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visual attention is shifted during such cuing paradigms by recording event-related
potentials (ERPs). We focused on a component known to index lateralized shifts of

Keywords:

perceptual attention during visual search tasks, known as the N2pc component. The ERP

Visual attention

data show that attention was shifted to a cued location in anticipation of a target shape

Attentional cuing

when the location is marked by a placeholder object (Experiments 1 and 2). However, when

N2pc

the possible locations were not marked by placeholder objects, we found no evidence for an

Event-related potentials

anticipatory shift of attention to the cued location (Experiment 3). These findings indicate

Object-based attention

that the perceptual attention mechanism indexed by the N2pc is deployed to objects and not
simply locations in space devoid of object structure.
© 2009 Elsevier B.V. All rights reserved.

1.

Introduction

Mechanisms of visual selective attention allow us to dedicate
our limited-capacity processing mechanisms to the most relevant information available in our complex visual environments.
Cognitive scientists often use the visual cuing paradigm to study
the characteristics of selective visual processing. This paradigm,
pioneered by Eriksen and colleagues (e.g., Eriksen and Collins,
1969; Eriksen and Rohrbaugh, 1970), and popularized by Posner
(1980), uses symbols or transient peripheral stimuli to direct
covert visual attention to specific locations. In the present study,
we used event-related potentials (ERPs) to test hypotheses
regarding how visual-spatial attention is deployed during a
symbolic-cuing paradigm.

In this study, we used a component related to the
deployment of visual-spatial attention, the N2pc (N2-posterior-contralateral; see Luck et al., 1997b; Luck and Hillyard,
1994b; Woodman and Luck, 1999), to measure when attention
was shifted to a cued location during a symbolic-cuing
paradigm. The first hypothesis we tested was whether
visual-spatial attention is shifted to the cued location in
advance of the presentation of the target object rather than
being triggered by the actual presentation of the target. It is
quite difficult to assess this with behavioral measures, and it
is plausible that the behavioral costs and benefits of attention
reflect processes that occur after the target is presented (e.g.,
Mulligan and Shaw, 1981). ERPs, in contrast, provide a
continuous measure of processing between a cue and a target,
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making it possible to measure the exact time at which attention is shifted.
We also examined the role that visible objects play in
whether attention is shifted to a cued location. Recent behavioral work suggests that certain signatures of visual-spatial
selection might be observed only when visible objects are
present as anchors for attention (Mueller and von Muehlenen,
2000). Similarly, research suggests that attention can be directed to entire visual hemifields or quadrants in the absence of
any visual stimuli (Hughes and Zimba, 1985) but that it is
directed more precisely when location markers are present
(Zimba and Hughes, 1997). In the present study, we found that
the attention mechanism indexed by the N2pc component
shifted to symbolically cued target locations in advance of a
target embedded among distractors. However, this anticipatory N2pc was observed only when an object was actually
present at the cued location.
Why were we interested in how the N2pc component
behaves during a cuing task? Previous work by Luck and
colleagues (Luck et al., 1993, 1997b; Luck and Hillyard, 1995;
Luck et al., 1994), among others (e.g., Eimer, 1996; Hickey et al.,
2009), has shown that the negativity known as the N2pc is
observed at posterior electrode sites contralateral to where in
the visual field attention is focused. For example, Woodman
and Luck (1999, 2003b) found that the N2pc switched between
hemispheres as attention was shifted between potential
target items on opposite sides of a visual search array. However, the N2pc component has been studied almost exclusively in the context of visual search tasks, and it is not clear
how it would behave during a cuing study that recruited the
N2pc selection mechanism.
Attention researchers frequently use spatial cuing paradigms to study the deployment of perceptual attention in the
visual field (for a review, see Yantis, 1996). The basic paradigm
is simple. A target stimulus is presented at one of two or more
possible peripheral locations in the visual field. Preceding this
target stimulus, a symbolic or peripheral stimulus indicates
the likely location of the upcoming target. Participants can
detect or discriminate targets more quickly or accurately when
the cue accurately indicates the location of the target. Posner
(1980) among others (Egly and Homa, 1984; Eriksen and Yeh,
1985) proposed that improved behavioral performance at the
cued location is observed because the cues cause visual-spatial
attention to be shifted to the cued location in advance of the
target object. A number of ERP studies have been conducted to
test this general hypothesis regarding the covert orienting of
attention based on the information that cuing stimuli provide.
A number of laboratories have used ERPs to examine how
attention operates during cuing paradigms. In a seminal
study, Harter et al. (1989) used a centrally presented arrow
stimulus to cue the location where an isolated target object
would subsequently appear. They found that the waveform
recorded at posterior electrodes sites contralateral to the cued
location became more negative than ipsilateral electrode sites
at approximately 200 ms after cue onset. Harter and colleagues termed this effect the early directing attention negativity
(EDAN), based on the interpretation that the EDAN is an index
of the shifting of attention to the cued location. This component ended well before the onset of the target stimulus, but
it was followed by a positive potential at posterior contrala-

