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Abstract
The earliest cortical location at which attention influences visual processing is controversial. To
address this issue, the C1 and P1 components of cue-elicited ERPs were examined in a spatially-
cued task under high and low levels of attentional load (active vs. passive viewing). Cues were
presented either to the left or right visual field in separate trials (unilateral presentation), or to both
visual fields simultaneously (bilateral presentation). For the unilateral presentation, C1 (peak
latency approximately 80 ms) was not modulated by attentional load, whereas P1 (peak latency
approximately 120-140 ms) was larger for high- relative to low-load condition. Bilateral
presentation of the stimuli enhanced the amplitude of the C1 component relative to unilateral
presentation; however, the increase of signal/noise ratio of C1 revealed no attentional load effect
on C1. Results show that attentional load modulates visual processing in the P1, but not in the C1
time range, regardless of the increased signal/noise ratio by bilateral presentation. While it remains
unclear about the conditions under which a C1 attentional effect is reliably elicited, the present
results suggest that the direct manipulation of attentional load under a voluntary attention task
seems not crucial for eliciting C1 attentional effect.
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Introduction
The role of striate cortex in early visual processing is controversial—is it a passive receptor
that registers the physical properties of the stimuli, or an active processor that directly
modulates stimulus processing? Both single-unit recording (Ito and Gilbert, 1999; McAdams
and Reid, 2005; Motter, 1993; Roelfsema et al., 1998) and brain imaging techniques
(Gandhi et al., 1999; Hopf et al., 2004; Somers et al., 1999) have shown that attention
affects neural activity in the striate cortex. However, the majority of event-related potential
(ERP) studies have found that the C1 component—the first visual cortical response that
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originates in striate cortex (Clark et al., 1995; Mangun, 1995) -- is insensitive to attention.
The earliest attentional modulation of ERPs is observed on the later visual P1 component
generated in the extrastriate cortex (e.g., Clark and Hillyard, 1996; Clark et al., 1995; Heinze
et al., 1994). A delayed feedback hypothesis has been advanced to reconcile the ERP
evidence of no attentional effect on C1 and the brain imaging evidence of an attentional
effect on striate cortex (Lamme and Spekrejse, 2000; Mehta et al., 2000a; Mehta et al.,
2000b; Martinez et al., 1999, 2001; Noesselt et al., 2002; Super et al., 2001). According to
this hypothesis, striate cortex is unaffected by attention at the initial processing stage
(approximately 80 ms after stimulus onset); however, striate cortex is affected by attention
at a later processing stage (approximately 150 ms after stimulus onset) via a re-entrant or a
feedback mechanism.

In contrast, some recent studies have found that an early and direct attentional modulation of
the C1 component occurs under certain experimental conditions (e.g., Fu et al., 2008; Fu et
al., 2009; Kelly et al., 2008; Khoe et al., 2005; Rauss et al., 2009; Wu et al., 2005; see also
Poghosyan et al., 2005 for MEG evidence). Specifically, manipulations of both attentional
and perceptual load have been effective in eliciting a C1 attentional effect (Fu et al., 2009;
Fu et al., 2010; Rauss et al., 2009). Rauss et al. (2009) presented both central task-relevant
stimuli and peripheral task-irrelevant stimuli. They found that the C1 evoked by peripheral
task-irrelevant stimuli was enhanced when the central task-relevant stimuli required low but
not high attentional load. Recently, we observed C1 to task-relevant stimuli was modulated
by attention when the perceptual load of the stimuli was high (Fu et al., 2009; Fu et al.,
2010). Note that the load manipulation in these two studies was quite different. While Rauss
et al. (2009) manipulated the attentional load of the central stimuli and measured the effect
on task-irrelevant peripheral stimuli, Fu et al. (2009) manipulated the perceptual load of the
task-relevant stimuli. In addition, the types of attention involved in these two studies are
different. In Fu et al. (2009), involuntary attention paradigm was used and participants'
attention was automatically or reflexively attracted by the onset of the peripheral cues
(Yantis and Jonides, 1990). In contrast, in Rauss et al. (2009), a voluntary attention
paradigm was used and the focus of attention “spilled over” to the peripheral task-irrelevant
stimuli when the attentional load of the central task was low.

