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A peripheral red distractor hampers cen-
tral target identification when the target is
defined by red (Folk, Leber, & Egeth, 2002).
On the other hand, a peripheral onset distrac-
tor fails to affect task performance when the
target location is pre-cued by a 100%-valid
central cue (Theeuwes, 1991; Yantis &
Jonides, 1990). Different paradigms were
used in these two sets of studies (RSVP in the
former and spatial cueing in the later studies)
and this may affect the deployment of atten-
tion and the results differently. We asked the
participants to search for a red target as in
Folk et al. (2002) and compared attentional
capture by red distractor (i.e., contingent on
the target-defining feature) and onset distrac-
tor (i.e., not contingent on the target-defining
feature), using the RSVP paradigm
(Experiment 1) and the spatial cueing para-
digm (Experiment 2 and 3). Results showed
that, regardless of which paradigm is used,
attentional capture occurs only by the red dis-
tractor but not by the onset distractor, suggest-
ing that the different results obtained in previ-
ous studies were not caused by different para-

digms used. Outside focal attention a salient
stimulus that is contingent on the target-defin-
ing feature has the highest possibility to cap-
ture attention.

Keywords: rapid serial visual presentation, spa-
tial cueing paradigm, color, onset

Introduction

The visual world is full of stimuli, and not all
of them can be processed simultaneously. Under
most circumstances, our attention is directed to the
location or the object which is important for the
current behavioral goal. Occasionally, however,
one’s attention can be captured by task-irrelevant
stimuli. Past studies have demonstrated two kinds
of attentional capture phenomena by task-irrelevant
distractors: one by the stimuli that share the same
feature as the defining characteristic of the target
(e.g., Atchley, Kramer, & Hillstrom, 2000; Bacon
& Egeth, 1994; Folk & Remington, 1998; Folk &
Remington, 1999; Folk, Remington, & Johnston,
1992; Folk, Remington, & Wright, 1994; Gibson &
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Kelsey, 1998; Johnson, Hutchison, & Trammell,
2001), and the other by the stimuli per se without
any contingency on top-down control settings (e.g.,
Gellatly, Cole, & Blurton, 1999; Jonides & Yantis,
1988; Theeuwes, 1991, 1992, 1994; Turatto &
Galfano, 2000, 2001; Yantis, 1993; Yantis &
Hillstrom, 1994; Yantis & Jonides, 1984, 1990).
We call the first kind of phenomenon contingent
capture and the second kind stimulus-driven cap-
ture for short.

Folk, Remington, and Johnston (1992) pro-
posed the contingent involuntary orienting hypoth-
esis and first demonstrated the effect of contingent
capture. They presented two kinds of cues preced-
ing the target: a red cue or an onset one.
Participants identified the target letter when it was
the only red letter among other white ones, or a
single onset letter in a blank field. In the former
case, the rarget-defining feature was “red” and in
the latter case it was “onset”. The cue was unin-
formative as to the target location, because it
appeared randomly in one of the four possible tar-
get locations. In order to identify the target as
quickly as possible, the best strategy for the partic-
ipants was to ignore the cue. Their results showed
that when the target was defined by red, response
latency was shorter when a red cue appeared at the
target location than when it appeared at a different
location. When the target was defined by an onset,
on the other hand, an onset cue led to such a loca-
tion effect instead. That is, the uninformative cue
that is task-irrelevant (we call it distractor here-
after) still captures attention when it shares the
same feature as the defining characteristic of the
target. An often mentioned daily-life example of
contingent capture is the left-turn arrow in the
cross road when drivers wait for the green “go”
light. Although the goal is to go straight, drivers
usually unavoidably respond to the left-turn light
when it turns on. The left-turn light which should
be ignored nevertheless captures attention because
it shares the same feature (i.e., green) as the defin-
ing characteristic of the green “go” light.

Yantis and Jonides (1984), on the other hand,
first demonstrated the effect of stimulus-driven

capture. Participants in their study were required
to search for a target letter among other letters.
Different from the contingent capture as mentioned
above, the target was not defined by any specific
color or feature. The target letter can be either an
onset or a non-onset which emerges from a place-
holder, such as removing two segments in a figure-
eight pattern to reveal the letter E, U, P, H, or S.
They found that when the target happened to be an
onset letter, the search slope was near to zero.
Based on this, they suggested that the onset letter
captures attention and is processed earlier than
other non-onset letters.

