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Abstract Attention has often been considered to be a gateway
to consciousness (Posner, Proceedings of the National
Academy of Sciences of the United States of America, 91
(16), 7398-7403, 1994). However, its relationship with
conscious perception (CP) remains highly controversial. While
theoretical models and experimental data support the role of
attention in CP (Chica, Lasaponara, Lupiafiez, Doricchi, &
Bartolomeo, Neurolmage, 51, 1205-1212, 2010; Dehaene,
Changeux, Naccache, Sackur, & Sergent, Trends in Cognitive

A. B. Chica (>X)
INSERM-UPMC UMR-S 975,
ICM, Hopital de la Salpétricre.
47 bd de I’Hopital,

75013 Paris, France

e-mail: anachica@ugr.es

L. Chanes - P. Bartolomeo

INSERM-UPMC UMR-S 975,

Pavillon Claude Bernard, Hopital de la Salpétricre.
47 bd de I’Hopital,

75013 Paris, France

S. Lasaponara * F. Doricchi
Department of Psychology, University of La Sapienza,
Roma, Italy

S. Lasaponara * F. Doricchi
Fondazione Santa Lucia,
IRCCS,

Rome, Italy

L. Chanes
Ecole des Neurosciences de Paris,
Paris, France

Sciences, 10, 204-211, 2006; Mack & Rock, Inattentional
blindness, 1998), recent studies have claimed that at least
some forms of attention—endogenous or top-down spatial
attention—are neither sufficient nor necessary for CP
(Koch & Tsuchiya, Trends in Cognitive Sciences, 11, 16—
22, 2007). In the present experiments, we demonstrate the
importance of exogenously triggered attention for the
modulation of CP. Weak or null effects were instead
observed when attention was triggered endogenously. Our
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data are discussed in the framework of recent neuropsy-
chological models (Dehaene et al., Trends in Cognitive
Sciences, 10, 204-211, 2006), postulating that activity
within reverberating frontoparietal networks, as colocal-
ized with spatial-orienting systems, is the brain correlate
of consciously processed information.

Keywords Endogenous - Exogenous - Spatial attention -
Conscious perception

Introduction

Introspection suggests that when we attend to an object or
part of a scene. we become conscious of it. However, the
relation between spatial attention and conscious perception
(CP) has proven intriguing and difficult to explore
empirically. William James (1890) originally provided an
influential definition of the interplay between attention and
CP: “[Attention] is the taking possession of the mind, in
clear and vivid form, of one out of several simultancously
possible objects or trains of thought.” This view led many
to posit that spatial attention and CP are inextricably related
(Bartolomeo, 2008; Chun & Marois, 2002; O'Regan &
Noé, 2001; Posner, 1994). Some lines of evidence support
this relationship. For example, in the inattentional blindness
paradigm, salient changes in the features of visual stimuli
are missed when unattended (Mack & Rock, 1998), even
when the stimuli are presented at the fovea. Moreover, such
a phenomenon is enhanced when the deployment of
attention is challenged by increased levels of perceptual
load (Lavie, 2006). Finally, strong evidence supporting the
link between attention and CP comes from right-brain-
damaged patients affected by spatial neglect, whose
acquired inability in orienting attention toward the contrale-
sional left space makes them unaware of stimuli presented
within the neglected space (see Bartolomeo, 2007, for a
recent review).

On the other hand, dissociations between some forms of
attention and CP have also been recently reported (for
reviews, see Koch & Tsuchiya, 2007; Lamme, 2003; see
also Wyart & Tallon-Baudry, 2008). Crucially, all the
previous studies in neurologically intact observers have
investigated the relationship between endogenous forms of
attention and CP. Altogether, the results from these studies
maintain that under certain situations, endogenous attention
is neither necessary nor sufficient for CP (Koch &
Tsuchiya, 2007)."

" Note that Koch and Tsuchiya (2007) did not propose that
endogenous attention is unnecessary for any form of CP; it might
indeed be necessary for consciously perceiving novel or unexpected
events (see also Lamme, 2003)
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We have recently manipulated exogenous spatial atten-
tion and studied its effects on CP (Chica, Lasaponara,
Lupiafiez, Doricchi, & Bartolomeo, 2010). Peripheral,
spatially nonpredictive cues (which were well above the
threshold of CP) preceded near-threshold targets. Our
behavioral results revealed that exogenous attention in-
creased the probability of conscious reports from the
observers, who indicated having seen more targets at
exogenously attended than at unattended locations. Event-
related potentials demonstrated that an early-perceptual
P100 component elicited by the cue correlated with the
levels of CP of subsequently presented targets (Chica et al.,
2010). This evidence strongly suggests that, unlike endog-
enous orienting, exogenous orienting might indeed be an
important modulator of CP.

We hereby present a series of experiments, carried out in
normal participants using near-threshold targets, in which
our aim was to explore the role of endogenous versus
exogenous attention in CP, as well as their potential
interactions. We measured discrimination responses and
CP on every trial and manipulated target contrast so that a
proportion of the targets were not consciously reported. In
five experiments, we manipulated how spatial attention was
triggered, either endogenously (using central cues) or
exogenously (using peripheral cues). We also studied the
effects of the maintenance or removal of attention from
exogenously attended locations (using peripheral predictive
cues). In Experiments 1 and 2, attention was endogenously
oriented using a central symbolic cue to a location in space
before the target was presented (endogenously triggered
and maintained attention). In Experiments 3 and 4, we used
peripheral cues that were either nonpredictive (exogenously
triggered attention and no endogenous maintenance or
removal, as in Chica et al.,, 2010) or predictive of the
appearance of the target at a given location. Cues could be
predictive of either the same location of target appearance
(i.e., predictive cues; exogenously triggered attention and
endogenous maintenance) or the opposite location (i.e.,
counterpredictive cues; exogenously triggered attention and
endogenous removal). Finally, in Experiment 5, we directly
compared the effects of predictive central symbolic and
peripheral cues on CP, because, in both cases, attention was
maintained endogenously at the cued location, whereas the
two conditions differed in how attention was triggered
(endogenously or exogenously, respectively). In the last
two experiments, we used signal detection theory (SDT) to
explore the effects of spatial attention in perceptual
sensitivity and decision biases.

Experiment 1

In this experiment, attention was triggered and main-
tained endogenously to a location where a near-threshold
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stimulus could appear. On the basis of previous findings
(Kentridge, Nijboer, & Heywood, 2008; Koch & Tsu-
chiya, 2007; Wyart & Tallon-Baudry, 2008),”> we
expected that this form of attention would not increase
the probability that the target would be consciously
perceived.

Method

Participants Twelve psychology students from the Uni-
versity of Granada took part in the experiment for course
credit. Their ages ranged from 17 to 28 years (M = 21).
All of the participants in this and the following experi-
ments were naive as to the purpose of the experiment
and reported having normal or corrected-to-normal
vision.

Apparatus and stimuli E-Prime software was used to control
the presentation of the stimuli, timing operations, and data
collection (Schneider, Eschman, & Zuccolotto, 2002). The
stimuli were presented on a gray background. Three black
boxes (3.6° x 3.6°) were displayed, one at the center of the
screen, and the other two centered 5.4° above and below it.
The fixation point consisted of a black plus sign (3° x 3°)
situated in the middle of the central box. The target consisted
of a grating with a spatial frequency of 5 cycles per degree of
visual angle and a diameter of 2.4°. The grating was tilted by
5° either to the left or to the right. Target contrast was
manipulated before the experiment in order to adjust the
percentage of consciously perceived targets between 60%
and 75%. During practice trials, all the participants started
with the high-contrast stimulus (Michelson contrast = 0.34),
which was well above the threshold of CP. Every 16 trials,
target contrast was automatically adjusted, so that when
conscious detection levels proved higher than 75% correct,
target contrast was decreased until an undetectable minimal
contrast was reached (Michelson contrast = 0.009). Corre-
spondingly, whenever performance was lower than 60%
correct, target contrast was increased up to the maximum

2 As was noted by Chica et al. (2010), Wyart and Tallon-Baudry
(2008) used a central cue that indicated with a high probability where
a near-threshold target would be presented. Their participants reported
seeing more targets at valid than at invalid locations. However, the cue
used by Wyart and Tallon-Baudry was not symbolic. It consisted of an
arrow pointing to one of the possible locations where the target would
be presented. These arrow cues have been demonstrated to produce an
effective orienting of attention, even when they are not predictive
about the future location of the target (Doricchi, Macci, Silvetti, &
Macaluso, 2010; Tipples, 2002), suggesting that they trigger attention
exogenously to their location. Thus, it is uncertain which forms of
attentional orienting were modulated in Wyart and Tallon-Baudry’s
study.

level (Michelson contrast = 0.34). There were 12 contrast
levels between these maximum and minimum values, in
which target contrast varied equidistantly. The experimental
trials started when participants felt comfortable with the task
and target contrast yielded ~75% seen targets. To ensure that
factors such as practice or fatigue did not influence CP, the
titration procedure operated every 16 trials during the whole
experiment.

