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A frequently debated issue in attention research is 
which underlying cognitive mechanisms are fundamental 
for the ability of objects to capture attention. Can atten-
tional capture be driven by bottom-up, stimulus-related 
factors, or is capture always contingent on what the ob-
server is looking for (i.e., his or her top-down attentional 
set)? The latter stance has been advocated by Folk, Rem-
ington, and colleagues on the basis of spatial cuing studies 
in which observers looked, for example, for a red target 
among white distractors (Folk & Remington, 1998; Folk, 
Remington, & Johnston, 1992). Prior to the target display, 
a cue appeared that unpredictably indicated the target po-
sition (valid cue) or one of the distractor positions (invalid 
cue). Even though the cues were uninformative, valid cues 
resulted in faster response times (RTs), but only when the 
cue matched the target-defining property—that is, when it 
was also red. When the cue was defined instead by a single 
abrupt onset, there was no cuing effect. This suggests that 
the cue captures attention in a spatial manner, but only 
when it carries a feature relevant to the goals of the ob-
server. In other words, attentional capture is contingent on 
the top-down attentional set (but for a different account 
of contingent capture results, see Belopolsky, Schreij, & 
Theeuwes, 2010).

Recently, Schreij, Owens, and Theeuwes (2008) re-
ported evidence that appears to be inconsistent with the 
contingent capture hypothesis. In a task very similar to 
the spatial cuing paradigm of Folk et al. (1992), Schreij 
et al. found that, even when observers had an attentional 
set for color, the presence of an irrelevant abrupt onset 

nevertheless slowed participants in finding the target. As 
in the Folk et al. (1992) paradigm, participants searched 
for a red target, and an attentional set for redness was 
indeed demonstrated by a strong validity effect of the 
matching red precue. At the same time, the presence of an 
abrupt onset in the target display interfered with respond-
ing, whether the red cue was valid or invalid. Consistent 
with earlier claims suggesting that onsets capture atten-
tion in a stimulus- driven manner (Belopolsky, Theeuwes, 
& Kramer, 2005; Christ & Abrams, 2008; Enns, Austen, 
Di Lollo, Rauschenberger, & Yantis, 2001; Gellatly, 1999; 
Remington, Johnston, & Yantis, 1986; Theeuwes, 1990, 
1994; Yantis & Jonides, 1984), Schreij et al. concluded 
that even when observers adopt a clear top-down set for 
color, they cannot prevent attentional capture by the onset. 
According to the contingent capture hypothesis, the pres-
ence of the onset should have had no effect on responding, 
because it was completely irrelevant to the task.

However, Folk, Remington, and Wu (2009) have ques-
tioned whether the interference caused by the abrupt onset 
distractor was due to a bottom-up shift of attention to the 
location of the onset. In line with the earlier claims of 
Folk and Remington (1998), they argued that the inter-
ference was due to nonspatial filtering costs, a notion, 
first introduced by Kahneman, Treisman, and Burkell 
(1983), according to which irrelevant new objects that 
appear simultaneously with the target compete for atten-
tion and need to be filtered out. This filtering operation 
slows RTs to the target; in other words, an irrelevant ob-
ject can cause a delay in the deployment of attention to a 
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when it looks task relevant), the additivity of color-based 
cuing and onset interference is not that strange from an 
attentional capture perspective. The abrupt onset may 
briefly capture attention away from the red cue; however, 
because the onset is not relevant but the red cue is, atten-
tion rapidly returns to the latter. An alternative solution is 
that attention first lingers for quite some time at the cued 
location, even after the cue has disappeared and the tar-
get display is already present. Thus, attention can already 
gather some evidence about whatever object (possibly a 
target) is present at that location. This process is then dis-
rupted, but not reset, because attention is captured away 
by the abrupt onset. When attention in turn disengages 
from the abrupt onset, the color cues may indeed already 
be forgotten, as Folk et al. (2009) suggested, and attention 
moves directly back to the target. However, in the case of 
a valid cue, a large part of the evidence on which response 
should be made might have already been accumulated by 
then, resulting in a speeded response (i.e., a cuing effect 
that is additive with an onset effect).

This article investigates the claim that two objects that 
subsequently capture attention should always show an 
underadditive relationship. If Folk et al. (2009) are cor-
rect that capture by a subsequent object always nullifies 
any previous capture effects, such underadditivity should 
also be found when both consecutive capturing objects are 
contingent on the observer’s attentional set. However, if 
additivity is found in this case as well, the criterion of un-
deradditivity cannot be regarded as a suitable diagnostic 
for or against the occurrence of attentional capture.

Using further adaptations of the Folk et al. (1992) para-
digm, Experiment 1 demonstrates that interference by a 
distractor is also additive with the cuing effect when the 
distractor carries the task-relevant feature and thus, ac-
cording to the theory of contingent attention capture, is as-
sumed to capture attention. Experiment 2 shows that a dis-