Considered together, these two studies indicate that interactions between load and type of
attention may contribute to the early attentional effect on C1. Even under voluntary attention
condition, some previous studies have found no C1 attentional modulation (e.g., Clark and
Hillyard, 1996; Di Russo et al., 2003; Martinez et al., 1999; Martinez et al., 2001; Noesselt
et al., 2002), whereas other recent studies have shown C1 modulation (e.g., Kelly et al.,
2008; Rauss et al., 2009; see Fu et al., 2008, for a negative C1 attentional effect). Therefore,
some of the mixed results on attention modulation of C1 may be affected by several
contributory factors, such as load (perceptual or attentional) and the type of attention
involved.

We investigated this further by assessing whether C1 is attention sensitive in a voluntary
attention task with direct manipulation of attentional load. The term “attentional load”
usually refers to the amount of cognitive processing to the same stimulus (Rauss et al., 2009)
and thus differs from “perceptual load”, which involves processing of different stimuli (e.g.,
Lavie, 1995). In other words, perceptual load is intrinsic to difference in stimulus property,
whereas attentional load is determined by difference in cognitive processing to the same
stimulus. Importantly, the present manipulation of attentional load differed from Rauss et al.
(2009). In Rauss et al. (2009), the attentional load on the central task-relevant stimuli was
manipulated as high or low, and the effect of that load on peripheral task-irrelevant stimuli
(stimuli-of-interest) was evaluated. The hypothesis was that, for capacity-limited attentional
resources, higher attentional load in the central task would demand more attentional
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resources, thereby leaving less attentional resources available to process the peripheral
stimuli-of-interest, and vice versa. In other words, in Rauss et al. (2009) the effect of
attentional load on the stimuli-of-interest was controlled indirectly by manipulating
attentional load of the central stimuli. In contrast, in the present study we sought to directly
manipulate the attentional load of the stimuli-of-interest via task assignments of active and
passive viewing of the same stimuli. Our hypothesis was that active viewing would require
more attentional resources and thus would result in a higher attentional load to the viewed
stimuli, and vice versa. Therefore, the present manipulation of attentional load is consistent
with Rauss et al. (2009) in terms of allocation of attentional resource but differs in the way
the attentional resources are allocated.

In addition to the direct manipulation of attentional load, the present study also improved the
ability to resolve and measure C1 and P1. Specifically, bilateral stimuli were included to
improve the C1 and/or P1 signal/noise (S/N) ratio of signals from posterior midline
electrodes 1. This is proposed because (1) C1 has a small amplitude (approximately 0.5-1
μV, see e.g., Di Russo et al., 2003; Fu et al., 2001; Fu et al., 2005;Martinez et al.,
2001;Noesselt et al., 2002); (2) the polarity of C1 is negative when stimuli are presented in
the left or right visual field above the horizontal meridian (e.g., Kelly et al, 2008;Fu et al.,
2008); and (3) the C1 is generally large and clear at the posterior midline electrodes for
stimuli presented in the left or right visual field (e.g., Clark and Hillyard, 1996;Martinez et
al., 1999). Therefore, one would expect an enhancement of the C1amplitude at posterior
midline electrodes for a stimulus presented simultaneously in both left and right visual fields
relative to a stimulus presented only in one visual field when the C1s for LVF (left visual
field) and RVF (right visual field) stimuli have the same polarity. In order to elicit a negative
C1 that can be separated from the subsequent P1 component, the stimuli were presented at
appropriate locations in accordance with the cruciform model of striate cortex (Jeffreys and
Axford, 1972;Mangun 1995) and empirical studies (e.g., Clark and Hillyard, 1996;Di Russo
et al., 2003;Martinez et al., 2001). In addition, to avoid cue-target ERP overlap, only the
ERPs to the cue stimuli in a Posner-type peripheral cued-attention task were analyzed. The
ERPs to the target stimuli were dropped from analyses, because (1) the C1 and P1 of the
target stimuli could be contaminated by the ERPs to the cues; and (2) target stimuli were not
presented bilaterally and thus the effect of signal/noise ratio could not be addressed.