Procedure Figure 1 displays the sequence and timing of a
trial. The cues consisted of two letters: AR- from “arriba”
(“up” in Spanish), AB- from “abajo” (“down”), and AA;
the latter was a neutral cue indicating that the targets were
to be presented with equal probability at the top and bottom
locations. The up and down cues were predictive about the
future location of the target on 75% of the target-present
trials. Participants were informed about the predictive value
of the cue, although they were not told about the exact
number of trials on which the cue predicted the target
location. They were encouraged to take this information
into account in order to respond more accurately. The
fixation point lasted for 515, 1,030, or 1,545 ms. Its
duration was not fixed in order to avoid temporal
preparation effects. Since central cues had to be processed
and correctly interpreted in order to orient attention to its
location, they were presented for 300 ms. There was a
single interstimulus interval (ISI), which, on each trial,
randomly took a value between 200 and 300 ms. This
ensured that participants would have enough time to
endogenously orient attention to the location indicated by
the cue. The target was presented for 16 ms either at the
upper or at the lower location, but never at the central
location. Participants were asked to perform two responses
consecutively, using target information. First, they were
asked to discriminate the orientation of the grating
(objective task) by pressing the “1” key on the numeric
keypad of the keyboard if the lines were oriented to the left
and the “2” key if they were oriented to the right.
Participants responded with their right hand and were
encouraged to respond on every trial as quickly and as
accurately as possible. Even if they did not see the stimulus,
they were told to try to guess their response. Second, they
saw the question, “Did you see the stimulus?” (subjective
task). This time, we encouraged participants to take their
time to respond correctly and to report having seen the
stimulus only when they were completely confident about
having seen it. After every 16 trials, a message box
appeared on the screen, indicating the percentage of correct
rejections (trials on which the stimulus was not present and
participants reported not having seen it). Participants were
told to try to keep this percentage of correct rejections close
to 100%. The experiment consisted of a total of 600 trials,
120 of which were target-absent trials. Valid trials were 3
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Fig. 1 Sequence of events on a
given trial. An example of the
cues and targets used in Experi-
ments 1 and 2 is shown

Fixation

Time

times more likely than invalid and neutral trials (i.e., there
were 3 valid trials for each invalid and each neutral trial).

Results

Participants were able to perform the task at a high level of
accuracy concerning the presence or absence of the target in
the subjective task. Their d’s® ranged from 1.14 to 2.93
(mean &’ = 2.25). x? tests showed that the &’ value was
different from zero for each participant (all ps < .001). The
rate of false alarms was low (7%).

Reaction times on objective task Reaction times (RTs) for
correct responses shorter than 150 ms (5% of the trials)
were considered anticipations and were eliminated from
the RT analysis. We performed a repeated measures
analysis of variance (ANOVA) on both correct and
incorrect responses, with awareness (reported as seen
vs. unseen targets) and validity (valid, invalid, and
neutral trials) as factors. Only the main effect of
awareness reached statistical significance, F(1, 11) =
15.41, MSE = 52,191, p < .01, indicating faster responses
when participants reported having seen the targets.
However, a putative effect of endogenous attention on
the location indicated by the cue should be expected

3 Zero false alarm rates were corrected in this and the following
experiments using the following equation proposed by Snodgrass and
Corwin (1988): FA = (FA + 0,5) / (FA + CR + 1,0).

@ Springer
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mostly when participants consciously perceived the target
and correctly detected its orientation. We thus performed a
separate one-way ANOVA for seen targets, which yielded
no significant effect of validity on RTs, F' < 1.

Mean accuracy on the objective task Again, only the main
effect of awareness proved significant, F(1, 11) = 26.12,
MSE = 0.038, p < .05, because participants were more
accurate when they reported having seen the targets.
Performance was not different from 50% correct (i.e.,
chance level) when participants reported not having seen
the target (M = 48), t = 1.30, p = .22, but it was above
chance when participants reported having seen the target (M =
1), t =432, p < .05. A separate ANOVA for seen targets
indicated that participants were actually more accurate in
discriminating targets preceded by valid and neutral cues
than by invalidly cued targets, F(2, 22) = 4.39, MSE = 0.001,

Table 1 Mean proportions of consciously perceived targets (subjec-
tive task), mean correct reaction times (RTs, in milliseconds), and
mean accuracy data for seen targets (objective task) for valid, neutral,
and invalid trials in Experiment 1 (with standard errors in parentheses)

EXPERIMENT 1

Proportion Mean Mean proportion
consciously correct RT correct responses
perceived targets (in ms)
Valid 0.70 (0.037) 596 (28) 0.72 (0.053)
Neutral ~ 0.69 (0.041) 599 (29) 0.73 (0.048)
Invalid  0.68 (0.036) 606 (28) 0.69 (0.049)
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p < .05 (see Table 1).* This result indicates that endogenous
cues were indeed effective in orienting attention toward the
cued side.

Proportion of seen targets (subjective task) Although
endogenous orienting was effective in orienting partici-
pants’ attention to the location indicated by the cue, as it is
demonstrated by the accuracy results for the objective task,
it did not reliably modulate the proportion of consciously
perceived targets at the valid, invalid, and neutral locations,
F(2,22)=1.61, MSE = 0.001, p = .22 (see Table 1).

Discussion

The results of this experiment indicate that, unlike
exogenous orienting (Chica et al., 2010), endogenously
paying attention to the location indicated by a central
symbolic cue does not significantly increase the proportion
of consciously reported targets. This null result is in sharp
contrast to the effect of endogenous attention on the
objective task: Participants discriminated the orientation of
the stimuli less accurately for invalid than for neutral and
valid targets, which proves that they were actively using the
cues to orient their attention endogenously, although CP
was not enhanced.

The relatively inefficient influence of endogenous
attention in CP is consistent with previous data obtained
with a variety of different methods (see Kentridge et al.,
2008, for a behavioral dissociation; see Wyart & Tallon-
Baudry, 2008, for an electrophysiological data dissocia-
tion). However, the present findings seem, at first sight,
inconsistent with a recently published article reporting that
endogenously triggered attention increased contrast appear-
ance in an objective task (Liu, Abrams, & Carrasco, et al.
2009). This discrepancy may result, among other causes,
from differences in target saliency, which was set up well
above the threshold for CP in Liu et al.’s study and at near-
threshold levels for CP in the present study. Therefore, even
though endogenous attention could enhance contrast per-
ception for consciously perceived, suprathreshold targets
(Liu et al., 2009), it may still produce a weaker or null
modulation for near-threshold targets.

Experiment 2

To test the latter hypothesis, in this experiment, we used a
paradigm similar to that applied in Experiment 1, with the
difference that participants were presented this time with

4 Given that validity effects are expected mostly for seen targets, in
order to simplify the analyses in the next experiments, only seen
targets performance will be analyzed for the objective task.

two blocks of trials. In the first block, all the stimuli were
clearly presented above threshold. In the second block, the
same near-threshold stimuli as those used in Experiment 1
were used. Furthermore, eye movements were controlled at
all times in order to ensure that the results could not be
accounted for by uncontrolled eye movements. We
expected to replicate the finding that endogenous attention
does not increase the percentage of consciously perceived
targets in Block 2 (near-threshold targets), and eventually
predicted, in agreement with prior reports (Liu et al., 2009),
a modulation of the objective task in Block 1 (supra-
threshold targets).