Although stimulus-driven capture occurs, it
does not fulfill the criteria of automaticity (Jonides,
1981; Jonides, Naveh-Benjamin, & Palmer, 1985),
since it is modulated by top-down control settings.
Yantis and Jonides (1990), for example, found in a
spatial cueing paradigm that when a central sym-
bolic cue with a 100% validity indicating the target
location was presented 200 msec before the target,
there was no difference in response latency, regard-
less of whether the target was an onset or not.
There was always an onset letter in their target dis-
play, thus, if the target was a no-onset letter, then
the onset stimulus became a distractor. However,
this onset distractor did not slow down the
response to the target when the target location was
known beforehand for sure.

Theeuwes (1991) also provided converging
evidence consistent with this observation, using a
spatial cueing paradigm as well. In his experiment,
a 100%-valid central cue pointing to the target
location was presented either before or after the
target, and a peripheral onset was presented ran-
domly in one of the four possible target locations
before, after, or simultaneously with the target. He
found that under the condition that when the cue
was presented after the target, response times were
faster when the target happened to appear near the
onset location (i.e., the onset captured attention).
But no capture occurred when the cue was present-
ed before the target. Assuming that attention is
either distributed over the entire display when the
cue is presented after the target, or pre-focused to
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the target location when the cue is presented before
the target, this finding suggests that a peripheral
onset captures attention only when attention is dis-
tributed. In other words, pre-focusing attention to
the target location seems to prevent stimulus-dri-
ven capture. It is inferred that advance knowledge
of the target location with 100% certainty leads to
a strong top-down control, and thus prevents stimu-
lus-driven capture.

However, contingent capture does not seem to
follow this rule. Folk, Leber, and Egeth (2002)
presented stimuli in the central rapid serial visual
presentation (RSVP) stream and participants had to
identify a red letter there. Participants were
assumed to focus their attention on the central
stream because this was where the target always
appeared. Interestingly, results showed that the
appearance of a peripheral red distractor still pro-
duced a decrement in the identification of the cen-
tral target. It implies that contingent capture can
still occur even when it is presented outside focal
attention. In contrast to stimulus-driven capture,
contingent capture seems to occur inevitably with-
out being affected by top-down control, and there-
fore fulfill the criteria of automaticity.

However, different paradigms have been used
to prove the presence of contingent capture and the
absence of stimulus-driven capture outside focal
attention. Thus, in this study we aim to examine
whether this is due to difference in the paradigms
used. A fair comparison should be made with the
same paradigm and the conclusion drawn by it
could thus be more affirmative. Comparing the
studies described above, note that contingent cap-
ture is still observed when focal attention is main-
tained at fixation in an RSVP paradigm, whereas
no stimulus-driven capture is observed when atten-
tion shifts to the target location in a spatial cueing
paradigm. Two reasons may have contributed to
the differences in results.

It is possible that contingent capture and stim-
ulus-driven capture might involve different mecha-
nisms that cause the different results.
Alternatively, it might be due to the difference in
paradigms used. For example, one’s attention may

not necessarily focus on the central stream in an
RSVP in a very precise way, and this “leakage” of
attention could perhaps lead to the contingent cap-
ture that was observed. In fact, Folk et al. (2002)
also mentioned that ““it is possible that the act of
focusing spatial attention on an RSVP stream
involves a different process than the act of focus-
ing attention in response to a spatial precue
(p.752).” In accordance with this statement, we
contrast the two paradigms in the following way.

We examine whether stimulus-driven capture
can also occur in an RSVP paradigm, and whether
contingent capture cannot occur in a spatial cueing
paradigm. If so, it is the difference in the para-
digms used that has caused the difference in
results, and not the difference in the two kinds of
capture. Moreover, if peripheral onsets are able to
capture attention in an RSVP paradigm, it can be
argued that the RSVP stream is not sufficient to
maintain the focus of attention at fixation. In this
case, the conclusion that contingent capture occurs
outside focal attention by Folk et al. (2002) is
challenged.

By using a spatial cueing paradigm to examine
whether contingent capture occurs with an act of
shifting attention to the pre-cued target location,
we are able to examine whether it indeed involves
a different mechanism from stimulus-driven cap-
ture. If contingent capture can still occur in a spa-
tial cueing paradigm, the answer is affirmative. If
not, it indicates that the spatial cueing paradigm
invokes a different kind of attentional focusing
than RSVP does, and that contingent capture may
not differ from stimulus-driven capture in terms of
attentional capture outside focal attention.

