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Top-down search strategies cannot override
attentional capture

JAN THEEUWES
Vrigje Universiteit, Amsterdam, The Netherlands

Bacon and Egeth (1994) have claimed that color singletons do not interfere with search for a shape
singleton when, instead of using a singleton detection mode, participants are forced to use a feature
search mode. Bacon and Egeth induced a feature search mode by adding different shape singletons to
the display so that observers could not simply respond to uniqueness to find the target. We did exactly
the same but used larger display sizes to ensure that the target and distractor singletons remained
salient. The results show that under these conditions, an irrelevant color singleton interferes with
search for a shape singleton. It is argued that the notion of differential search modes may be incorrect
and that the results can be explained in terms of bottom-up salience signals.

When one reads a book in the library, a particular event
(e.g., someone walking in) may grab one’s attention. Does
this event grab attention because one is set for this event
(i.e., keeping track of people walking in), or does this
event grab attention automatically, even though one’s top-
down goal is to keep reading? This example illustrates one
of the most debated issues in the study of visual attention:
Can visual stimuli capture attention automatically, inde-
pendently of the observer’s goals, beliefs, or intentions (for
recent reviews, see, e.g., Egeth & Yantis, 1997; Ruz &
Lupiafiez, 2002; Theeuwes & Godijn, 2001; Yantis,
2000)? Goal-directed, or top-down, control of selection
refers to the ability to select those areas, objects, feature at-
tributes, and events needed for our current tasks. Stimulus-
driven, or bottom-up, selection refers to the capacity of
certain stimulus attributes to attract our attention, irre-
spective of our goals and beliefs.

To study the characteristics of attentional capture, fea-
ture singletons typically are used—stimuli that are highly
salient and pop out from the display (such as a red element
surrounded by green elements). When one is instructed to
look for such a feature singleton, search time is indepen-
dent of the number of elements in the display, which is
generally considered to reflect preattentive processing
(see, e.g., Treisman & Gelade, 1980). The question is
whether these singletons capture attention even when one
is not looking for them.

At one end of the continuum, there are accounts that as-
sume that there is never bottom-up attentional capture. Ac-
cording to the contingent capture account, as proposed by
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Folk and colleagues (e.g., Folk, Remington, & Johnston,
1992), attentional capture by singletons is completely
under top-down control. The ability of a stimulus to cap-
ture attention is contingent on whether an attentional-
capturing stimulus is consistent with top-down settings,
which are established off line on the basis of current
attentional goals. According to the contingent capture
model, only stimuli that match the top-down control set-
tings will capture attention; stimuli that do not match
the top-down settings will be ignored. Folk et al. used a
spatial-cuing paradigm in which participants had to ig-
nore a “cue” that appeared 150 msec prior to the presen-
tation of the target display (see, e.g., Folk et al., 1992).
Only when the search display was preceded by a to-be-
ignored featural singleton (the “cue”) that matched the
singleton for which the observers were searching did the
cue capture attention. Thus, when a red target singleton
was searched for, an irrelevant red cue that preceded the
search display captured attention, whereas an irrelevant
onset had no effect on performance.