relevant object without itself invoking a shift of attention. 
Specifically, in the Schreij et al. (2008) study, the onset 
would be competing with the target, thus causing filter-
ing costs. The filtering explanation is compatible with the 
contingent capture hypothesis because attention goes only 
to the item that matches the attentional set for color; this 
explanation assumes that attention does not go to the loca-
tion of the abrupt onset, which causes only a nonspecific 
filtering cost. Because capture and filtering operations 
are presumed to take place during independent stages 
of processing, additive effects of color-based cuing and 
onset interference would be expected (Sternberg, 1969). 
As pointed out by Folk et al. (2009), this was exactly 
what was found by Schreij et al.: The interference caused 
by the onset presence was equally strong for trials with 
valid color cues and for trials with invalid ones. There-
fore, if one accepts that the color cue captures spatial at-
tention, the onset cannot also do so. According to Folk 
et al. (2009), if the onset presence and color-based cuing 
both operated on the same process of spatial capture, one 
would expect these two factors to show an underadditive 
relationship instead. After all, if one assumes that capture 
by the onset made the cue obsolete, attention should move 
directly from onset to target, regardless of cue validity. 
Thus, according to Folk et al. (2009), the elimination of 
attentional capture is instantaneous, in that the subsequent 
appearance of another salient object “should effectively 
eliminate the [earlier] effects” (p. 309).

However, we assume that the local activation of an ob-
ject does not have to be instantaneous. Activity takes some 
time to build up, and may take even more time to dissipate. 
Especially when a distractor object looks like a target ob-
ject, resource allocation may be more sustained, making 
it difficult to disengage from this object (see Theeuwes, 
Atchley, & Kramer, 2000). If one accepts that an object’s 
capturing power can be sustained for a while (especially 

Figure 1. An illustration of the sequence of events for a trial of Experiment 1. First, a fixation display is shown for 500 msec, after 
which the central fixation cross is turned off for 50 msec. After this, the fixation display is shown again for a period of 1,000 msec. 
Then a cue display appears for 50 msec, and, after an interstimulus interval of 150 msec in which the fixation display is shown again, 
the target display is presented for 2,000 msec or until the participant responds. When there was a distractor cue, it was presented for 
50 msec between the cue and target display and was preceded and succeeded by a 50-msec fixation display. This is an example of a valid 
trial, since the location of the red balls in the cue display and the location of the red letter in the target display are the same. In reality 
the background was black, black lines where white, and the gray elements were red.
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lus presentation and response recording were done in E-Prime 1.2 
(Psychology Software Tools, 2003). The experiment was executed 
in a dimly lit, soundproofed room, in which participants were seated 
approximately 75 cm from the screen. All displays had a uniform 
black background. The fixation display consisted of a bright white 
[CIE(0.286, 0.311), 59,50 cd/m2] fixation cross at the center of the 
screen, surrounded by four light gray [CIE(0.285, 0.306), luminance 
28.28 cd/m2] placeholder boxes measuring a width of 3.4º visual 
angle. The four boxes were positioned above, below, to the left, and 
to the right of the fixation cross, along a virtual circle with a radius 
of 6.6º visual angle, with the fixation cross at the center. The cue dis-
play consisted of the same elements as the fixation display, with the 
addition of four dots, with a diameter of 0.5º visual angle, positioned 
along the outside of the center of each rib of all the placeholder 
boxes. One set of these dots surrounding one of the placeholder 
boxes were in red [CIE(0.621, 0.345), 10.43 cd/m2] and indicated 
the cued location. All the dots surrounding the other boxes were 
bright white [CIE(0.286, 0.311), 59.50 cd/m2]. Until the presenta-
tion of the target screen, each of the boxes contained a bright white 
figure consisting of overlapping “X,” “|,” and “ ” symbols. When 
the target display was presented, the irrelevant line segments were 
removed, revealing an “X” (21-pt Myriad Roman) or an “ ” (22-pt 
Myriad Roman bold) inside each box. At the same moment, the color 
of the target character turned from white to red. There were always 
two “X”s and two “ ”s present. To serve as a distractor cue, one of 
the placeholder boxes briefly flashed from white to red [CIE(0.621, 
0.345), 10.43 cd/m2].

Design and Procedure. There were two important factors. The 
first was the validity of the first color cue, which could be valid or 
invalid. The second was the presence of a red distractor (absent or 
present). This resulted in a 2  2 factorial design. The red distrac-
tor was always invalid and would never appear on a cued location, 
whereas the first color cue was valid in only 25% of the trials and 
invalid in the rest. The first cue validity was varied within blocks, 
and the presence of the second cue was varied between blocks. There 
were nine blocks of 80 trials, of which the first block was a practice 
block.

Participants were tested in a 30-min session and were given oral 
instructions to familiarize them with the task before the experiment 
started. They were told to keep an index finger on each of the two 
response buttons and to not move their eyes away from fixation dur-
ing a trial, because this would impair their performance. The target 
character, equally often an “X” or an “ ,” randomly mixed within 
blocks, appeared in one of the present boxes on the display. At the 
end of each block, participants were advised to take a rest and were 
told to wait for at least 30 sec before they could continue.

Trials began with the presentation of the fixation display for 
1,000 msec, after which the fixation cross blinked off and on for 
100 msec, to notify the participant of the start of a trial. The fixa-
tion display then remained on the screen for another 100 msec, after 
which a cue display was presented for 50 msec. If a distractor cue 
was present, it appeared 50 msec after the first cue disappeared, with 
a duration of 50 msec. Afterward, the fixation display was again pre-
sented for 50 msec before the target display appeared. If the second 
cue was absent, the first cue would simply be followed by a fixation 
display for 150 msec, after which the search display was presented 
until the participant responded (for a maximum of 2,000 msec). The 
participant was instructed to look for the red item and press the “X” 
key when it was an X, or press the “M” key when it was an . Dis-
tinctive sounds were played for correct or incorrect responses. If the 
response was incorrect, the experiment paused for 5 sec to let the 
participants regain their focus. There was an intertrial interval of 
500 msec. (See Figure 1 for an illustration of the event sequence in 
an Experiment 1 trial.)