Note that the contingent involuntary orienting
hypothesis does not preclude the possibility of
attentional capture by onset, but it occurs only
when the target-defining feature is also an onset
(e.g., when the participants looked for the only
onset in the display, the onset distractor captured
attention as well, see Folk et al., 1992). Thus, the
difference between the contingent capture and the
stimulus-driven capture should not be misplaced as
the difference between the distractor types. That
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is, according to the contingent involuntary orient-
ing hypothesis, a red distractor will not capture
attention if the target-defining feature is not red,
and an onset distractor will be able to capture
attention if the target-defining feature is onset.
What really matters is the “match” between target
and distractor. We use red as the target-defining
feature as in Folk et al. (2002) and compare the
two paradigms (RSVP vs. spatial cueing) that sep-
arately demonstrated contingent capture occurred
outside focal attention on the one hand and stimu-
lus-driven capture did not on the other hand. For
the sake of parsimony, we will use red distractor
and onset distractor to stand for the condition of
contingent capture and non-contingent capture,
respectively, following the previous two sets of
studies introduced above. However, bear in mind
that the stimulus dimension should not be confused
with the two kinds of attentional capture.

Experiment 1

In this experiment, the same paradigm as in
Folk et al. (2002) was used and a distractor type of
an onset which did not share the same defining fea-
ture as the target was added (Figure 1). The pur-
pose of this experiment is to test whether this
peripheral non-contingent onset distractor captures
attention, just like a color distractor, when the par-
ticipant is asked to search for a red target and to
identify it in an RSVP paradigm. We expect to
replicate the capture effect by the color distractor
as in Folk et al. (2002), and aim at using this as an
anchor point to estimate the effect caused by the
onset distractor. A no-distractor condition was
used as a baseline control.

Folk et al. (2002) have used four gray boxes
appearing on the four peripheral locations as dis-
tractors and found that they could not capture
attention. Although this can be considered a fail-
ure to find stimulus-driven capture by onsets, we
suspect that four abrupt onsets appearing simulta-
neously could signal four different locations. That
might lead to a different attentional effect than
when only one location is cued by an abrupt onset.

Furthermore, four gray boxes are less salient than a
single white box because of their low luminance
contrast, in addition to their difference in number.
The more salient the stimulus, the more likely it
captures attention (e.g., Theeuwes, 1992). Thus,
we used a single white box (the most likely stimu-
lus to capture attention) to examine whether stimu-
lus-driven capture can occur outside focal attention
in RSVP paradigm.

Method
Participants

Fifteen undergraduates of the National Taiwan
University participated in this experiment. All of

them had self-reported normal or corrected-to-nor-
mal visual acuity and color vision.
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Figure 1. An example of the onset distractor in
the congruent condition in Experiment 1 (not-to-
scale). The color distractor is also illustrated on
the right side. On the computer screen with a
black background, black characters on the center
stream shown here are green, gray, purple, or
blue in the experiment, and the dark gray
character stands for the red one. The fixation
and the characters on the peripheral location are
all gray (shown in light gray here).
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Apparatus, stimuli and design

The stimuli were generated by an IBM com-
patible computer and shown on a View Sonic 14-
inch color monitor. Each trial consisted of an
RSVP sequence of 15 single letters presented on
the center of the computer screen. Letters mea-
sured 1.3 ° in height and 1.2° in width. One letter
in the sequence was red (RGB= (218, 37, 29)), and
it was defined as the target letter. The remaining
letters were non-target letters, and they were cho-
sen randomly from a set of four possible colors,
including green (RGB= (132, 195, 38)), gray
(RGB= (170, 170, 170)), purple (RGB= (187, 144,
187)), and blue (RGB= (117, 197, 240)). These
letters were presented on the screen against a dark
background (RGB= (0, 0, 0)). Each trial began
with a presentation of a gray fixation plus sign in
the middle of the screen, measured 1.2° in height
and 1.2° in width. The letters presented in each
RSVP sequence were selected randomly without
replacement from the English alphabet (I, O, W, &
Z were excluded, following Folk et al., 2002).
Across trials, the target appeared randomly at serial
positions 8 through 12 of the letter sequence.