Method

Participants A new sample of 14 naive French participants
took part in the experiment. Participants’ ages ranged from
19 to 33 years (M = 25). They were rewarded with 20€ for
their participation.

Apparatus, stimuli, and procedure Everything was the
same as in Experiment 1, except that the cues were
written in French: HA- from “haut” (“up” in French) and
BA- from “bas” (“down”). No neutral cue was used in this
experiment. The up and down cues were predictive of the
future location of the target on 75% of the target-present
trials. The experiment was composed of two blocks of
trials. During the first block (300 trials), all the targets
were high-contrast stimuli (the higher contrast used in
Experiment 1; Michelson contrast = 0.34), well above the
threshold for CP. During the second block of trials (300
trials), target contrast was automatically adjusted before
the experiment and every 16 trials, as in the previous
experiment. This manipulation ensured that about 25% of
the targets were not consciously reported. The supra-
threshold block was always performed first, to ensure that
participants could capture the cue—target contingency and
could orient their attention accordingly.

The stimuli were presented on an eyetracker screen
(Tobii Technology AB, Danderyd, Sweden), 17 in. wide,
1,024 x 768 (16-ms refresh rate; temporal and spatial
resolution of 50 Hz and 0.25°, respectively). The experi-
ment consisted of a total of 600 trials. Each suprathreshold
and near-threshold block was composed of 300 trials, 60 of
which were no-target trials. Valid trials were 3 times more
likely to occur than invalid trials.

Results

Participants were able to perform the task at a high level of
accuracy concerning the presence or absence of the target in
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the subjective task. Their d’s ranged from 2.45 to 4.73
(mean d’ = 3.62) in the suprathreshold targets block and
from 1.55 to 2.60 (mean @’ = 2.23) in the near-threshold
targets block. x? tests showed that the 4’ value was
statistically different from zero for each participant and
each block of trials (all ps < .001). The rate of false alarms
was 5.7% and 2.4% for the suprathreshold and near-
threshold blocks of trials, respectively.’

Two participants were eliminated from the analysis
because they broke fixation on more than 30% of the trials
in at least one of the blocks. For the remaining 12 participants,
eye movements were very rare and occurred on only 3% of the
trials in the suprathreshold block and 6% of the trials in the
near-threshold block. All trials on which correct fixation was
broken were eliminated from further analysis.

RTs on the objective task RTs shorter than 150 ms (3.6%
and 3.4% of correct trials for the suprathreshold and near-
threshold blocks of trials, respectively) were eliminated
from the RT analysis as anticipations. We performed a
repeated measures ANOVA with block (suprathreshold and
near-threshold targets) and validity (valid and invalid trials)
for seen targets as factors. There was a main effect of block,
because RTs were shorter for suprathreshold than for near-
threshold targets, F(1, 11) = 6.08, MSE = 8,073, p = .031.
The main effect of validity was also significant, F(1, 11) =
5.38, MSE = 1,010, p = .040, because responses were faster
for wvalid trials than for invalid trials, consistent with
attention being oriented toward the cued location. Impor-
tantly, this validity effect was similar for the suprathreshold
and the near-threshold blocks (F' < 1, for the interaction
between validity and block; see Table 2).

Mean accuracy on the objective task A similar analysis of
the mean accuracy data showed that the only significant
effect was the main effect of block, F(1, 11) = 36.34, MSE =
0.005, p < .001, with more accurate responses for supra-
threshold than for near-threshold targets.

Proportion of seen targets (subjective task) Only near-
threshold targets were analyzed, because participants
consciously perceived nearly all the suprathreshold targets.
We performed a one-way ANOVA with the factor of

> As was expected given our manipulation, participants reported
seeing more targets in the suprathreshold (97%) than in the near-
threshold block (58%), p <.001. d" was larger for suprathreshold than
for near-threshold stimuli, p < .001, although more false alarms were
also committed for suprathreshold than for near-threshold stimuli, p =
.015. In the present study, near-threshold and suprathreshold targets
refer to the likelihood that targets will be consciously acknowledged.
Thus, the critical difference between the near-threshold and supra-
threshold conditions lies in participants’ adjustment of their criteria for
making positive reports.

@ Springer

Table 2 Mean proportions of consciously perceived targets (subjec-
tive task), mean correct reaction times (RTs, in milliseconds), and
mean accuracy data for seen targets (objective task) for valid and
invalid trials in the suprathreshold and near-threshold blocks in
Experiment 2 (with standard errors in parentheses)

EXPERIMENT 2

Mean correct
RT (in ms)

Proportion
consciously
perceived targets

Mean proportion
correct responses

SUPRA-THRESHOLD TARGETS

Valid ~ 0.97 (0.007) 703 (21) 0.95 (0.016)
Invalid  0.96 (0.009) 721 (19) 0.94 (0.020)
NEAR-THRESHOLD TARGETS

Valid  0.58 (0.018) 763 (27) 0.81 (0.030)
Invalid  0.57 (0.018) 788 (31) 0.83 (0.022)

validity. The results showed that endogenously attending
to the centrally cued location did not increase the
percentage of consciously perceived targets, F < 1.
Following Wilimzig, Tsuchiya, Fahle, Einhauser, and
Koch (2008), and in order to directly compare the
modulation observed in the objective and subjective tasks,
we computed the mean Az scores for the RT data recorded
throughout the objective task (mean RTs for invalid minus
valid trials) and the data for the subjective task (mean
proportion of seen targets for valid minus invalid trials) in
Experiments 1 and 2. Mean RT for each condition was
divided by the standard deviation of the overall mean. Then
each condition’s z-score was subtracted between conditions
to compute Az scores. Although a direct comparison of the
scores on the objective and subjective tasks did not yield
statistically significant differences (p = .72; mean Az score
for the objective task, 0.54; mean score for the subjective
task, 0.37), t-tests revealed a significant effect of validity on
the objective response (p = .04), but not on the subjective
response (p = .38). This further indicates that endogenously
triggered attention was relatively inefficient in increasing
the probability of consciously reporting attended targets.

Discussion

The results from Experiment 2 confirmed that endogenous
attention produced an effect in the objective task for
suprathreshold targets, which is consistent with Liu et al.’s
(2009) data. We also replicated Experiment 1’s main
finding: When endogenous attention is endogenously
triggered and maintained, participants are not more likely
to consciously report the appearance of the target, in spite
of attention speeding up responses or enhancing accuracy at
the attended location.
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On the basis of the spotlight metaphor of attention
(Posner, Snyder, & Davidson, 1980), most researchers still
conceive spatial attention as a single mechanism that can be
oriented to locations in space either endogenously or
exogenously. If these forms of attention depended on a
single mechanism, the effects of endogenous and exoge-
nous attention in the processing of stimuli should be
qualitatively similar, differing only in quantitative aspects,
such as the speed of the attentional movement or the
duration of its effects (Miiller & Rabbitt, 1989). However,
recent research has clearly shown that endogenous and
exogenous attention produce qualitatively different effects
on the processing of information (Botta, Santangelo,
Raffone, Lupiainez, & Belardinelli, 2010; Funes, Lupiafiez,
& Milliken, 2007; see Klein, 2004, for a review), can be
deployed independently of each other (Berger, Henik, &
Rafal, 2005; Chica, Lupianez, & Bartolomeo, 2006), and
are implemented in partially distinct frontoparietal regions
(Chica, Bartolomeo, & Valero-Cabré, 2011; Corbetta &
Shulman, 2002). This accumulating evidence suggests that
endogenous and exogenous attention consist of two
separate attentional systems. We propose that exogenously
triggered attention modulates conscious perception, where-
as, as has been suggested in prior studies (Kentridge et al.,
2008; Wyart & Tallon-Baudry, 2008) and in the present
series of experiments, endogenously triggered attention
does not seem to play an equivalent role.

