.47, in comparison with a smaller and nonsignificant
11 � 17 ms cuing effect at Row Position 1, t(23) � 1.39, p � .200,
SE � 8.127. Although cuing was slightly modulated by row
position, this interaction does not diminish the importance of the
overall cuing effect. No other interactions approached significance
(Fs � 1).

Error rates. The mean cued and mean uncued error rates
appear in Table 1. A 2 (cued vs. uncued) � 2 (row position) � 4
(target position) repeated measures ANOVA yielded a Target
Position � Cuing interaction that approached significance, F(3,
69) � 2.13, p � .104, MSE � .0021, �2 � .085. The nature of this
interaction was the same as that observed for the RTs. All other
main effects and interactions were not significant: Target Posi-
tion � Row Position, F(3, 69) � 1.76, p � .164, MSE � .0012,
�2 � .071; Row Position � Cuing, F(1, 23) � 1.21, p � .282,
MSE � .0019, �2 � .050; all other Fs � 1.0. Most important, there
was no hint of a speed/accuracy tradeoff undermining the exis-
tence of an attentional capture effect.

Discussion

The static discontinuity captured attention when observers were
forced to use the target’s abrupt onset to detect its appearance. To
our knowledge, this represents the first demonstration of a static-
dynamic, cross-dimensional attentional capture effect that was not
contingent on attentional control settings for static features asso-
ciated with the target’s location. This static-dynamic, cross-
dimensional capture effect conceptually replicates Lamy and
Egeth’s (2003) reversed dynamic-static, cross-dimensional capture
effect, which was obtained with an abrupt-onset cue and a color
singleton target. Our results extend theirs by showing a cross-
dimensional capture effect that does not depend on the cue being
a “special” abrupt-onset singleton. Thus, the results of Experiment
2 in conjunction with those of Lamy and Egeth (2003) suggest that
a salient cue from one perceptual dimension can capture attention
when observers presumably have an attentional set for a target in
a different dimension. It is important to note that these cross-
dimensional attentional capture effects pose a challenge to Folk et
al.’s (1992) CIOH.

However, as is the case with any experiment in which the target
appears at the cued location, participants may have noticed that the
discontinuity’s and the target’s positions coincided on some trials.
Although this occurred by chance, participants may have errone-
ously believed the target occurred at the discontinuity’s location
more often than chance, because the co-occurrence of two salient
events might be more likely to be noticed and remembered than the
non-co-occurrence of salient events (Cheng, 1997; Novick &
Cheng, 2004). If so, then our participants may have used the
discontinuity to guide attention on the basis of their erroneous
belief that the discontinuity was useful for locating the target. We
address this in Experiment 3.

Experiment 3

In Experiment 3, we followed Folk et al. (1992) and Lamy and
Egeth (2003) and structured our experiment so that on the half of
the trials in which a discontinuity appeared in the cuing display,
the target never appeared near the discontinuity’s location (i.e., the
cued condition from the earlier experiment never occurred). On the
other half of the trials, we presented a cuing row that contained no
discontinuity but rather was a row of all red Xs or all green Os
(cue-absent condition). If the static discontinuity captures attention
involuntarily, then it should do so even though shifting attention to
it would adversely affect performance. Because participants should
be no more likely to shift attention to one location than to other
locations on cue-absent trials, RTs should be slower in the uncued
condition than in the cue-absent condition, because the color/shape
discontinuity should have always drawn attention to an incorrect
location. Observing such an effect would be strong evidence that
we have demonstrated an involuntary, static-dynamic, cross-
dimensional capture of attention that was not due to observers
using the discontinuity strategically to locate the target.

Method

Unless noted, all methods were the same as those used in
Experiment 2.

Participants. A new sample of 40 undergraduates participated.
Design. The design was a 2 (row position) � 4 (target position

at the three uncued positions) � 2 (target above vs. below cuing
line) � 4 (boundary position) � 2 (target) within-subjects, ran-
domized design.