In the no-distractor condition, each of the 15
frames in a trial contained only the letters shown in
the central stream. The remaining two conditions
differed from the no-distractor condition in the way
that two peripheral events occurred in each trial.
In the color-distractor condition, the first event
was appearance of four boxes (4.5° x 4.5°) at the
four peripheral locations (5.2 ° above, below, on
the right, and on the left of the central letter). One
of the boxes was red and the remaining three were
white. In the onset-distractor condition, there was
only one white box appearing at one of the four
possible peripheral locations. For both the color-
distractor and onset-distractor condition, the sin-
gleton box appeared equally often across trials at
each of the four locations. One intervening central
letter was displayed between the distractor and the
target, and hence the distractor-target lag was two.

The second peripheral event consisted of the
appearance of four gray letters, one at each of the

four peripheral locations. The letter at the location
of the singleton box was the prime, and its identity
might be congruent or incongruent with the target
(with half trials each), and different from the other
three letters, which were each chosen randomly
without replacement from the remaining letters of
the alphabet (excluding I, O, W, & Z). In the con-
gruent condition, the identity of the prime was the
same as the target. In the incongruent condition,
the identity of the prime was different from the tar-
get, but the identity of one of the other three letters
was the same as that of the target. Half trials in
each congruency condition were used to counter-
balance the interference from the identity of the
prime, if existence.

The index of attentional capture by the periph-
eral distractor is the decrement in the accuracy of
central target identification. If capture occurs, it
indicates that attention shifts to the peripheral loca-
tion and hampers target identification.
Manipulation of the prime-target congruency is to
examine whether such a capture effect is tied to
location. If attention indeed shifts to the distractor
location, the prime will be processed. Thus, the
decrement in the accuracy of the central target
identification will be worse when the prime is
incongruent with the target than when it is congru-
ent.

Procedure

The procedures in this and the next two exper-
iments were controlled by the DMDX program
(Forster & Forster, 2003). The refresh rate was
19.27 msec per frame. The fixation display was
presented for 964 msec and subsequently followed
by a sequential presentation of 15 letters. Each let-
ter in the sequence was presented for 58 msec, fol-
lowed by a 58-msec blank interval, yielding an
SOA of 116 msec. The three different distractor
conditions were mixed within blocks.

The experiment consisted of 30 practice trials
followed by a total of 240 experimental trials, with
a short break after the first block of 120 trials. The
participants received written and oral instructions
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regarding the nature of the stimuli and the task.
They were fully informed about the various dis-
tractor conditions and were explicitly encouraged
to ignore the distractor. Each trial was initiated by
a space bar press. After the trial sequence, the par-
ticipants were required to identify the target by
typing in their response on the computer keyboard,
and to guess if unsure.

Results

Results are shown in Figure 2. Data in the no-
distractor condition were dummy coded into the
two congruency conditions randomly. All accura-
cy data were subjected to an analysis of variance
(ANOVA) with distractor type and prime-target
congruency as within-subjects variables. The main
effects of distractor type and the interaction
between distractor type and prime-target congruen-
cy were significant [F(2,28) = 4.34, MSE = 0.02, p
< .03, and F(2,28) = 6.11, MSE = 0.01, p < .01,
respectively]. Accuracy was lower in the incon-
gruent condition than in the congruent condition
for the color distractor [F(1,42) = 16.29, MSE =
0.04, p < .001], but not for the onset distractor
[F(1,42)=0.19, MSE = 0.00, p > .1]. Difference in
accuracy was found only in the incongruent condi-
tion [F(2,56) = 9.46, MSE = 0.03, p < .001], but

100

95

9 r

Percent correct (%)

g5 | — no distractor
—=— color distractor
- 4- onset distractor

80 1 1 1
congruent incongruent
Identity match between target and prime
Figure 2. Mean percentage of correct target

identification in Experiment 1.

not in the congruent condition [F(2,56) = 0.33,
MSE =0.00, p > .1]. A Tukey test (& =.05) in the
incongruent condition revealed that only the mean
accuracy in the color-distractor condition differed
significantly from that in the other two distractor
conditions.