However, the fact that endogenous attention was not
proven to modulate CP in our experiments (while triggered
using central symbolic cues) does not imply that it plays no
role at all. As it was noted in the introduction, an important
dissociation refers to how attention is triggered and how it
is maintained. This distinction is crucial to understanding
the effects of central and peripheral cuing. For example, it
has been demonstrated that when attention is triggered and
maintained using central cues, it does not induce the
illusory line motion (Christie & Klein, 2005). However,
maintaining or removing endogenous attention from a
location where attention has been exogenously triggered
(using a peripheral cue) does modulate the illusion, which
is nevertheless generated only by exogenous peripheral
cues (Chica, Charras, & Lupiafiiez, 2008). Likewise,
although Experiments 1 and 2 demonstrated that central
cues do not modulate CP, we cannot rule out the potential
for CP modulation if attention is initially triggered
exogenously using a peripheral cue but is maintained
endogenously through cue—target predictability.

Experiment 3
In order to test the latter hypothesis, in Experiments 3 and

4, we used peripheral cues that were either nonpredictive of
the future location of the target (exogenously triggered

attention, with no endogenous orienting component) or
predictive of target appearance. Cues were predictive of
targets appearing at the same location as the cue (exoge-
nously triggered attention and endogenous maintenance) or
at the opposite location (exogenously triggered attention
and endogenous removal; see Chica et al., 2008, for a
similar design). Experiment 4 was very similar to Experi-
ment 3, but its design allowed us to measure perceptual
sensitivity and response criterion for valid and invalid trials.
Moreover, eye movements were monitored in order to
avoid any possible explanations of our results in terms of
overt, rather than covert, orienting.

Method

Participants A new sample of 12 naive participants from
the University of La Sapienza, Rome, took part in the
experiment. Participants’ ages ranged from 23 to 26 years
(M = 25). They received course credits as a reward for their
participation.

Apparatus, stimuli, and procedure At variance with the
previous experiments, which employed central symbolic
cues, Experiment 3 used peripheral cues lasting for 50 ms.
Cues consisted of a square surrounding either the upper or the
lower placeholder marker. Two cue-to-target ISIs, varying
randomly between 200 and 300 ms or between 900 and
1,000 ms, were used. No neutral cue was used in this
experiment. After the objective grating tilt discrimination
task, participants were required to report whether they had
seen the target or not. At variance with the previous experi-
ments, in which the same keys were always assigned to the
“yes” and “no” responses, in Experiment 3, below the text
string “Did you see the stimulus?”” the words “yes” and “no”
were presented either at the left or at the right of the fixation
point. The location of the words varied on every trial, and
participants were required to press the “1” button to choose
the word presented on the left and the “2” button for the
right-presented word. This was done to avoid response
preparation before the subjective question was presented.
There were three blocks of trials. In the first block
(nonpredictive cue), the peripheral cue was not informative
about the future location of the target, and therefore, on
50% of the trials the cue was presented at the same location
as the impending target (valid trial), and on the remaining
50% at the opposite location (invalid trial). In the other two
blocks, the cue was informative about the future location of
the target on 75% of the target-present trials. More
specifically, in the predictive-cue block, the cue predicted
that the target would appear at the same location (75%
valid trials and 25% invalid trials), whereas in the
counterpredictive-cue block, the cue predicted that the
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target would appear at the location opposite to the cue (25%
valid trials and 75% invalid trials). The nonpredictive cue
block was always presented first and consisted of 720 trials.
The order of the predictive and counterpredictive cue
blocks was counterbalanced between participants. Each
block consisted of 1,200 trials. In each block, the target was
absent on 240 trials.

Results

Participants reported the presence or absence of the target
with good accuracy. Their d’s ranged from 1.32 to 3.09
(mean @’ = 2.40) in the nonpredictive block, from 1.05 to
2.79 (mean d’ = 2.02) in the predictive block, and from 1.53
to 3.39 (mean &’ = 2.25) in the counterpredictive block. x>
tests showed that the d’ value was different from zero for
each participant and block of trials (all ps <.001). The rate of
false alarms was low (6%, 9%, and 7% for nonpredictive,
predictive, and counterpredictive cue blocks, respectively).

RTs on the objective task RTs shorter than 150 ms were
eliminated from the RT analysis as anticipations (1.06%,
1.66%, and 1.45% of correct trials for nonpredictive,
predictive, and counterpredictive blocks, respectively). In
this experiment and in Experiment 5, in which the stimulus
onset asynchrony (SOA) was manipulated, there were more
instances of excessively slow responses than in the previous
experiments, because the time of target appearance was not
constant. To reduce variance in the data, RTs longer than
1,500 ms were also eliminated as outliers (1.19%, 2.30%,
and 1.60% of correct trials for nonpredictive, predictive,
and counterpredictive blocks, respectively).

Table 3 Mean proportions of consciously perceived targets (subjec-
tive task), mean correct reaction times (RTs, in milliseconds), and
mean accuracy data for seen targets (objective task) for valid and

We performed a repeated measures ANOVA on seen
targets, with the factors of block (nonpredictive, predictive,
and counterpredictive), validity (valid and invalid), and
SOA (short and long) (see Table 3). Validity interacted with
SOA, F(1, 11) = 6.39, MSE = 1,575, p = .028, with a 27-ms
facilitatory effect at the short SOA and a 6-ms trend toward
inhibition (shorter RTs for invalid than for valid trials) at
the longer SOA. Importantly, there was an interaction
between block and validity, F(1, 11) = 8.06, MSE = 897,
p = .002, demonstrating that participants were correctly
orienting attention in relation to the informative value of the
cue. As can be observed in Fig. 2, the expected results were
observed. At the short SOA, a further ANOVA test revealed
that the interaction between block and validity was
significant, F(2, 22) = 7.62, MSE = 979, p = .003,
indicating that there was a facilitatory effect for the
nonpredictive and predictive cue blocks, which was not
observed for the counterpredictive block. At the long SOA,
however, the interaction between validity and block was
marginally significant, F(2, 22) = 2.82, MSE = 410, p =
.082, with a tendency for faster responses for invalid than
for valid trials in the nonpredictive and the counter-
predictive cue blocks, but not in the predictive block.

Mean accuracy on the objective task We performed a
repeated measures ANOVA on the mean accuracy rates, with
block (nonpredictive, predictive, and counterpredictive),
validity (valid and invalid), and SOA (short and long) for
seen targets as factors. It revealed that only the main effects of
validity and SOA were significant, F(1, 11) = 6.14, MSE =
0.003, p=.031, and F(1, 11)=5.57, MSE = 0.003, p = .038,
respectively, with more accurate responses for valid than for
invalid trials and for short than for long SOAs.

invalid trials in the nonpredictive, predictive, and counterpredictive
cue blocks in Experiment 3 (with standard errors in parentheses)

EXPERIMENT 3

Proportion consciously perceived targets

Mean correct RT (in ms)

Mean proportion correct responses

NON-PREDICTIVE CUE

SOA Short Long Short Long Short Long

Valid 0.82 (0.023) 0.75 (0.040) 706 (38) 716 (35) 0.93 (0.013) 0.89 (0.019)
Invalid 0.75 (0.052) 0.74 (0.041) 720 (41) 704 (33) 0.90 (0.017) 0.89 (0.022)
PREDICTIVE CUE

SOA Short Long Short Long Short Long

Valid 0.80 (0.023) 0.69 (0.055) 620 (30) 653 (27) 0.93 (0.023) 0.91 (0.021)
Invalid 0.65 (0.082) 0.65 (0.063) 662 (31) 687 (41) 0.88 (0.026) 0.87 (0.030)
COUNTER-PREDICTIVE CUE

