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Involuntary attentional capture by abrupt onsets

ROGER W. REMINGTON and JAMES C. JOHNSTON
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The extent to which brief abrupt-onset visual stimuli involuntarily capture spatial attention
was examined in five experiments. The paradigm used was intended to maximize the opportu-
nity and incentive for subjects to ignore abrupt-onset distractor stimuli in nontarget locations.
Subjects made a speeded two-choice response to a target letter appearing in one of four boxes.
An abrupt-onset visual stimulus, easily discriminable from the target, was flashed briefly prior
to the presentation of a target. In separate blocks, the flash stimulus marked the box in which
the target would subsequently appear (SAME), a different box (DIFF), fixation (CENTER), or
all four boxes (ALL). Prior to each block, subjects were informed of the flash-target relationship.
In all five experiments, response time was elevated in the DIFF, CENTER, and ALL conditions.
The interference effect was larger for the DIFF condition and persisted for longer flash-target
SOAs. These results suggest that, under appropriate conditions, spatial attention can be involun-
tarily drawn to abrupt-onset events despite the intention of subjects’ to ignore them.

Relevant visual information occurs in a variety of un-
predictable locations, making it necessary to search or sam-
ple from a number of spatially separate sources. Research
over the last two decades has demonstrated that visual
search is accomplished not only by saccadic eye move-
ments, but also by the covert allocation of spatial atten-
tion. Saccadic eye movements are, in fact, often preceded
by shifts of spatial attention to the saccade target, and there
is evidence that the control of spatial attention involves sep-
arate neural mechanisms (e.g., Bushnell, Robinson, &
Goldberg, 1978; Posner, 1980; Remington, 1980).

The control of spatial attention is complex, in part be-
cause it must be responsive to both endogenous and ex-
ogeneous factors (Posner, 1980). Endogenous factors are
associated with voluntary, cognitively driven shifts of spa-
tial attention aimed at achieving an immediate visual goal,
such as finding the book with a certain title. Exogeneous
factors are associated with involuntary, stimulus-driven
shifts of spatial attention that alert one to the occurrence
of an external event, such as a sudden flash of light or
movement in the periphery (e.g., Miiller & Rabbitt, 1989,
Posner, 1980; Yantis & Jonides, 1984). The allocation of
spatial attention appears to be jointly determined by these
potentially conflicting demands. What happens when en-
dogenous and exogeneous demands directly conflict? Can
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voluntary attentional control, in accord with a subject’s in-
tentions, prevent involuntary attentional responses to sud-
den changes in visual stimulation? In this paper, we in-
vestigate these questions by examining observers’ ability
to ignore potentially distracting visual stimulation.

Empirical support for voluntary control of spatial at-
tention by endogenous factors comes from demonstrations
that spatial attention can be allocated in response to a per-
son’s immediate goals. Voluntary control has been ob-
served in experiments that use a centrally presented sym-
bolic cue to indicate which of several stimulus locations
is most likely to contain a target. When the target occurs
at the cued location, there are performance enhancements
(or benefits) for both reaction time (e.g., Eriksen & Hoff-
man, 1972; Posner, 1980; Posner, Snyder, & Davidson,
1980; Remington & Pierce, 1984; Shulman, Remington,
& McLean, 1979) and accuracy (e.g., Bashinski &
Bacharach, 1980; Eriksen & Yeh, 1985; Hawkins et al.,
1990; Hoffman & Nelson, 1981; Miiller & Findlay,
1987). These enhancements are generally accompanied
by performance impairments (or costs) when the target
occurs at an uncued location (but see Jonides & Mack,
1984). This pattern of cost and benefit is consistent with
the hypothesis that attention has been directed in response
to the central cue. It is important to note that the mere
presence of the central cue, without subjects’ desire to
use it, does not produce costs and benefits (i.e., if the
central cue is uncorrelated with target location, as in
Jonides, 1981). Thus, with central cues, it appears that
attention is shifted voluntarily to the indicated location
in response to the observer’s intent.!

In contrast, for shifts of attention to be involuntary they
would have to occur without subjects’ deliberate intent;
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to be strongly involuntary, attentional shifts would have
to occur despite attempts to prevent them. Empirical evi-
dence linking exogeneous factors with involuntary shifts
of spatial attention has come from demonstrations that at-
tention is drawn to the location of abruptly onset visual
stimuli even when such responses are suboptimal.>2 When
an abrupt-onset stimulus occurs at one screen location fol-
lowed, after a brief interval, by a target at another loca-
tion, target detection (e.g., Posner & Cohen, 1984) and
discrimination (e.g., Jonides, 1981; Lambert, Spencer,
& Mohindra, 1987; Miiller & Rabbitt, 1989; Warner,
Juola, & Koshino, 1990) are impaired even though the
location of the abrupt-onset stimulus is not a valid predic-
tor of target location. These results are consistent with
the hypothesis that abrupt-onset stimuli disrupt ongoing
processing by involuntarily capturing attention.

To conclude that a stimulus has involuntarily captured
attention, it is necessary to show that it has influenced
processing when the subject intended for it not to do so.
This requires a situation in which it is clearly and un-
equivocally in the subject’s interest to prevent a certain
class of stimuli from controlling attention. One cannot
conclude from previous studies that abrupt onsets capture
attention in a strongly involuntary fashion, because no pre-
vious study has met this condition. Attentional capture
by abrupt-onsets has been observed under conditions in
which the abrupt onset (1) is itself the target on some of
the trials (Yantis & Jonides, 1984), (2) correctly corre-
sponds with target location on some proportion of the trials
(Miiller & Rabbitt, 1989; Posner & Cohen, 1984), or
(3) is otherwise task relevant (Warner et al., 1990). At-
tentional capture cannot be conclusively demonstrated to
be involuntary by showing that abrupt onsets that only
occasionally correspond to the target location (e.g., 20%
valid) nonetheless interfere with performance. Voluntary
strategies, such as probability matching (e.g., Eriksen &
Yeh, 1985), can also produce such results, because sub-
jects may use (and therefore attend to) the abrupt onset
on a similar proportion of trials. Thus, the results of
studies using low-validity abrupt-onset precues do not ad-
dress the strong claim that it is not possible to voluntarily
inhibit an attentional response.