We predicted that attentional load (manipulated by active vs. passive viewing) would affect
stimulus processing at an early stage. Specifically, the P1 would be larger for active relative
to passive viewing, as suggested by the “sensory gain control” hypothesis of visual attention
(Hillyard et al., 1998). We also predicted that bilateral presentation would improve the S/N
ratio of C1, so that its amplitude would be larger for bilateral relative to unilateral stimuli.
Finally, as to the controversial C1 attentional effect, an enlarged C1 would be predicted for
stimuli under the high attentional load (i.e., active viewing) condition, if voluntary attention
enhances C1 in a way that more allocation of attentional resources to a stimulus elicits a
larger C1 (e.g., Kelly et al., 2008; Rauss et al., 2009). In contrast, if voluntary attention does
not modulate C1 (e.g., Clark and Hillyard, 1996; Di Russo et al., 2003), then greater
allocation of attentional resources (attentional load) should have no effect on the amplitude
of C1, even if the S/N ratio of the C1 is improved by bilateral stimuli.

1One anonymous reviewer correctly pointed out that the bilateral cues differ from the unilateral cues not only in the signal strength of
early component(s), but also in the complexity of the stimuli—i.e., the bilateral cues were more complex relative to the unilateral cues.
This confounding of signal strength and stimulus complexity, similar to that in our previous study using stimuli with different
perceptual load (Fu et al., 2009), is because the enhancement of C1 by stimulation is accompanied by different physical property of
the stimuli. Therefore, should there be any attentional effect on C1, further studies are required to identify whether this is due to
enhanced signal/noise ratio per se or due to the difference between physical property of the stimuli, such as complexity or perceptual
load. The present study used the signal/noise ratio difference throughout the manuscript for simplicity purpose, but it should be noted
that this was accompanied by other perceptual differences, such as complexity, between the bilateral and unilateral cues.
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Method
Participants

18 healthy participants (1 male) from the student population at George Mason University
took part in this study as paid volunteers. Participants were between 18 and 28 years of age
(mean age 21.6 years) and had normal or corrected to normal vision. 17 participants were
right-handed, and 1 female participant was left-handed. Informed consent was obtained from
all participants.

Stimuli and Procedure
The stimuli used were similar to that described in Fu et al. (2010). A black fixation cross
(0.31° × 0.31°) was presented on a white background at the center of the monitor throughout
the entire recording session. Each trial consisted of a cue (4 brackets) and a target array
(Figure 1). The location of the cues was valid, invalid, or neutral (bilateral) in predicting the
location of the subsequent stimulus array. Each cue type appeared with equal probability. In
the bilateral cuing condition, the cue (3.53° × 3.53°) appeared simultaneously in both the left
and right visual fields. The target array (2.87° × 2.87° for diamond-shaped and 2.29° × 2.29°
for square-shaped targets) appeared randomly on the left or right of the screen, centered
2.05° above and 7.07° to the side of the fixation cross. The durations of the cue and the
target array were 50 ms and 100 ms, respectively. Cue-to-target interstimulus intervals (ISIs)
were between 250 and 500 ms. These relatively long ISIs were designed to avoid ERP
overlap between cue and target. The ITI (inter-trial interval) between the offset of the target
array and the next cue ranged between 1100 and 1600 ms.

