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Accurate perception and action depend on the ability
of brain attention systems to focus awareness on the most
relevant subset of stimuli in our environment.This focus-
ing of awareness can be accomplished either voluntarily
as an effortful act or reflexively, captured by events in the
external world. In addition to the difference in the qual-
itative experience of these two types of attention, empir-
ical investigations have identified a number of defining
characteristics that dissociate these two types of attention.
Behavioral studies have shown that reflexive attention can
be engaged more rapidly than voluntary attention and is
more resistant to interference than is voluntary attention
(e.g., Jonides, 1981; Müller & Rabbitt, 1989; Posner,
Nissen, & Ogden, 1978). Reflexive attention, but not vol-
untary attention, also results in a biphasic effect on reac-
tion times (RTs), with an initial enhancement in RT at the
cued location followed quickly by an inhibition at that lo-
cation (i.e., inhibition of return [IOR]; Posner & Cohen,
1984). Reflexive and voluntary attention have also been
shown to perform different roles in feature integration(e.g.,
Briand, 1998; Briand & Klein, 1987). Finally, neuropsy-

chological evidence suggests that partially or wholly sep-
arate neural mechanisms support reflexive versus volun-
tary attention,with cortical structures being more involved
in voluntary orienting and subcortical structures having a
greater role in producingreflexive shifts of attention (e.g.,
Rafal, 1996;Sapir, Soroker, Berger, & Henik, 1999). How-
ever, although substantial differences between these two
types of attentionhave been found, research investigating
the neurophysiologicaleffects of focal attention on visual
processing has focused almost entirely on voluntary atten-
tion. Electrophysiological studies in humans and single
cell recordings in nonhuman primates have established
that the mechanisms of voluntary visuospatial attention
involve modulations of processing in relatively early vi-
sual processing regions of the brain (e.g., Mangun& Hill-
yard, 1991; Moran & Desimone, 1985; Motter, 1993). To
date, the physiological effects of reflexive attention on
visual cortical processing have received much less in-
vestigation.

Recently, we found modulations of visual cortical pro-
cessing in a paradigm that recruited reflexive attention
(Hopfinger & Mangun, 1998). In that study, we examined
the time course of neural processing by recording event-
related potentials (ERPs) from human volunteers while
they performed a height discrimination task on target stim-
uli. The targets were preceded by nonpredictive visual
events (reflexive cues) that could occur either at the same
location as or at a different location from the targets and
with variable cue-to-target interstimulus intervals (ISIs).
An enhancement of the ERP waveform for reflexively
cued-location targets, relative to uncued-location targets,
was found during the latency range of the occipital P1
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Previously, we demonstrated that reflexive attention facilitates early visual processing during form
discrimination (Hopfinger & Mangun, 1998). In the present study, we tested whether reflexive facilita-
tion of early visual processing will be generated when task load is low (simple luminance detection).
Target stimuli that were preceded at short cue-to-target intervals by irrelevant visual events (cues)
elicited an enhanced sensory (P1) event-related potential (ERP) component as well as an enhanced
longer latency, cognitive ERP component (P300). At long cue-to-target intervals, facilitation in these
ERP components was no longer observed, and, although inhibition of return (IOR) was observed in re-
action times, the ERPs did not show an inhibition of sensory processing. These results provide con-
verging evidence that reflexive attention transiently facilitates neural processing of visual inputs at
multiple stages of analysis (i.e., sensory processing and higher order cognitive processing) but ques-
tion the view that IOR is manifest at the earliest visual cortical stages of analysis.
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component when the cue-to-target ISI was short (34–
234 msec). The P1 component of the ERP is generated
in response to visual stimuli, and combinedERP and neu-
roimaging studies have shown that it originates in human
extrastriate cortex (e.g., Heinze et al., 1994; Mangun,
Hopfinger, Kussmaul, Fletcher, & Heinze, 1997; Mar-
tinez et al., 1999; Woldorff et al., 1997). Furthermore, the
P1 component is the first component of the visual ERP
waveform to be reliably modulated by voluntaryattention
(e.g., Eason, 1981; Heinze et al., 1994; Luck et al., 1994;
Mangun& Hillyard, 1991;Van Voorhis& Hillyard, 1977).
Our f indings thus suggested that reflexive attention
modulates sensory processing at a similar neural locus as
does voluntary attention (Hopfinger & Mangun, 1998),
at least for discrimination tasks such as we employed.