Yantis and Jonides (1990) have identified one set of con-
ditions in which an abrupt onset at a nontarget location
does not seem to draw spatial attention away from the tar-
get location. They had subjects search for a prespecified
target letter in an array of four letters equidistant from
fixation. Three of the letters were revealed by removing
segments from composite figures that were visible through-
out the trial (referred to as no-onset letters). The fourth
letter was abruptly onset at a previously empty location.
In one experiment (Yantis & Jonides, 1990, Experi-
ment 3), a central cue was presented 200 msec prior to
the presentation of the target set. The validity of the cue
was varied in separate blocks (validities of 25%, 75%,
and 100% were used) to manipulate the degree to which
attention was strongly focused before the letters appeared.
If attention were drawn involuntarily to the onset, there

should be a response time (RT) advantage for abrupt-onset
targets over no-onset targets, regardless of the attentional
set of the subject. The results revealed an advantage for
onset targets in all conditions except in the 100% valid
condition, where performance was identical for onset and
no-onset targets. Thus, subjects were able to prevent at-
tention from being drawn to the abrupt-onset distractor
only when (1) they knew with certainty the location in
which the target would occur and (2) they were given
sufficient time to focus their attention on that location in
advance. These results indicate that involuntary attentional
capture by abrupt onsets is not inevitable under all cir-
cumstances: when attention is successfully focused in one
location, capture by an abrupt onset can be prevented.
However, this finding does not reveal whether it is pos-
sible, given sufficient inducement, to voluntarily withhold
an attentional response in the absence of a focused atten-
tional set elsewhere.

Our criterion for the involuntariness of attentional cap-
ture rests on the inability of the internal processes con-
trolling attention to resist a distracting stimulus. This in-
ability is one of the criteria for classifying a process as
strongly automatic (e.g., Jonides, 1981; Jonides, Naveh-
Benjamin, & Palmer, 1985; Kahneman & Treisman,
1984; LaBerge, 1981; Shiffrin & Schneider, 1977). Thus,
the determination of whether or not attentional shifts oc-
cur involuntarily provides an important clue to the larger
theoretical issue of whether or not attentional shifts oc-
cur automatically. Whether or not attentional capture satis-
fies further criteria for automaticity in addition to involun-
tariness is, however, beyond the scope of this paper (see
Yantis & Jonides, 1990).

The goal of the present experiments, then, was to rig-
orously test the extent to which abruptly onset visual
events capture attention involuntarily. The key to this goal
is maximizing the opportunity and incentive for subjects
to ignore abrupt-onset stimuli without having them first
focus attention on any one potential target location. In our
experiments, the presentation of a target letter in one of
four screen locations was preceded by a brief abrupt-onset
stimulus, which we will refer to as the flash stimulus. In
the distraction conditions, the flash always occurred at
a location other than where the target would occur. To
maximize the opportunity and incentive to ignore the dis-
tracting flash, the subjects were informed of the spatial
relationship between the flash and the target and were told
not to let it impair their performance. The relative loca-
tion of the target and the flash stimulus was varied across
blocks, but within a block the spatial relationship between
target and flash remained consistent (in fact, consistently
misleading in the distraction condition).

The primary indicator of attentional capture is the ob-
served increase in discrimination latency—or interfer-
ence—in the distraction conditions relative to that in the
baseline conditions. If it is possible to voluntarily inhibit
an attentional response to an irrelevant abrupt onset, then
the flash stimuli in the distraction conditions should pro-
duce no interference. Persistent interference from flash



stimuli in the distraction conditions would provide strong
support for the involuntary capture of spatial attention by
abrupt onsets.

EXPERIMENTS 1-3

Experiment 1 included several design features intended
to maximize the opportunity and incentive to ignore the
flash stimulus in the distraction conditions. First, the re-
lationship between the location of the flash stimuli and
subsequent target locations was held constant within a
block. In the distraction conditions, targets never occurred
at the location of the preceding flash stimulus. Second,
the subjects were informed of the spatial relationship be-
tween flash stimuli and targets before each block. Third,
flash and target stimuli were constructed to minimize the
likelihood that focal attention would be required to dis-
criminate between them. Targets and flash stimuli could
be further discriminated by order of appearance, since the
order of events within a trial never varied within a block.
Finally, because the task required target discrimination,
the abrupt onset common to both flash stimuli and tar-
gets did not provide a sufficient basis for responding.

In Experiments 2 and 3, we incorporated changes to
the design of Experiment 1, enabling us to explore the
magnitude and generality of the results. In Experiment 2,
a random foreperiod was added to the fixed foreperiod
of Experiment 1 so that flash onset time could not be pre-
dicted with certainty. In Experiment 3, new flash and tar-
get stimuli were used to ensure that the results were not
due to the specific physical properties of the stimuli used
in Experiment 1. Table 1 summarizes the important dif-
ferences between the first three experiments.

Method

Experiment 1

Subjects. The subjects were either drawn from the NASA-Ames
student and postdoctoral support staff or recruited from the local
population. Eighteen subjects participated in Experiment 1. They
ranged in age from 18 to 41 years, and each had normal or corrected-
to-normal vision. All were paid for their participation.

Apparatus and Stimuli. Testing took place in a darkened, sound-
attenuated chamber. Trial sequence, timing, and data collection were
controlled by a 12-MHz 68000-based microcomputer. Stimuli were
displayed on a 21-in. diagonal, calligraphic CRT display with a
P4 phosphor at a viewing distance of 69 cm. The CRT was driven
by a Hewlett-Packard Model 4000 vector generator. Photometer
measurements were used to verify all presentation times. Figure 1
shows the size and arrangement of display items. Targets and flash
stimuli were constructed to differ in elementary features to max-
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imize their dissimilarity. The flash stimulus was reticle, consisting
of four terminated straight lines, forming a cross with the center
missing. The targets were the characters ‘‘8’" and “*0,"’ both closed
figures composed of curved lines.