SOA Short Long Short Long Short Long

Valid 0.78 (0.040) 0.69 (0.065) 651 (33) 649 (32) 0.90 (0.023) 0.86 (0.027)
Invalid 0.77 (0.047) 0.72 (0.047) 651 (33) 632 (32) 0.89 (0.024) 0.87 (0.029)
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Fig. 2 The left panel shows the mean reaction times (RTs) for the objective task, and the right panel shows the proportions of seen targets in the
subjective task, for each validity condition as a function of block and stimulus onset asynchrony (SOA) in Experiment 3

Proportion of seen targets (subjective task) We performed a
repeated measures ANOVA on the mean proportion of
consciously reported targets, with the factors of block (non-
predictive, predictive, and counterpredictive), validity (valid
and invalid), and SOA (short and long). This analysis revealed
a main effect of SOA, F(1, 11) = 7.83, MSE = 0.014, p =
.017, indicating that participants reported having seen more
targets at the shorter SOA than at the longer one. The
interaction between block, validity, and SOA was significant,
F(1, 11) = 3.61, MSE = 0.001, p = .044 (see Table 3). In
order to better understand this interaction, we performed two
further ANOVAs comparing the nonpredictive and predictive
cue blocks and the nonpredictive and counterpredictive cue
blocks, respectively. When the nonpredictive and predictive
cue blocks were compared, there was only a marginally
significant main effect of validity, (1, 11) = 4.08, MSE =
0.029, p = .068, with more consciously reported targets for
valid than for invalid trials in both blocks. However, when
the nonpredictive and the counterpredictive cue blocks were
compared, block interacted with validity, F(1, 11) = 5.35,
MSE = 0.003, p = .041, because more targets were reported
for valid than for invalid trials in the nonpredictive cue
block, but not in the counterpredictive cue block (see Fig. 2).
This result indicates that endogenously removing attention
from the location of the cue eliminated the benefit observed
for valid over invalid trials when endogenous attention
remained at that cued location.

Discussion

The results of Experiment 3 are especially relevant since
they show that when attention is exogenously triggered
using peripheral cues (either predictive or nonpredictive), a
modulation of CP may follow. However, when attention is
endogenously removed from peripheral cues, there are no
effects on CP, an observation that is consistent with the

results observed with central endogenous cues in Experi-
ments 1 and 2. It could have been interesting to measure d”’
and beta to determine whether the attentional modulations
of CP were due to changes in perceptual sensitivity or
response biases. This was not possible with the present
design, since when no target was presented, false alarms
could not be classified as being valid or invalid.

Experiment 4

To address this issue, the present experiment was designed,
which allowed us to assign false alarms to valid or invalid
trials and, thus, compute SDT analyses. Moreover, eye
movements were also monitored to avoid any potential bias
caused by overt, rather than covert, attentional orienting.

Method

Participants A new sample of 16 naive participants from
Paris, France, took part in the experiment. Participants’
ages ranged from 18 to 29 years (M = 24). They were
rewarded with 20€ for their participation.

Apparatus, stimuli, and procedure Everything was per-
formed as in Experiment 3, except that eye movements were
monitored using the same device as that in Experiment 2 and
except for other changes stated below. The markers (6°
width x 5.5° height) were horizontally aligned. The fixation
point (0.5 x 0.5°) was presented for a time ranging from 500
to 1,000 ms. The peripheral cue consisted of a black dot
(0.5° diameter) presented in the upper external part of one of
the boxes. In contrast to Experiment 3, there was a single
cue—target ISI of 200 ms. The target was a Gabor stimulus (4
cycles/deg spatial frequency, 3° in diameter, SD of 0.3°),
with a maximum and minimum Michelson contrast of 0.56
and 0.02, respectively. There were 40 stimuli between these
maximal and minimum values. In order to be able to classify
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false alarms as valid (same location as the previous cue) or
invalid (opposite location than the previous cue), during the
subjective task, we presented participants with two arrow-
like stimuli, one below and the other one above the fixation
point (>>> or <<<). We provided participants with three
keys (which they should press with their left hand): an upper
key (“d”), a lower key (“c”), and the space bar. The upper
key always corresponded to the arrow presented in the upper
part of the fixation point, while the lower key was associated
with the arrow presented in the lower part of the fixation
point. Participants were asked to report, as accurately as
possible, whether they had seen the target or not. If they had
not, they were required to press the space bar. If they had
seen the target, they were asked to indicate its location on the
screen, left or right. This procedure allowed us to know
whether a false alarm corresponded to the same location as
the previous cue (valid) or to the opposite location (invalid).

The titration procedure was similar to that in the
previous experiments (i.e., it was done before the experi-
mental trials and was adjusted every 20 trials during the
experiment) and ensured that participants reported having
seen the targets on at least 67% of the trials. In this
experiment, accuracy of the objective response was also
titrated so that the correct discrimination performance was
between 65% and 85% (Gabor grating tilt orientation
ranging from 1° to 10°). In this and the following
experiment participants were not instructed to keep the
percentage of false alarms close to 0%, but they were
informed about the percentage of false alarms committed if
it was larger than 55% on the last 20 trials. As in
Experiment 3, there were three blocks of trials: non-
predictive, predictive, and counterpredictive. Each block
consisted of a total of 400 trials; in each block, the target
was absent on 80 trials. In the predictive block, valid trials
were 3 times more likely than invalid trials, while in the

Table 4 Mean proportions of consciously perceived targets (subjec-
tive task), mean d’s and betas (subjective task), mean correct reaction
times (RTs, in milliseconds), and mean accuracy data for seen targets

counterpredictive cue block, invalid trials were 3 times
more likely than valid trials.

Results

Three participants were eliminated from the analyses because
they broke fixation on more than 50% of the trials. Participants
were able to perform the subjective task at a high level of
accuracy regarding the presence or absence of the target. Their
d’s ranged from 1.89 to 2.71 (mean 4’ = 2.16) in the
nonpredictive block, from 1.34 to 2.64 (mean &’ = 2.02) in the
predictive cue block, and from 1.82 to 2.88 (mean d’ = 2.88)
in the counterpredictive cue block. x? tests showed that the d”
value was different from zero for each participant and block of
trials (all ps < .001). The rate of false alarms for non-
predictive, predictive, and counterpredictive cue blocks was
4.77%, 4.53%, and 2.79%, respectively. Participants broke
fixation on 8%, 13%, and 7% of the trials in the nonpredictive,
predictive, and counterpredictive cue blocks, respectively.
These trials were eliminated from further analyses.

RTs on the objective task RTs shorter than 150 ms (6.8%,
2.0%, and 2.3% of correct trials, for nonpredictive, predictive,
and counterpredictive blocks, respectively) were considered
anticipations and were eliminated from the RT analysis. We
performed a repeated measures ANOVA with the factors of
block (nonpredictive, predictive, and counterpredictive) and
validity (valid and invalid) for seen targets (see Table 4). As in
Experiment 3, there was an interaction between block and
validity, F(2, 24) = 11.61, MSE = 7,739, p < .001,
demonstrating that participants were correctly orienting
attention according to the informative value of the cue (see
Fig. 3 and Table 4). RTs were shorter for valid than for invalid

(objective task) for valid and invalid trials in the nonpredictive,
predictive, and counterpredictive cue blocks in Experiment 4 (with
standard errors in parentheses)

EXPERIMENT 4

Proportion consciously d beta Mean correct Mean proportion
perceived targets RT (in ms) correct responses
NON-PREDICTIVE CUE
Valid 0.69 (0.018) 2.21 (0.10) 6.58 (2.05) 963 (18) 0.77 (0.013)
Invalid 0.56 (0.025) 2.39 (0.07) 14.16 (2.03) 1014 (23) 0.76 (0.020)
PREDICTIVE CUE
Valid 0.69 (0.015) 2.36 (0.14) 7.85 (1.67) 802 (14) 0.79 (0.010)
Invalid 0.36 (0.046) 1.81 (0.15) 13.86 (1.74) 967 (47) 0.77 (0.036)
COUNTER-PREDICTIVE CUE
Valid 0.59 (0.044) 2.47 (0.14) 13.51 (1.79) 909 (25) 0.79 (0.013)
Invalid 0.62 (0.026) 2.42(0.11) 12.75 (2.14) 840 (21) 0.76 (0.012)
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Fig. 3 The left panel shows the mean reaction times (RTs) for the objective task, and the right panel shows the proportions of seen targets in the
subjective task, for each validity condition as a function of block in Experiment 4

trials in the nonpredictive, F(1, 12) = 10.83, MSE = 1,580, p =
.006, and predictive, F(1, 12) = 16.66, MSE = 10,723, p =
.001, cue blocks, while the effect was reversed in the counter-
predictive cue block, F(1, 12) =7.21, MSE = 4,330, p = .020.