Results and Discussion
Incorrect responses were removed from the data set, 

resulting in a loss of 3.3% of the trials; responses with RTs 

tractor is actually able to completely eliminate the effects 
of a precue, resulting in an underadditive relation, when 
it both has a strong bottom-up signal and is contingent 
on the participant’s attentional set. As these experiments 
show, the occurrence of additivity is not a reliable diag-
nostic for or against attentional capture, but depends on 
the relative strength of the distractor. Experiment 3 shows 
that the additional abrupt onset yielded considerable RT 
benefits, rather than costs, when its location incidentally 
coincided with the target. This too indicates that the new 
abrupt onset element actually attracted attention to its lo-
cation, rather than resulting in general filtering costs.

EXPERIMENT 1

This experiment investigated whether a pattern of ad-
ditivity can serve as a useful diagnostic against attentional 
capture. We took the Schreij et al. (2008) version of the 
Folk et al. (1992) paradigm, but we left out the onset dis-
tractor and instead briefly made one of the other distractor 
boxes red. This red distractor was always invalid. Thus, the 
displays contained a red cue (valid or invalid), then, poten-
tially, a red distractor (invalid), and finally, the target dis-
play. The contingent capture theory states that the new red 
distractor should capture attention away from the initially 
cued location; after all, red is what the observers are look-
ing for, and capture by red is what explains the original 
cuing effect. If such capture by a new distractor did indeed 
erase or reduce all prior cuing effects, the red distractor 
should attenuate here the benefits of a valid color cue, 
resulting in underadditivity. If, on the other hand, there is 
still residual activation of the first cue strong enough to 
affect the reorienting toward or the identification of the 
target, we may again observe additivity between cue valid-
ity and the presence of the red distractor.

To further support the claim that both cues captured 
attention, we investigated whether cued distractor iden-
tities interfered with responses to the target, following 
the identity intrusion method introduced by Theeuwes 
(1996; see also Theeuwes & Burger, 1998). If attention 
is shifted to the location of the cue, the assumption is that 
the identity of the object at that position will be preferen-
tially processed (e.g., Kramer & Jacobson, 1991). If the 
distractor identity is compatible with the target identity, 
performance may benefit, relative to when distractor and 
target are incompatible. This compatibility effect would 
further strengthen the claim that the distractor captured 
spatial attention (see Folk, Leber, & Egeth, 2002, for a 
similar argument).

Method
Participants. Ten students from the Vrije Universiteit Amster-

dam, age range 18–27 (average 21), participated in this experiment 
in return for money or course credits. All reported no color blindness 
and normal or corrected-to-normal vision.

Apparatus and Stimuli. The experiment was run on an HP Com-
paq with a 2.6-GHz Pentium 4 processor and 512 MB of RAM. The 
stimuli were presented on a 19-in. Iiyama Vision Master Pro 454 
CRT screen with loudspeakers, with a refresh rate of 120 Hz and a 
resolution of 1,024  768 pixels. The “X” and “M” keys on a normal 
keyboard were used to register the participants’ responses. Stimu-
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character at the red distractor location [t(9)  2.87, p  
.05 (by 14 msec)]. Thus, the identity of the character at the 
distractor cue interfered with the response to the target.

An analysis of the errors with similar factors yielded 
no surprises. Error rates were equal among all conditions 
and levels.

The contingent capture account leaves us no other op-
tion than to assume that the red distractor captured atten-
tion, since (1) its color matched the participant’s attention 
set for the task, and (2) it resulted in increased RTs. If one 
denied that the red distractor captures attention, one would 
run the risk of also having to deny that the red cue captures 
attention, which obviously goes against the claims of con-
tingent capture. Even so, we find almost perfect additivity 
between the red cue and the red distractor. An invalid cue 
added about 20 msec to RTs, as did the presence of a red 
distractor, regardless of cue validity.

The costs inflicted by the red distractor in this ex-
periment were generally of greater magnitude than were 
the costs inflicted by an onset distractor in Schreij et al. 
(2008). Most likely, this is because the red distractor con-
tained a task-relevant feature, which may have resulted in 
more trouble in disengaging attention from the distractor. 
The observation was made that the cue-induced compat-
ibility effects also corroborate the claim that the distractor 
successfully captured attention away from the first cue, 
since there is only a compatibility effect of the first cue 
when the distractor cue is absent and, when present, the 
distractor cue yields its own compatibility effect. Yet, de-
spite these somewhat stronger distractor effects, the rela-
tionship with the cuing effect remained additive.

It is also unlikely that the costs generated by the distrac-
tor cue are due to filtering, since, according to the filter 
account, filtering costs generally only accompany the ap-
pearance of a new perceptual object, and the distractor cue 
was actually formed by a feature change to an old, already 
present object. In addition, this change occurred 100 msec 
before the target appearance, whereas filtering costs are 
claimed to be usually manifested only with an appearance 
simultaneous with the target (Folk & Remington, 1998; 
Kahneman et al., 1983).