Design. Four of the five conditions that defined the spatial rela-
tionship between the targets and the flash stimuli are shown graphi-
cally in Figure 2. The CENTER and ALL conditions involved the
same flash stimuli as the same-box (SAME) and different-box
(DIFF) conditions, but the onsets provided no information as to
the location of the ensuing target. There was an additional no-flash
(NONE) condition, not shown in Figure 2, in which the target was
presented without a preceding flash stimulus. Note that for the DIFF
condition the location of a flash stimulus never contained a subse-
quent target, whereas for the SAME condition the target always
occurred in the location indicated by the flash stimulus.

The five conditions were varied across blocks within subjects.
The subjects were tested in two 40-min sessions separated by a
10-min break. Each session consisted of the same order of six
experimental blocks (SAME, DIFF) and three control blocks
(NONE, CENTER, ALL). The subjects were randomly assigned
to one of six presentation orders. Control conditions always ap-
peared in Blocks 1, 4, and 7; experimental conditions in the inter-
vening blocks alternated in order such that no two adjacent blocks
had the same experimental condition. Across the six orders, each
control condition occurred twice in each of the three possible posi-
tions, with the order of presentation of the experimental condition
reversed. Thus, the DIFF and SAME conditions occurred equally
often in positions 2, 3, 5, 6, 8, and 9, and preceded and followed
each control condition equally often. The subjects completed two
runs through the same order condition for a total of 18 blocks per
testing session.

Each block consisted of 48 experimental trials, with two warm-
up trials at the beginning of the block to allow the subjects to ad-
just to the new condition. The warm-up trials were excluded from
analysis. Error trials were presented again at the end of a block.
A block ended when the subjects correctly responded to all of the
48 original trials.

Procedure. Written and oral descriptions of the displays and pro-
cedures were used to familiarize the subjects with the task. The
blocked arrangement of the flash-stimulus conditions was emphasized.
The instructions stressed that the primary goal was to respond as
quickly and accurately as possible to the target letters. The subjects
were told to ignore the flashes if they interfered with target RT. They
were instructed to use the RT feedback at the end of each trial as
a performance metric and to minimize that RT. The instructions
stressed that eye fixation should be maintained; it was explained that
events occurred so rapidly that eye movements would interfere with
performance. When it was clear that the instructions had been
understood, the subject was taken to the testing booth and, with the
experimenter present, was tested on one practice block of NONE
trials. The experimenter then gave final instructions, left the booth,
and the experimental sequence began.

The beginning of each block was signaled by the presentation
of one of the descriptors, SAME BOX, DIFFERENT BOX, NONE,
ALL, or CENTER, indicating the appropriate condition for that
block. A keypress extinguished the descriptor and began the trial

Table 1
Independent Variables Used in Experiments 1, 2, and 3
Experiment Foreperiod Flash Stimuli Targets

1 Fixed Reticles 8,0
(400 msec) (Terminated Straight Lines) (Closed Curved Lines)

2 Random Reticles 8,0
(z = 700 msec) (Terminated Straight Lines) (Closed Curved Lines)

3 Random Circles X,=

(u = 700 msec)

(Closed Curved Lines)

(Terminated Straight Lines)
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Figure 1. Display layout and stimulus dimensions for Experiments 1-5. The top panel
illustrates a trial from the SAME condition in Experiment 1.

sequence. The subjects were instructed to position themselves in
the chinrest prior to the start of a block and to remain so positioned
for the duration of the block. At the end of a block, the word REST
appeared for 15 sec. During this time, the subjects were encouraged
to relax in preparation for the next block. The experimenter moni-
tored performance from an adjacent room and used the interblock
interval to communicate performance information. The subsequent
block could be started only after the rest period ended and the screen
displayed the description of the next block type. Thus, the subjects
were required to take a 15-sec break between blocks but could choose
to rest longer.

The sequence of events on each trial is illustrated in Figure 3.
A trial began with the simultaneous onset of the central fixation
cross and surrounding boxes, followed 400 msec later by a 50-msec
blanking of the fixation cross (fixation blink). There was a fixed
400-msec foreperiod between the fixation blink and the onset of
the flash stimulus. The duration of the flash stimulus was 24 msec.
In the NONE condition, no flash was presented and the 24-msec
presentation interval was maintained with no change in the display.
The time between flash onset and target onset (stimulus-onset asyn-
chrony, or SOA) was 120 msec. The target appeared for 24 msec
in one of the four boxes. The subjects pressed one of two keys with
the index finger of the left or right hand to indicate which target let-
ter had appeared. Since eye position was not monitored, stimulus
durations and SOAs were chosen to minimize the probability of an

eye movement prior to target offset. Error trials were presented again
at the end of the block. RTs greater than 1,500 msec were consid-
ered errors, and those trials were rerun. Feedback was provided fol-
lowing the subject’s response. The RT (in milliseconds) was pre-
sented following correct responses; the word error was presented
following incorrect responses. Feedback duration was 500 msec, with
a subsequent intertrial interval of 700 msec.

Experiment 2

In Experiment 2, and in all subsequent experiments, a random
foreperiod was added to the fixed 400-msec foreperiod of Experi-
ment 1. There was a constant 0.3 probability that the foreperiod
would end in each 100-msec interval following the fixed 400-msec
foreperiod. This is equivalent to a foreperiod chosen randomly from
a geometric distribution with a mean of 300 msec to which a con-
stant 400 msec has been added. The mean total foreperiod dura-
tion was thus 700 msec. In all other respects, the conditions in Ex-
periment 2 were identical to those in Experiment 1. Eighteen new
subjects, selected as in Experiment 1, were tested.

Experiment 3

In Experiment 3, and in all subsequent experiments, the flash
stimulus was a set of small circles, four closed figures composed
of curved lines; the targets were the characters “‘x’’ and ‘‘=,"’ both
composed of terminated straight lines. Thus, the contrast between
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DIFF
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Figure 2. The arrangement of targets and pretarget flashes in the four flash condi-
tions of Experiment 1. Note that flashes and targets never appeared simultaneously.