6 The percentage of outliers removed in Experiment 2, and also in Exper-
iment 3, is higher than that in Experiments 1A and 1B and most attentional
capture studies in the literature. This may be due to the increased difficulty of
searching for the target among the eight randomly positioned distractors in
Experiments 2 and 3, which could have led to a large positive skew in our RT
distributions. Thus, we reanalyzed Experiments 1–3 by including RT data
from all correct responses (i.e., there was no trimming whatsoever). To help
reduce the problem of positive skew, we analyzed each participant’s geometric
mean RT in each condition. The magnitude of the cuing effect was now 4.6 �
5.6 ms in Experiment 1A, F(1, 23) � 2.91, MSE � 355, p � .056, one-tailed;
14.9 � 6.7 ms in Experiment 1B, F(1, 23) � 21.22, MSE � 1,516; 29.5 �
15.0 ms in Experiment 2, F(1, 23) � 16.50, MSE � 5,058; and 9.7 � 9.9 ms
in Experiment 3, F(1, 35) � 3.89, MSE � 3,447, p � .052, two-tailed. Because
these analyses yielded results quite similar to those for the trimmed data, we
continue to base our discussion on the trimmed data reported in the main text.
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Stimuli. On half of the trials, the cuing line now contained
only red Xs or only green Os. When the cuing line contained all
red Xs, the preview stimuli and the target were also all red, and
when the cuing line contained all green Os, the preview stimuli and
the target were also all green.

Procedures. The procedures were the same as in Experiment
2, with the sole exception that observers completed 192 cue-
present and 192 cue-absent trials.

Results

RTs. Four participants failed to meet the 90% accuracy crite-
rion, so the analyses are reported on data from the remaining 36
participants. The RT trimming procedures used in the earlier
experiments were used in Experiment 3, resulting in the removal of
a total of 6.5% of all responses (2.9% were errors).

The mean uncued and mean cue-absent RTs are shown in Table
1. The attentional capture effect was computed by subtracting the
cue-absent condition from the uncued condition, which would
yield a positive effect if the color/shape discontinuity involuntarily
captured attention. As was also true in Experiment 2, the effect of
the target being above or below the cuing line was not significant
and did not enter into any significant interactions (Fs � 1), so data
are averaged over that factor.

A 2 (cuing: present vs. absent) � 2 (row position) � 4 (target
position) repeated measures ANOVA revealed a main effect of
target position, F(3, 105) � 50.99, MSE � 2,118, �2 � .593. As
in the earlier experiments, the target position main effect was due
to faster RTs on targets presented at Target Positions 2 (637 � 34
ms) and 3 (645 � 37 ms) than at Target Positions 1 (681 � 37 ms)
and 4 (694 � 40 ms). Most important, the 9.1 � 8.0 ms cuing
effect was significant, F(1, 35) � 5.32, MSE � 2,229, �2 � .132,
which suggests that the static discontinuity captured attention,
even though its location and the target’s location never coincided.
No other effects were significant: Target Position � Cuing inter-
action, F(3, 105) � 1.87, p � .140, MSE � 1,640, �2 � .051 (all
other Fs � 1).

Errors. For the error rates (see Table 1), a 2 (cuing: present vs.
absent) � 2 (row position) � 4 (target position) repeated measures
ANOVA revealed a main effect of target position, F(3, 105) �
3.03, MSE � .0012, �2 � .080, which was similar in nature to that
seen in our earlier experiments. The two other main effects and all
of the interactions were not significant: line position, F(1, 35) �
2.29, p � .139, MSE � .002, �2 � .061 (all other Fs � 1.0).
Hence, once again, there is no speed/accuracy tradeoff problem for
the attentional capture effect.

Discussion

The static color/shape discontinuity captured attention when
people were set to detect an abrupt-onset singleton target, even
when the location of the discontinuity and target never coincided.
Thus, when set to detect and respond to an abrupt-onset singleton
target, a static discontinuity involuntarily captured attention, even
though that discontinuity was totally irrelevant to locating the
target.