To conclude, it appears that the onset effects, as found 
in Schreij et al. (2008), are very similar to contingent cap-
ture effects, in terms of their additivity with earlier capture 
effects. It seems that contingent capture is partly a sus-
tained phenomenon whose lingering effects are not easily 
terminated by subsequent events. It is possible that such 
sustained effects are due to the seemingly task-relevant 
nature of the capturing event, which may trigger slower 
but longer lasting top-down feedback mechanisms. If un-
deradditivity is a strict prerequisite for attentional capture 
by the onset distractor in previous experiments, contin-
gent capture by the red distractor in the present experi-
ment should not have been additive to the effect of the 
color cue; in other words, if we accept that the distractor 
captured attention in the pres ent experiment, additivity 
per se is not a diagnostic for or against attentional capture. 
Thus, the argument that additivity between cue validity 
and onset presence is better explained by filtering costs, 
and thus excludes attentional capture, is doubtful.

below and above 2.5 SD (another 2%) were also removed. 
The remaining data, shown in Figure 2, were first submit-
ted to an ANOVA with red distractor (absent, present) and 
cue validity (valid, invalid) as factors.

There was a significant main effect of cue validity 
[F(1,9)  19.77, p  .001]. Participants were slower after 
an invalid cue than after a valid one. The presence of the 
red distractor slowed the responses by 18 msec [red dis-
tractor, F(1,9)  13.76, p  .001]. There was no interac-
tion between distractor cue and cue validity [F(1,9)  0.5, 
p  .5], indicating additive effects of distractor presence 
and cue validity. The same analysis of the error pattern re-
vealed no significant effects [F(1,9)  0.882, p  .372].

Another analysis investigated possible compatibility 
effects between the target character and the characters lo-
cated at the color cue and the red distractor. When there 
was no red distractor present and the cue was invalid, the 
character at the cued location showed a reliable compat-
ibility effect with the target [t(9)  2.61, p  .05]. An 
incompatible character made participants respond more 
slowly than did a compatible character (by 14 msec). 
When a distractor cue was present, this compatibility ef-
fect disappeared [t(9)  1.59, p  .147]. However, in this 
case, there was a significant compatibility effect with the 

Figure 2. Results of Experiment 1. The response times (RTs) 
and error percentages as a function of cue validity, in the situa-
tions where a second red distractor was absent or present.
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The remaining data are depicted in Figure 3 and were 
submitted to an ANOVA with cue validity (valid, invalid) 
and onset presence (no onset, onset) for both conditions 
of onset distractor type (contingent vs. irrelevant) as 
factors.

When the onset had an irrelevant white bounding box, 
cue validity and onset presence were significant as before 
[F(1,12)  17.66, p  .001, and F(1,12)  13.69, p  
.001, respectively], demonstrating that a valid cue yielded 
considerable response benefits and that the presence of an 
onset slowed down participants. The interaction between 
these two factors was far from significant ( p  .6). In the 
blocks where the onset had a red bounding box, there was 
no main effect of cue validity [F(1,12)  1.07, p  .321], 
indicating no difference between RTs for a valid and an 
invalid cue. The main effect of onset presence was signifi-
cant [F(1,12)  13.08, p  .001]. Participants’ responses 
were delayed when an onset was present. Importantly, the 
interaction between cue validity and onset presence was 
significant [F(1,12)  6.59, p  .05]. When present, a 
contingent red onset annihilated the validity effect of the 
earlier color cue. Pairwise comparisons of the valid and in-
valid cue conditions revealed an effect of the cue in the no-
onset condition [t(12)  2.379, p  .05], but not when a 
contingent onset was present [t(12)  0.471, p  .646].

A comparison of the no-onset trials in the contingent 
onset blocks with the irrelevant onset blocks showed that 
participants were significantly slower during the contin-
gent onset blocks [F(1,12)  5.62, p  .05]. Conducting 
an ANOVA with onset distractor type (contingent, irrel-
evant) and cue validity (invalid, valid) as factors on all 
onset-present trials revealed that participants were sig-
nificantly slower when a contingent red onset was pres-
ent than when an irrelevant onset was present [F(1,12)  
10.21, p  .001]. The interaction between cue validity and 
onset presence was significant as well [F(1,12)  8.52, 
p  .001], showing that the cuing effect got attenuated by 
the contingent red onset distractor.

For completeness, we also investigated whether the 
onset character caused a response compatibility effect 
with the target for both levels of onset distractor type. An 
ANOVA with cue validity (invalid, valid) and compatibil-
ity (incompatible, compatible) as factors revealed a signif-
icant main effect for compatibility in both irrelevant and 
contingent onset conditions [F(1,12)  32.597, p  .01, 
and F(1,12)  6.708, p  .05, respectively]. Participants 
thus responded slower with an incompatible onset than 
with a compatible one, whether or not it contained task-
relevant features. In neither onset distractor type condition 
was there an interaction of compatibility and cue validity 
( p > .1 for both conditions).

Analysis of the error rates in the irrelevant onset 
blocks revealed no significant effects. In the contingent 
onset blocks, only onset presence reached significance 
[F(1,12)  82.94, p  .001]. Participants made signifi-
cantly more errors when a contingent red onset was pres-
ent than when it was absent.