teral electrodes that remained until target onset, an effect they
called the late directing attention positivity (LDAP). Subsequently,
other groups have replicated this pattern of findings using
similar paradigms (Hopf et al., 2000; Nobre et al., 2000;
Yamaguchi et al., 1994).
However, a recent study suggests that the previous reports
of the EDAN may instead be a consequence of selecting and
processing the cuing stimuli themselves and not covertly
deploying attention to a yet unoccupied target location. Specifically, van Velzen and Eimer (2003, p. 7410) noted that
previous studies used either a central arrow pointing to the
left or right or two simultaneously presented arrows to the left
and right of fixation pointing to the left and right visual field,
respectively. van Velzen and Eimer (2003) proposed that the
early lateralized effect was related to shifting attention to the
relevant lateralized cue stimulus itself (i.e., focusing attention
on the cue) and not a shift of attention to the location indicated by the cue's symbolic meaning.
To test the hypothesis that the EDAN component is actually
related to the lateralized processing of the cue stimulus, van
Valzen and Eimer compared the ERPs recorded in two different
cuing conditions. In one condition, two symbolic cue stimuli
(i.e., colored arrows) were presented on each trial, with the
arrow to the right of fixation pointing into the right visual field
and the arrow to the left of fixation point to the left, just as in
previous studies (e.g., Nobre et al., 2000). They compared the
ERPs recorded in this condition with one in which the spatial
locations of the cuing stimuli were reversed. That is, the arrow
on the left pointed to the right visual field and the arrow to the
right of fixation pointed to the left. This allowed van Valzen
and Eimer (2003) to distinguish between contralateral activity
related to processing of the cue itself and contralateral activity
related to shifting attention into the cued hemifield. They
found that the hemisphere of the early contralateral negativity
was determined by the hemifield in which the relevant cue
stimulus appeared and not the hemifield cued by the relevant
arrow. More specifically, these findings suggest that the EDAN
component previously reported was actually an N2pc elicited
by observers shifting attention to the relevant cue stimulus.
The boundary conditions for eliciting LDAPs are also not
completely clear. Specifically, although studies showing a
LDAP preceding a target have varied somewhat in using
single-item (e.g., Nobre et al., 2000) or multiple-item target
discrimination tasks (e.g., Hopf and Mangun, 2000), all of these
studies have required observers to process targets presented
in a visual field that was devoid of simultaneously presented
distractors. This feature of the previous studies is striking
because it has been proposed that the N2pc is related to
filtering distractors presented near targets (Luck and Hillyard,
1994b). As a result, previous cuing paradigms that used
isolated targets would not be expected to recruit the visual
selection mechanism indexed by the N2pc component. It is
possible that, when a cued target is embedded among distractors, a contralateral negativity (the N2pc), as opposed to a
contralateral positivity (the LDAP), would be observed immediately prior to target presentation.
In the present study, we sought to test the hypothesis that
a negativity contralateral to a cued target location is observed
when subjects anticipate a target presented simultaneously
with nearby distractor objects. Thus, we were primarily
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interested in when the posterior negativity contralateral to the
cued location would be observed. We avoided possible
confounds related to processing lateralized cuing stimuli by
presenting central words or letters that indicated the location
of the upcoming target on each trial. Unlike van Valzen and
Eimer (2003), who used a go/no-go detection task, we required
subjects to perform a target shape discrimination task. Thus,
this study also serves to test the generality of the hypothesis
that early contralateral negativities (i.e., 200–300 ms postcuing stimulus) are observed only when the cues are at least
partially lateralized. Cognitive psychologists assume that cued
targets are processed more efficiently (i.e., more rapidly or
accurately) because visual-spatial attention is shifted to the
cued location in advance of the presentation of the target
(Posner, 1980). Thus, the goal of Experiment 1 was to use the
N2pc component to track when attention is deployed to cued
locations during a symbolic-cuing paradigm.

2.

Experiment 1

In Experiment 1, we used centrally presented color names to
cue subjects to the location of a placeholder in which a target
shape would subsequently be presented. As illustrated at the
bottom of Fig. 1, there were four possible target squares, each

Fig. 1 – ERP results and example of stimulus sequence from
Experiment 1. Top panel: Grand-average ERP waveforms
averaged across the observers. The red trace is the waveform
from electrode OL or OR that was contralateral to the cued
location, and the black trace is the waveform recorded from
the ipsilateral site. For presentation only, the ERP waveforms
were digitally low-pass filtered by convolving the waveforms
with a Gaussian impulse response function (SD = 6 ms, 50%
amplitude cutoff at 30 Hz). Bottom panel: Example of the
sequence of stimuli presented on each trial. The array of
placeholders was presented as a static standing background.
The cue word appeared for 500 ms and the visual search
array containing the cued target was presented for 33 ms.
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filled with a different color, and the cue was the name of the
color of one square. The target shape was always presented at
the location indicated by the cue after a delay of 500 ms. Nontarget shapes were presented simultaneously with the target
to create perceptual competition, which appears to be
important in triggering the attentional mechanism indexed
by the N2pc component (Luck and Hillyard, 1994a,b; Luck et al.,
1997a,b). We used this somewhat unconventional experimental design as a bridge between conventional cuing methods
and the search paradigms that have been used to study the
N2pc component. Experiment 2 will show that similar results
can be obtained in a more conventional cuing paradigm, in
which the cue directly indicates a specific location.
There were two objectives of this experiment. The first
was to test the hypothesis that attention-directing cues lead
to a shift of attention prior to target onset, as suggested by
previous studies of attentional cuing (Eriksen and Yeh, 1985;
Posner, 1980; Posner and Cohen, 1984). The study of van
Valzen and Eimer (2003) suggested that prior ERP evidence for
such a shift was insufficient. However, many other sources
of evidence indicate that attention is shifted prior to target
onset (e.g., Hillyard et al., 1998; Hopfinger et al., 2000; Luck
et al., 1997a, 2000). The second and primary objective was to
determine whether the mechanism indexed by the N2pc
component is observed during cuing tasks. As described
above, previous reports suggest that the lateralized activity
observed during cue-to-target intervals typically displays a
positive contralateral distribution (i.e., the LDAP). However,
as we briefly reviewed, these studies have not required the
visual system to suppress information from simultaneously
presented distractor objects. Because the N2pc component
appears to be related to distractor suppression, previous
paradigms might not have used stimuli and tasks well
suited to observe the N2pc in the context of a cuing paradigm. Thus, in the present study, we required subjects to
discriminate the identity of a target item presented at a
validly cued location that was presented simultaneously
with surrounding distractor items (see Fig. 1, bottom). We
predicted that this experimental design would recruit the
mechanism indexed by the N2pc component in order to
suppress the distractor objects and allow the cued target to
be accurately processed.