The argument that the enhancement of the P1 compo-
nent in voluntary attention tasks is an effect of spatial at-
tention has been strengthened by showing that it occurs
across a number of different tasks, includingsimple lumi-
nance detection and complex form discrimination (e.g.,
Luck et al., 1994;Mangun& Hillyard, 1991). An enhance-
ment of the P1 component occurs for all stimuli at a vol-
untarily attended location, arguing that it indexes focal
spatial attention (e.g., Heinze, Luck, Mangun, & Hill-
yard, 1990; Luck, Fan, & Hillyard, 1993; Mangun &
Hillyard, 1991). However, recent studies have shown that
task demands can play a role in voluntary P1 attention ef-
fects (e.g., Eimer, 1994; Handy & Mangun, 2000). Handy
& Mangun showed that the P1 attention effect was ob-
served only when attentionwas induced to be strongly fo-
cused on the attended location (under conditions of high
perceptual load). Indeed, previous studies have shown that
the “amount” of attentionvoluntarilyallocated to a region
correlates with the amplitude of the enhancement of sen-
sory processing (Mangun & Hillyard, 1990).

It remains unclear, however, whether the physiological
effects of reflexive attentioncan be influenced by task de-
mands. For example, is the degree of facilitation of early
sensory processing by reflexive attention different when
task demands are high (e.g., when target form discrimi-
nation is required) relative to when it is relatively low
(e.g., when only simple luminancedetection is required)?
The argument that the P1 effect we observed previously
was due to purely reflexive mechanisms would be strength-
ened by showing that it is generated in a task with low
task load. Indeed, behavioral studies of reflexive atten-
tion have found that performing a discrimination task can
produce a different pattern of RT effects than when per-
forming a detection task with the same set of stimuli
(Danziger & Kingstone, 1999; Klein & Taylor, 1994),
suggesting an interaction between reflexive attention and
task parameters at some stage(s) of processing. However,
if our hypothesis is correct, and reflexive attention auto-
matically induces modulationsof processing in relatively
early levels of visual cortex, then changing the task de-
mands should not alter our previous findings of modula-
tions of visual sensory ERPs (Hopfinger & Mangun,
1998). To test this, we required participants in the pres-

ent study to perform a simple detection task with the same
stimuli used previously.

A second motivation for the present study was to more
thoroughly investigate the inhibitory effects of reflexive
attention that are exhibited at long cue-to-target ISIs. In
our original study (Hopfinger & Mangun, 1998), the P1
component was significantly reduced in amplitude for
cued-location relative to uncued-location targets at the
long ISIs, a pattern reminiscent of IOR. Paradoxically,
however, IOR was not observed in RT in that study, leav-
ing unanswered the questionof how the ERP signs of early
inhibitory processes related to the typical IOR phenome-
non. Previous research has shown that IOR in RTs is
more likely to be obtained in detection tasks than in dis-
crimination tasks (see Klein, 2000, for review); therefore,
the present study was able to more directly address whether
or not IOR has correlates in early visual cortical process-
ing at the stages of analysis reflected by the P1 component
of the ERP.