Thus, distractors matching the participants’ attentional 
set inflicted larger RT costs and were accompanied by 

EXPERIMENT 2

The important question remains why later distractors 
(whether color based or onset based) did not obliterate 
the earlier cuing effect (i.e., cause an underadditive inter-
action of cuing and distractor effects). We have already 
suggested that the attentional priority induced by the cue 
may linger, thus exerting effects even after observers have 
already visited the next distractor. This would still mean 
that if there were a distractor powerful enough to capture 
attention away from the location of the contingent precue, 
then hold attention long enough for the cuing effect to 
finally dissipate, underadditivity might be observed. With 
a 10- to 20-msec interference effect, the onset distractor 
in Schreij et al. (2008), or the attentional set-matching 
red distractor of Experiment 1, may not have been strong 
enough. We expected that, if anything, a distractor both sa-
lient in a stimulus-driven fashion (i.e., featuring an abrupt 
onset) and carrying a feature also possessed by the target 
at the same time (i.e., its bounding box was red) might do 
the job, since it would evoke both contingent top-down 
and stimulus-driven attentional resources. It has been ar-
gued before that attentional disengagement from items 
possessing task-relevant features is more time consuming 
than such disengagement from irrelevant items ( Theeuwes 
et al., 2000). We argued that, if the onset distractor man-
ages to occupy attentional resources long enough, any 
residual effects of the precue will have dissipated once 
attention has been able to disengage from the distractor 
location. The consequence would be that attention will 
not return to the previous position of this cue, eliminat-
ing the cuing effects found in previous experiments, this 
time resulting in an underadditive relation between onset 
presence and cue validity. At the same time, this would 
again demonstrate a crucial contribution of the onset to 
attentional capture.

Method
Participants. Thirteen students at Vrije Universiteit Amsterdam, 

age range 18–30 (average 24), participated in this experiment in 
return for money or course credits. All reported no color blindness, 
and normal or corrected-to-normal vision.

Apparatus, Stimuli, Design, and Procedure. The apparatus 
and stimuli were largely similar to those in Experiment 1, except 
that there was no longer a distractor cue and that, in a new contingent 
onset distractor condition, the distractor was a white onset charac-
ter appearing in a red bounding box positioned between two old 
bounding boxes (in addition to the irrelevant onset condition). The 
target itself never appeared through an abrupt onset. In addition, the 
ISI between the cue and target display was reduced from 150 msec 
(as in Experiment 1) to 100 msec, as it was in Folk et al. (1992). 
Thus, the important factors of this experiment were cue validity (in-
valid, valid) and onset presence (no onset, onset), which were varied 
within blocks, and onset distractor type (irrelevant onset, contingent 
onset), which was varied between blocks. The experiment consisted 
of 2 practice blocks and 10 experimental blocks, each consisting of 
80 trials, which took participants around 45 min to complete.

Results and Discussion
Incorrect responses were removed from the data set, 

discarding 3.7% of the trials, as were responses with RTs 
below and above 2.5 SD from the mean (another 2.1%). 
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strong bottom-up signal (as in Experiment 1) or does not 
contain a task-relevant feature (as in Schreij et al., 2008), 
residual activation of a precue will be able to overcome 
capture by the irrelevant item and draw attention back to 
its location, with additivity as a consequence. In any case, 
the conclusion is that bottom-up signals strongly contrib-
ute to attentional capture.

EXPERIMENT 3

If the filtering account is correct, onsets do not cap-
ture attention when the observer is not looking for onsets. 
If anything, the observer is set against onsets, since they 
need to be filtered out from competition in order to pre-
vent interference with target processing. The prediction, 
then, is that occasional targets featuring an abrupt onset 
should not be processed any faster than normal targets 
that feature no abrupt onset. In contrast, if onsets auto-
matically draw attention, as stated by the capture account, 
a target appearing with an abrupt onset should allow for 
faster responses than do no-onset targets.

Earlier work by Yantis and Jonides (1984) has indeed 
shown that onset targets are given priority, even when 
the abrupt onsets are distractors on the majority of trials. 
In their experiments, observers viewed a display of pre-
masks, one of which was likely to change into a target. 

larger error rates than were distractors that were not con-
tingent on the attentional set. This supports the notion that 
attentional capture toward and/or attentional disengage-
ment from task-relevant items is more time consuming 
than for items deemed irrelevant (Theeuwes et al., 2000). 
Additionally, a contingent red onset distractor managed to 
completely eliminate the effect of the precue, as opposed 
to the onset-only distractor. Apparently, the combination 
of bottom-up salience and top-down task relevance gave 
the distractor the necessary boost to completely overrule 
a lingering cue validity effect.

Another interesting finding is that RTs were generally 
higher in contingent distractor blocks than in irrelevant 
distractor blocks, even on no-onset trials. Participants ap-
parently became more conservative overall in respond-
ing when they knew that the distractor could share critical 
features with the target. This overall delay may also have 
allowed for further decay of lingering cuing effects.

The interaction between cue validity and the contin-
gent red onset found in the present experiment exhibits the 
stronger notion of capture proposed by Folk et al. (2009), 
in that it meets the criterion of underadditivity. However, it 
also adds a constraint, in that the capturing item has to be 
sufficiently strong to overcome the earlier cuing effects. 
In the present case, adding a strong bottom-up signal—
an abrupt onset—was sufficient. If the distractor lacks a 

Figure 3. Results of Experiment 2. The response times (RTs) and error percentages as a function of cue validity, in situations where 
there was no onset and where the onset appeared in (A) a white box (normal onset) or (B) a red box (contingent onset).
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p  .001]. There was no interaction between onset type 
and cue validity [F(1,7)  1.9, p > .2], pointing toward 
additive effects.