2.1.

Method

2.1.1.

Participants

Six undergraduates (18–28 years of age) from the University
of Iowa were paid for their participation. All had normal
or corrected-to-normal vision and reported no history of
neurological problems. The participants gave informed consent before the experiment began and were native English
speakers.

2.1.2.

Stimuli

The stimuli were viewed on a homogenous gray background
(10 cd/m2) at a distance of 100 cm. Throughout each block of
trials, eight white outlined squares (92.5 cd/m2, 1.3° × 1.3°, line
thickness of 0.033°) and four filled colored squares of the same
size were continuously visible. The colored squares were
different colors, including one green (x = 0.648, y = 0.330,
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14.54 cd/ m2), one red (x = 0.648, y = 0.330, 14.54 cd/ m2), one blue
(x = 0.648, y = 0.330, 14.54 cd/ m2), and one violet (x = 0.648,
y = 0.330, 14.54 cd/ m2). Each square was presented 5.2° from
the center of the monitor (for an example, see Fig. 1). A black
fixation point (<0.01 cd/m2, 0.33° × 0.33°) was visible throughout each trial. The cue stimuli were the words “green”
(0.9° × 1.8°), “red” (0.9° × 1.1°), “blue” (0.9° × 1.4°), and “violet”
(0.9° × 2.2°) presented in white (92.5 cd/m2) 1.3° above the
fixation point. The target array of stimuli consisted of 12 black
outlined squares (<0.01 cd/m2, 0.7° × 0.7° composed of line
segments 0.1° thick) with one target and 11 non-target objects
arranged similar to the number locations on a clock face. Each
non-target Landolt-C-like stimulus had a gap (0.2°) on either
its left or right side, whereas the target stimulus was a square
with a gap on the top or bottom. The target was always
presented at the cued location.

2.1.3.

Procedure

The beginning of each trial was indicated by the presentation
of the fixation point 1200–1600 ms before the onset of the cue
stimulus. Next, a word cue was presented for 500 ms. The cue
word named the color of the placeholder in which the target
object would appear 1000 ms after the onset of the cue stimulus (i.e., a 1000 ms cue-to-target stimulus onset asynchrony
or SOA). The target array was then briefly presented for 33 ms.
The target shape (i.e., a top gap or bottom gap) was randomly
selected on each trial. Participants were instructed to indicate
which of the two target shapes was presented at the cued
location by pressing a button with the index finger on their
right hand for a target with a gap at the top of the square and a
button with the middle finger on their right hand for a target
with a gap at the bottom of the square on a hand-held game
pad. They were instructed to respond as accurately as possible
without time pressure (provided they responded within a 4000ms window following target onset). The cue stimulus was
always valid; that is, the target always appeared at the cued
location on each trial. This was done to maximize the number
of trials contributing to the ERP averages and to ensure that
participants would not adopt a strategy of directing attention
to an uncued location on a subset of trials. The final stimulus
event during each trial was the offset of the fixation point
following the onset of the target array by a variable interval
(randomly jittered from 1200 to 1600 ms using a rectangular
distribution). This event served to indicate to the participants
the beginning of an inter-trial interval (2000 ms) in which they
were allowed to blink.
Each participant performed 10–20 practice trials prior to the
beginning of the first block of experimental trials to ensure
they understood the task and could maintain proper fixation.
Participants then performed 8 blocks of 64 trials while ERPs
were recorded. This large number of trials (i.e., 512) allowed us
to obtain low-noise averages from each subject and kept the
number of subjects required to a minimum. On each block of
trials, a different configuration of the four colored placeholders was shown as part of the static background such that
all possible configurations of the four colors at the four
possible locations appeared. Thus, across all blocks of trials,
each cue word referred to a different spatial location and just
as often to a left and right visual field location. Participants
were allowed to rest between trial blocks.

2.1.4.