Boxes _J —
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] 24 !
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Target i ' :
I RT 1

Duration (ms)

Figure 3. Sequence of events in Experiment 1. For each stimulus, a downward deflection indicates that it
is off and an upward deflection means that it is on.
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Table 2
Mean Response Time (RT) and Percent Errors (PE) for Each Condition
in Experiments 1, 2, and 3

SAME NONE ALL CENTER DIFF
Experiment RT PE RT PE RT PE RT PE RT PE
1 483* 543  498° 3.17  504°° 5.86 S512° 538 511° 5.05
2 496* 5.62 497 4.03  520° 5.67 524> 623 531° 4.54
3 524* 453 533* 363 553 458 557" 4.93 561° 4.42

Note—For each experiment, response times with the same superscript did not differ significantly

from one another.

the elementary features of the target and the flash established in
Experiments 1 and 2 was maintained in Experiment 3, but the as-
signment was reversed. Twelve new subjects, selected as before,
were tested. In all other respects, conditions in Experiment 3 were
identical to those in Experiment 2.

Results

Table 2 shows the mean RT and error percentage for
each of the flash conditions for Experiments 1, 2, and 3.
Analyses of variance (ANOV As) were performed on the
mean correct RTs and the arcsin transform of the error
proportions for the five conditions (NONE, CENTER,
ALL, DIFF, SAME) separately for each experiment.?
Post hoc analyses were Newman-Keuls tests with o =
.05. The results of the analyses will be reported separately
for each experiment.

Experiment 1

The ANOVA on the correct RTs showed a significant
main effect of condition [F(4,68) = 8.58, p < .001}.
Post hoc analysis showed that SAME RTs were signifi-
cantly lower than those in all conditions; CENTER and
DIFF RTs were significantly higher than those in the
NONE condition. An ANOVA on the arcsin transform
of the square root of the proportion of errors showed a
significant effect of condition [F(4,68) = 4.56, p <
.005]. Post hoc analysis showed that the error rate in the
NONE condition was significantly lower than in the flash-
stimulus conditions. No other comparisons were signifi-
cant. We cannot rule out a speed-accuracy tradeoff that
might have elevated RTs in the NONE condition relative
to those in the flash conditions. (Note that, if a speed-
accuracy tradeoff did elevate RTs in the NONE condi-
tion, then the true magnitude of the RT costs in the ALL,
CENTER, and DIFF conditions is larger than indicated
by the raw RT differences).

Experiment 2 )

The ANOVA on the mean RTs from Experiment 2 re-
vealed a significant effect of condition [F(4,68) = 10.51,
p < .001]. Post hoc analysis showed that RTs in the
SAME and NONE conditions were significantly faster
than RTs in the ALL, CENTER, and DIFF conditions.
There were no significant differences within these clusters.
An ANOVA on the arcsin transform of the proportion
of errors failed to show a significant effect [F(4,68) =
2.47, p < .053]. The effect almost reached significance,

and, as in Experiment 1, the NONE condition had the
lowest error percentage.

Experiment 3

The ANOVA on the mean correct RTs from Experi-
ment 3 showed a significant effect of condition {F(4,44)
= 6.50, p < .001]. Post hoc analysis showed the same
pattern as that in Experiment 2; RTs in the SAME and
NONE conditions were significantly faster than in the
ALL, CENTER, and DIFF conditions. An ANOVA on
the transformed error proportions failed to show any sig-
nificant differences in error rate between the conditions
[F4,44) = 1.02, p < .5].

Discussion

In all three experiments, performance disruptions were
found when a target was preceded by an abrupt onset (flash
stimulus) at another location. The location of the flash
relative to the target was blocked so that the subjects knew
the onsets would always (SAME condition) or never (DIFF
condition) occur at the location of the upcoming target.
Despite the clear incentive to ignore the distracting effects
of these stimuli in the DIFF condition, discrimination was
significantly slowed. This provides strong evidence that
voluntary inhibition of attentional capture by abrupt on-
sets is not possible under the conditions tested here. There
was an almost equally large disruption for the CENTER
condition in which, for a complete block, the abrupt-onset
stimulus occurred around the fixation point. The critical
feature common to the two conditions was the presence
of a spatially specific pretarget onset stimulus at a posi-
tion that the subjects knew would not contain a target.
The disruption for the CENTER condition suggests that
it is not possible to ignore an abrupt-onset stimulus even
given knowledge of exactly where it will occur and even
when that location never contains a target. It is possible,
of course, that the requirement to maintain fixation at the
same location as the onset in the CENTER condition
makes it difficult to implement any strategy that would
exclude an attentional response to events at fixation.

One might argue that the reason the flash could not be
ignored in the critical DIFF condition was because it could
not easily be discriminated from the target stimulus to
which a response was required. This is a valid criticism
of simple reaction time studies (e.g., Posner & Cohen,
1984), where target onset, not identity, is the property
to which subjects must respond and subject responses are



based on a property that is shared between target and dis-
tractor. There are several reasons for rejecting this account
of our results. First, our task required a discrimination
response; target onset was not the relevant property. Sec-
ond, the present results were obtained under conditions
in which the discrimination between the target and the
flash could readily be made preattentively (see Treisman
& Gormican, 1988); the flash stimuli and the targets dif-
fered substantially in their visual feature composition (see
Figure 1): the discrimination of flash from target required
a discrimination between closed, curved figures and ter-
minated, straight line figures. Third, the experimental pro-
cedures guaranteed both spatial and temporal separation
of flashes and targets; the flash stimuli always occurred
outside a box, the targets within, and the order of events
was fixed, with the distractor always occurring first. Fi-
nally, in the CENTER condition, the flash stimuli always
occurred at a known fixed location around fixation.
Together, these facts undermine the argument that the sub-
jects were unable to avoid attending to the abrupt-onset
stimuli because they could not easily be discriminated
from targets.

The ALL conditions of Experiments 2 and 3 produced
interference approximately equal to that in the CENTER
condition. It is tempting to conclude that the diffuse, spa-
tially distributed cuing pattern in the ALL condition
resulted in a distribution of attention to a correspondingly
wide area of the visual field, and that this allocation of
attention produced the interference. However, the differ-
ence in luminance between the 16 flash stimuli in the ALL
condition and the 4 flash stimuli in the CENTER and DIFF
conditions makes it impossible to rule out the contribu-
tion of other factors (such as masking) in producing the
interference.