Finally, in the present study, we also investigated the
neural correlates of attentional reorienting. Models of
visual attention often include the concept of attentional
disengagement, wherein the focus of attention must be
removed from a current location prior to reorienting else-
where to engage new target stimuli (Posner, Inhoff,
Friedrich, & Cohen, 1987). Patients with lesions of the
posterior superior temporal gyrus (the temporal–parietal
junction)are particularly slowed in responding to uncued-
location targets (i.e., invalid targets) that appear in the
visual hemifield contralateral to the lesioned hemisphere
(e.g., Friedrich, Egly, Rafal, & Beck, 1998;Posner, Walker,
Friedrich, & Rafal, 1984). Recently, Corbetta, Kincade,
Ollinger, McAvoy, and Shulman (2000) used neuroimag-
ing to demonstrate that, under these same conditions,
healthy volunteers showed increased blood flow in the
temporal–parietal junction. We hypothesized that when
attention is reflexively captured to a location in the visual
field, but a relevant target subsequentlyoccurs elsewhere,
a similar disengage operation must be performed, and
this should be observed in the ERPs to uncued targets.
Importantly, any such effect in a reflexive cuing paradigm
should be observed only at short cue-to-target intervals
when attention is captured to a location, and not at longer
intervals when the effects of reflexive attention has dissi-
pated and/or has been replaced by inhibition of the cued
location.

METHOD

Participants
Data were collected from 12 healthy, right-handed, paid volunteers

(6 males, 6 females), ages 18–28 years, with normal or corrected-to-
normal vision. All participants gave written informed consent prior
to any session, and all procedures were approved by the Human
Subjects Review Committee at the University of California, Davis.

Stimuli and Procedure
The participants viewed an NEC 4FG color computer monitor (at

a distance of 75 cm) and maintained fixation on a centrally located
cross throughout all trials (see Figure 1). On either side of fixation,
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four small white dots demarcated the corners of an imaginary rec-
tangle, 1.03º wide and 1.37 º tall, located 1.5º above fixation and
6.4º lateral to fixation (measured to center of rectangle). Each trial
commenced with the four dots on one side of fixation (equally
probable on the left or the right of fixation) being extinguished for
34 msec and then reappearing, giving the subjective impression of
a blinking of one set of dots. The participants were informed that
this stimulus was irrelevant to the task and was completely nonpre-
dictive of the location of the subsequent target. Moreover, they were
explicitly instructed not to attend voluntarily to either location,
since that would be a counterproductive strategy for this task.

After a variable interval (ranging randomly from either “short”
[34–234 msec] or “long” [566–766 msec]; rectangular distribution
within each range), a vertical target bar was flashed amid the dots
to one side of fixation. The target bar was equally likely to appear
to the right or the left of fixation and was equally likely to be at the
same location as or the opposite location to the preceding cue (i.e.,
the cue did not predict target location). The target remained on the
screen for 50 msec and was either a short (1.8º 3 0.69º) or tall (2.3º
3 0.69º) vertical bar (two sizes of bars and two cue-to-target inter-
vals were used in order to keep all the stimuli and procedures iden-
tical to our previous study; Hopfinger & Mangun, 1998). The par-
ticipants performed a simple detection task in which they were
required to rapidly press a button with the index finger as soon as
the bar was detected (the size of the bar was task irrelevant in the
present study). The participants performed half the trials using the
right hand and half using the left hand in separate counterbalanced
blocks. The intertrial interval was varied randomly between 1,500
and 2,000 msec, and each block consisted of 40 trials wherein short
(34–234 msec) and long (567–766 msec) cue-to-target intervals
(ISIs) were randomly intermixed. Catch trials, during which no tar-
get appeared, accounted for 20% of the total trials. The presence of
catch trials reduced the likelihood of the participants’ forming tem-
poral expectancies and prevented anticipatory responses. Each

block was 90–100 sec long, and each participant performed 80
blocks, 40 on each of two separate testing days.

Recording and Analysis
RTs from the buttonpress responses were used as a behavioral

measure of performance, and the electroenceph alogram was
recorded from 64 tin electrodes distributed over the scalp of each
volunteer. These signals were amplif ied with a bandpass of 0.1–
100 Hz and digitized at 256 samples per second. Although the
cue was subtle and did not overlap in space or time with the target,
the scalp-recorded neural responses (ERPs) to the cue still over-
lapped and summated with the responses recorded to the target
stimulus, especially at the shortest ISIs. In order to eliminate
the possibility that any differences in early ERP components might
be due to overlapping electrical activity produced by the cues, the
adjacent response (Adjar) filter method (Woldorff, 1993) was em-
ployed to remove confounding potentials generated by the lateral-
ized cues, in the manner described previously (Hopfinger & Man-
gun, 1998). This procedure iteratively estimates the overlap from
adjacent events (i.e., cue and target) until the estimates of the cue
and target overlap do not change over successive iterations, at which
point the estimated overlap is subtracted from the original wave-
forms.