Participants were tested under both active and passive viewing task conditions in separate
experimental blocks. Under the passive viewing condition, participants were required to
maintain fixation on the central cross, with no task assignment. The active viewing task was
similar to Fu et al. (2010), but with longer cue-to-target ISIs. Stimuli are illustrated in Figure
1. Participants were required to discriminate the orientation of the bar in the center of the
target array. The target stimuli were presented under two levels of perceptual load, high or
low. For the high-load targets, the central bar was surrounded by distractors having the same
elements, i.e., a central horizontal or vertical bar surrounded by crosses, or a central forward
or backward slash surrounded by Xs. For the low-load targets, the central target bar and the
distracters did not share any feature elements in common – i.e., a central horizontal or
vertical target bar was surrounded by Xs, and a centered forward or backward slash was
surrounded by crosses. Therefore, from the feature detection point of view (Treisman,
1980), the target element should “pop out” from the background distracters for the low-load
stimuli, whereas the high-load stimuli should require focused attention to detect the target.
The location of the four distractors was designed to avoid collinearity between the central
bar and the distractors. The two load conditions were presented with equal probability. Note
that in the present study, we were interested in the effect of attentional load (i.e., the
difference between active and passive viewing) of the cue-elicited ERPs rather than the
effect of perceptual load of the target-elicited ERPs. In other words, the manipulation of
perceptual load of the target stimuli served only as a control for active viewing.

Participants were required to press “z” or “n” for a forward (“\”) and a backward bar (“/”),
respectively. Response keys were counterbalanced across participants. Participants were
instructed to respond as quickly as possible while maintaining high accuracy. They were
also informed that the location of the cue did not predict the location of the array. To
minimize eye movement, participants were asked to fixate on the central plus sign
throughout the trial. During practice sessions, the experiment operator watched participants'
eyes to ensure that they were able to perform the task while maintaining central fixation.
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There were 80 practice trials and 1280 experimental trials for active and passive viewing
conditions, respectively. The sequence of trials in each block and the sequence of active and
passive viewing blocks were randomized for each participant.

EEG recording and data analysis
Sixty-four channels of EEGs were recorded. The EEG recording procedure and the
configuration of the electrodes were the same as in a previous study (Fu et al., 2008). The
physical reference electrode was approximately 2 cm posterior to CZ, and the EEG data
were re-referenced to the average of left and right mastoid (LM and RM). HEOG was
monitored by placing electrodes lateral to the left and right orbits, and VEOG by placing
two electrodes approximately 1.5 cm below and above the left eye. EEGs were digitized at
500 Hz and were filtered with a band pass of 0.1-40 Hz. A 200 ms pre-stimulus epoch of
EEG was used as the baseline. Only the ERPs for the cue stimuli were analyzed in the
present study, and since components C1 and P1 to the cue stimuli occurred before target
onset (250-500 ms ISIs between the cue and target stimuli), there was no overlap between
ERPs to cues and target. The ERPs for the target stimuli were excluded from further
analyses because they were overlapped by the ERPs for the cue stimuli, and they were
presented unilaterally (i.e., there were no bilateral targets to improve the C1 signal). Peak
amplitudes of the C1 (60-100 ms) and P1 (100-160 ms) components were measured. Data
from electrodes PZ and POZ were used for C1 analysis, and data from electrodes P3/P4 and
PO5/PO6 were used for P1 analysis. For behavioral data analyses, only the RTs for the
correct trials were analyzed by means of repeated measures ANOVA on the factors of
perceptual load (high vs. low) and visual field (left vs. right). Electrophysiological data were
analyzed by means of repeated measures ANOVA on the factors of electrode, presentation
conditions (left vs. right vs. bilateral), hemisphere (left vs. right) and attention (passive vs.
active viewing). For the midline electrodes, no factor of hemisphere was included.