The differences between experiments provide useful in-
formation on the robustness of the interference effect and
the potential for control by subject strategies. The results
appear robust to changes in the physical properties of the
abrupt-onset stimulus. In Experiment 3, for example, the
elementary feature distinction between flash stimuli and
targets was maintained (straight line, terminated vs.
curved, closed), but reversed (see Figure 1). In Experi-
ments 1 and 2, the flash stimulus contained terminated,
straight line segments. The similarity in the results of Ex-
periments 2 and 3 show that the results do not depend
on the relative shapes of the target and flash stimuli.

The results also suggest that attentional capture is robust
to changes in temporal uncertainty. The intent behind Ex-
periment 1 was to provide a very regular sequence of
events in order to maximize the opportunity for voluntary
control of spatial attention. Thus, a fixed 400-msec fore-
period was used. However, the temporal regularity created
the possibility that time alone could provide a basis for a
temporal filtering of sensory input, a strategy that would
rarely be possible outside of rigid laboratory experimental
paradigms. Experiment 2 tested the possibility that involun-
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tary attentional capture would be even stronger when such
temporal filtering was made more difficult.

A comparison of response times in Experiments 1 and
2 suggests that the primary effect of the random foreperiod
was to increase RT for all conditions containing flash stim-
uli without changing performance in the NONE condi-
tion. This is consistent with the hypothesis that the fixed
interval between the flash stimuli and targets in Experi-
ment 1 produced a temporal predictability that enabled
the use of time-based filtering to reduce interference. Be-
cause RT in the SAME condition is also elevated in Ex-
periment 2, though not as much as the DIFF condition,
increased temporal uncertainty apparently made it both
more difficult to use the flash stimuli voluntarily and more
difficult to ignore them. It is not clear whether temporal
filtering might alter the early, preattentive processing of
the visual event or affect later stages concerned with the
control of spatial attention. We cannot reject the hypoth-
esis that some limited control over spatial attention is
possible when confronted with abrupt onsets, and that in-
creased temporal certainty enhances this control. How-
ever, though the magnitude of the effect is influenced by
temporal uncertainty, the results of Experiment 1 are clear
evidence that interference from irrelevant abrupt onsets
does not require temporal uncertainty.

Error rates for the NONE condition were consistently
lower than for the flash conditions, although this is only
statistically significant in Experiment 1. This could have
been the result of a speed-accuracy tradeoff produced by
the altering properties of the abrupt-onset flashes. There
is evidence that precues increase altertness, which, in turn,
leads to faster responding and higher error rates (see Pos-
ner, 1978, chapter 5). It is important to note that the ef-
fect of such a tradeoff in these experiments would have
been to reduce the measured magnitude of the interfer-
ence effect by elevating RT in the NONE condition. Thus,
any speed-accuracy tradeoffs would result in an under-
estimate of the interference effects critical to the conclu-
sions of this article.

The main purpose of Experiments 1-3 was to study cost
in the 100% invalid DIFF condition; comparisons between
other conditions are of secondary interest, since their main
function was to provide difference baseline conditions for
assessing cost in the DIFF condition. However, it is worth
noting that only in Experiment 1 was there a significant
benefit for the 100% valid (SAME) condition when com-
pared with the NONE condition. Even in Experiment 1,
the evidence of benefit for the valid flashes is accompa-
nied by a lower error rate in the NONE condition than
in the SAME condition, raising the possibility of a speed-
accuracy tradeoff. One might have expected that the spa-
tial and temporal information provided the abrupt onset
in SAME blocks would have led to measurable benefits
over a no-cue baseline. It should be noted that in spatial
cuing studies such as ours, the critical comparison is
usually between valid (SAME) and invalid (DIFF), and
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not with a no-cue (NONE) condition (see Jonides & Mack,
1984, for a discussion of the difficulties in selecting ap-
propriate baseline conditions). Therefore, our results may
not be atypical, sifice we find a consistent advantage for
SAME over DIFF RTs.

The relative performance of the SAME and NONE con-
ditions could indicate the presence of some generalized
interference produced by the cues (flashes) that is affect-
ing performance in all cued conditions. Related effects
have been described by Eriksen and Schultz (1978) as cog-
nitive masking and by Kahneman, Treisman, and Burkell
(1983) as filtering cost. Both the cognitive masking and
the filtering cost hypotheses emphasize an increase in pro-
cessing time due to the presence of additional stimuli (the
flash in our experiments; see Eriksen & Schultz, 1978).
Such an effect, however, would be expected to act uni-
formly across the visual field and would not produce the
advantage for the SAME condition over the DIFF condi-
tion, which was consistently obtained in Experiments 1-3.
For example, the introduction of a random foreperiod in
Experiment 2 had the effect of elevating RT for all cued
conditions, but it did not alter the significant benefit for
SAME responses relative to that for DIFF responses.
Rather, the consistent difference between the DIFF and
SAME conditions provides strong evidence for a position-
specific effect, consistent with the hypothesis that atten-
tion had been drawn to the cued location even when sub-
jects knew it would harm their performance.

EXPERIMENT 4

The results of Experiments 1-3 reveal performance dis-
ruptions for the DIFF condition at only one SOA, 120 msec.
In Experiment 4, we investigated the time course of the
capture effect at SOAs of 40, 80, 120, and 200 msec to
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assess its full magnitude and its development over time.
The range of SOAs also provides a more revealing com-
parison of the CENTER and DIFF conditions. In Exper-
iments 1-3, interference for the CENTER and DIFF con-
ditions was virtually the same. Considering the more
foveal location of the flash stimuli in the CENTER con-
dition and the fact that a target never occurred there, it
is reasonable to assume that recovery from capture would
occur more quickly in the CENTER condition than in the
DIFF condition. If so, response times in the two condi-
tions should diverge at some SOA. Finally, if there is both
a position-specific effect and a general interference ef-
fect produced by cue, it will be possible to examine their
time courses separately.