Although we prevented our participants from using the discon-
tinuity to guide attention, and this is strong evidence for an
involuntary static-dynamic, cross-dimensional capture of attention,

a word of caution is necessary. Specifically, as stated in the
introduction, when attentional capture is computed by comparing
a cue-present condition to a cue-absent condition, it is possible that
slower RTs in the cue-present condition were due not to a capture
of spatial attention, but rather to a nonspatial filtering cost (Folk &
Remington, 1998; Kahneman et al., 1983; Treisman et al., 1983).
However, we think this unlikely because the static cue disconti-
nuity was not physically present when the target appeared in the
target display. Thus, although the presence of the discontinuity
interfered in Experiment 3, this may not have been due to the
discontinuity capturing attention to its location. Nonetheless, the
important point is that we observed interference from a static
color/shape discontinuity when people were set to detect an
abrupt-onset singleton target.

General Discussion

In four experiments, we obtained what we have called a static-
dynamic, cross-dimensional attentional capture effect when a static
discontinuity served as a cue and the target was an abrupt-onset
singleton. Our results are important because they demonstrate that
cross-dimensional attentional capture is not confined to “special”
abrupt-onset singleton cues (Lamy & Egeth, 2003) but generalizes
to static discontinuity cues. Experiments 2 and 3 demonstrated that
the capture effects in Experiments 1A and 1B were unlikely due to
observers having used (a) the discontinuity to guide attention to the
target’s location because of an erroneous belief that the disconti-
nuity’s location was positively correlated with the target’s location
or (b) the color change between the red–green cuing display and
the white target to detect the appearance of the target display
(Burnham, 2007; Gibson & Kelsey, 1998; Johnson et al., 2001).
These attentional capture effects pose a challenge to Folk et al.’s
(1992) CIOH for reasons to which we now turn.

According to Folk et al.’s (1992) CIOH, attentional capture
should be obtained only when the cue-defining feature is associ-
ated with a target-relevant feature in the attentional set. Within this
framework, only the target-relevant feature abrupt onset should
have been in the attentional set in our experiments (especially
Experiments 2 and 3); hence, by their account, an abrupt-onset
singleton should lead to the capture of spatial attention, but a static
discontinuity cue should not. Thus, our static-dynamic, cross-
dimensional attentional capture effects join Lamy and Egeth’s
(2003) dynamic-static, cross-dimensional attentional capture ef-
fects in undermining the CIOH. Because our results cannot be
explained by the CIOH, we believe they represent noncontingent
and “automatic” (stimulus-driven) attentional capture.

However, there is one issue that potentially precludes our con-
cluding that our capture effects were totally stimulus-driven. This
is related to Bacon and Egeth’s (1994; see also Pashler, 1988)
distinction between a singleton search mode and a feature search
mode. Bacon and Egeth (1994) proposed that when a target is
located inside a perceptual singleton (e.g., a green square among
green circles), observers can tune the attentional set to detect a
singleton rather than target-specific features (square). In contrast,
when the target does not appear in a singleton (e.g., the target is
located in a green square among a green triangle, a green diamond,
and green circles), observers must tune the attentional set to detect
the target-specific features. Indeed, Bacon and Egeth (1994) found
that an irrelevant singleton distractor captured attention when
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observers could use a singleton search but not when observers had
to use a feature search. Their results are consistent with Folk et
al.’s (1992) results, in that a salient singleton did not capture
attention when it was irrelevant to the attentional set. Because our
participants may have adopted a singleton search mode to locate
the abrupt-onset singleton target, our color/shape discontinuity
may have captured attention because it too was a perceptual
singleton, though not in the traditional sense as a single different
object in the display but rather as a single discrepant location along
the cuing row. If our participants adopted a singleton search mode,
our color/shape discontinuity could have captured attention be-
cause singleton (or discrepant location) was in the attentional set.
Thus, it remains to be determined whether such a liberalization of
the definition of singleton to include discrepant location is valid
and whether the discontinuity would capture attention when a
singleton search for the target cannot be used. But even if our
static-dynamic, cross-dimensional attentional capture effect was
due to a singleton search, this does not diminish its importance.
Although studies have obtained intradimensional attentional cap-
ture when both the cue and the target were singletons from the
dynamic perceptual dimension (e.g., Ansorge & Heumann, 2003;
Folk et al., 1992, 1994) or static dimension (e.g., Folk & Reming-
ton, 1998, 1999), our results are the first to show cross-
dimensional attentional capture with a static cue and a dynamic
singleton target in the spatial precuing paradigm, though Lamy and
Egeth (2003) have demonstrated cross-dimensional capture from a
dynamic cue when the target’s location is indicated by a static
discontinuity. However, the argument could be made that Lamy
and Egeth’s (2003) result is better evidence than ours for a cross-
dimensional capture effect because their capture effect was ob-
tained when a singleton search mode could not have been used.
However, the argument could also be made that our result is better
evidence than theirs because their target display’s appearance was
signaled by the simultaneous abrupt onset of all of the distractors
and the target such that a dynamic onset could have been included
as a displaywide feature in the attentional set (Gibson & Kelsey,
1998; Burnham, 2007). As we discussed in the introduction to our
Experiment 2, our attentional capture effect could not have been
due to a displaywide contingent capture.