Mean accuracy on the objective task We performed a
repeated measures ANOVA on the mean accuracy rates,
with block (nonpredictive, predictive, and counterpredic-
tive), and validity (valid and invalid) for seen targets as
factors, but none of the main effects or interactions reached
statistical significance.

Proportion of seen targets (subjective task) and SDT
analyses We performed a repeated measures ANOVA on
the mean proportion of consciously reported targets, with
the factors of block (nonpredictive, predictive, and counter-
predictive) and validity (valid and invalid). Replicating
Experiment 3, we found a significant interaction between
block and validity, F(2, 24) = 13.55, MSE = 0.015, p <
.001, indicating that participants reported seeing more
targets at valid than at invalid locations in the non-
predictive, F(1, 12) = 35.43, MSE = 0.003, p < .001, and
predictive, F(1, 12) = 39.15, MSE = 0.017, p < .001
blocks, but not in the counterpredictive cue block, F < 1.

The analysis of @’ showed an interaction between block
and validity, F(2, 24) = 5.36, MSE = 0.327, p = .012,
demonstrating that making the cue spatially predictive
produced an increase in 4’ for valid, as compared with
invalid, trials, F(1, 12) = 8.87, MSE = 044, p = .011,
whereas it did not reach significance when the cue was
spatially nonpredictive, F(1, 12) = 2.06, MSE = 0.18, p =
.176, or counterpredictive (F < 1; see Table 4). There was
also an interaction between block and validity in beta values,
F(2, 24) = 9.89, MSE = 25.90, p < .001, indicating that
response criterion was more relaxed for valid than for invalid
trials in the nonpredictive, F(1, 12) = 16.88, MSE = 42.29,
p =.001, and predictive, F(1, 12) = 10.64, MSE = 44.03, p =
.007, blocks, while there were no significant differences for
counterpredictive cues, F < 1.

Discussion

The results of Experiments 3 and 4 are important because
they show that when attention is triggered exogenously,
using peripheral cues (either predictive or nonpredictive), a
modulation of CP may occur. However, endogenous
attentional orienting to a noncued location (in the case of
counterpredictive cues) yielded no effects on CP, consistent
with the results observed with central cues in Experiments 1
and 2.

Changes in perceptual sensitivity are additionally ob-
served when attention is both triggered exogenously and
maintained endogenously (i.e., predictive peripheral cues).
Importantly, endogenously attending to an uncued location
(in the case of counterpredictive cues) did not modulate CP,
which suggests that the sequence “exogenous attentional
capture and endogenous maintenance of attention at the
same location” sets up the best conditions for modulating
CP. These results are overall consistent with the findings
reported by Prinzmetal, McCool, and Park (2005), who
proposed that while endogenous attention enhances percep-
tual representations, exogenous attention mostly affects
decision stages. Our results show that although exogenous-
ly triggered attention produces changes in response criteri-
on, additional changes in perceptual sensitivity are
observed when endogenous attention is maintained at the
cued location. What is important to note is that in order to
modulate CP, spatial attention needs to be triggered
exogenously, producing its maximal effects when attention
is endogenously maintained at the cued location. Endoge-
nously triggered attention (either elicited using central
symbolic cues, as in Experiments 1 and 2, or oriented to a
noncued location, as in Experiments 3 and 4) was much
less effective in modulating CP.

In a last attempt to directly compare the effects of
endogenously versus exogenously triggered attention in
conscious perception, we ran Experiment 5, in which
attention was endogenously maintained at a peripheral
location but was triggered either endogenously (using a
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central symbolic cue) or exogenously (using a peripheral
cue). On the basis of our previous data, we predicted that,
despite similar endogenous maintenance of attention,
exogenously triggered attention should produce larger
effects on CP than endogenously triggered attention.

Experiment 5

In this experiment, the effects of central and peripheral
predictive cues were compared while using the method of
Experiment 4 to measure d’ and beta. Two SOAs were used
in order to maximize the effects of both types of cues: a
short SOA, at which the peripheral cue should produce its
larger effects, and a long SOA, at which the central cue
should produce its maximal effects.

Participants A new sample of 8 naive participants from
Paris, France, took part in the experiment. Participants’
ages ranged from 22 to 36 years (M = 27). They were
rewarded with 40€ for their participation in the two sessions
of the experiment.

Apparatus, stimuli, and procedure Everything was the
same as in Experiment 4, except for the following. Two
cue types (central and peripheral) were tested in separate
sessions, with their order of presentation counterbalanced
across sessions. For both cue types, the same circle was
used as a cue. The central cue consisted of a circle that was
either red or green in color (0.5° diameter), overlapping the
fixation point, and presented during 50 ms. As in Funes et
al. (2007), for half of the participants the red color meant
target appearance more likely on the right, and green
signaled target appearance more likely on the left. For the
other half of the participants, this mapping was reversed.
The use of colors to code space ensured that attention was
symbolically driven. The peripheral cue was exactly the
same as in Experiment 4. There were two ISIs between cue
and target appearance: 200 and 1,500 ms. Each session
consisted of a total of 800 trials, 160 of which were catch
trials. Valid trials were 3 times more likely than invalid
trials.

Results

Participants were able to perform the subjective task at a
high level of accuracy regarding the presence or absence of
the target. Their &’ ranged from 2.34 to 3.18 (mean d’ =
2.83) in the central cue condition and from 2.43 to 2.98
(mean d” = 2.74) in the peripheral cue condition. x? tests
showed that the @’ value was different from zero for each
participant and block of trials (all ps < .001). The rate of
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false alarms was 0.32% and 0.26% for the central and
peripheral cue, respectively. Participants broke fixation on
11.48% of the trials in the central cue condition and on
9.58% of the trials in the peripheral cue condition. These
trials were eliminated from further analyses.

RT5s on the objective task RTs shorter than 150 ms or longer
than 1,500 ms (3.90% and 3.00% of correct trials for the
central and peripheral cues, respectively) were considered
anticipations or excessively slow responses and were thus
eliminated from the RT analysis. We performed a repeated
measures ANOVA with the factors of cue type (central and
peripheral), validity (valid and invalid), and SOA (250 and
1,550 ms). The interaction between validity and SOA was
significant, F(1, 7) = 10.53, MSE = 1,092, p = .014, the
validity effect being significant only at the short SOA,
F(1, 7) = 14.84, MSE = 1,328, p = .006. Importantly, the
validity effect at this SOA was identical for central cues
(44 ms) and for peripheral cues (54 ms; interaction between
cue type, validity, and SOA, F' < 1; see Fig. 4 and Table 5).
This result confirms that participants were orienting
attention effectively and in a similar way for either type
of cue.

Mean accuracy objective task The ANOVA on the mean
accuracy rates demonstrated a significant main effect of
validity, F(1, 7) = 5.66, MSE = 0.004, p = .049, that did not
depend on SOA, F(1, 7) = 1.99, MSE = 0.004, p = .20, or
on cue type, F' < 1.