Recording and analysis

The electroencephalogram (EEG) was recorded from tin
electrodes held on the scalp by an elastic cap (Electrocap
International, Eaton, OH). A subset of the International 10/20
System sites was used (F3, F4, C3, C4, P3, P4, T3, T4, T5, T6, O1,
and O2) in addition to non-standard sites OL (halfway between
O1 and T5) and OR (halfway between O2 and T6). The right
mastoid electrode served as the reference site. The signals
were re-referenced off-line to the average of the left and the
right mastoids (Nunez, 1981). The electrooculogram (EOG) was
recorded by placing electrodes 1 cm lateral to the external
canthi to measure horizontal eye movements and by placing
an electrode beneath the left eye, referenced to the right
mastoid, to measure vertical eye movements and blinks. The
EEG and EOG were amplified by an SA Instrumentation
amplifier with a gain of 20,000 and a band-pass filter of
0.01–80 Hz. The amplified signals were digitized at 250 Hz by a
PC-compatible computer and averaged off-line. Trials accompanied by incorrect behavioral responses or ocular or myogenic artifacts were excluded from the averages.
We used a two-step procedure for ocular artifact rejection
that has been described previously (Woodman and Luck,
2003b). Briefly, trials with large eye movements were rejected
prior to averaging, and averaged horizontal EOG (HEOG)
waveforms were used to reject any subjects with significant
unrejected eye movements. This procedure led to rejection of
an average of 13.3% of trials per participant (with a single
participant maximum of 23.8%) and required us to replace 2
participants due to excessive eye movements (either greater
than 25% of individual trials rejected or any residual systematic eye movement that resulted in voltage deflections greater than 3.2 μV, corresponding to an ocular deviation of ±0.1°).
N2pc activity was measured as the difference between
electrode sites contralateral and ipsilateral to the validly cued
target location. On the basis of previous ERP cuing experiments, we focused on three periods of interest. First, we were
interested in the lateralized differences 200–400 ms post-cue
because this is the time during which the EDAN has been
reported (Harter et al., 1989). Second, we focused on the 200 ms
prior to the onset of the target stimulus. This period allowed
us to determine whether attention was shifted to the cued
location in advance of the target, as is assumed to occur in
behavioral cuing paradigms. The choice of this window size
was guided by our observation that the pre-target activity
appeared to qualitatively change beginning 200 ms before the
target across subjects (using selection criteria described in
Luck, 2005). Our third period of interest was from 200 to 275 ms
post-target stimulus. This is the time range during which the
N2pc component is normally observed during visual search
tasks (Luck and Hillyard, 1994a,b).
Analyses of variance (ANOVAs) were used for all statistical
tests, and p-values were adjusted when appropriate with the
Greenhouse–Geisser epsilon correction for non-sphericity
(Jennings and Wood, 1976). The data were collapsed across
cued color because we did not observe any effects due to
sensory differences between which color was cued. We first
entered the data into an ANOVA with the following withinsubjects factors: time window (post-cue, pre-target, or target),
visual field of cue (upper versus lower), hemisphere (left
versus right), contralaterality with respect to the cued location
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(ipsilateral versus contralateral), and electrode site (O1/2
versus OL/R versus T5/6). We then performed planned comparisons for each time window.

2.2.

Results

Subjects correctly discriminated the target identity (i.e., top
versus bottom gap) on 95.1% of trials (mean reaction time,
RT = 587 ms). The results of a separate pilot experiment
verified that a valid cue was necessary for observers to be
able to discriminate the identity of the target at this level of
speed and accuracy. Specifically, we ran a behavioral experiment with six participants in which the cue validly indicated
the target location (75% of trials) or the cue was invalid and the
target appeared in one of the other three possible target locations (25% of trials). We found that 93.2% of the validly cued
targets were correctly discriminated, whereas the accuracy of
target discrimination on invalidly cued trials was 58.3%
correct, a significant difference (F(1,5) = 51.68, p < 0.001). Significant differences in reaction time accompanied these accuracy effects (valid RT = 654 ms; invalid RT = 1249 ms; F(1,5) =
16.37, p < 0.01). The findings of this preliminary behavioral
experiment indicate the necessity of a valid spatial cue to
perform the target discrimination task at the levels found in
this experiment.
The grand-average ERP waveforms are shown in Fig. 1. The
cue stimulus was followed by a period in which no clear
lateralized effects were observed until approximately 200 ms
before the presentation of target shape. At that time, the
hemisphere contralateral to the cued location became more
negative, with the same spatial distribution of voltages as is
typically observed for the N2pc during visual search. That is,
the effect was maximal at posterior electrode sites OL/OR and
decreased across more anterior lateralized pairs of electrodes
such that the effect was absent at F3/4. This posterior contralateral negativity with respect to the cued target location
continued until the end of the averaged epoch.
The statistical analyses support the observations that a
reliable contralateral negativity was observed in anticipation
of the target and that this negativity extended through the
activity elicited by the array containing the target. Specifically,
the omnibus ANOVA yielded significant main effects of time
window (F(1,5) = 16.67, p < .01) and contralaterality (F(1,5) = 9.31,
p < .05) and a significant interaction of these factors (F(2,10) =
9.84, p < .05). In addition, there were significant interactions of
contralaterality × electrode site (F(2,10) = 8.92, p < .01) and time
window × contralaterality × electrode site ( F(4,20) = 8.36,
p < .001), reflecting the fact that the contralaterality effect
was largest at the OL/R sites, as in previous N2pc studies (Luck
and Hillyard, 1994a,b; Woodman and Luck, 1999, 2003a,b).
Our planned analyses within each time window revealed a
significant effect of contralaterality in both the pre-target
window and the post-target window (F(1,5) = 9.16, p < .05, and
F(1,5) = 9.15, p < .05, respectively) but no such effect in the
post-cue window (F < 1.0). There were also significant interactions of contralaterality × electrode site in both the pre-target
and target window tests (F(2,10) = 5.93, p < .05, and F(2,10) = 4.89,
p < .05, respectively), reflecting the fact that the effect was
largest at the OL/R electrode pair. No other main effects or
interactions were significant in any of the tests. These ana-
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lyses support the observations that a significant posterior
contralateral negativity was observed in anticipation of the
target and this negativity extended through the typical time
range of the N2pc following target array presentation until the
end of the trial.
To determine whether any N2pc was elicited by the search
array, over and above any lateralized activity prior to the onset
of the search array, we performed another analysis of the
target-evoked activity after baselining the ERP data using the
200-ms interval prior to the onset of the visual search array.
This subtracted away any lateralized activity present prior to
the onset of the search array, allowing us to determine if
additional lateralized activity was elicited by the search array.
This analysis confirmed that the electrodes contralateral to
the target were more negative than those ipsilateral 200–
275 ms after the target array (F(1,5) = 5.96, p < .05).
Several other aspects of these waveforms deserve note.
First, the offset of the cue stimulus was at 500 ms, and this led
to offset-elicited P1 and N1 waves at approximately 600 and
675 ms, respectively. Second, although this was not the focus
of our hypotheses, we observed an extended contralaterality
following the typical N2pc time course. A previous study has
suggested that this long-latency contralateral negativity can
be attributed to post-perceptual processing because it extends
into the time range of the P3 component (Woodman and Luck,
2003a) and also is likely to be related to recent studies of
lateralizations during visual working memory maintenance
(Jolicoeur et al., 2008; McCollough et al., 2007; Vogel and
Machizawa, 2004; Vogel et al., 2005). Finally, we did not
observe N2pc-like activity contralateral to the cued location
(or EDAN) immediately following the presentation of the
central cue stimulus.