To assess the effect of an onset target, we examined 
invalidly cued trials only for onset target, onset distractor, 
and no-onset trials. A one-way ANOVA revealed a main 
effect of onset type [F(2,14)  26.05, p  .001]. Separate 
comparisons revealed a significant benefit for onset target 
trials relative to no-onset and onset distractor trials [t(7)  
4.13, p  .01, and t(7)  5.70, p  .001, respectively]. 
RTs on onset distractor trials were significantly slower 
than on no-onset trials [t(7)  5.65, p  .001].

Analysis for compatibility effects with cue validity 
(valid, invalid) and compatibility (incompatible, compat-
ible) as factors once more revealed a significant effect 
of target–distractor compatibility [F(1,7)  32.739, p  
.001]. Participants responded slower to a target when it 
was accompanied by an incompatible rather than a com-
patible distractor. There was no interaction between cue 
validity and compatibility ( p > .8).

The error pattern largely followed that of the RTs, and 
the same analyses revealed no significant effects, al-
though cue validity approached significance [F(1,7)  
6.156, p  .056].

Together with the display change, a new object, which 
only occasionally was the target, was added to the dis-
play. Nevertheless, search was faster and more efficient 
when the new object indeed turned out to be the target, 
consistent with the idea that it captured attention (see also 
Becker, 2007). Here, we wished to apply exactly the same 
logic to the paradigm used by Folk et al. (1992). In the 
present experiment, the onset coincided with a distrac-
tor on the vast majority of trials (as in the previous ex-
periments), but now it could also accidentally coincide 
with the target (again a red item); hence, observers had 
no incentive whatsoever to attend to the abrupt onset and 
would be expected to employ an attentional set only for 
red (as indicated once more by a cuing effect). If the fil-
tering account is correct and the onset does not capture 
attention, there should be no benefit for onset over no-
onset targets. If the capture account is correct—following 
Yantis and Jonides (1984)—response benefits should be 
observed for onset targets, because onsets involuntarily 
capture attention.

Method
Participants. Eight students from Vrije Universiteit Amsterdam, 

age range 20–30 (average 24), participated in a half-hour session in 
exchange for course credit or money.

Apparatus and Stimuli. Apparatus and stimuli were largely the 
same as in Experiment 2, with the exception of the following adapta-
tions: In the onset distractor condition, an extra light gray bounding 
box containing a bright white character (either “X” or “ ”) suddenly 
appeared in the search display at the same moment that the other 
characters were revealed. In the onset target condition, this character 
was presented in red.

Design and Procedure. The design and procedure were mostly 
identical to those of Experiment 2, except for the following: There 
were no more contingent distractor blocks. A new factor, onset type, 
consisted of the following levels. In the no-onset condition, there was 
no additional onset present. In the onset distractor condition, the new 
onset contained a distractor item (“X” or “ ”). In the onset target 
condition, the new onset contained the target. This implied that in 
both the onset distractor and onset target conditions, the effective set 
size was 5, whereas in the no-onset condition it was 4. Cue validity 
was varied, as in Experiment 2, but note that in the onset target condi-
tion the cue was always invalid (since the empty location in which the 
onset target appeared could not be cued). There were eight blocks of 
80 trials each, preceded by a practice block of 40 trials. Only 6 of the 
80 trials per block contained an onset target. The onset was a distrac-
tor on 34 trials, and there was no onset on the remaining 40 trials.

Results and Discussion
Incorrect responses were removed from the data set, re-

sulting in a loss of 3% of the trials, as were responses with 
RTs below and above 2.5 SD from the mean (another 2%). 
The remaining data are shown in Figure 4 and were first 
submitted to an ANOVA with onset type (no-onset, onset 
distractor) and cue validity (valid, invalid) as factors. The 
onset target level was omitted in this analysis, because it 
could not be fully crossed with cue validity (since onset 
targets could only be invalidly cued; see the Method sec-
tion). We will return to onset targets below. There was a 
significant main effect of cue validity [F(1,7)  49.48, 
p  .001]. Participants were slower after an invalid cue 
than after a valid cue. The presence of an onset distractor 
also slowed the responses [onset type, F(1,7)  40.80, 

Figure 4. Results of Experiment 3. The response times (RTs) 
and error percentages as a function of cue validity, when the onset 
was a target or a distractor, or when there was no onset at all.
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contingent on the participants’ attentional set. In Experi-
ment 3, onset costs turned into benefits when the onset 
coincided with the target location, indicating preferential 
processing of onsets. According to the useful taxonomy of 
capture and filter effects outlined by Becker, the latter ef-
fect especially meets the criterion for attentional capture: 
Prioritized processing of an item is not expected if the 
RT costs it generates when it is a distractor result from a 
filtering operation. Since a filtering operation is assumed 
to only suppress elements, a facilitated response to objects 
that should normally be filtered out is exactly the opposite 
of what one would expect, and can be better explained by 
attentional capture.