Proportion of seen targets (subjective task) and SDT
analyses The ANOVA on the mean proportion of conscious-
ly reported targets revealed a main effect of SOA, F(1, 7) =
11.78, MSE = 0.069, p = .011, and an interaction between
cue type, validity, and SOA, F(1, 7) = 14.36, MSE = 0.001,
p = .007. Planned comparisons revealed that at the short
SOA, validity effects were larger for peripheral cues than
for central cues, F(1, 7) = 10.18, MSE = 0.001, p = .015.
Participants perceived 13% more targets at the exogenously
cued versus uncued location, but only 4% more targets at
the endogenously attended versus nonattended location. At
the long SOA, validity effects were slightly larger for the
central than for the peripheral cue, F(1, 7) = 6.79, MSE =
0.001, p = .035, although this time the effect was smaller in
size; participants perceived 4% more targets at the
endogenously attended than at the nonattended location
and only 1% more targets at the exogenously cued than at
the uncued location.

We directly compared the validity effects of either cue
type at the SOA at which its effects were maximal (short
SOA for peripheral cues and long SOA for central cues).
On the basis of the results of the previous experiments, we
hypothesized that validity effects on CP would be larger for
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Fig. 4 The left panel shows the mean reaction times (RTs) for the objective task, and the right panel shows the proportions of seen targets in the
subjective task, for each validity condition as a function of cue type and stimulus onset asynchrony (SOA) in Experiment 5

peripheral than for central cues. A one tailed #-test
confirmed this hypothesis, #(1, 7) = 2.41, p = .047. It is
important to note that in the central cue condition, although
validity effects for the objective task decreased at the longer
SOA, in the subjective task participants significantly
reported seeing more targets for valid than for invalid
conditions, the effect being identical at the long and short
SOAs, #«1, 7) = 0.72, p = .49. Therefore, the effect of
central cues on CP, although small, was independent of the
SOA. This renders unlikely the possibility that using a
different SOA would have increased the effects of endog-
enous attention on CP, since 1,550 ms seems a long enough
SOA to observe endogenous effects (Funes et al., 2007,
Miiller & Rabbitt, 1989).

The d° analysis revealed main effects of wvalidity,
F(1, 7) = 8.68, MSE = 0.12, p = .021, and SOA, F(1, 7) =
11.30, MSE = 0.58, p = .012, with better perceptual
sensitivity for valid than for invalid trials and for short than
for long SOAs. The interaction between cue type and
validity was marginally significant, F(1, 7) = 4.47, MSE =
0.032, p = .072, suggesting a tendency for larger validity
effects on @’ for peripheral than for central cues. Although

Table 5 Mean proportions of consciously perceived targets (subjec-
tive task), mean d’s and betas (subjective task), mean correct reaction
times (RTs, in milliseconds), and mean accuracy data for seen targets

the interaction between cue type, validity, and SOA did not
reach significance, F(1, 7) = 2.18, MSE = 0.046, p = .183,
the pattern of results was very similar to that obtained for the
subjective reports (see Table 5). At the short SOA, validity
effects tended to be larger for peripheral than for central
cues, F(1, 7) = 4.60, MSE = 0.052, p = .069; at the long
SOA, validity effects were similar for both types of cues,
F < 1. In the beta analysis, none of the main effects or
interactions reached significance.

Discussion

The results of Experiment 5 further demonstrate that
endogenously triggered and maintained attention produces
a weak influence on CP, as compared with exogenously
triggered and endogenously maintained attention, which
proved stronger and more replicable. This result was found
for central versus peripheral cue conditions that were
equated on cue predictability and demonstrated statistically
similar attentional-orienting effects on the objective task.

(objective task) for valid and invalid trials in the central and peripheral
cue conditions in Experiment 5 (with standard errors in parentheses)

EXPERIMENT 5

Proportion consciously d' beta Mean correct Mean proportion

perceived targets RT (in ms) correct responses
SOA Short Long Short Long Short Long Short Long Short Long
CENTRAL CUE
Valid 0.74 (0.036)  0.49 (0.035) 3.25(0.16) 2.56 (0.08) 23 (3.3) 30(3.8) 793 (40) 783 (20) 0.77 (0.026) 0.67 (0.032)
Invalid 0.70 (0.053) 0.45 (0.034) 3.12 (0.18) 2.37(0.11) 26(4.1) 28 (4.6) 837 (44) 783 (33) 0.71 (0.040) 0.68 (0.045)
PERIPHERAL CUE
Valid 0.73 (0.050) 0.47 (0.041) 3.27 (0.19) 2.57 (0.11) 23 (3.3) 32(2.0) 776 (56) 735(32) 0.77 (0.015) 0.69 (0.025)
Invalid 0.61 (0.059) 0.46 (0.031) 2.78 (0.18) 2.35(0.11) 22 (3.9) 24 (4.6) 830 (55) 727 (45 0.71 (0.025) 0.64 (0.035)

@ Springer



1078

Atten Percept Psychophys (2011) 73:1065-1081

Moreover, the results of Experiment 5 confirm with a
longer SOA those observed in Experiments 1 and 2. This
result is reassuring because it goes against the possible
concern that the lack of modulation of endogenously
triggered attention on CP depended on the use of SOAs
too short to endogenously orient attention to the indicated
location.

In Experiments 3 and 5, in which the SOA was
manipulated, participants reported consciously perceiving
more targets at the short than at the long SOA, indicating
that this variable had the ability to modulate subjective
responses and perceptual sensitivity. This result is consis-
tent with recent data from our group demonstrating that
phasic alerting improves conscious perception and percep-
tual sensitivity (Kusnir, Chica, Mitsumasu, & Bartolomeo,
2011), and with results from the temporal-orienting litera-
ture showing that perceptual sensitivity is increased when
targets appear at the expected moment in time (Correa,
Lupiafiez, & Tudela, 2005; Rolke & Hofmann, 2007).

General discussion

Taken together, the five experiments of this study suggest
that endogenously triggered attention is relatively ineffi-
cient at modulating CP for near-threshold stimuli. This
result is consistent with those in previous literature claiming
that some forms of attention are neither necessary nor
sufficient for CP (Kentridge, Heywood, & Weiskrantz,
1999, 2004; Kentridge et al., 2008; Koch & Tsuchiya,
2007; Wyart & Tallon-Baudry, 2008). However, recent data
from our group strongly indicate that, contrary to endoge-
nous attention, exogenous orienting does seem to play an
important role in CP (Chica et al., 2010). Indeed, Experi-
ments 3, 4, and 5 show that CP is increased at exogenously
triggered locations, while maintaining or removing endog-
enous attention from the exogenously attended location can
also influence CP (Experiments 3 and 4). Therefore, it can
be concluded that although endogenously triggered atten-
tion does not produce strong modulations of CP (at least
within the experimental paradigms used in this study), it
has the potential to interact with the effects of exogenous
attentional orienting.

The present design employed stimuli that were not
consciously perceived all the time. Following Dehaene,
Changeux, Naccache, Sackur, and Sergent’s (2006) taxonomy,
these stimuli could be considered as preconscious, and their
access to consciousness may depend on the functional state of
frontoparietal networks before or during stimulus presenta-
tion. Preparatory activity in frontoparietal cortices (Hopfinger,
Buonocore, & Mangun, 2000) may thus influence CP for a
given stimulus. This hypothesis is consistent with recently
published evidence (Liu et al., 2009) demonstrating that
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endogenous attention can increase contrast perception when
targets are presented well above the threshold for CP.
However, our data indicate that endogenous spatial attention
might not be the key factor for activating the frontoparietal
networks claimed to be necessary for CP. This does not mean
that such process is not required at all, but that it is at least
insufficient to produce the top-down amplification that might
precede consciousness. Exogenous attention, on the other
hand, has been proven to be a powerful modulator of CP.
This system might influence the activity of frontoparietal
networks in such a way as to boost the feed-forward
information necessary for the CP of ensuing targets
(Fahrenfort, Scholte, & Lamme, 2008). The spatial
coincidence between valid peripheral cues and correctly
reported targets suggests that cues may act as “spatial
anchors,” or “object files,” for attention to amplify objects
subsequently appearing at that spatial location and
prioritize them for access to CP.