During each session, eye position was monitored with an infrared
video camera system and by recording the electrooculogram from
electrodes placed around each eye. Trials with eye movements or
blinks were rejected off line, and were not included in the analysis.
Because the application of the Adjar algorithm for removing over-
lapping ERP responses is sensitive to noise, data with high signal-
to-noise ratios are required. Therefore, we selected the 8 partici-
pants with the cleanest ERPs, as described below (however, none of
the effects described below differed whether tested on the 8 selected
participants or the entire group of 12). The 12 participants were
ranked on the basis of the signal-to-noise ratio of their visually
evoked ERP components (poststimulus “signal” vs. prestimulus
baseline “noise”), without consideration of the effects of interest in
this study (i.e., blind ranking). The 8 participants (6 males, 2 fe-
males, ages 19–28 years) with the highest signal-to-noise ratios
were then analyzed further (this also simplifies the comparison of
the present data to those of Hopfinger & Mangun, 1998, who also
used 8 participants, although not the same participants). The data
from these participants were individually filtered with the Adjar al-
gorithm. The data presented here are the grand-average waveforms
from the filtered data set, with overlapping responses removed.

Statistical significance was evaluated using repeated-measures
analysis of variance (ANOVA). For the RT data, the ANOVA fac-
tors were ISI (short vs. long), cuing (cued-location targets vs.
uncued-location targets), visual field of target (right vs. left hemi-
field), and participants (N = 8). For the analyses of ERP data in the
100–150-msec latency range (corresponding to the P1 component
to these stimuli), the following factors were added: electrode loca-
tions (medial vs. lateral scalp locations) and hemisphere of elec-
trodes (right vs. left scalp locations). For the 100- to 150-msec time
range, the occipital electrodes included in the analyses were T5, T6,
OL, and OR. OL and OR are located midway between T5 and O1
and midway between T6 and O2, respectively, of the International
10–20 system of electrode placement (Jasper, 1958). Finally, for the
analyses of the ERP data in the 250- to 350-msec latency range
(corresponding to the P300 component), only midline scalp elec-
trodes were analyzed (electrodes Cz and Pz of the International
10–20 system); thus, the ANOVA factor of hemisphere of elec-
trodes was not included.

RESULTS

Omnibus ANOVAs revealed significant interactions
between the factors of ISI (short vs. long) and cuing (cued

Figure 1. Example of the stimulus display showing a trial with
a target occurring at a cued location. The “cue” was a 34-msec
offset and then reappearance of the four dots on one side of fixa-
tion. The cue-to-target interstimulus interval was randomly var-
ied over a short (34–234 msec) or long (566–766 msec) interval.
The target was a vertical bar presented for 50 msec. The partic-
ipants’ task was simply to press a button as soon as the bar was
presented.
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vs. uncued) for the RT data [F(1,7) = 77.69,p , .001], the
P1 ERP component [F(1,7) = 6.18, p , .05], and the
P300 ERP component [F(1,7) = 6.13, p , .05]; there-
fore, separate analyses were conducted for the effects of
interest at short and long ISIs. Only the main effects of
cuing are presented, because no other statistical main ef-
fects or interactions bear on the conclusions of the pres-
ent study.