At the other end of the continuum, there is the notion
that attentional capture is basically bottom-up and not sub-
ject to top-down control (e.g., Theeuwes 1991a, 1992,
1994b). According to this view, processing in early vision
is driven exclusively by bottom-up factors, such as salience,
and only later in processing may top-down factors play a
role (see also Itti & Koch, 2000; Kim & Cave, 1999; Noth-
durft, 1993; Theeuwes, Atchley, & Kramer, 2000). Theeuwes
(1991a, 1992, 1994b) came to his conclusions on the basis
of visual search tasks (known as the additional singleton
task) in which two salient singletons were simultaneously
present. The logic underlying the additional singleton task
is simple. Participants perform a visual search task, and
one item in the display is the target singleton, whereas an-
other singleton is completely unrelated and irrelevant to
the task. This condition is compared with a condition in
which such an irrelevant singleton is not present. For ex-
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ample, Theeuwes (1992) presented participants with cir-
cular displays consisting of colored circles or diamonds.
Line segments of different orientations appeared in the
circles and diamonds, and participants had to determine
the orientation of the line segment appearing in the target
shape. The target shape that the participants searched for
was a singleton, because it was the only diamond present
in the display. In the distractor condition, an irrelevant
color singleton was also present in the display. Time to
find the shape singleton increased when an irrelevant
color singleton was present (i.e., one of the circles was
red). Even though the participants had a clear top-down
set to search for the shape singleton (i.e., the single green
diamond), the presence of an irrelevant singleton (i.e., the
single red circle) caused interference. It was shown that
selectivity depended on the relative salience of the stimu-
lus attributes: When the color singleton was made less
salient (by reducing the color difference between the tar-
get and the nontarget elements), the color singleton no
longer interfered with the search for the shape singleton.
Theeuwes concluded that attention is captured automati-
cally and involuntarily by the most salient singletonin the
display, regardless of any top-down control settings.

To reconcile these differences in viewpoints, Bacon and
Egeth (1994) conducted a crucial and now classical study.
Bacon and Egeth first replicated Theeuwes’s (1992) ex-
periment, described above, in which a color singleton in-
terfered with search for a shape singleton. In the subse-
quent experiment, they added different shapes (i.e., squares
and triangles) to the display so that the shape singleton
was no longer unique. In this condition, the color single-
ton did not interfere anymore. Bacon and Egeth suggested
that under these conditions, observers cannot simply re-
spond to uniquenessto find the target. They argued that if,
when different shapes are added, participants can no
longer rely on a difference signal detection (referred to as
singleton detection mode), they switch strategies and rely
on the so-called feature search mode. In a feature search
mode, observers are able to direct their attention exclu-
sively to the relevant feature, and irrelevant singletons no
longer interfere. Note that within a block of trials, Bacon
and Egeth also had displays in which only one shape sin-
gleton was present (as in Theeuwes, 1992), and even in
these displays, there was no interference. These results
suggest that once the feature search mode was set, it was
used throughouta whole block of trials. Bacon and Egeth
concluded that “goal directed selection of a specific
known featural singleton identity may override stimulus-
driven capture by salient singletons” (p. 493). These re-
sults suggest that when observers “choose” a feature
search mode, attentional capture by irrelevant singletons
can be eliminated. The notion that choosing a search strat-
egy allows attentional control suggests that attentional
capture is under top-down control.

The experiments by Bacon and Egeth (1994) and the
interpretation in terms of top-down search strategies (sin-
gleton detection vs. feature search mode) are now consid-
ered the generally accepted way by which to explain dif-

ferences in viewpoints on attentional capture. All recent
literature reviews (see Egeth & Yantis, 1997; Ruz &
Lupianez, 2002; Yantis, 1996, 2000) have embraced the
concept of search strategies. Despite its impact on the
field, it should be realized that there may be alternative
and more parsimonious explanations for the absence of at-
tentional capture when shapes are added to the display. By
adding different shapes (i.e., squares and triangles), the
stimulus field became less homogenous (i.e., more noisy),
and this may have rendered the irrelevant color singleton
less salient. Indeed, theories such as those of Duncan and
Humphreys (1989) recognize that search performance de-
pends to a large extent on how similar distractors are to
each other and how dissimilar they are from the target (see
also Nothdurft, 1993). Therefore, in Bacon and Egeth’s
displays, the irrelevant color singleton may not have
captured attention not because of some search strategy
chosen by the observer but because the color singleton
was simply not salient enough to capture attention. As
Theeuwes (1992) demonstrated, color singletons may fail
to capture attention when they become less salient.