Another possible explanation for the priority given to 
the abrupt onset here and in Schreij et al. (2008) might 
be that here and in the previous experiment an onset dis-
tractor was disruptive because participants operated in 
“singleton detection mode” (Bacon & Egeth, 1994) in a 
search for the target. Since the target was the only red 
character among white distractors, it constituted a color 
singleton, a property that participants might have actively 
used to find it. An onset, however, may also temporar-
ily obtain a singleton status, due to its strong transient; 
therefore, the onset and color singleton might be direct 
competitors as the only salient elements in the display, 
when participants search for any salient object. However, 
Experiment 4 of Schreij et al. (2008) precludes this ex-
planation. Even when the color target was not a singleton, 
the onset still interfered. In this case, all distractors were 
heterogeneously colored and participants were required to 
actively search for redness, forcing them to use “feature 
detection mode” (Bacon & Egeth, 1994). Furthermore, 
the present setup closely matched that of the original Folk 
et al. (1992) experiments, in which the targets were also 
singletons, yet there was no evidence of singleton detec-
tion mode there, since singletons that did not match the 
attentional set did not result in cuing effects.

Although we believe that our findings support the claim 
that onsets have a special status of being able to capture at-
tention regardless of one’s attentional set, the results appear 
to contradict the findings of Folk et al. (1992), showing 
that an abrupt onset cue did not cause any validity effect 
(and hence did not appear to capture attention), when par-
ticipants searched for a target defined by color.  Theeuwes 
et al. (2000) explained this lack of capture in the Folk et al. 
(1992) paradigm by reasoning that, during the short SOA 
between cue and target appearance, any capture effect of 
an irrelevant cue might have already dissipated, especially 
since the irrelevant cue contained no task-relevant fea-
tures. This made swift disengagement from the distractor 
location possible. In the Folk et al. (1992) study, the onset 
cue appeared 150 msec prior to the target, whereas in most 
studies in which capture by irrelevant onsets was found, 
the onset appeared simultaneously with the target, leaving 
no time for the capturing power of the onset to diminish. 
After all, Schreij et al. (2008) found the costs inflicted by 
an onset distractor appearing simultaneously with the tar-
get to be only 15 msec on average, which is a short enough 
time to have already passed in the SOA between cue and 
target used in the experiments of Folk et al. (1992).

The results clearly demonstrate a performance benefit 
over no-onset trials when the target featured an abrupt 
onset (in the invalid cue condition), as opposed to costs 
when the onset coincided with a distractor. This provides 
direct evidence for an attentional capture account: De-
spite its irrelevance to the task, the abrupt onset results 
in a local enhancement of processing, leading to benefits 
when it is a target and costs when it is a distractor. No 
such benefits would be predicted by the filtering account: 
According to this account, the onset is irrelevant. As the 
cue validity effects once more demonstrate, the observ-
ers were set for red, not for onsets. In defense of a filter 
account, one might argue that the transience of the onset 
made the target more salient, and therefore easier to ori-
ent to, but if this were the case, it would argue against the 
primary idea of contingent capture—namely, that the al-
location of attention does not depend on salience, but only 
on task relevance. The idea that high salience facilitates 
(or invokes involuntary) orientation of attention toward 
objects is usually a claim made by the attentional cap-
ture account. Another possibility is that the onset benefit 
stems from differential masking caused by the premasks 
for old objects; however, we consider this unlikely. Using 
the pres ent displays, Schreij et al. (2008, Experiments 1 
and 2) directly compared performance with and without 
premasks and found no influence of this on the interfer-
ence caused by abrupt onsets.

GENERAL DISCUSSION

There has been a long-standing discussion of whether 
irrelevant visual objects demand spatial attention or ad-
ditional filtering operations (Becker, 2007; Folk & Rem-
ington, 1998; Kahneman et al., 1983; Theeuwes, 1994; 
Theeuwes & Burger, 1998). These two mechanisms are 
by no means mutually exclusive, and, as pointed out by 
Becker, different paradigms may result in a different em-
phasis on one or the other. This is why here and in Schreij 
et al. (2008), we chose to integrate several attentional cap-
ture paradigms (Folk et al., 1992; Theeuwes, 1992; Yan-
tis & Jonides, 1984) and see whether particular findings 
generalize. Experiments 1 and 2 investigated the claim 
made by Folk et al. (2009) that if a distractor captures at-
tention away from the cued location, its effect should be 
underadditive with the effect of cue validity. This implies 
that if the onset distractor captures attention, there should 
be few to no response benefits for a valid preceding cue. 
Experiment 1 demonstrated that a contingent no-onset dis-
tractor was able to capture attention away from the precued 
location but that a target appearing at this location still 
enjoyed considerable response benefits. The contingent 
distractor effect was additive with the contingent cuing 
effect, suggesting that (1) the effects of cuing were pro-
longed well into the target display and (2) additivity per se 
is not a good diagnostic for or against attentional capture. 
Experiment 2 then showed that when an abrupt onset was 
added to the contingent distractor, the cuing effects disap-
peared. We infer that only a sufficiently strong distractor 
is capable of eliminating lingering cuing effects—in this 
case, when it has a strong bottom-up signal and is also 
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was either compatible or incompatible with the response 
to the identity of the target. This technique rests on the as-
sumption that if attention is shifted to the location of the 
abrupt onset, its identity will be preferentially processed 
(e.g., Kramer & Jacobson, 1991). An incompatible dis-
tractor identity would then more greatly degrade task per-
formance than would a compatible one. Consistent with 
this, Schreij et al. (2008) found a response compatibility 
effect.

