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Abstract We studied endogenous cuing during the
attentional blink in order to examine its resistance to dual
task interference. In two experiments, we found a reduced
impact of endogenous cuing during the “blink” time of the
attentional blink. In a third experiment endogenous cuing
was intact when it was not influenced by demands imposed
by an earlier target. Contrary to a recent report (Zhang
et al. in Exp Brain Res, 185, 287-295, 2008), the results
indicate that endogenous orienting guided by semantic cues
is susceptible to the attentional blink.

Keywords Attentional blink - Endogenous orienting -
Reflexive orienting

Introduction

Recently, covert orienting of attention under dual task
situations has been intensively studied in order to examine
its resistance to perceptual interference. Presumably,
reflexive orienting, also known as exogenous orienting,
should remain intact even while performing a secondary
task because such orienting is believed to be automatic
(Jonides 1981; Posner 1980; Yantis and Jonides 1984).
However, several recent studies have challenged that tra-
ditional belief by showing that reflexive orienting induced
by abrupt onsets is susceptible to a concurrent monitoring
task. For example, Boot and colleagues found that abrupt
onsets failed to capture attention in visual search when
subjects had to perform a concurrent auditory 1- back task
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(Boot et al. 2005). Another recent study showed that both
reflexive visual and auditory orienting were disrupted when
subjects were instructed to attend to a RSVP or RSAP
stream (Santangelo et al. 2007).

The attentional blink (AB) refers to people’s inability to
detect or identify a second target (designated T2) that fol-
lows within a few hundred milliseconds of an earlier target
(T1) in the same location (Raymond et al. 1992). The AB
paradigm has been used to more deeply explore the atten-
tional demands of the processing of various stimuli. For
example, in a pioneering study Joseph et al. (1997) showed
that even detection of an orientation singleton may be
impaired during the attentional blink. Following this line, a
recent study showed that exogenous cuing by uninformative
abrupt onsets is also suppressed shortly after a target is
identified in the AB paradigm (Du and Abrams 2009). Du
and Abrams presented an uninformative exogenous cue
shortly after T1, yet always 100 ms prior to the second
target (T2) in their study. They found that the benefit of the
exogenous cue was reduced if the cue was presented within
100-200 ms after T1, when the attentional blink would be
strongest, but it recovered as the interval between T1 and
the cue increased. Thus, the exogenous cuing effect was
reduced by the attentional blink.

Each of the aforementioned studies leads to the con-
clusion that reflexive orienting is susceptible to a concur-
rent attentional load. This challenges the traditional idea
that reflexive orienting is automatic. In contrast to the sit-
uation with reflexive orienting, researchers have generally
believed that endogenous orienting is under a person’s
voluntary control and does demand attentional resources.
Naturally, if endogenous orienting is truly attention
demanding, we would predict that the attentional blink
would interrupt endogneous cuing as it does reflexive
cuing.
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Surprisingly, a recent study suggests that endogenous
cuing may remain intact during the attentional blink
(Zhang et al. 2008). In the experiment, four boxes appeared
in the display: above, below, to the left and to the right of a
central fixation cross. Participants had to first identify a
single target letter (T1) in the box above or below fixation
which was followed by a predictive central arrow pointing
to one of the boxes to the left or right. Another target letter
(T2) appeared in the left or right box either 360 or 720 ms
after the first target. Zhang et al. found that T2 identifica-
tion was better when T2 was validly cued than when it was
invalidly cued or uncued. More importantly, the magnitude
of cuing at the 360 ms delay, when the attentional blink
might have been strong, was the same as that at the 720 ms
delay, when the attentional blink would have been weak or
nonexistent. Therefore, Zhang et al. concluded that “the
AB did not affect the processes involved in the endogenous
control of spatial selective attention.” The finding that
endogenous orienting is resistant to dual task interference
has potentially important implications, but appears to be at
odds with the findings showing that even exogenous ori-
enting is not immune to the effects of the attentional blink
(e.g., Du and Abrams 2009).

However, several features of the Zhang et al. (2008)
study may have caused them to overestimate the strength
of endogenous cuing. First, the shortest T1-T2 interval in
their study was 360 ms—which may be longer than the
most severely impaired period of the AB. Thus, endoge-
nous cuing might be reduced at T1-T2 intervals shorter
than 360 ms. Secondly, the T2 in the Zhang et al. study
always appeared abruptly as the sole new object in the
display. Some recent studies, however, have shown a
synergistic effect between onset capture and contingent
capture. In those studies attentional capture effects were
enhanced when an onset stimulus also matched the
sought-for feature (Du and Abrams 2008, 2010; Ludwig
and Gilchrist 2003). Thus endogenous cuing in the Zhang
et al. study might be complicated by onsets of T2.
Finally, the T1-cue interval covaried with cue-T2 interval
in the earlier study because the researchers inserted cen-
tral cues in between T1 and T2. The amount by which the
Tl-cue interval decreased was exactly equal to the
increment in the cue-T2 interval. This is a potential
problem because these two changes might be expected to
produce offsetting effects: As the Tl-cue interval
decreases, T1 may become more likely to suppress the
endogenous cue. However, the corresponding increment
in the cue-T2 interval might be expected to facilitate the
endogenous cuing effect. Thus it is difficult to delineate
the individual effects of the T1-cue interval and the cue-
T2 interval in the prior study.