2.3.

Discussion

In this experiment, no contralateral negativity was observed
immediately following the predictive spatial cue. This is
consistent with the results of van Velzen and Eimer (2003),
who concluded that early lateralizations following a cue in
previous studies (the EDAN) are actually an N2pc reflecting the
focusing of attention onto the cue stimulus itself. In the
present study, the cues were words centered on the vertical
meridian rather than lateralized stimuli, and we could
therefore isolate activity contralateral to the cued location
without contamination due to processing of a lateralized cue.
Despite the lack of an early lateralized effect, we did observe a
shift of attention to the cued location approximately 200 ms
before the search array was presented. Thus, subjects did not
shift attention until just before the target was expected. This
negativity continued during and after the time that the target
object was presented, with an additional negativity triggered
by the search array in the typical N2pc latency range. The
voltage distributions of the pre-target and post-target contralateral negativities were similar to the scalp distribution of the
N2pc component in previous visual search studies (Luck and
Hillyard, 1994b). Consistent with this observation, we did not
observe anterior potentials (the anterior directing attention
negativity, or ADAN) that have previously been described
using cuing paradigms without the distractor suppression
requirement used presently. We should note that the

Author's personal copy
106

BR A I N R ES E A RC H 1 2 9 7 ( 2 00 9 ) 1 0 1 –11 1

underlying N2pc may have actually been larger in amplitude
than we observed but may have been reduced by an overlapping positive contralaterality related to preparatory shifts
of attention (i.e., the LDAP) given the LDAP has been shown to
have a similar distribution as the N2pc (e.g., McDonald and
Green, 2008). Thus, the findings of Experiment 1 support the
proposal that attention is shifted to cued locations in advance
of targets embedded among distractors.
It is always difficult to be certain that an ERP component
observed in one experiment is the same as an ERP component
observed in a different experiment. In the present case, we
cannot be certain that the lateralized activity observed in the
few hundred milliseconds prior to the target is the same
component as the N2pc that is typically observed following a
visual search array. However, given that the latency of the P3
wave can vary over hundreds of milliseconds depending on the
experiment (for an extreme example, see Luck and Hillyard,
1990), there is certainly precedent for concluding that a
component could appear at one time in one experimental
paradigm and at a very different time in another paradigm.
Indeed, Yeung et al. (2004) have proposed that the error-related
negativity elicited by errors, the N200 component elicited by
correctly classified incompatible targets in the flankers paradigm, and the N450 component elicited by correctly classified
incongruent targets in the Stroop paradigm all reflect the same
underlying ERP component. Thus, we provisionally propose
that the cue-elicited pre-target contralateral activity observed
in the present study is the same as the post-target contralateral
N2pc activity observed in previous visual search studies (and in
response to the target array in the present study). Previous
research that presented targets that were not flanked by
distractors reported a more anterior contralateral positivity
during the period preceding the target. The distribution of the
contralateral activity we observed also appears to be different
from that found in a recent attentional cuing study in which
targets were preceded by a lateralized negative component.
Grent-'t-Jong and Woldorff (2007) presented a faint target
within one of two placeholder objects and found a contralateral negativity that built up preceding the target onset at the
cued location. This contralateral effect overlapped with a
broader negativity (likely the contingent negative variation)
elicited at the same time. However, it is possible that the
contralateral negativity observed in Grent-'t-Jong and Wolforff
(2007) may also have been N2pc activity due to the difficulty of
detecting the faint target within the cued high contrast
placeholder. Thus, these findings support the hypothesis
that the mechanism indexed by the N2pc is recruited when
the necessity to perform distractor suppression can be
anticipated.

3.

and the colors of the surrounding location markers. In
Experiment 2, we sought to generalize the results of Experiment 1 using a more traditional cuing paradigm, in which
central cue directly indicated the to-be-attended location and
all location markers were the same color. Specifically, each of
the 12 stimulus locations was marked with an outlined white
square, and the cue stimuli consisted of two letters indicating
the location of the upcoming target (e.g., UL for upper left, LR
for lower right). If the N2pc-like effect observed 200 ms prior to
the onset of the target array in Experiment 1 reflected advance
preparation for processing the target, then this same effect
should also be observed in Experiment 2.

3.1.