There were several reasons for comparing the effect of stimulus presentation (unilateral vs.
bilateral) on the attentional effect on ERPs. First, if the C1 attentional effect were evident
with unilateral stimulation, despite the relatively low S/N ratio, that would suggest a
relatively robust attentional effect. Second, it would be informative should it be shown that
improving the S/N ratio by means of bilateral presentation helps to detect the C1 attentional
effect. Finally, ability to observe an interaction between presentation and attention would be
informative about how S/N ratio of the C1 component influences the attentional effect.
Greenhouse-Geisser correction for degrees of freedom was applied wherever necessary.

Results
Behavioral measures

The overall mean accuracy for target discrimination was 88.63%. Participants responded
faster to the low-load stimuli relative to the high-load stimuli [557 vs. 596 ms, F (1, 17) =
96.790, p < .0005]. Reaction times (RTs) for the valid, neutral and invalid trials were 571,
578, and 581 ms respectively. Participants responded fastest to valid trials relative to both
the invalid [F (1, 17) = 10.465, p < .005] and the neutral trials [F (1, 17) = 6.770, p < .019].
The RT difference between neutral and invalid trials was not significant.

Electrophysiological measures
Figure 2 shows the ERPs for the left, right and bilateral stimulus under active and passive
viewing. There is a clear negative C1 (peak at approximately 80 ms) and a posterior P1
component. It is also clear that attention affected the amplitudes of the P1 component.
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1. C1 component—The C1 component (peak latency approximately 80 ms) was observed
in the occipital, parietal, and central areas. The largest C1 component was observed at the
midline electrode site PZ (Figure 2). The data from PZ and another midline electrode, POZ,
are listed in Table 1.

1.1 Latency: The attention main effect on C1 latency was not significant, and no other
attention-related interaction was significant. This indicates that the attention manipulation in
the present study did not affect the latencies of the C1 component. No other main effects or
interactions were significant.

1.2 Amplitude: The attention main effect on C1 amplitude was not significant, and no other
attention-related interaction was significant. Thus the amplitude of the C1 component was
insensitive to the attention manipulation, i.e., whether participants were required to actively
or passively view the stimuli (Figure 2). The non-significant attention main effect and the
non-significant interaction between attention and presentation also suggest that the increase
of C1 signal by bilateral presentation reveals no attentional effect. This is further confirmed
by a non-significant attention main effect [F (1, 17) = 0.495, p < .491] and a non-significant
attention by electrode interaction [F (1, 17) = 1.692, p < .211] for the separate analysis of the
bilateral presentation condition only. However, the presentation main effect was significant
[F (2, 34) = 19.703, p < 0.0005, ε= 0.719], and further separate analysis suggests that the
bilateral stimuli elicited larger C1 relative to either left or right unilateral stimuli [F(1, 17) =
63.445, p < .0005, and F(1, 17) = 26.861, p < .0005, respectively] (see Table 1 and Figures 2
and 3). The amplitudes of C1 between the left and right stimuli showed no significant
difference at these two midline electrodes.

2. P1 component—The P1 component can be seen on the posterior lateral electrodes, and
is largest at the PO5/PO6 electrodes (Figure 3). The data from PO5/PO6 and P3/P4 are listed
in Table 2.

2.1 Latency: The presentation main effect on P1 latency was significant [F (2, 34) = 6.221,
p < 0.008, ε= 0.830], suggesting an earlier P1 for bilateral relative to unilateral stimuli
(Table 2). The attention main effect was not significant, but the presentation by attention
interaction was significant [F (2, 34) = 5.072, p < 0.012, ε= 0.971]. We thus separately
analyzed the bilateral and unilateral stimulus conditions.

For the bilateral stimulus, the attention main effect was significant [F (1, 17) = 8.394, p <
0.010], suggesting that the P1 was earlier for active relative to passive viewing condition
(Table 2). No other interactions related to attention were significant.

For the unilateral stimuli, neither the attention nor the presentation main effects were
significant, suggesting that the peak latency of P1 was unaffected by either attention or by
presentation location (left vs. right). However, presentation location did affect the peak
latency of the contralateral and ipsilateral P1. This is supported by a significant presentation
by hemisphere interaction [F (1, 17) = 32.179, p < 0.0005], with the P1 peak latency earlier
for contralateral compared to ipsilateral P1 components (Table 2).