Short-ISI Results
The participants in the present experiment were sig-

nificantly faster in responding to targets at the cued loca-
tion than at the uncued location (282 vs. 290 msec)
[F(1,7) = 7.63, p , .05] at short cue-to-target ISIs, a find-
ing that is consistent with prior RT studies using nonpre-
dictive peripheral cues (Jonides, 1981; Miller, 1989;
Müller & Rabbitt, 1989; Theeuwes, 1991; Yantis, 1996).
These results provide evidence that the subtle “cue” was
effective in capturing attention.At short ISIs, early visual
cortical processing (i.e., the P1 component; Figure 2)
was also significantly enhanced for stimuli occurring at
the same location as the previous nonpredictive cue (0.79
vs. 0.31 mV) [F(1,7) = 7.92, p , .05]. Topographic volt-
age maps during the time period of the P1 componentshow
that the spatial distributionof electrical activity recorded at
the scalp was very similar for cued- and uncued-location
targets, with the main difference being the strength of the
response (Figure 3, top). That is, the locations of the pos-
itive voltage maxima were the same for cued- and uncued-
location targets, although the maximum voltage was
greater in amplitude for cued-location targets. This sug-
gests that, like voluntary attention, reflexive attention
may act as a “gain control”mechanism, wherein the same
type of processing occurs for attended and unattended
locations, but the strength of that processing is deter-
mined, at least in part, by mechanisms of attention (Man-
gun, 1995). The present results support our proposal that
this enhancement of visual processing at the stage of the
P1 component is due to reflexive mechanisms, by show-
ing that such modulations occur in a simple luminance-
detection task.

The P300 component to short-ISI targets was also sig-
nificantly enhanced for cued-location targets relative to
uncued-location targets [2.80 vs. 1.82 mV) [F(1,7) =
136.51, p , .001; Figure 2]. This component of the ERP
(peak latency 250–350 msec, maximal over central and
central-parietal scalp sites; Figure 3, bottom) has been
used in conjunction with RTs to examine human infor-
mation processing (Duncan-Johnson & Donchin, 1982).
The amplitude of the P300 is typically larger to infre-
quent stimuli and is thought to index aspects of informa-
tion processing, such as perceived stimulus relevance or
context updating (Donchin, 1981). Our finding that the
P300 component is larger for cued-location stimuli sug-
gests that reflexive attention mechanisms cause cued-
locationstimuli to be treated as more salient or potentially
significant at higher stages of stimulus evaluation, even

when both cued and uncued locations are known by the
participant to be equally frequent and equally relevant.

Long-ISI Results
In contrast to the pattern at short ISIs, at longer cue-

to-target ISIs (566–766 msec), RTs were slower at the
cued location than at the uncued location (290 vs.
277 msec) [F(1,7) = 8.37, p , .05]. This slowing of RTs
at cued locations (IOR) is thought to facilitate the ability
to efficiently search the visual environment by inhibiting
recently attended locations (Klein & MacInnes, 1999;
Posner & Cohen, 1984; for a review, see Klein, 2000).
The demonstrationof IOR in the present study is relevant
for our contention that voluntary attention was not en-
gaged. If the participants had voluntarily attended to the
cued location, RTs should have been faster at the cued lo-
cation at the longer ISIs, as has been shown in previous
studies of voluntary attention (Jonides, 1981; Mangun &
Hillyard, 1991; Müller & Rabbitt, 1989). Hence, given
that RTs were slower at the cued location at the long ISI,
this indicates that the participantswere not voluntarilyat-
tending to the cued location.

At the longer cue-to-target intervals, the P1 was not sig-
nificantly different for cued- and uncued-locationtargets.
This provides further evidence that the ability of reflexive
attention to enhance processing at early levels of sensory
processing is a transient effect. Although cued-location
targets, relative to uncued-location targets, tended to ac-
tually have a smaller P1 component at the long ISIs (Fig-
ure 4), a pattern in the direction of IOR, this was not a sig-
nificant difference (cued = 0.79 mV, uncued = 0.92 mV)
[F(1,7) = 1.36 p . .2]. There also was no statistically
significant difference in the amplitude of the P300 com-
ponent at the long ISIs, although there was a trend for the
cued-location targets to still show enhancement of the
P300 (cued = 3.34 mV, uncued = 3.02 mV) [F(1,7) = 1.59,
p . .2; see Figure 4].