By adding different shapes and rendering the display
less homogenous, not only may the distractor singleton
become less salient, but also the target singleton may be-
come less salient. The consequence is that it may become
impossible to detect the target singleton by parallel preat-
tentive search. Observers must engage in serial search to
find the target singleton, and as has been pointed out, it is
known that the distraction effect of a singleton is strongly
attenuated during partly serial search (see Gibson & Pe-
terson, 2001; Theeuwes, 1991a, 1992; Theeuwes & Burger,
1998). Indeed, even though, in Bacon and Egeth (1994),
slopes were relatively flat (up to 11.5 msec/item), they al-
ways differed significantly from zero, suggesting that search
may have been partly serial.

Experiment 1 tested the hypothesis that the absence of
attentional capture in Bacon and Egeth (1994) was due to
areductionin target and distractor salience. Experiment 1
was basically the same as Bacon and Egeth’s with several
different shape singletons. One may expect that under
these conditions, observers engage in a feature search
mode. At the same time, we increased the salience of tar-
get and distractor singletons by adding more nontargetel-
ements. Because there were many more display elements,
the shape target singleton and the color distractor single-
ton stood out more strongly against the background (see,
e.g., Green, 1991; Nothdurft, 1993). Observers searched
for a shape singleton (a diamond between circles) while
other unique shape singletons (a square and a triangle)
were also present. Exactly as in Bacon and Egeth, by hav-
ing these unique shapes added, the observers could not
simply respond to uniqueness to find the target. Bacon
and Egeth argued that under these conditions, observers
will switch to a feature search mode that allows them to di-
rect their attention exclusively to the relevant feature. If a
feature search mode exists and observers were to engage
in such a mode, one would expect no interference by the
salient color singleton. If, however, observers do not have



these search modes at their disposal, one would expect
that the color distractor singleton would capture attention,
justas in Theeuwes (1991a, 1992).

EXPERIMENT 1

In Experiment 1, observers searched among either 12 or
20 display elements for a shape singleton (a diamond
among circles) while other unique shape singletons (a
square and a triangle) were also present.

Method

Eight participants from the Vrije Universiteit Amsterdam, rang-
ing in age between 18 and 30 years, participated as volunteers. Dis-
play elements were equally spaced around the fixation point on an
imaginary circle. For display size 20, there were 12 elements on the
outer imaginary circle (5.9° radius) and 8 elements on the inner
imaginary (3.7° radius) circle. For display size 12, all the elements
were presented on the outer circle. The display consisted of outline
circles (1.4° in diameter), one diamond (1.4° on a side), one square
(1.4° on a side), and one upward-pointing triangle (2.3° on a side),
each containing a line segment (0.6°). The line segment in the dia-
mond (which was the target singleton) was vertical or horizontal, its
orientation, determining the appropriate response key (vertical line
segment, press the “/” key; horizontal line segment, press the “z”
key). In all the other display elements, the line segments were tilted
22.5° to either side of the horizontal or vertical plane. These orien-
tations were randomly distributed in the display. In the distractor
condition, one of the green circles was replaced by a red circle. No-
distractor and distractor conditions were presented in separate
blocks. Display size (12 vs. 20) was varied within blocks. Figure 1
gives an example of the displays.

After presenting a fixation cross for 550 msec, the display was
presented, which remained visible for 2,000 msec or until a response
was made. Each participant performed 128 practice and 128 exper-
imental trials. Half of the participants started with the no-distractor
block; the other half began with a distractor block. The participants
were told to respond to the orientation of the line segment inside the
diamond shape.
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Results

All response times (RT's) lasting longer than 1,700 msec
were counted as errors, which led to a loss of less than 1%
of the trials. The individual mean RTs were submitted to
an analysis of variance (ANOVA) with display size (12 vs.
20 elements) and distraction (no distractor vs. distractor)
as within-subjects factors. Only distraction was signifi-
cant [F(1,7) = 37.1, p < .001]. Display size was not reli-
able (F' < 1), nor did display size interact with distraction
(F < 1). As is clear from Figure 2, the presence of a
color distractor slowed search by about 65 msec (885 vs.
950 msec). The mean slopes were —0.55 msec/item for
the no-distractor condition and 0.38 msec/item for the dis-
tractor condition. The absence of a display size effect sug-
gests that search was performed in parallel. Error rates
were not systematically related to any of the variables ma-
nipulated (mean error rate of 9.8%).