2.2 Amplitude: P1 was larger under active relative to passive viewing conditions, as
suggested by a significant main effect of attention [F (1, 17) = 43.076, p < 0.0005] (Figure
2). No other main effects or interactions were significant. Specifically, no significant P1
difference was observed between the bilateral and the unilateral stimuli, suggesting that
bilateral stimuli did not enhance the amplitude of the P1 component. This is because we
measured the peak amplitude of the P1 from both hemispheres, and the ipsilateral P1 of the
unilateral stimuli had a later peak but comparable amplitude as compared to the bilateral
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stimuli (Table 2). The scalp voltage distribution of the P1 under active and passive viewing
conditions and the distribution of the P1 difference between active and passive viewing are
shown in Figure 3.

Discussion
The present study investigated how attentional load affects visual stimulus processing at
early processing stages as indexed by the visual C1 and P1 components. Our manipulation
of attentional load by active vs. passive viewing of the stimuli was more direct than the
manipulation used in a recent study (Rauss et al., 2009), which indirectly imposed
attentional load on peripheral stimuli by varying attentional involvement at central stimuli.
The bilateral presentation of the stimuli also resulted in improved signal/noise ratios of the
early ERP components. First, the bilaterally presented stimuli produced nearly a doubling of
C1 amplitudes relative to the unilaterally presented stimuli. Second, the analyses of the cue-
elicited ERPs were immune to ERP overlap problems because the cue-evoked C1 and P1
occurred well before the target stimulus was presented. Results pointed to a dissociation of
the C1 and P1 components under voluntary attention for both the unilateral and bilateral
stimuli, regardless of the signal/noise ratio. Overall we found that P1 was enhanced by
increasing attentional load, whereas C1 was not.

Dissociation of C1 and P1 as a function of attentional load
The behavioral data show that the typical cue validity effect was observed, with participants
responding faster to the valid trials relative to the neutral and invalid trials. Consistent with
previous studies (Mueller and Rabbitt, 1989; Yantis and Jonides, 1990), this suggests that
the onsets of the cue stimuli attracted participants' attention automatically to the cued
location. However, the behavioral data provide no information about the participants'
attentional allocation under the passive viewing condition, because overt responses were not
made. ERPs provide a way to compare the effect of attention between the active and passive
viewing conditions. Under active viewing, participants needed to respond to the targets, in
addition to maintaining gaze on the central fixation. Thus it can be assumed that more
attentional resources were allocated to the stimuli under the active relative to the passive
viewing condition. Consistent with the well-established literature showing attention
enhances the amplitude of P1 (e.g., Clark and Hillyard, 1996; Hillyard et al., 1998), the P1
was larger for the active relative to the passive viewing condition. This indicates that the
manipulation of the active and passive viewing was successful in controlling participants'
attentional allocation.

In contrast to the P1 attentional effect, no C1 attentional effect was observed for the
unilateral stimuli in the present study. That C1 amplitude was similar for the active and
passive viewing conditions suggests that under active conditions, participants were
processing the stimuli (most likely at the sensation/perception stage) much as they did under
passive viewing conditions -- otherwise no C1, or at least a smaller C1 would be expected.
The absence of an attentional effect on C1 is consistent with previous studies (e.g., Clark
and Hillyard, 1996; Martinez et al., 1999; Noesselt et al., 2002; Di Russo et al., 2003).
Moreover, even the larger C1 following bilateral stimuli (almost doubled in amplitude) did
not reveal any attention enhancement on the C1 component. Therefore, regardless of the
signal/noise ratio, a dissociation between the C1 and P1 component as a function of attention
was observed, with P1, but not C1, showing sensitivity to attentional load.