Attentional Disengagement and Reorienting
To test for evidence of activity that might reflect the

reorienting of attention,we examined the data for effects
that were specific to uncued-location (invalid) targets at
the short ISIs but not the long ISIs. We observed a large,
negative polarity response displaying the hypothesized
pattern over temporal-occipital regions of the hemisphere
ipsilateral to the invalid targets from 200–250 msec after
invalid target onset; we refer to this effect as the ipsilateral
invalid negativity (IIN; see Figure 2). An ANOVA was
performed for the latency window of 200–250 msec with
the factors of ISI (short vs. long), cuing (cued-location
targets vs. uncued-location targets), visual field of target
(right vs. left hemifield), electrode location (temporal
vs. parietal scalp locations: T5 and T6, P5 and P6), hemi-
sphere of recording (right vs. left scalp locations), and par-
ticipants (N = 8). The omnibus ANOVA revealed a sig-
nificant four-way interaction between ISI, cuing, visual
field, and hemisphere of recording [F(1,7) = 14.39, p ,
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.01]. Separate ANOVAs for contralateral and ipsilateral
hemispheres at long and short ISIs confirmed that the only
condition for which cuing was a significant effect was
ipsilateral scalp sites at the short ISI [cued = 1.33 mV, un-
cued = 20.21 mV) [F(1,7) = 16.28, p , .01].

DISCUSSION

Reflexive attention is essential for rapid orienting to
potentially important events in our environment.The pres-
ent results suggest that reflexive attention contributes to

Figure 2. Event-related potentials to right visual field target stimuli (top) and left visual field target stimuli
(bottom) at the short cue-to-target interstimulus intervals (ISIs). Electrodes OL and OR are located midway
between T5 and O1 and midway between T6 and O2, respectively, of the International 10–20 system of elec-
trode placement (Jasper, 1958). Electrodes P5 and P6 are located between T5 and P3 and between T6 and P4,
respectively. Shaded gray areas highlight the latency ranges over which statistics were computed for the con-
tralateral P1 (100–150 msec), the P300 (250–350 msec), and the ipsilateral invalid negativity (IIN;
200–250 msec). At the short cue-to-target ISIs, cued-location targets (solid lines) elicited significantly en-
hanced P1 and P300 components, relative to uncued-location targets (dashed lines) Uncued-location (invalid)
targets elicited a significantly negative going wave, ipsilateral to the target location (the IIN).

Short ISI
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Figure 3. Scalp topographic voltage maps of the short ISI data, collapsed over contralateral and ipsilat-
eral scalp sites. The left scalp hemisphere of each map represents the ipsilateral hemisphere (data from the
left hemisphere for left visual field targets combined with data from the right hemisphere for right visual
field targets); the right scalp hemisphere of each map represents the contralateral hemisphere (data from
the left hemisphere for right visual field targets combined with data from the right hemisphere for left vi-
sual field targets). The small black dots on each topographic map indicate the location of the electrodes,
and all maps are referenced to the right mastoid. Only the effects of interest are highlighted on each map,
and the corresponding levels of activity are indicated on the scale for each pair of maps. Top: Side views
of the head showing the attention effect at the peak of the P1 component (110–120-msec latency range) at
the short cue-to-target ISIs. The distribution of activity across the scalp for the contralateral P1 (high-
lighted) is similar for cued- and uncued-location targets over contralateral occipital scalp sites, but the am-
plitude of the P1 component is significantly larger for cued-location targets than for uncued-location tar-
gets at these short ISIs. Middle: Side views of the head at 200–250-msec latency (all negative polarity
activity is highlighted). The ipsilateral invalid negativity (IIN) is evident for uncued-location targets and
shows no evidence of being produced to cued-location targets. Bottom: Top view of the head at 250–350-
msec latency, showing the peak of the P300 component over central-parietal scalp sites (highlighted). The
distribution of activity across the scalp is similar for cued- and uncued-location targets, but the amplitude
of the P300 is significantly larger for cued-location targets than for uncued-location targets at these short
ISIs.