Method

Targets were presented at four different SOAs measured from
the onset of the pretarget flash: 40, 80, 120, and 200 msec. SOA
was varied randomly within blocks. The ALL condition was elimi-
nated. The subjects were tested in one session of 192 trials in each
of the remaining four conditions (a total of 768 trials presented in
16 blocks of 48 trials). The displays, order of presentation, and
sequence of events were otherwise identical to those in Experi-
ment 3. Sixteen paid volunteers served as subjects.

Results and Discussion

Figure 4 shows RTs for each condition as a function
of SOA. An ANOVA of the mean correct RTs yielded
significant main effects of flash condition [F(3,45) =
23.88, p < .001] and SOA [F(3,45) = 64.08,p < .001]
and a significant condition X SOA interaction [F(9,135)
= 8.07, p < .001]. The error percentages were as fol-
lows: NONE, 3.92; SAME, 3.94; CENTER, 4.59; DIFF,
3.99. An ANOVA of the arcsin transform of the square
root of the error proportions showed no main effect of con-
dition [F(3,45) = 0.65, p = .59], SOA [F(3,45) = 1.26,

Mean RT (ms)

470 -

T
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Figure 4.

Reaction time as a function of SOA for the four flash conditions of Experiment 4.



p = .30] and no significant condition X SOA interaction
[F(9,135) = 1.06, p = .40].

The simple effects for RT at each SOA were examined
using a Newman-Keuls post hoc test, with a = .05. At
the 40-msec SOA, latency in the NONE condition was
faster than at all other conditions, whereas latencies for
the CENTER and DIFF conditions were slower than for
the SAME condition. By an SOA of 80 msec, RTs for
the three flash conditions had decreased approximately
20 msec, whereas reaction time for the NONE condition
had decreased by only 8 msec. At the 120-msec SOA,
all conditions differed reliably. This significant difference
was maintained at the 200-msec SOA, except that the
SAME and NONE conditions did not differ there.

Substantial interference is found for the DIFF condition
at all SOAs. The difference in RT between the NONE
and DIFF conditions as a function of increasing SOA (40,
80, 120, and 200 msec) was 55, 44, 48, and 52 msec,
respectively. The difference in RT between the SAME
and DIFF conditions with increasing SOA was 18, 22,
37, and 55 msec, and that for the CENTER and DIFF
conditions was 2, 4, 13, and 30 msec.

Again, the data reveal that involuntary capture of at-
tention (indexed by a substantial RT penalty) cannot be
avoided even with substantial incentives and opportunity
to ignore, an abruptly onset distractor. Of particular in-
terest in Figure 4 is the divergence of the CENTER and
DIFF conditions at the 120- and 200-msec SOAs. In Ex-
periments 1-3, the disruption produced by the DIFF con-
dition was only slightly larger than that for the CENTER
condition. Their divergence here provides further evi-
dence for spatially specific effects following the presen-
tation of abrupt-onset precues; apparently, it takes longer
to redirect attention to the target after it has been drawn
away from fixation than after it has been held at fixation
(or perhaps ‘‘zoomed in’’; see Eriksen & St. James, 1986)
by the CENTER flash stimulus. The divergence may also
reflect more rapid recovery because of the retinal loca-
tion of the CENTER flash or the fact that no targets were
ever presented there.

The time course of events in Experiment 4 supports our
earlier suggestion that both spatially specific and general
interference effects influence RTs following the distrac-
tor flashes. The general interference can be seen in the
improvement of all cued conditions with increasing SOA .4
Again, the nature of the effect is unclear and it could be
the result of cognitive masking (Eriksen & Schultz, 1978),
filtering cost (Kahneman et al., 1983), or general alert-
ing effects (e.g., Bertelson, 1967) that have been observed
in other spatial cuing studies (e.g., Murphy & Eriksen,
1987; Remington & Pierce, 1984; Shulman et al., 1979;
Tsal, 1983). The spatially specific effects, which are the
main focus of this article, are apparent at all SOAs. DIFF
RTs show interference relative to SAME RTs at all SOAs
and relative to CENTER RTs after 120 msec.

Certain aspects of the data from Experiment 4 differ
somewhat from those of Experiments 1-3. SAME RTs
were significantly slower than NONE RTs at all SOAs
except 200 msec. Even at the 120-msec SOA, which
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duplicates the flash-target interval used in Experiments
1-3, NONE RTs were significantly faster than SAME
RTs. The difference between the DIFF and CENTER con-
ditions is also somewhat greater here than in Experiments
1-3. These trends are consistent with the hypothesis that
the greater temporal uncertainty produced by mixing dif-
ferent flash-target SOA intervals made it both more dif-
ficult to ignore the flash stimulus when it was a distraction
and more difficult to use it effectively when it correctly
predicted target location. To ensure that the results of Ex-
periment 4 reflect the true time course of events, we per-
formed an additional experiment to examine performance
at a fixed SOA of 160 msec. This provides a direct com-
parison with Experiments 1-3, which included a fixed but
shorter SOA (120 msec).

EXPERIMENT 5

Method

Experiment 5 differed from Experiment 4 only in the use of a
fixed 160-msec SOA. Eighteen paid subjects drawn from the NASA -
Ames subject pool served as subjects. None had participated in the
earlier experiments.

Results and Discussion

Table 3 shows the mean RTs and error percentages for
each condition. An ANOVA of the correct RTs showed
a significant main effect for condition [F(3,51) = 27.29,
p < .001]. A Newman-Keuls post hoc analysis showed
that RTs in the DIFF condition were significantly slower
than in all other conditions, including the CENTER con-
dition. In addition, RT in the CENTER condition was sig-
nificantly slower than that in the SAME or NONE con-
dition. SAME and NONE RTs did not differ significantly.
An ANOVA on the arcsin transform of the square root
of the error percentages revealed a significant effect of
condition [F(3,51) = 3.356, p < .05]. Newman-Keuls
post hoc tests showed that errors in the NONE condition
were significantly lower than those in the SAME and
CENTER conditions. No other comparisons were sig-
nificant.