Bilateral presentation and the enhancement of the early ERP components
The present study used bilateral stimuli to investigate whether heightening the C1 signal
helps to reveal attentional effects on the early ERP components. It was predicted that the
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bilateral stimuli would evoke a larger C1 relative to the unilateral stimuli, because the C1 of
the LVF and RVF stimuli are both negative-going (e.g., Fu et al., 2005; Fu et al., 2008;
Martinez et al., 2001; Noesselt et al., 2002) and are summed together for the bilateral
stimuli. Consistent with that prediction, the C1 was larger for the bilateral relative to the
unilateral stimuli, under both active and passive viewing conditions. However, the increase
of the S/N ratio had no effect on the attentional effect on C1. That is, the C1 for the bilateral
stimuli was larger for bilateral stimuli, but the increase of C1 was comparable between the
active and passive viewing conditions and thus no C1 effect of attentional load was
observed. An extension of this observation would be to use a stimulus with two or more
elements in the same visual field, such as the cluttered stimuli used in previous studies (e.g.,
Fu et al., 2005; Fu et al., 2008; Fu et al., 2009; Rauss et al., 2009). Presumably a larger C1
would be elicited by these cluttered stimuli relative to the stimuli having only one element.
Therefore, although the enhancement of C1 did not help to reveal the attentional effects on
the C1 component in the present study, this provides a practical solution to improve the C1
signal in future studies.

Attention type and the locus of attentional selection
C1 modulation by attention has been observed in studies involving both involuntary
attention (Rauss et al., 2009; Fu et al., 2009) and voluntary attention (Kelly et al., 2008;
Poghosan et al., 2005). Because involuntary attention is automatic (Mueller and Rabbitt,
1989) and develops faster relative to voluntary attention (Eimer, 2000), we have proposed
that involuntary attention is a contributing factor for eliciting early attentional modulation on
the C1 component (Fu et al., 2005). This is supported by our previous finding that the C1 is
larger for valid relative to invalid trials, when the perceptual load of the stimuli is high (Fu
et al., 2009; Fu et al., 2010). Consistent with this hypothesis, it is possible that central
directional cues also evoke involuntary attention (e.g., Ristic et al., 2002; Driver et al., 1999)
and may play a role in studies reporting C1 modulation by central cues (e.g., Kelly et al.,
2008). Nevertheless, the lack of the C1 attentional effect in the present study does not
necessarily contradict the C1 attention effect under involuntary attention tasks (e.g., Fu et
al., 2009; Fu et al. 2010), because the manipulation of active and passive viewing involves
mainly different levels of voluntary attention. In two recent studies showing C1 attentional
effect under voluntary attention tasks (Kelly et al., 2008; Rauss et al., 2009), the way
attentional load is manipulated (direct vs. indirect) seems not essential. This is because C1
attentional effect has been observed under both direct manipulation of attention load by
central cueing (Kelly et al., 2008) and indirect manipulation of attention load (Rauss et al.,
2009). The present results contribute to this discussion by suggesting that not only the way
attentional load is manipulated (direct vs. indirect), but also the manipulation of attentional
load itself, might be irrelevant to the C1 attentional effect. However, the present results do
not exclude the possibility of other contributing factors, such as stimulus property and
configuration, arousal, involuntary part of the cues, and etc., may play a role in these two
studies (Kelly et al., 2008; Rauss et al., 2009; see Fu et al., 2009 for discussion on possible
contributory factors of C1 attentional effect). Nevertheless, the lack of the C1 attentional
effect in the present study, consistent with the majority of previous ERP studies (e.g., Clark
and Hillyard, 1996; Di Russo et al., 2003; Martinez et al., 1999; Martinez et al., 2001;
Noesselt et al., 2002), does question whether C1 attentional effect can be obtained under
voluntary attention task.