Discussion

The results of this experiment are consistent
with those of Folk et al. (2002). When attention is
set for the color red, an irrelevant peripheral red
distractor captures attention to its position and the
identity of the letter in that position is processed.
This is revealed by the lower identification accura-
cy when the identity of the prime and the target are
incongruent. However, this is not the case for an
onset distractor; no difference in the identification
accuracy is found regardless of whether the prime
and target are congruent or not. These results sug-
gest that under the condition we used in this study,
an onset distractor, unlike a color one, cannot cap-
ture attention outside the RSVP stream.

Thus, an onset distractor which does not share
the same defining feature as the target still fails to
capture attention when the RSVP paradigm is used,
just like it does when a spatial cueing paradigm is
used (Theeuwes, 1991; Yantis & Jonides, 1990).
To sum up, it seems clear that it is difficult for
stimulus-driven capture to occur outside focal
attention, regardless of whether an RSVP (as in
this experiment) or a spatial cueing paradigm (as in
previous studies) is used. However, before con-
cluding that contingent capture can occur outside
focal attention and stimulus-driven capture proba-
bly cannot, we need to test whether contingent cap-
ture can also occur when a spatial cuing paradigm
is used, in which a shift of attention is required.

Experiment 2

In this experiment, a modified spatial cueing
paradigm was used to test whether a contingent
color distractor can capture attention in this para-
digm as well. Participants were required to identi-
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fy a red letter. Before the target, a central arrow
cue pointing to the target location was presented,
and participants were informed to focus attention at
the cued location. A red distractor appearing
simultaneously with the target outside the cued
location was used to test whether it captured atten-
tion or not.

Method
Participants

Another group of fifteen undergraduates of the
National Taiwan University similar to the one in
the previous experiment participated in this experi-
ment.

Apparatus, stimuli, and design

The stimuli were presented on an Eizo 16-inch
color monitor, controlled by a Genuine Intel
processor. The refresh rate was 11.71 msec per
frame. The sequence of events during a trial is
shown in Figure 3. In the beginning, a fixation dis-
play was shown, which consisted of a central fixa-
tion dot, 0.8 ° in diameter, and four outline boxes,
which extended 4.8 ° x 4.8 ° each. The four boxes
appeared 4.5 ° above, below, on the right, and left
of the central fixation dot. Next, in the cue dis-
play, the central fixation dot changed to an arrow,
which extended 1.0° in length and 0.8 ° in width.
It pointed to one of the four peripheral locations to
inform the target position. The target display con-
tained four letters, each extended 1.6° x 1.6° .
The target letter was always a U or an H. The let-
ters on the other locations were selected from a set
consisting of E, L, U, or H, depending on the con-
dition.

The presence of a color distractor (yes, no)
and the match of the identity between the distractor
and the target (congruent, incongruent) were
designed as two orthogonal factors. The target let-
ter was always red (RGB= (218, 37, 29)). In the
with-distractor condition, one of the non-target let-
ters was also red, rendering the contingent distrac-

tor. The colors of the other two letters were ran-
domly chosen without replacement from four dif-
ferent colors that included green (RGB= (0, 146,
64)), yellow (RGB= (248, 196, 0)), blue (RGB= (0,
124, 195)), and indigo (RGB= (41, 22, 111)). In
the without-distractor condition, the three non-tar-
get letters were all randomly chosen without
replacement from these four different colors. In
the congruent condition, one of the non-target let-
ters was identical to the target letter. In the with-
distractor condition, this letter was always red. In
the without-distractor condition, this letter was
chosen randomly from the three non-target letters.
In the incongruent condition, the response to this
distracting letter was incompatible with the
response to the target letter. For example, when
the target was an H, the distracting letter was a U.

Procedure

At the beginning of each trial, the fixation dis-
play was shown for 995 msec. Then the cue dis-

without distractor

[E]
[L]=[H]

O O [u] O
0.0 |[O0-00 o« OO

O O rg L0

fixation cue L= fixation
(995ms) (199ms) |:| D (until response)
with distractor
(105ms)
Time g

Figure 3. The displays and procedure used in
Experiment 2 (not-to-scale). On the computer
screen with a black background, the outlines of
the box, the fixation dot, and the central arrow
cue are all in dark gray. Gray characters shown
here are red in the experiment, and black
characters shown here are green, yellow, blue, or
indigo in the experiment.
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play was shown and remained visible for 199
msec, followed by the target display. The target
display was presented for 105 msec, and was sub-
sequently replaced by the fixation display, which
remained on the screen until response.
Presentation of target for only 105 msec prevented
eye movement and encouraged participants to
focus their attention on the cued location as soon as
possible.