Folk et al. (2009), however, have argued that this re-
sponse compatibility effect can also be explained by paral-
lel processing of the target and the distractor. In support 
of this argument, they conducted an experiment in which 
participants were presented with a display with two box-
shaped placeholders, on the left and right sides of fixation, 
in which two characters appeared. One of these characters 
was a red target; the other was a white distractor, which 
could be either compatible or incompatible with the tar-
get. Prior to the target display, one of the positions was 
indicated by an uninformative red cue. They found that 
even when the target was correctly cued, at which point 
attention should be focused on the target location, the 
compatibility of the distractor still affected RTs, despite 
the fact, as argued by Folk et al. (2009), that this distractor 
did not appear as an abrupt new onset. Since participants 
had no reason whatsoever to attend to the irrelevant char-
acter when the cue was valid, but nonetheless registered 
its identity, the conclusion was that both characters were 
processed in parallel, contrary to what a spatial attentional 
capture account would predict.

Note that this explanation assumes that filtering is not 
always perfect. If the distractor is indeed processed in par-
allel with the target to the extent that it directly interferes 
with the response to that target, the distractor was not fil-
tered out successfully. If filtering were successful, there 
would be no interference (what would otherwise be the 
purpose of filtering?). But just as filtering may not always 
be perfect, participants may also not always perform per-
fectly in attending to the cue; in other words, attention may 
not always be perfectly focused on the target, as assumed 
by Folk et al. (2009) in their experiment. Observers may 
occasionally accidentally attend to the distractor, because 
when it appears it shows dynamic change similar to that 
shown by the target. The two stimuli might even group 
on the basis of such common dynamics. All such factors 
might contribute to a response compatibility effect.

Additivity
As in Schreij et al. (2008), we found that the contingent 

cuing effects and the standard onset distractor effect were 
additive. Folk et al. (2009) argued that the additivity of the 
onset distractor effects and the spatial cuing effects meant 
that they could not both operate on the same level of spa-
tial attention. If we accept that contingent cuing affects 
spatial orienting, onset capture cannot do so too. However, 
we have arguments against this claim. It is conceivable 
that activation at a cued location is higher and more sus-
tained over time because the cue contains a task-relevant 
feature. For this reason, attention might “snap back” to the 
cued location, after the abrupt onset in the subsequent tar-

However, Lamy and colleagues (Lamy, 2005; Lamy & 
Egeth, 2003, Experiments 3 and 4) have shown that an 
irrelevant onset cue was actually able to capture atten-
tion even when it appeared before the target, as in Folk 
et al.’s (1992) original experiments. These studies identi-
fied onset salience and the predictability of onset-to-target 
SOA as important factors for evoking involuntary capture 
by irrelevant onsets. An onset cue managed to capture 
attention when it was relatively salient and preceded the 
target at an unpredictable SOA. These parameters were 
fixed in the original Folk et al. (1992) study, and seemed 
important for modulating capture by onsets. Because the 
onset distractor was presented before the target display, 
the measured effects were unambiguously spatial. The 
fact that Theeuwes et al. (2000) found capture only for 
short SOAs, in spite of using an unpredictable distractor-
to-target SOA, could possibly be attributed to the fact that 
they used a less salient, static (color-based) distractor, in-
stead of an onset distractor.

Related to the idea that the onset has to be sufficiently 
salient, previous research has shown that the capturing 
power of an onset is largest when it also makes up a new 
perceptual object (Enns et al., 2001; Yantis & Hillstrom, 
1994). The onset of a complete box including a letter, as 
used by us here, can be regarded as a new object, but this 
may not be true for the four small white dots that Folk 
et al. (1992) used as their onset precue. These might have 
been perceived as a property change of an old object—
namely, the bounding box that they surrounded. For this 
reason, the capturing power of the cue used in Folk et al. 
(1992) paradigms might not have been sufficient for long-
standing effects, this being the reason that they found a 
lack of capture by an onset cue when participants searched 
for a color target; but see Folk and Remington (1999) for a 
study of contingent capture with new-object onsets.

Further support for the notion that new object onsets 
capture attention comes from research by Brockmole and 
Henderson (2005). In a study, they tracked eye movements 
over natural scenes; a new object was abruptly presented 
either during fixation or during a saccade. In both situa-
tions, the new object was fixated more often than chance. 
However, onsets that appeared during fixation were fix-
ated sooner and more often than those coinciding with sac-
cades. This made the authors conclude that a new object 
does not need to have a perceivable transient to capture the 
eyes; a nontransient new object is capable of doing so as 
well, though to a lesser extent. The fact that these effects 
were not modulated by observers’ expectations concern-
ing the appearance of new objects strengthens the notion 
that onset prioritization is involuntary, and the finding that 
our eyes consistently move to new objects underpins the 
notion that this prioritization is spatial in nature (see also 
Theeuwes, Kramer, Hahn, & Irwin, 1998).

Identity Intrusion
Schreij et al. (2008) found additional evidence for at-

tentional capture by the onset in an experiment using the 
so-called identity intrusion technique first introduced by 
Theeuwes (1996; see also Theeuwes & Burger, 1998). In-
stead of presenting a neutral abrupt onset, the abrupt onset 



STIMULUS-DRIVEN CAPTURE BY ABRUPT ONSETS   681

essary. What we have argued here is that abrupt onsets 
summon attention, despite observers’ employing an at-
tentional set for a certain color. We do not deny a role for 
top-down influences on attentional capture, but here we 
show again that some stimuli are, to a certain extent, im-
mune to this top-down set.
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