Discussion

Experiment 1 showed that the presence of a color sin-
gleton interferes with search for a shape singleton in con-
ditions that are supposed to induce a feature search mode.
By adding different shapes, the display became more ho-
mogenous, making both target and color distractor single-
tons more salient. Because the target singleton became
more salient, the observers were able to find the singleton
by means of parallel preattentive search, as evidenced by
the absence of a display size effect.

EXPERIMENT 2

In Experiment 1, the observers were able to find the
salient target singleton by means of parallel search. In
order to do so, one assumes that the attentional window is
set wide to encompass the whole stimulus display, and
therefore, any salient element within that window, relevant
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Figure 1. Examples of the stimulus displays (with display size 20). Participants search for a shape sin-
gleton. The left panel presents the condition in which there was no distractor. The right panel presents the
condition in which a color distractor singleton was present.
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Figure 2. Experiment 1: mean response times as a function of display size for

no-distractor and distractor conditions.

or irrelevant, will capture attention. If, however, the target
of search is not salient enough, as may have been the case
in Bacon and Egeth (1994), then to find the target, ob-
servers will reduce the size of the attentional window. As
a consequence, potentially distracting singletons outside
the attentional window will not compete for attention any-
more and will not capture attention. The data in Bacon and
Egeth in fact suggest that this may have happened. In the
experiments in which there was no interference from the
distractor singleton, search slopes were small, but all were
significantly different from zero. In their Experiment 1 (a
replication of Theeuwes, 1992), in which there was inter-
ference from the distractor singleton, search slopes did not
differ from zero, suggesting parallel search across the dis-
play. It is feasible that when no interference was found,
search for the target singleton became partially serial
through the display (i.e., small positive search functions),
and this clumpwise serial search may have attenuated the
distracting effect of the irrelevant singleton.

To test the idea that reducing the salience of target and
distractor singletons may induce partly serial search,
thereby attenuating the effect of the color distractor, we
ran an experiment that was the same as Experiment 1 (i.e.,
with three different shape singletons), except that we used
display sizes of five and nine. These display sizes were the
same as those used by Bacon and Egeth (1994).

Method

Eight participants from the University of Illinois at Urbana-
Champaign, ranging in age between 18 and 26 years, participated as
volunteers. The experiment was exactly the same as Experiment 1,
except that we used display sizes of five and nine. Display elements
were equally spaced around the fixation point on an imaginary cir-
cle with a 5.9°radius.

Results

All RTs lasting longer than 1,800 msec were counted as
errors, which led to a loss of less than 1% of the trials. An
ANOVA with display size (five vs. nine elements) and dis-

traction (no distractor vs. distractor) as factors showed
only an effect of display size [F(1,7) = 8.2, p < .05]. Dis-
traction was not reliable (¥ < 1), nor did distraction in-
teract with display size (F < 1). As is clear from Figure 3,
in Experiment 2, there was no distraction effect, whereas
there was a reliable effect of display size. The mean
slopes were 13.1 msec/item for the no-distractor condition and
11.1 msec/item for the distractor condition. Even though
the display effect was relatively small, it was reliable, sug-
gesting that search was performed serially or at least partly
serially. Error rates were not systematically related to any
of the variables manipulated (mean error rate of 7.4%).

Discussion

Experiment 2 showed that reducing the number of ele-
ments in a display makes both target and distractor sin-
gletons less salient. As a consequence, the target singleton
cannot be found by parallel search anymore, and ob-
servers have to reduce the size of the attentional window
to find the target. A more narrow focus of attentionresults
in a search that is partly serial, as evidenced by our search
slopes of 11-13 msec/item. The consequence of reduced
attentional window is that a color singleton outside the at-
tentional window may not capture attention anymore.

