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to the location of the distractor followed by a reorien-
tation to the location of the target. Thus, when the
target and distractor singletons are presented on oppo-
site sides of fixation, the ERP waveform should initially
be more negative at electrodes contralateral to the dis-
tractor (i.e., a distractor-elicited N2pc) only later be-
coming more negative at electrodes contralateral to
the target (i.e., a subsequent target-elicited N2pc; cf.
Woodman & Luck, 2003). Furthermore, given the auto-
matic capture of attention by the distractor singleton,
we should be able to observe a distractor-elicited
N2pc in conditions in which the target singleton is
presented on the vertical meridian of the visual search
display.

In contrast, if the contingent capture hypothesis is
valid there should be no distractor-elicited N2pc in any
experimental condition. Instead, variation in the onset
of the target-elicited N2pc should be apparent. Specifi-
cally, the target-elicited N2pc should onset later in time
in conditions in which the salient distractor is present,
reflecting a delay in the orientation of attention. Addi-
tionally, if the N2pc is an index of distractor suppression
(cf. Hopf et al., 2002; Luck et al., 1997), a larger target-
elicited N2pc should be evident when a salient distractor
is present.

EXPERIMENT 1

Methods

Participants

Eighteen healthy students of the Vrije Universiteit Am-
sterdam gave informed consent before beginning Ex-
periment 1. All subjects reported normal or corrected-
to-normal vision and normal color vision and were paid
for their participation. Data from two participants were
discarded due to excessive eye movement artifacts in
the electroencephalogram (EEG), and data from one
participant were discarded as the N2pc was not evident
in any experimental condition. Two of the remaining
15 participants (5 women; age 21 ± 2.4 years, mean ±
SD) were left handed.

Stimuli

The primary experimental display was a visual search
array consisting of 10 discrete shape stimuli, each pre-
sented equidistant (9.18) from a central fixation point
(see figures for examples). Shape stimuli were unfilled
diamonds (4.28 � 4.28) and circles (1.78 radius) with thin
(0.38) red or green outlines. A gray line (0.38 � 1.58)
randomly oriented either vertically or horizontally was
contained within each of the shape stimuli. All stimuli
were presented on a black background.

The color and shape of the 10 stimuli were randomly
varied within the following confines. In every trial, one
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latency and a reduction in target-related N2pc ampli-
tude. Furthermore, when only the distractor was pre-
sented to a lateral screen position, a distractor-elicited
N2pc was apparent (Figure 2B). The presence of the
distractor singleton did not, however, have any clear ef-
fects on the latency of the N2pc component. In Figure 1A



Results

Behavioral Results

A total of 10.2% of trials were excluded from analysis due
to erroneous behavior, 0.8% due to excessively slow
response (>2000 msec) and 9.4% due to incorrect re-
sponse. A further 16.6% of trials were excluded due to
eye movement artifacts in the EEG.

Table 1B presents the RT and error rate data observed
in each of the five conditions of Experiment 2. The
interparticipant mean RT observed across the distractor-
singleton-present conditions was 1010 msec, whereas
the mean RT observed in the distractor-singleton-absent
condition was 689 msec. This 321 msec difference was
found to be statistically significant, F(1,13) = 409.50,
p < .001, and an analysis of error rates provided evi-
dence that fewer errors were made when the distractor
singleton was absent (present: 10.5%, absent: 7.5%),
F(1,13) = 26.61, p < .001.

The pattern of behavioral results observed in Experi-
ment 2 is roughly congruent with that observed in Ex-
periment 1 in that participants were both slower and
more error prone when the distractor singleton was pres-
ent. Participants in Experiment 2 were generally slower
but more accurate than those in Experiment 1 (see
Table 1), suggesting that acceptable speed–accuracy
trade-off rates differed between the groups.

Electrophysiological Results

Figures 3 and 4 present the ERPs elicited in the five
conditions of Experiment 2. The ERP presented in Fig-

ure 3A was produced by trials in which the target stim-
ulus was presented to one of eight lateralized positions
and the distractor was presented to one of two posi-
tions on the vertical meridian. The ERP presented in
Figure 3B was produced in the reverse situation, when
the target was presented to one of two vertical posi-
tions and the distractor was presented to one of eight
lateralized positions. When the distractor singleton was
presented on the vertical meridian, the ERP to the
search array was more negative at posterior electrodes
contralateral to the target in the interval of the N2pc:
260–290 msec, F(1,13) = 5.97, p < .05 (Figure 3A). By
comparison, when the target singleton was presented
on the vertical meridian, the ERP to the search array
was more negative at posterior electrodes contralat-
eral to the distractor in the interval of the N2pc:
260–290 msec, F(1,13) = 7.27, p < .05 (Figure 3B). A
two-way ANOVA with repeated measures factors of elec-
trode location (contralateral vs. ipsilateral, relative to the
lateralized stimulus) and condition (lateral target with
vertical distractor vs. lateral distractor with vertical tar-
get) did not approach significance level, suggesting that
the amplitude of the distractor- and target-elicited N2pc
components are not reliably different: 260–290 msec,
Condition � Location: F(1,13) = 0.12.



Figure 4 shows ERPs elicited by the search array in the
remaining three conditions. Search arrays that contained
a lateralized target singleton elicited a posterior ERP
negativity in the latency of the N2pc at electrodes
contralateral to the target, both when the distractor
was absent, 230–295 msec,





with those reported in the current study, suggest that
stimulus-driven control processes play a very important
role in the control of visual attention and provide
evidence for models of attention in which these control
processes play an integral role (e.g., Theeuwes, 1994b;
Koch and Ullman, 1985).
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