Dissociable mechanisms for voluntary and involuntary attention
The P1 amplitude and latency differences between active and passive viewing conditions in
the present study also shed light on the relationship between voluntary and involuntary
attention. Because the validity of the cue stimuli was only 50%, the behavioral validity
effect should be elicited by involuntary attention, i.e., the automatic attraction of attention by
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stimulus onset. Moreover, the involuntary attention elicited by the onset of the cue stimuli
was presumably comparable between the active and passive viewing because same stimuli
were used. Thus, the attentional difference as indicated by the P1 amplitude difference was
presumably from voluntary attention involved in active viewing. That is, although the cue
stimuli “attracted” attention automatically to the cued location, regardless whether the
stimuli were actively or passively viewed, this attraction of attention was not powerful
enough to consume all attentional resources. Voluntary attention can exert its effects on
involuntary attention, at an early processing stage, as indicated by the P1 component
(approximately 120-150 ms). Presumably, this process originates in the extra-striate cortex
(see, e.g., Clark and Hillyard, 1996; and Di Russo et al., 2003, for source locations of the
posterior P1 component). This suggests that voluntary and involuntary attention involve at
least partially dissociable mechanisms.

Summary
The present study showed a dissociation of C1 and P1 components of the visual ERP under
different levels of attentional load, manipulated directly in active and passive viewing tasks.
The earliest attentional load effect was observed on the P1 component for both the unilateral
and the bilateral conditions, with enhanced P1 seen under active viewing. No C1 effect of
attentional load was observed, even with the greater C1 amplitudes seen with bilateral
stimulation. Therefore, the C1 and P1 components showed a dissociation as a function of
attentional load, regardless of the S/N ratio. The bilateral presentation may provide a useful
way to improve C1 signals in future study. Overall, results are consistent with the view that
initial processing in the striate cortex (presumably the generator of the C1 component), is
not modulated by voluntary attention, at least under the present experimental settings.
Attentional load modulates stimulus processing at a later processing stage in the extrastriate
cortex level (presumably the generator of the P1 component). Therefore, attentional load
seems not a crucial factor for eliciting C1 attentional effect under a voluntary attention task.
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Figure 1.
Illustrations of the valid, neutral, and invalid trials (upper panel), and the cue and target
stimuli (lower panel) used in the present study. For the unilateral (valid and invalid) cues,
the cue stimulus appeared only in the left or right visual field. For the bilateral (neutral)
cues, the cue stimulus appeared simultaneously in both the left and right visual fields. The
perceptual load of the target stimuli was low or high with equal probability. The cue-elicited
ERPs for the left, right, and bilateral cues were analyzed under active and passive viewing
conditions, respectively. The ERPs elicited by the target stimuli were not analyzed in the
present study.
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Figure 2.
The grand-averaged ERPs for the left (left column), right (middle column) and bilateral
(right column) stimuli under the active (solid lines) and passive (dotted line) viewing
conditions. The ERPs on two midline electrodes (PZ and POZ, top 2 rows) and two lateral
electrodes (PO5 and PO6, bottom 2 rows) are shown. For the unilateral cue stimuli (left and
middle columns), no C1 difference was found between the active and passive viewing
conditions at PZ and POZ (top 2 rows). The increase of the C1 amplitude by bilateral
presentation (right column, top 2 rows) did not reveal any attentional effect on C1. In
contrast, the P1 attentional effect (active vs. passive viewing) was consistently observed on
both midline and lateral electrodes, regardless of whether the stimuli were presented
unilaterally or bilaterally. Therefore, a dissociation between C1 and P1 components as a
function of attentional load was observed in the present study.
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Figure 3.
The scalp voltage maps of the C1 (80 ms) and P1 (130 ms) components for the left, right,
and bilateral stimuli under the active and passive viewing conditions. The difference maps
showed the scalp distribution of the difference waveform, which were obtained by
subtracting ERPs under the passive viewing condition from ERPs under the active viewing
condition. It can be seen that C1 shows no attentional effect (left panels), whereas P1 is
larger under the active viewing condition (right panels). It is also clear that bilateral stimuli
enhance the C1 component.
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