GENERAL DISCUSSION

The key point of these findings is that attentional cap-
ture cannot be eliminated without producing a search
slope. In Experiment 1, we had parallel search (a slope of
0 msec/item) and a large interference effect of the color
singleton. In Experiment 2, we had serial search (a slope
of about 12 msec/item) and no interference from the color
singleton. Our small positive search slopes are virtually
identical to those reported by Bacon and Egeth (1994, Ex-
periments 2 and 3), and it is likely that the absence of at-
tentional capture in their experiments was also due to the
fact that observers searched serially through the display.
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Figure 3. Experiment 2: mean response times as a function of display size for

no-distractor and distractor conditions.

The present findings do not need to be explained in
terms of search modes, such as feature and singleton
search. We created conditions that, according to Bacon
and Egeth (1994), should have induced a feature search
allowing full top-down control. Even though it may ap-
pear that top-down control was possible in Experiment 2,
in Experiment 1 there was a large interference effect of the
color singleton. To rescue the search mode account one
may argue that observers “decided” to engage in the feature
search mode in Experiment 2, and for whatever reason,
not to engage in this mode in Experiment 1. The reason-
ing may be that whenever there was interference, ob-
servers must have engaged in a singleton detection mode
and whenever there was no interference, observers must
have been in a feature search mode. This type of reason-
ing is also used to explain why there were interference ef-
fects in Theeuwes (1992) even though, in those experi-
ments, observers had ample opportunity to engage in the
feature search mode, because they searched for more than
1,800 trials for the very same target singleton (a green cir-
cle). It is clear that this reasoning is circular and does not
add anything above and beyond the data: If there is inter-
ference, it is assumed that a singleton detection mode is
used; if there is no interference, it is assumed a feature
search mode is used.

A more parsimonious explanation is to assume that
these search modes do not exist and that, in Bacon and
Egeth (1994), no interference was found because, in their
displays, the target and distractor singletons were not
salientenough. It is not the assumed search modes that are
under top-down control but the size of the attentional win-
dow. Indeed, focusing attention on a location in space pre-
vents attentional capture by onset singletons presented at
otherlocations (Theeuwes, 1991b; Yantis & Jonides, 1990).

Without claiming the existence of two search modes,
one can simply argue that when search becomes serial (as
in Jonides & Yantis, 1988, and Theeuwes, 1990) or partly

serial (as in our Experiment 2 and in Bacon & Egeth, 1994,
Experiments 2 and 3), distracting effects are attenuated or
may even be absent. Recently, Gibson and Peterson (2001)
argued along similar lines and claimed that “the expecta-
tion that a particular visual environment will require only
highly focused, ‘serial’, forms of search in order to find
the desired objects may come to preclude the processing
of more global aspects of the environment that require at-
tention to be divided, such as the relative visual salience
associated with objects in the scene” (p. 55). Also,
Nakayama and Joseph (1998) argued that the comparison
of visual salience requires that attention be divided across
the visual display so that all elements can be compared si-
multaneously.

So what should be concluded regarding the search
modes? If one assumes that a singleton detection mode rep-
resents a condition in which the target singleton is salient
enough to allow parallel search and a feature search mode
represents a conditionin which search is (partly) serial, there
isnothing wrong with these concepts. Indeed, the attentional
window may be under top-down control (Theeuwes,
1991a), and setting a smaller attentional window can at-
tenuate distraction. However, the present study provides ad-
ditional evidence that there is no top-down control within
an attended window (but see Folk et al., 1992). As was ar-
gued before, when searching in parallel for a feature single-
ton, irrelevant salient singletonscapture attentionin a purely
bottom-up exogenousway (Theeuwes, 1991a, 1992, 1994a;
Theeuwes & Godijn, 2002).
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