Experiment 5 replicated the key finding of Experiment 4
that latencies in the DIFF condition are slower than in the
CENTER condition at long SOAs. This provides converg-
ing evidence that the involuntary disruption is actually an
involuntary shift of spatial attention toward the flash loca-
tion, not merely some general disruption. Evidence for
position-specific distraction comes from differences in per-
formance between the CENTRAL and DIFF conditions
that emerge sometime between 80-160 msec following the

Table 3
Mean Response Time (RT) and Percent Errors (PE)
for Each Condition in Experiment 5

SAME NONE CENTER DIFF
RT PE RT PE RT PE RT PE
489* 521 495* 3.78 518° 5.52 533  4.58

Note—Response times with the same superscript did not differ signifi-
cantly from one another.
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flash stimulus. The rate of recovery from the disrupting
effects of the flash seems to depend on either the relative
locations of the flash and target or the absolute spatial lo-
cation of the flash” The close correspondence between the
results of Experiment 5 and previous experiments confirms
that the time course measurements of Experiment 4 reflect
the course of development of facilitation and inhibition ef-
fects in all the experiments.

GENERAL DISCUSSION

Using a paradigm designed to maximize the incentive
and opportunity for subjects to ignore distracting onset
events, we found increases in choice RT when target stim-
uli were preceded by brief abrupt-onset events at nontarget
spatial locations. The interference occurred even though
the subjects knew with certainty that the abrupt-onset dis-
tractors would always occur at nontarget locations and
that failure to ignore them would impair performance. In
our experiments, a discrimination response was required
to target stimuli that differed from distractor stimuli in
elementary feature composition. The distraction condi-
tion (DIFF) never required a response to the distractor
itself or to a target at the distractor location. Hence, it
is not plausible that performance was impaired merely be-
cause the subjects had to attend to the distractor in order
to reject it as a target (an argument that arises, for exam-
ple, in the simple reaction time experiments of Posner &
Cohen, 1984). Thus, we conclude that an attentional re-
sponse to an irrelevant abrupt-onset stimulus is involun-
tary under the conditions tested here.

The data also revealed that the abrupt-onset flash pro-
duced general, spatially nonspecific interference in addi-
tion to attentional capture. This nonspecific interference
apparently elevated RTs for all flash conditions, especially
at short flash-target SOAs. Figure 4 shows RT elevations
for all flash conditions at the 40-msec SOA followed by
the gradual dissipation of interference, evidenced by RT
reductions for all cued conditions over the first 80-
120 msec following flash onset. These reductions are
found not only in the absolute latencies for each condi-
tion, but relative to the NONE condition as well, which
has no flash. A comparison of Experiment 1 with Exper-
iment 2 further reveals that RTs for all flash conditions
are elevated when the onset time of the flash is less pre-
dictable, consistent with a spatially nonspecific source of
interference.

One of the most striking consequences of this non-
specific interference is the failure to find substantial ben-
efits of the SAME condition relative to the NONE condi-
tion. The subjects were apparently using the flash in the
SAME condition to focus attention on the target location.
SAME RTs were consistently faster than either CENTER
or DIFF times, and, at long SOAs, they were somewhat
faster than NONE times. We assume that the benefit de-
rived from the spatial information in the flash was masked
by the nonspecific interference from the flash, which
slowed responses overall. Similar effects have been ob-
served in a variety of experiments. For example, Erik-

sen and Schultz (1978) cite a number of studies in which
RT to a target character is elevated when flanked by un-
related characters, colored forms, or replicas of the tar-
get itself. They call this effect cognitive masking and at-
tribute it to capacity limitations in visual information
processing. Similar results have been called filtering costs
by Kahneman et al. (1983), who argue that they result
from disruptions in the deployment of attention caused
by the presence of extraneous characters.

Models of Attentional Capture

We briefly consider a model that, unlike cognitive mask-
ing or filtering cost accounts, relates the pattern of results
in our experiments directly to the process of attentional
capture. According to the model, the onset of the flash
directs attention not to the target location per se, but to
a larger region delineated by the contours of the flash stim-
ulus surrounding one of the boxes (initial shift). The onset
of the target then redirects attention precisely to the target
character (corrective shift). However, this second shift can
only be made after attention is first disengaged from its
initial deployment. Thus, target processing will be delayed
when the target appears before the completion of the ini-
tial attentional shift to the flash stimulus. With increasing
flash-target SOA, there is an increasing likelihood that the
initial attentional shift has been completed before target on-
set, accounting for the improvements in RT across the early
SOAs for the CENTER, SAME, and DIFF conditions in
Experiment 4 (see Figure 4).

Because even in the SAME condition the initial shift
is to the flash stimulus and not to the adjacent potential
target location, the initial shift does not optimally posi-
tion attention for target processing. On some SAME trials,
this might be sufficient to permit target identification, but,
on some proportion of the trials, a refinement of the at-
tentional set, such as further focusing (see Eriksen &
St. James, 1986) is required upon target onset. In the
NONE condition, however, the target itself is the initial
attentional focus, and no further adjustment is ever nec-
essary. Thus, the model can explain the absence of bene-
fit (or small cost) for SAME responses with respect to
NONE RTs at short SOAs.

There are various ways in which the advantage of the
SAME condition over the CENTER and DIFF conditions
can be accounted for by the model. For example, the as-
sumption that, on some proportion of SAME trials, the
target can be identified without a corrective attentional
shift would produce faster SAME RTs than those in the
CENTER and DIFF conditions, where corrective shifts
would always be required. It is also possible that small
corrections in the locus of spatial attention can be made
more efficiently than the relatively large corrections
needed in the CENTER and DIFF conditions, perhaps
without the necessity for a separate disengage-engage se-
quence. Thus, the DIFF condition would require that at-
tention first be engaged at a nontarget location (flash lo-
cation), then be disengaged from this location, and,
finally, be shifted to and engaged at the target location,
whereas the SAME condition would require only the ini-



tial engage and perhaps a corrective shift or refining fo-
cus. This model makes two assumptions that have interest-
ing implications for attention control mechanisms: (1) a
shift of spatial attention, once begun, cannot be inter-
rupted, and (2) a shift outside the focus of attention is
more difficult than an adjustment of that focus.3 Further
experimentation will be required to establish whether or
not these assumptions are valid.