Method

The stimuli, procedure, data collection, and analysis methods
used were identical to those of Experiment 1 with the following exceptions. A new group of six observers participated
after giving informed consent. As illustrated at the bottom of
Fig. 2, the static background stimuli were all outlined white
squares exactly like those that marked the distractor locations
in Experiment 1. The four possible target locations were the
same as those used in Experiment 1 (i.e., the stimulus
positions just above and below the horizontal meridian in
the left and right visual fields). Subjects were instructed that
these were the only possible target locations and that
distractors would be presented within the other placeholders.
The cues were centrally presented two-letter pairs indicating
which possible target location would contain the target object.
The cue stimuli were the letters UL, UR, LL, and LR, standing
for “upper left”, “upper right”, “lower left”, and “lower right”,
respectively. These letter pairs were presented in a sans serif
font, were centered 1.3° above fixation, and subtended 0.9°
vertically and 0.7° horizontally. An average of 15.4% of trials
was rejected due to artifacts (with a single subject maximum
of 21.1%), and three observers were replaced for having either
more than 25% of trials rejected or averaged EOG with
deflections greater than 3.2 μV.

Experiment 2

The experimental paradigm used in Experiment 1 was
designed to be halfway between a typical N2pc visual search
paradigm and a cuing paradigm. The potential problem with
this paradigm, in which the cued location was identified by
means of its distinctive color, is that the observed N2pc-like
activity may have reflected the use of attention to resolve the
competition between the color of the cued location marker

Fig. 2 – Grand-average ERP waveforms (top) and example of
the stimuli (bottom) from Experiment 2.
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3.2.

Results

Subjects accurately (80.2% correct) discriminated the cued
target objects (mean RT = 757 ms). Although this behavioral
performance was less accurate and slower than that found in
Experiment 1, it is far better than would be expected if attention were not deployed to the target location as shown by the
behavioral experiment.1
The grand-average ERP waveforms are shown in Fig. 2. We
observed essentially the same pattern of results as in Experiment 1. Specifically, the ERP waveform contralateral to the
cued target location became more negative approximately
200–300 ms before the target object was presented. This
posterior contralateral negativity continued throughout the
target presentation until the end of the recording epoch.
These observations were supported by the findings of the
statistical tests. The omnibus ANOVA yielded a significant
main effect of contralaterality (F(1,5) = 10.46, p < .05) and significant interactions of contralaterality × electrode site (F(1,5) =
4.94, p < .05) and time window × contralaterality × electrode site
(F(1,5) = 5.07, p < .05). These effects support the observation that
N2pc-like activity was present immediately before and after
target array onset but not immediately after cue array onset.
The planned follow-up ANOVA for the target window
yielded a significant interaction of contralaterality × electrode
site (F(2,10) = 6.46, p < .05), reflecting the canonical distribution
of the N2pc component with largest amplitude at the OL/R
sites. The pre-target window yielded only a significant
main effect of contralaterality relative to the cued location
(F(1,5) = 10.46, p < .05). The interaction term of contralaterality ×
electrode site was not significant (F(2,10) = 1.89, p = .20), but the
pattern of contralateral activity was consistent with the distribution typically observed in previous studies of the N2pc.
That is, the contralateral effect was largest at electrodes OL/R
(−0.56 μV), followed by T5/6 (−0.36 μV), and smallest at O1/2
(−0.22 μV). The analysis of the post-cue window yielded a
significant main effect of hemisphere (F(1,5) = 27.33, p < .01) due
to potentials being more positive over the left hemisphere and
particularly for lower visual field cues, leading to a significant
interaction of hemisphere × visual field (F(1,5) = 33.73, p < .01).
There were different distributions of voltages across hemispheres such that there was also a significant interaction
of hemisphere × electrode site (F(1,5) = 10.46, p < .05) during
the post-cue window. Note that the pre-target and target
windows yielded significant main effects and interactions of
contralaterality, indicating N2pc-like activity, whereas no
significant contralateral activity was observed in the postcue window.
As in Experiment 1, we further assessed the target-evoked
N2pc activity by rebaselining the ERPs to the 200-ms interval
prior to the target array. This baselining procedure reduced
the amplitude of the contralateral negativity as it did in Experiment 1. In this case, the main effect of contralaterality and
interaction with electrode site was no longer significant after
rebaselining (F < 1.0).
To directly compare the findings of Experiments 1 and 2,
we entered the ERP data into an ANOVA with the between
subjects factor of experiment (1 versus 2). This ANOVA yielded
neither a significant effect of experiment nor an interaction of
experiment with any other factor (F < 1.0). This supports the
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observation that the pattern of effects was largely the same in
Experiments 1 and 2.

3.3.

Discussion

In Experiment 2, we observed that the hemisphere contralateral to the cued target location became more negative at
posterior sites than the ipsilateral hemisphere approximately
200–300 ms before the target object was presented. This
pattern of activity again suggests that attention was shifted to
the cued location marked by a placeholder immediately before
the target stimulus was expected to appear. These findings
replicate the results of Experiment 1 using a new group of
observers and demonstrate that the results of Experiment 1
were not simply due to the use of colored location placeholders and word cues.
The distribution of the contralateral effects was similar to
that observed in Experiment 1 and in previous studies of the
N2pc. This supports our conclusion that the mechanism
indexed by the N2pc was recruited in anticipation of the
target item in the crowded search array to filter out the
features of the distractors allowing accurate processing of the
target. Together, the results of Experiments 1 and 2 demonstrate that anticipatory N2pc-like activity is elicited by
symbolic spatial cues when the cues indicate the location of
a target that will be flanked by distractor objects. Contrasting
the present findings with previous studies that did not use
multi-element target arrays suggests that the type of selection
mechanism deployed to a cued location will depend upon the
target processing requirements that are anticipated. This is
consistent with previous findings from behavioral (Awh et al.,
2005) and neuroimaging experiments (Serences et al., 2004).

4.