Short ISI
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our ability to quickly evaluate new and potentially impor-
tant stimuli by enhancingboth sensory analysis and higher
order processing for stimuli occurring at a location where
attention has been captured. The enhancement of sen-
sory processing occurred for the occipital P1 component
of the visual ERP in a simple detection task. The P1 com-
ponent is an index of the earliest stage of visual process-
ing to be reliably modulated by voluntary spatial attention

(Heinze et al., 1994; Mangun, 1995; Mangun & Hillyard,
1991). The present results, therefore, support the view that
reflexive and voluntary attention mechanisms are able to
modulate visual processing at similar stages of cortical
sensory analysis, even though the time course of these two
systems may be different, and separate neural systems may
underlie the mechanisms producing these effects (Rafal,
1996).

Figure 4. Event-related potentials to right visual field target stimuli (top) and left visual field target stimuli
(bottom) at the long cue-to-target ISIs. Scalp electrodes are the same as in Figure 2. There was not a signifi-
cant difference in the contralateral P1 component, although uncued-location targets show a somewhat
stronger level of activity than cued-location targets (solid lines) on the grand-average waveforms (statistics for
the P1 were computed over the latency range of 100–150 msec). There also was no statistical difference between
cued- and uncued-location targets for the latency range of 250–350 msec, corresponding to the peak of the
P300. Finally, the ipsilateral invalid negativity (IIN) observed in the short-ISI data was not observed in the
long-ISI data.

Long ISI
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The enhancement of the P300 component of the ERP
provides evidence that reflexive attention is able to af-
fect higher order aspects of information processing as
well, perhaps by tagging novel events as having greater
potential relevance than other stimuli. Furthermore, given
that the enhancements of the P1 and P300 componentsof
the visual ERP occur for both simple detection (present
study) and more complex discrimination tasks (Hopfin-
ger & Mangun, 1998), these effects can be attributed to
automatic attentional processes engaged in a bottom-up
manner by sensory events.

Although the facilitatory effects of reflexive orienting
at short cue-to-target intervals appear to be stable phe-
nomena across different task parameters, a less clear story
is emerging for the effects at longer ISIs when inhibitory
processes typicallydominate the RT results. Recent work
by McDonald, Ward, and Kiehl (1999) has related inhi-
bitionof return to early perceptual processing using ERPs
(e.g., P1 and P2 components were reduced at long cue-
to-target ISIs), and this is in line with recent behavioral
studies suggesting that IOR may act at a perceptual level
(Handy et al., 1999; Kingstone & Pratt, 1999). In our ear-
lier work (Hopfinger & Mangun, 1998), we found a sim-
ilar pattern in the P1 component of the ERPs at long ISIs
(i.e., reduced P1 to cued-location targets), but we failed to
find a significant IOR pattern in RT (see also Eimer, 1994).
Here, we find the opposite dissociation; there was signif-
icant long-ISI inhibition in RT, but such a pattern was not
observed to be significant in the P1 component. There-
fore, although there is some evidence that an IOR-like
effect occurs in early visual processing under some con-
ditions, it appears that an early sensory modulation at the
level of analysis indexed by the P1 componentof the ERPs
cannot fully explain IOR. Rather, the IOR phenomenon
may consist of a combination of sensory and other motor
and response-related factors, as has recently been sug-
gested on the basis of behavioral results (Ivanoff & Klein,
in press; Kingstone & Pratt, 1999; Sapir et al., 1999).