We have demonstrated that attention will be drawn in-
voluntarily to an abrupt-onset stimulus even when it is
a completely irrelevant distractor that subjects are moti-
vated to ignore. In our experiments, the flash stimuli oc-
curred while the subjects were awaiting a target in an
unknown position. Under these circumstances, subjects
evidently cannot exert the direct control over the alloca-
tion of spatial attention necessary to prevent attending to
the abrupt onset. In contrast, Yantis and Jonides (1990)
have shown that an attentional response to a completely
irrelevant abrupt-onset distractor is not mandatory when
attention is already focused on a location that is both
marked by a previously displayed stimulus and guaran-
teed to later contain a target. Spatial set alone is not suffi-
cient to avoid capture; the target location must be known
with certainty (Miiller & Rabbitt, 1989; Yantis & Jonides,
1990). This pattern of results suggests that when the spatial
filtering of unwanted information can be accomplished,
the control is not carried out by a direct voluntary nega-
tive set (do not attend to any X), but by establishing a
positive focal attentional set that serves to insulate atten-
tion from the effects of new stimuli occurring at other lo-
cations. Some property of focused spatial attention is ap-
parently responsible for the absence of an attentional
response to events outside the attentional focus, including
those that would otherwise involuntarily capture attention.

One possible reason why stimuli outside the narrow fo-
cus of attention do not involuntarily summon attention is
that they are filtered out by an exceptionally fast early-
selection blockage (Yantis & Johnston, 1990). When at-
tention can be focused completely on a specified region
of the visual field, as in Yantis and Jonides (1990), the
filtering of information outside that region might be great
enough that a stimulus that would normally elicit an in-
voluntary attentional response never impinges on the at-
tentional mechanism with sufficient strength. According
to this early-filter explanation, abrupt onsets in the present
experiments could not be ignored because the absence of
a focused attentional set allowed the effective stimulus (the
abrupt onset) to activate an attentional response.

An alternative account is that the stimulus events may
be processed, but when the spatial attention mechanism
is in a highly focused state, it is locked in a mode that
prevents it from responding to events outside that focus.
According to the locked-mode explanation, our results
arise because the need to keep spatial attention diffuse and
ready to move to the as-yet-unknown target location is
incompatible with putting it in a locked mode to prevent
it from responding to the flash stimulus. Further experi-
ments can distinguish between the stimulus-blocking and
response-locking hypotheses.
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Our results are clearly consistent with the automatic cap-
ture of attention by abrupt onsets. Yantis and Jonides
(1990) argue that attentional capture satisfies other crite-
ria automaticity as well. In our experiments, though, both
flash and target have an abrupt onset. If the abrupt onset
of the target was used to locate and shift attention to it,
then subjects were being asked to use the second of two
closely timed onsets, ignoring the first. It may not be pos-
sible to change attentional control settings so rapidly.
Rather, attention may been captured by the abrupt onset
of the flash because it had been set to respond to the abrupt
onset of the target. If so, it raises the possibility that auto-
maticity, and involuntariness, are not solely determined
by external stimulus properties but are sensitive to inter-
nal control settings. Like a programmable interrupt in a
computer, external stimuli with properties matching those
for which attention is set would be attended to, and the
same properties would be ignored with other control set-
tings. Folk, Remington, and Johnston (in press) examine
these possibilities further.

Conclusion

We have shown here a fundamental limitation on the
conscious control of spatial attention. Our experiments
reveal conditions under which the control of spatial at-
tention is completely involuntary: attention is captured by
an irrelevant event despite subjects’ intentions to ignore
the event. Unlike previous investigations, our paradigm
provided strong incentives to ignore the distracting abrupt
onset, but these were insufficient to prevent capture.
Together with the results of Yantis and Jonides (1990)
and Miiller and Rabbitt (1989), our findings lead us to
speculate that voluntary control of attention is limited to
focusing attention in advance on locations, objects, or prop-
erties of interest. Direct inhibitory control of spatial atten-
tion—commanding it not to respond—is not effective under
the conditions studied here, and may not be possible.
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NOTES

1. Duncan (1984) has argued that attention is focused on objects rather
than spatial locations. The question of whether visual selective atten-
tion is spatially based or object based, though important, is not critical
to the issue of its control as addressed by this paper. Our results can
be recast into an object-based framework by assuming that attention is
drawn to the abrupt-onset stimulus, or some other nearby object, with-
out substantially altering the conclusions.

2. Miller (1989) has shown that the abrupt offset of a stimulus has
a similar, if somewhat weaker, ability to involuntarily summon atten-
tion, suggesting that the transient nature of the stimulus is the effective
feature. For simplicity, we will refer to the attention-summoning proper-
ties of abrupt onsets rather than to visual transients.

3. A number of analyses were carried out to ensure that the distrac-
tion effect was not the result of presentation order or an artifact result-
ing from the combination of target location, cue location, and response
hand. In no study was presentation order significant. In Experiment 1,
there was no effect of response-hand assignments. In all experiments,
standard stimulus-response compatibility effects were obtained. How-
ever, the same basic pattern of RTs across conditions was observed at
each target location, the effects differing somewhat in magnitude. The
distraction effect is robust. It is not an artifact of stimulus-response com-
patibility or some unusual feature of one of the display locations.

4. There is a small (15 msec) decrease in RT for the NONE condi-
tion over the first 120 msec. This decrease probably reflects the wan-
ing influence of the alerting interval that began with the blinking of the
fixation cross.

5. This account has been framed in terms of space-based model of
spatial attention. A similar argument could be made within an object-
based approach to spatial attention (e.g., Duncan, 1984). It might be
assumed, for example, that since the flash stimulus was so brief, the
initial shift left attention focused on the box. The advantage for the SAME
condition over the CENTER and DIFF conditions could have resulted
from the target’s appearing on an attended rather than an unattended
object. A separate attentional shift to the target would still be required
as described in the text.
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