Experiment 3

In Experiments 1 and 2, placeholder objects marked the four
possible target locations during the cue-to-target interval.
Next we examined whether the anticipatory N2pc-like activity
observed in these previous experiments was due to attention
selecting the placeholder objects themselves. Previous studies
observed the N2pc component in the context of visual search
tasks in which attention is deployed to potential target items
present in the visual field. In Experiments 1 and 2, the
placeholder array contained objects to which attention could
be deployed. It is possible that the mechanism indexed by the
N2pc component is deployed to objects and that, when the
visual field does not contain such structure, the N2pc
mechanism has no stimulus on which to focus. That is, this
mechanism may not perform purely spatial selection but may
instead operate on object representations. This hypothesis
seems likely in light of a recent cuing study of the N2pc in
which a blank monitor appeared during the cue-to-target
interval and no anticipatory N2pc-like activity was observed
(Kiss et al., 2007).
The cuing paradigm used in Experiment 3 afforded us the
opportunity to test the hypothesis that the N2pc selection mechanism is deployed to objects rather than the locations that the
target items would ultimately occupy. To distinguish between
these hypotheses, we used a cuing paradigm identical to that of
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Experiment 2 but removed the static array of placeholder objects
that marked the possible target locations. The cued locations
were no less ambiguous because the same four possible target
locations were used as in Experiments 1 and 2. If the N2pc
selection mechanism is deployed to spatial locations in anticipation of a target array, we should still observe the N2pc-like
activity shifting contralateral to the cued position during the
pre-target interval. In contrast, if the mechanism indexed by the
N2pc selects objects and not simply locations in space, then
removing the placeholders should eliminate the pre-target
N2pc-like activity observed in Experiments 1 and 2.

4.1.

Method

All methods used here were identical to those of Experiment 2
except as noted below. A new group of six observers were
recruited to participate. The stimuli were identical to those of
Experiment 2, except that the array of placeholder objects was
not shown (see Fig. 3, bottom). Observers were shown where
the possible target locations were and familiarized with these
four locations during the practice trials prior to the experimental trial blocks. Among this group of participants, an
average of 10.9% of trials was rejected due to artifacts (with a
single subject maximum of 20.9%) and four observers were
replaced for having more than 25% of trials rejected or
averaged EOG with deflections greater than 3.2 μV.

4.2.

Results

Observers correctly discriminated the target item on 93.3% of
trials (mean RT = 806 ms). This performance is better than that
found in Experiment 2 using a different group of observers but
similar to accuracy in Experiment 1 and to the valid trials of
the behavioral pilot experiment.
The grand-average ERP waveforms are shown in Fig. 3. We
observed no sign of a posterior negativity contralateral to the

Fig. 3 – ERP waveforms and stimulus arrays from Experiment
3. Top panel: Grand-average ERP waveforms from
Experiment 3. Bottom panel: Stimulus sequence from
Experiment 3, which was identical to Experiment 2 except for
the absence of the placeholder objects.

cued target location prior to the presentation of the array
containing the target. Indeed, the only N2pc activity was
observed following the target within the time range that the
N2pc is typically observed during visual search.
The results of the statistical analyses support these
observations. The key results in the omnibus ANOVA were
a time window × contralaterality interaction (F(2,10) = 21.06,
p < .05) and a significant three-way interaction of time
window × contralaterality × electrode site (F(4,20) = 5.02, p < .05).
These effects reflect the presence of N2pc-like activity
following the target array but not immediately preceding the
target array or immediately after the cue array. This ANOVA
also yielded significant main effects of time window, visual
field, and electrode site (ps < .01), along with significant twoway interactions of time window × visual field, visual field ×
hemisphere, and hemisphere × electrode site (ps < .05).
The planned comparison during the target window yielded a
significant effect of contralaterality (F(1,5)= 15.76, p < .05) and a
significant contralaterality × electrode site interaction (F(2,10) =
5.19, p < .05), as is typically observed for the N2pc component in
visual search experiments. During the pre-target window, we
obtained significant main effects of visual field and electrode
site and a significant hemisphere × electrode site interaction
(ps < .05), but no significant main effects or interactions involving the contralaterality factor. Compared to Experiment 2, the
pre-target activity appeared to be reduced by the absence of
placeholders. To assess this statistically, we performed an
analysis of the pre-target interval across Experiments 2 and 3.
Consistent with the observation of reduced pre-target activity in
Experiment 3, we found a significant interaction of the factor of
Experiment (2 versus 3) with contralaterality (F(1,10) = 6.13,
p < .05). In analyzing the activity in the post-cue window in
Experiment 3, we found a significant main effect of visual field
and interactions of visual field× hemisphere and hemisphere × electrode site (ps < .05) but no main effects or interactions
involving the contralaterality factor.
As in Experiments 1 and 2, we examined the target-evoked
N2pc activity by baselining the ERPs to the period immediately
(0–200 ms) before the onset of the target array. The statistical
analysis yielded a significant effect of contralaterality (F(1,5) =
23.84, p < .01) and a significant interaction of contralaterality ×
electrode site (F(2,10) = 6.74, p < .05). This result differs from
that of Experiment 2 in which baselining to the pre-target
period largely eliminated the contralateral negativity that was
observed. To directly compare the N2pc components evoked
by the target arrays in Experiments 2 and 3, we entered the ERP
data, baselined to the 200 ms period prior to the onset of the
search array, into an ANOVA with a between-subjects factor of
experiment (Experiment 2 versus Experiment 3). This analysis
yielded a significant effect of contralaterality (F(2,10) = 13.19,
p < .01) and, most importantly, a significant interaction of
contralaterality × experiment (F(2,10) = 6.30, p < .05). These findings support the observation that the amplitude of the N2pc
to the target was larger in Experiment 3 than Experiment 2.

4.3.