The target was always presented at the cued
location. To ensure that participants responded to
the red letter, and not just to the cued location, we
included catch trials. At the location to which the
arrow cue pointed, there was a probability of 80%
that a red letter would be shown (i.e., the target).
In the remaining 20% of the trials (i.e., the catch
trials), however, this location would show a letter
that was not red, and the participants had to with-
hold their response. In half of the catch trials, one
of the three non-target letters was still red. It
would prevent participants from just responding to
the red letter and not focusing to the cued location.

The experiment consisted of 20 practice trials
followed by a total of 360 formal trials, including
72 catch trials. Each block consisted of 120 trials,
with short breaks in between. Participants were
requested to identify the red target letter as quickly
and accurately as possible. If the red letter was a
U, they ought to press “U” on the keyboard; if it
was an H, then “H” was to be pressed. If no red
letter was shown at the cued location, they were
not to press any key until the next trial began.
Both reaction time and error rate were recorded.

Results

Outliers defined as reaction times that exceed-
ed 3 standard deviations above or below the mean
of each participant were discarded (approximately
2% of all observations).

Mean reaction times for correct target identifi-
cations in each of the two distractor conditions are
shown in Figure 4. These data were subjected to
an ANOVA with distractor presence (yes, no) and
target-distractor congruency as the within-subjects

variables. The main effect of distractor presence
and the interaction of distractor presence and tar-
get-distractor congruency were significant [F(1,14)
= 14.61, MSE = 2414.53, p < .01, and F(1,14) =
8.77, MSE = 1226.19, p < .02, respectively], but no
main effect of target-distractor congruency was
found [F(1,14) = 4.16, MSE = 562.80, p > .06]. In
the with-distractor condition, reaction times were
slower when the red distractor was incongruent
with the target than when it was congruent [F(1,28)
= 12.55, MSE = 1725.21, p < .01], but no such
effect was found in the without-distractor condi-
tion [F(1,28) = 0.46, MSE = 63.77, p > .1]. In the
incongruent condition, reaction times were slower
when the red distractor was presented than when
no red distractor was presented [F(1,28) = 23.22,
MSE = 3541.01, p < .0001], but no such effect was
found in the congruent condition [F(1,28) = 0.65,
MSE =99.70, p > .1]. The overall error rate was
4.2%, and there were no significant effects in these
error rate data. No speed and accuracy trade-off
was observed.

Discussion
Results of this experiment show that even

when attention shifts to a certain location indicated
by a spatial cue in advance, a color distractor

575
570 F
565
560
555
550 T

545 I - e without distractor
540  —= with distractor
535 : ' '

congruent

Reaction Time (ms)

incongruent

Identity match between target and distractor

Figure 4. Mean reaction time for correct target
identification in Experiment 2.
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which shares the same defining feature as the target
can still capture attention. While previous studies
showed that by using a spatial cueing paradigm,
stimulus-driven capture cannot occur outside focal
attention (Theeuwes, 1991; Yantis and Jonides,
1990), results in this experiment demonstrate that
contingent capture can. Summarizing Experiment
1 and 2, the results remain the same that contingent
capture can occur outside focal attention whereas
stimulus-driven capture cannot, regardless of
whether an RSVP or a spatial cueing paradigm is
used.

Experiment 3

This experiment is aimed to be a control for
Experiment 2. In the previous experiment, we did
not use an onset distractor for the reason that past
studies using the spatial cueing paradigm have
already shown the absence of attentional capture
by an onset distractor (Yantis & Jonides, 1990;
Theeuwes, 1991). However, one might argue that
the modified spatial cueing paradigm in our
Experiment 2 changes quite substantially from the
previous studies and thus whether onset distractors
indeed cannot capture attention is questionable.
Therefore, for a fair comparison, an onset distrac-
tor that is not contingent on the target-defining fea-
ture (i.e., red) should be included to examine
whether it may capture attention in such a modified
spatial cueing paradigm.

In order to contrast with an onset distractor, a
non-onset distractor is added as the baseline to
evaluate the capture effect. To create the non-
onset distractor, we used the non-onset technique
in Todd and Van Gelder (1979) by adding two fig-
ure-eight placeholders at two of the four locations
followed by the four letters. Thus, there were no
grey boxes appearing peripherally as in Experiment
2. In the target display, four letters appeared, two
from empty locations and two from the figure-eight
placeholders by eliminating two segments of the
placeholders. The distractor letter thus was either
an onset letter or a non-onset one.