So why did our static color/shape discontinuity capture attention
when observers were set to locate an abrupt-onset singleton target,
whereas other researchers have failed to observe such an effect
(e.g., Folk et al., 1992; 1994)? This question is especially impor-
tant because Folk et al. (1992) designed their experiments such that
a singleton search could be used for an abrupt-onset singleton
target, but a static color-singleton cue did not capture attention.
Thus, although singleton search could have been used in both their
studies and ours, only we obtained attentional capture. There are
two possible explanations for this: First, the spatial “closeness” of
the elements in the cuing row may have made the color/shape
discontinuity more salient than a red singleton item among all
white items in a display in which adjacent elements are separated
by 2.0° or more. Second, in order to differentiate perceptual groups
in the visual environment—akin to the Gestalt rule of grouping by
similarity (Koffka, 1935)—the visual system may assign atten-
tional priority to boundary locations between different perceptual
groups. In this case, because the cuing row was composed of two
subgroups of homogeneous elements (red Xs and green Os), the
visual system may have shifted attention toward the discontinuity

to process that location as the boundary between those two sub-
groups. To use an example: In order to recognize a red flower
painted on a green wall, the visual system must be highly sensitive
to the perceptual boundary formed by the color difference. Hence,
if the visual system is sensitive to such boundaries between per-
ceptual groups (or objects) that are in close spatial proximity,
priority will be assigned to the processing of those boundaries, and
attention will involuntarily shift to those locations. Unfortunately,
our present results do not allow us to reach a conclusion in favor
of either one of these two (or possibly more) reasons for why we
obtained a cross-dimensional capture effect when others have not.

One final point that we will mention is the relatively small
magnitude of our attentional capture effects in comparison with
those obtained by other researchers. One possibility is that we used
a 200-ms SOA, whereas others have used a shorter 150-ms SOA.
Indeed, Posner and Cohen (1984) found that facilitation to cued
targets changes to “inhibition-like” effects when the cue-onset to
target-onset SOA is 300 ms or greater. Thus, our 200-ms SOA may
have been just long enough to pick up on some of the facilitation
caused by the static discontinuity capturing attention to its location.
Perhaps our effects would have been larger had we used a 150-ms
SOA or even a 100-ms SOA. Future research is needed to resolve this.

Our results suggest that during the brief presentation of a visual
display, attentional priority is given to boundaries between per-
ceptual groups, and attention involuntarily shifts to those locations,
even though that attention-capturing feature was not in the atten-
tional set. Specifically, when observers were set to detect an
abrupt-onset singleton target, a color/shape discontinuity at the
perceptual boundary between a group of red Xs and a group of
green Os captured attention. This static-dynamic, cross-
dimensional attentional capture effect conceptually replicates the
dynamic-static, cross-dimensional attentional capture observed by
Lamy and Egeth (2003). The results of both studies are important,
because they undermine Folk et al.’s (1992) CIOH, which predicts
intradimensional attentional capture but not cross-dimensional at-
tentional capture. Our results represent an important extension of
Lamy and Egeth’s (2003) results because they show that a cross-
dimensional capture effect can occur when the attention-capturing
event is a static discontinuity rather than a dynamic discontinuity
that has special status in receiving attentional priority.
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