Discussion

In Experiment 3, we found that an N2pc component was
elicited following the presentation of the target, but unlike
in Experiments 1 and 2, we did not observe this component
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during the interval immediately preceding the target presentation. The only difference between Experiments 2 and 3 was
the presentation of an array of placeholder objects in Experiment 2. These findings demonstrate that the selection
mechanism indexed by the N2pc is deployed to objects in
anticipation of a target embedded in distractors but is not
simply deployed to locations that lack the presence of an
object to select. An alternative account of the difference in
N2pc activity we observed between Experiments 2 and 3 is that
no pre-target N2pc was observed because the N2pc is
inherently spatial but fails without precise spatial information. However, we can reject this hypothesis because the
specificity of the spatial location indicated by the cue was
identical between experiments.
We found that the N2pc elicited by the target in Experiment
3 was significantly larger than that found in Experiment 2.
This finding is consistent with the explanation that the N2pclike activity observed in Experiment 2 (and 1) was in fact the
N2pc. When the N2pc was already focused on the target
location in Experiment 2, less target-elicited N2pc activity was
observed because the target information could be processed
more quickly when it became available. In other words, a
spatial attentional filter could be instantiated prior to the
onset of the array such that when the information from the
array arrived in the visual system a spatial shift of attention
was unnecessary and just the suppression of the distractors
indexed by a subset of the N2pc activity in ventral areas
occurred (e.g., Hopf et al., 2000). Thus, the findings of
Experiments 2 and 3 together support the conclusion that
the N2pc-like activity observed in anticipation of the target
array in Experiments 1 and 2 was in fact the N2pc.

5.

General discussion

In Experiments 1 and 2, we found that observers shifted
attention to the cued placeholder object in anticipation of the
presentation of a target flanked by distractors. However, when
we removed these placeholder objects in Experiment 3, no
such anticipatory shift of attention was found (see Fig. 4).
These findings not only provide novel insights into how
attention is deployed during cuing studies of visual attention
but also inform us about the nature of the mechanism that the
N2pc component measures.
The first implication that our findings have is for the debate
over whether early lateralized components following the
presentation of a cue are related to shifting of attention to
the anticipated target location or reflect the perceptual analysis of the cue stimulus itself. As stated before, van Velzen
and Eimer (2003) proposed that the EDAN component previously reported was actually an N2pc elicited by attention
shifts to the cue stimulus rather than to the cued location.
They supported this hypothesis by showing that the early
contralateral negativity was relative to the cue stimulus and
not the hemifield being cued. In the present study, we further
tested this hypothesis by presenting centrally located words
or letters as cues. Stimuli presented on the midline between
left and right visual fields are known to not elicit N2pc activity
(Woodman and Luck, 2003b). Supporting the conclusions of
van Velzen and Eimer (2003), we found no early posterior
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Fig. 4 – N2pc amplitude (contralateral–ipsilateral with respect
to the cued target location) from OL/R for the three
measurement windows from Experiment 1 (black bars),
Experiment 2 (gray bars), and Experiment 3 (white bars). The
error bars show the standard error of the mean.

negativity contralateral to the cued hemifield following the
presentation of the cue stimulus. The present findings contribute to the view that, when present, early posterior contralateral negativities following the presentation of a spatial cue
are related to the processing of the lateralized cue itself.
The present study also demonstrates that the N2pc
component can be elicited contralateral to an anticipated
imperative stimulus flanked by distractors. Previously, the
N2pc component was typically observed in the context of
visual search tasks (Luck et al., 1993, 1997b; Luck and Hillyard,
1995; Luck et al., 1994; Woodman et al., 2007; Woodman and
Luck, 1999, 2003b). In such tasks, the entire array is presented
simultaneously and the N2pc is observed when attention is
shifted to a potential target item or the target itself. Here we
show that an anticipatory N2pc component can be elicited
prior to the actual presentation of the stimulus that requires
discrimination. Because previous studies that used isolated
targets did not observe N2pc-like activity, our findings support
the hypothesis that the N2pc is related, in part, to distractor
suppression (with a contribution due to target selection also,
i.e., Hickey et al., 2009). Finally, the present findings
also support an assumption often made in the cognitive
literature using cuing paradigms that attention is shifted to
the cued location in advance of the actual target presentation
(Posner, 1980).
Our final observation was the disappearance of the
anticipatory N2pc when the cued locations were not marked
by placeholder objects. This finding suggests that the attention mechanism indexed by the N2pc component selects
objects and not simply spatial locations. When the visual
array contained visible placeholder objects, the anticipatory
N2pc was observed. However, when exactly the same task and
procedure was used but the placeholder objects were
removed, the pre-target N2pc was eliminated. In the previous
studies of the N2pc using visual search tasks, it was not
possible to dissociate whether objects were being selected or
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whether attention was selecting the spatial locations occupied
by the objects. The present experiments suggest that the N2pc
attention mechanism performs object-based selection and not
purely location-based selection.
These findings may also be related to the role of the N2pc in
distractor suppression. In Experiments 1 and 2, the N2pc
selection mechanism may have been deployed to inhibit the
surrounding placeholders in anticipation of additional distracting information. Thus, these findings build on a large body of
evidence suggesting that visual attention mechanisms select
entire objects and not simply locations in space (Duncan, 1984;
O'Craven et al., 1999). It should be noted that the present
findings are also consistent with hybrid models of object-based
selection, such as the grouped array hypothesis (Vecera, 1994,
1997; Vecera and Farah, 1994), in which attention mechanisms
are essentially location based but that selected locations are
determined by structure of the object that is attended. Further
research will be needed to distinguish between these competing theoretical explanations.
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