Our subjective measure of CP depended on verbal
reports. Drawing on the time-honored distinction between
direct and reflective forms of consciousness (see, e.g.,
Merleau-Ponty, 1942), one could maintain that, although an
appropriate verbalization can be considered to be a reliable
indicator of conscious processing (Merikle, Smilek, &
Eastwood, 2001), the converse is not necessarily true; lack
of verbalization might simply indicate lack of reflective
consciousness with normal direct consciousness (Bartolomeo
& Dalla Barba, 2002). M. Snodgrass, Kalaida, and Winer
(2009) interpreted this distinction in terms of an internal
signal detection process. Reflective consciousness can access
the contents of direct consciousness if they are both
sufficiently clear to produce reasonable confidence in the
perception and deemed task relevant. The present evidence
(Experiment 4) in favor of a criterion shift with validly cued
targets by peripheral cues seems consistent with this position,
in the sense that valid cues might have increased partic-
ipants’ confidence on their perception and, thus, shifted their
criterion to more liberal levels.

Nonetheless, a general concern with the use of near-
threshold stimuli, which makes the interpretation of those
paradigms complex, is the fate of unseen stimuli.® If
directing attention away from a stimulus causes failures in
eliciting CP and influences visual behavior, one could
wonder whether the unattended stimulus is having any
effect on the attentional brain systems. In the present study,
we cannot provide direct evidence on whether or not the
stimulus appearing at a location remote from the direction
of exogenous attention is or is not being processed at all.
Nonetheless, we can draw supporting data from our own
ERP recordings (Chica et al., 2010), whereby, replicating

¢ We would like to thank Robert Kentridge for introducing this issue
during the review process.
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previous evidence (Sergent, Baillet, & Dehaene, 2005), we
demonstrated that the evoked signals elicited by seen and
unseen targets were very similar until around 300-ms post-
stimulus-onset. Therefore, visual processing of seen and
unseen stimuli would be similar up to the extrastriate
visual areas (as indicated by the P100 component), while
only seen targets elicit a P300 component, distributed
throughout frontoparietal electrodes. These results strong-
ly suggest that in our paradigm, unseen targets are
visually computed at early stages of processing but might
fail to reach CP.

How can the differences between exogenous and
endogenous orienting in CP be accounted for? One
possibility is that peripheral cues might initiate some activity
at the corresponding spatial location (they might, for
example, open an "object file"; Lupidiiez, 2010; Milliken,
Tipper, Houghton, & Lupiafiez, 2000), such that targets
subsequently presented at that location have a priority access
to CP. Nevertheless, the extent to which this “object file”
representation is used for further performance might depend
on its ability to predict target appearance at a similar
location; such piece of information might be integrated
within the same representation. A complementary explana-
tion might be related to the role of phasic alerting and its
interactions with spatial orienting. We have demonstrated
that phasic auditory alerting improves conscious perception
and perceptual sensitivity (Kusnir et al., 2011). In
Experiments 3 and 5 of the present study, we also found
reliable effects of SOA, because more targets were
consciously perceived at the short than at the long SOA.
Thus, enhanced perceptual sensitivity at short SOAs
might result from phasic alerting provided by the visual
cue. Given that peripheral cues produce their larger
effects at short SOAs, phasic alerting and spatial
orienting could have additive effects. Central symbolic
cues also produce phasic alerting, but their interpretation
takes a longer time. Therefore, once attention is oriented
to the cued location, alerting is not maximal, and only
the isolated effects of spatial orienting, instead of their
summation, are observed.

Our results might instead seem inconsistent with the
conclusions of Woodman and Luck (2003). These authors
used an “object substitution masking” paradigm to explore
the role of attention in CP. In this paradigm, an object
presented in a crowded environment is masked by the
presentation of small objects surrounding it; when the mask
offsets some time after the display onset, the masked object
is not consciously perceived. In Woodman and Luck’s
study, the N2pc ERP component’ was used to index the

7 N2pc corresponds to N200 observed at parietal sites; it is uncertain
whether it reflects exogenous attention, endogenous attention, or a
combination of both.

orienting of attention to the target. Their results showed that
the N2pc was elicited both when the target was consciously
perceived and when it was not, leading the authors to
conclude that attention and CP are two independent
processes and that the orienting of attention did not
intrinsically produce conscious reports. However, as was
noted by the authors, the N2pc ended earlier when the
targets were not consciously perceived. If N2pc is a
correlate of exogenous orienting of attention, these results
can be taken as evidence in favor of the idea that exogenous
attention is an important modulator of CP. The fact the
N2pc ended earlier when the stimulus was not consciously
reported might indicate that even if the target produced an
exogenous attentional capture, the corresponding frontopar-
ietal activation was unable to maintain the exogenous
capture of attention long enough to trigger the necessary
reverberation of information required for CP.* This is
consistent with our proposal that exogenous attention is an
important modulator of CP, although it may not be sufficient.
Exogenously attended information is not always consciously
perceived (Kentridge et al., 1999; McCormick, 1997; Mele,
Savazzi, Marzi, & Berlucchi, 2008), perhaps because it does
not always lead to the sustained frontoparietal activity that
might be necessary for CP (Dehaene et al., 2006; Dehaene &
Naccache, 2001). Neural information needs to reverberate in
these networks (Fahrenfort, Scholte, & Lamme, 2007), and
CP might be impaired if the system is not correctly prepared
at the time information is being presented, or when brain
damage interrupts the proper communication within and
between these networks (Bartolomeo, Thiebaut de Schotten,
& Doricchi, 2007). On the basis of the present study, we
hypothesize that making the peripheral cues predictive might
allow sustained reverberation on the attentional networks and
thus increase the probability of CP.

In brain-damaged patients, CP might be impaired as a
consequence of direct damage to areas or disconnection of
sites within the brain networks including sensory primary
areas and frontoparietal regions. In the blindsight patient G.
Y., afflicted by a selective destruction of left primary visual
cortex, effects of exogenous attention have been observed
in the absence of CP (Kentridge et al., 1999). We propose
that when the visual areas are disconnected from frontopar-
ietal networks, CP will not emerge, because the visual input
will be unable to undergo further processing. Even if an
exogenous attentional capture occurs, information will not

8 In our experiments, participants were not unconscious of all the
targets presented at the invalid (unattended) location. A strong version
of our proposal would predict that because attention is oriented to the
location opposite to the target on these trials, participants should
always fail to report invalidly cued targets. However, even though
attention is oriented to the location of the cue, the probability that an
invalidly cued target attracts attention is low but not null. Thus, CP
might have occurred for those invalidly cued targets that captured
participants’ attention.

@ Springer



1080

Atten Percept Psychophys (2011) 73:1065-1081

be able to reverberate within the frontoparietal network,
thereby failing to produce CP. It is also tempting to relate
the profound unawareness of contralesional stimuli demon-
strated by patients to visual neglect with their prominent
impairment in exogenous orienting. Importantly, neglect
patients’ lesions typically involve the right parietal lobe
(Mort et al., 2003) and its connections with the prefrontal
cortex (Bartolomeo et al., 2007). Activity of such fronto-
parietal networks has been implicated both in orienting of
attention (Buschman & Miller, 2007; Corbetta & Shulman,
2002; Nobre, 2001) and in consciousness (Dehaene et al.,
2006). Neglect patients present profound deficits in
exogenous, rather than endogenous, orienting, an observa-
tion that is consistent with the findings reported in this
article about the special role of exogenous, rather than
endogenous, orienting in CP.

Thus far, we have thoroughly empirically explored the
type of attentional orienting necessary to influence CP by
means of behavioral tasks, and we have related it to specific
neuroanatomical hypotheses. We have developed and
optimized a series of behavioral paradigms sensitive to the
effects of cuing and their influence on conscious visual
processes. Future research will be directed at further
exploring the neural basis and temporal correlates of such
processes by means of neuroimaging techniques such as
ERPs, fMRI, and TMS. Such information might prove
crucial to exploring ways to more efficiently “ignite” the
workspace delimited between networks involved in sensory
consciousness (Dehaene et al., 2006) and manipulate it at
will for investigational or clinical purposes.
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