As we noted in the introduction,behavioral studies have
indicated a number of differences between voluntary and
reflexive attention. However, here we report at least one
way in which the two systems are similar: They can affect
visual processing at the same early extrastriate level. The
present results, however, are not contrary to the findings
of differences between reflexive and voluntary attention.
Rather, the P1 enhancement seen in studies of voluntary
attention is usually observed at longer cue-to-target ISIs
than the short ISI used here. Indeed, for the long-ISI tri-
als in the present experiment (the ISI comparable to that
used in most voluntary attention experiments), there was
no enhancementof the P1 component.Behavioral studies
have shown voluntary and reflexive attention to proceed
with different time courses (Cheal & Lyon, 1991; Müller
& Rabbitt, 1989). Our results simply suggest that, for the
time period during which the most robust facilitation is
observed (as determined by behavioral evidence; e.g.,
Cheal & Lyon, 1991; Müller & Rabbitt, 1989), similar
perceptual mechanisms may be at work, biasing the at-

tended location. In addition to the differing time courses
of the optimal effects, there are other indications of dif-
ferences between the two types of attention (i.e., the en-
hanced P300 component in the present study). Future
studies comparing these two types of attention by within-
participants designs will allow a more complete compar-
ison of the neurophysiologicalsimilarities and differences
between reflexive and voluntary attention.

The neural correlates of attentional reorienting were
observed as a negative polarity response over the hemi-
sphere ipsilateral to uncued-location (invalid) targets at
short ISIs (i.e., the IIN wave). A possible interpretation
of this effect is that it is related to the hypothesized “dis-
engage” operation of attention (e.g., Posner et al., 1984).
The disengage mechanism is thought to be invoked when
attention must be removed from its current focus before
being moved and engaged at a new location. Within the
present design, such a mechanism would be necessary
only for uncued-location targets. Furthermore, the dis-
engage mechanism would be expected only at the short
cue-to-target ISIs, because, at the long ISIs, attention
would have decayed and/or been actively inhibited at the
cued location, and, thus, disengagement would not be re-
quired. Although the IIN is ipsilateral to the target, it is
contralateral to the location of the preceding cue, from
which attention would be disengaging. Disengagement
might be particularly crucial in the design we used, where
the lateralized cues were the offset and the reappearance
of four dots, from which attention might need to be dis-
engaged. The scalp location of this negativity may be
consistent with a generator in the posterior superior tem-
poral gyrus (temporal–parietal junction), a brain region
that has been shown to be related to the disengage opera-
tion on the basis of studies in neurological patients (e.g.,
Friedrich et al., 1998; Posner et al., 1984) and human
neuroimaging data (Corbetta et al., 2000). Future studies
designed to directly test the disengagement and the reori-
entingof attentionwill be required to characterize the func-
tional significance of the IIN component and to establish
its relationship to processes in the temporal–parietal
junction.

CONCLUSIONS

Reflexive attentionproduces a transient facilitation of
cortical visual processing (i.e., the P1 enhancement) for
stimuli occurring at the location where attention has
been captured. Since voluntary attention also produces a
modulation of the extrastriate P1 component (Heinze
et al., 1994), this suggests that, in part, similar perceptual
consequences initially result from both voluntary and re-
flexive attention to spatial locations. Reflexive orienting
also results in an enhanced P300 component for cued-
location targets, suggesting that the cued location is being
treated as more behaviorally relevant than other locations.
The system producing these effects appears to be auto-
matic, is engaged very rapidly, and operates only briefly.
These findings thus confirm the conjecture based on be-
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havioral results that reflexive attention influences per-
ceptual processing, but the present data go beyond such
proposals to identify the precise neural locus at which
reflexive orienting can begin to modify our perceptions
of the visual world. Moreover, the present findings cast
some doubt that inhibitory processes (e.g., IOR) are gen-
erated at the same early level of visual cortical processing
at which reflexive attentional facilitation is observed.
Here, we found no evidence for inhibitionof the P1 com-
ponent of the ERPs under the conditions that generated
IOR in RT. Finally, the present report provides new evi-
dence for an electrophysiological sign of attentional dis-
engagement (the IIN). The IIN was observed when atten-
tion had been reflexively captured to a location, but the
target appeared elsewhere at short cue-to-target inter-
vals. This new ERP effect may well be generated in a pos-
terior region of the superior temporal gyrus, an area impli-
cated in attentiondisengagementon the basis of data from
prior neurological patient and neuroimaging studies.
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