Method
Participants

Sixteen undergraduates of the National
Taiwan University participated in this experiment.
All of them had self-reported normal or corrected-
to-normal visual acuity and color vision.

Apparatus, stimuli, design, and procedure

The stimuli were generated by an ASUS com-
patible computer and shown on a ViewSonic 19-
inch monitor. The sequence of events is illustrated
in Figure 5. The stimuli and procedure were simi-
lar to that in Experiment 2 with the following
exceptions. In the fixation display and the cue dis-
play, two figure-eight placeholders (1.6° x 1.6°,
the same size as the letters in the target display)
were added at two of the four locations, whereas
there were no four grey boxes as in Experiment 2.
There were a total of 720 formal trials in this

experiment.
Distractor type
red non-red
E E
L = L = onset
U
B B
. E - E or
u
fixation cue L — L = non-onset
(995ms) (199ms) E E
Target
(105ms)
Time i

Figure 5. The displays and procedure used in
Experiment 3 (not-to-scale). On the computer
screen with a black background, the fixation dot,
the figure-eight placeholders, and the central
arrow cue are in dark gray. Gray characters are
red in the experiment, and black characters are
green, yellow, blue, or indigo in the experiment.
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Results

Results in catch trials indicated that among
sixteen participants, the false alarm rate of one par-
ticipant was 15%, and thus data from this partici-
pant was eliminated. For the remaining data, only
0.2% false alarm rate of the catch trials existed,
indicating that participants indeed followed the
instruction by responding to the red letter that
appeared in the cued location.

Mean reaction times for correct target identifi-
cations are shown in Figure 6(A) and 6(B), separat-
ed by distractor type of color and onset respective-
ly. These data were subjected to an ANOVA with
onset distractor (onset, non-onset), color distractor
(red, non-red), and target-distractor congruency as
the within-subjects variables. Only the main effect
of color distractor and target-distractor congruency
were significant [Mean reaction time of red distrac-
tor was slower than that of non-red distractor,
F(1,14) = 10.66, MSE = 3626.59, p < .01, and
mean reaction time of incongruent distractor was
slower than that of congruent distractor, F(1,14) =
18.09, MSE = 2224.39, p <.001]. There is no dif-
ference between mean reaction times of onset and
non-onset distractor [F(1,14) = 0.21, MSE = 28.06,
p > .6]. No interaction effects were significant, ps
> 3. The overall error rate was 2.7%. Since no
significant effects were observed in the error rate
data, there was no speed and accuracy trade-off.

Discussion

While comparing the capture effect of the
color distractor and the onset distractor in the same
spatial cueing paradigm, only the color distractor,
but not the onset distractor, showed the capture
effect. The results that the color distractor which
shares the same defining feature as the target cap-
tures attention are consistent with the results in
Experiment 2. However, the onset distractor which
does not share the same defining feature as the tar-
get does not capture attention after all. These
results confirmed, once again, those of the previous
experiments that contingent capture occurs outside

focal attention, whereas stimulus-driven capture
does not.

Unlike the results in the previous experiment,
there was no interaction effect between the color
distractor and the target-distractor congruency in
this experiment; the target-distractor congruency
effect was not only observed with the red distrac-
tor, but also with the non-red distractor. The con-
gruency effect observed in the non-red distractor
condition might be due to parallel processing of all
letters in the target display, and this may occur
only when there are other onset letters and there is
no distractor contingent with the target in the dis-
play. Since in this case the distractor was always
either congruent or incongruent with the target in

‘__.

./

- +- red distractor
505 | —=non-red distractor
500 . . :

Reaction Time (ms)
(9]
[\®)
(e}
)

|~ - +- onset distractor

505 | —=—non-onset distractor
500 : ! ;
congruent

incongruent

Identity match between target and distractor

Figure 6. Mean reaction time for correct target
identification in Experiment 3, separated by
distractor type of color (A) and onset (B).
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terms of the response type, and thus the distractor
has become relevant to the task. However, observ-
ing only the congruency effect cannot be taken as
sure evidence for attentional capture (e.g., Folk and
Remington, 1998). When no competitive red dis-
tractor is presented in the display, priming from the
same response type without shifting attention to the
distractor location may have shortened the reaction
time, compared to the condition when the response
type is different.

General Discussion

Two important conclusions can be drawn from
this study. First, no stimulus-driven capture is
found when focal attention is maintained at fixa-
tion in an RSVP paradigm (Experiment 1). This is
consistent with the results obtained with a spatial
cueing paradigm (Theeuwes, 1991; Yantis &
Jonides, 1990; Experiment 3 in this study). It is
therefore suggested that abrupt onsets, if not con-
tingent on the target-defining feature, may not cap-
ture attention outside focal attention, regardless of
whether an RSVP or a cueing paradigm is used.
Second, contingent capture can still occur in a spa-
tial cueing paradigm (Experiment 2 & 3), consis-
tent with the results obtained in an RSVP paradigm
(Folk et al., 2002). An irrelevant distractor that
shares the same color with the target can indeed
capture attention, and an act of shifting attention
and focusing attention to the pre-cued location is
not sufficient to eliminate such an effect of contin-
gent capture. Altogether, it is thus evident that
contingent capture, compared to stimulus-driven
one, can be relatively more easily observed outside
focal attention.

To answer the question raised in this study:
Whether the result difference in past studies (Folk
et al., 2002; Theeuwes, 1991; Yantis & Jonides,
1990) is caused by the difference between contin-
gent capture and stimulus-driven capture, or by the
different paradigms used, our answer is the former.
What causes the difference between contingent
capture and stimulus-driven capture outside focal
attention? Under the condition that the target is

defined by a specific color, the nature of attentional
capture by the color distractor and an onset one
seems to be different in the following way.
Attentional capture by an onset may be induced by
stimulus-driven orienting (i.e., it is task-irrelevant)
only. However, contingent capture can be consid-
ered as induced by a hybrid attentional orienting,
consisted of stimulus-driven (i.e., it is task-irrele-
vant) and goal-directed (i.e., it shares with the tar-
get its defining feature) orienting. The capture
effect induced by this hybrid attentional orienting
is naturally more effective than that induced by
mere stimulus-driven orienting. Recent studies
using functional magnetic resonance imaging
(fMRI) have also found the activation brain areas
that are consistent with this idea. For example,
contingent capture evoked activation in the tem-
poroparietal junction and ventral frontal cortex, in
addition to the parietal brain areas activated by
spatial attention shift that is usually driven by
salient stimuli (Liu, Slotnick, Serences, & Yantis,
2003; Serences, Liu, & Yantis, 2005; Serences,
Shomstein, Leber, Golay, Egeth, & Yantis, 2005;
Serences & Yantis, 2007).

Contingent capture can be considered as atten-
tional selection based on the target-defining
feature. That contingent capture can occur outside
focal attention implies that feature-based attention
operates in a way of global modulation, indepen-
dent of location. This is consistent with feature-
based attention (Bichot, Cave, & Pashler, 1999;
Cave, 1999; Hamker, 2004; Olds & Fockler, 2004;
Saenz, Buracas, & Boynton, 2003; Sohn, Chong,
Papathomas, & Vidnyanszky, 2005; Treue &
Martinez Trujillo, 1999; van der Heijden, Kurvink,
de Lange, de Leeuw, & van der Geest, 1996;
Wolfe, Cave, & Franzel, 1989) and feature-integra-
tion theory (Treisman & Gelade, 1980).

For the two kinds of attentional orienting, vol-
untary and involuntary orienting (Jonides, 1981;
Muller & Rabbitt, 1989), this study reveals the
interaction between the two. Focal attention repre-
sents a top-down control of voluntary attentional
orienting to a given location, and it can override
the involuntary stimulus-driven capture. However,
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it does not eliminate contingent capture because
contingent capture may involve a hybrid of the two
kinds of attentional orienting as mentioned above,
and thus may be more effective in capturing atten-
tion.

To sum up, we have “switched” the para-
digms by using the RSVP paradigm to test the
stimulus-driven capture and using the spatial cue-
ing paradigm to test the contingent capture, and
have led to the conclusion that it is the different
types of attentional capture but not the different
paradigms used that caused the different results in
previous studies (Folk et al., 2002; Theeuwes,
1991; Yantis & Jonides, 1990). Contingent capture
is more likely to occur outside focal attention,
compared to stimulus-driven one, at least under the
conditions we tested.
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