The current study was designed to examine whether
endogenous orienting is truly immune to the AB. In order
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to study that, we made a few important methodological
changes over the study by Zhang et al. (2008). First, we
examined the time course of endogenous cuing more
thoroughly: from 100 to 700 ms in Experiment 1 and from
100 to 500 ms in Experiment 2. These time ranges include
the interval during which the AB should be strongest.
Secondly, T2 in our experiments was always accompanied
by a distractor presented simultaneously on the opposite
side of the display. Thus T2 was not the sole new object,
and its unique onset would not complicate the interpreta-
tion of the effect of the endogenous cues. Thirdly, we used
T1 (the letter L or R) as a spatial cue. By doing so, the T1-
T2 interval is the same as the cue-T2 interval and the T1-
cue interval is kept at zero in Experiment 1. Thus the effect
of cue-T2 interval can be separated from the effect of T1-
cue interval. Finally, it is believed that participants need
some time to interpret endogenous cues before they can
reorient their attention. Therefore, we presented the spatial
cues in Experiment 2 far in advance of the second target in
order to separate the interpretation of the cue from the
movement of attention.

Experiment 1

The present experiment was designed to examine whether
endogenous orienting is truly immune to the attentional
blink. Unlike the Zhang et al. study in which only 360
and 720 ms T1-T2 intervals were examined, we measured
the endogenous cuing effect more thoroughly from 100 to
700 ms in the present experiment. In addition, two other
methodological steps were taken to ensure that a purely
endogenous cuing effect was produced in the present
experiment. First, the appearance of the second target
(T2) was always accompanied by a distracting symbol
“#” that appeared on the opposite side of the display.
This ruled out the possibility that the onset of T2 would
enhance the endogenous cuing effect—a possibility in the
Zhang et al. (2008) study. Second, the spatial cue was a
letter (L or R), instead of an arrow as used by Zhang
et al. (2008), because arrows have been shown under
some conditions to act like exogenous cues (Hommel
et al. 2001), and hence they might not induce a purely
voluntary orienting.

Method
Participants
Twenty-two undergraduates from Washington University

each participated in a 45 min session for course credit. All
had normal or corrected-to-normal visual acuity.
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Apparatus and procedure

Stimuli were presented on a CRT in a dimly lit room at a
viewing distance of 56 cm. The sequence of events on a
trial is illustrated in Fig. 1. Three horizontally aligned
boxes were presented as placeholders. Each box was 2.2°
in width and 2.2° in height. The middle box was at the
center of the screen. There was a 7.1° gap between
neighboring boxes. Each trial began with a 1000 ms pre-
sentation of a gray fixation cross in the middle box, fol-
lowed by the sequential presentation of multiple upper case
gray letters in the same box. The letters were selected
randomly without replacement from the English alphabet,
excluding “I”. Letters were 1.0° in width and 1.3° in
height. Each letter was presented for 50 ms, followed by a
50 ms presentation of the empty placeholder boxes. The
participants were required to discriminate the letter L or R
in the sequence as T1. Across trials, the target letter
appeared in the 10th through 12th frame of the letter
sequence. After a variable number of frames (0, 1, 2, 3, 4,
or 6) of distractors in the middle box, T2 appeared as a sole
gray probe letter in either the left or right boxes, accom-
panied by a gray pound sign (#) on the opposite side.
Therefore T2 could either appear at lags of 1, 2,3, 4,5, or 7
after the onset of T1 (100, 200, 300, 400, 500 or 700 ms,
respectively) with equal probability. T2 could be any letter
except L or R. Each trial ended with presentation of “#” in
each of the three boxes.

[#] [# [#] [#] [#] [#]

T2 is the sole

|E @ @ letter in one of
peripheral boxes

Validly cue'(k A‘nvalidly cued
] sl O

T1 is either letter Lor R

OO

Time

O o

9-11 gray letters were sequentially
presented in the middle box. Each
was presented for 50 ms, followed
by a 50 ms display of three empty
boxes

L1 [l O

OO

Fig. 1 A schematic illustration of the sequence of events in
Experiment 1

In the current experiment, T1 (either L or R) also
acted as an endogenous cue which predicted T2’s loca-
tion for two-thirds of the trials. An L indicated that T2
was most likely to appear in the left box; an R predicted
the right box. Participants were explicitly told to use this
information. The trials on which T2 appeared in the box
predicted by T1 were validly cued trials. The other one-
third of the trials were invalidly cued trials. Participants
reported the identities of T1 and T2 by pressing keys
after each trial, with equal emphasis placed on both
tasks.

Design

Each trial used one of six inter-target lags (Lag 1, Lag 2,
Lag 3, Lag 4, Lag 5 or Lag 7) and two cue-validity con-
ditions (validly cued and invalidly cued). There were a
total of 120 invalidly cued trials, 20 replications of each
inter-target lag. There were 240 validly cued trials alto-
gether and each inter-target lag included 40 replications.
All 360 trials were presented in a random order. Partici-
pants were apprised of the fact that the first target (T1)
indicated the T2 location with 70% probability (the cue
validity was exaggerated slightly in order to encourage the
use of the cue). Participants first served in one block of 24
trials for practice. They received a brief break after every
90 test trials.

Results

The average accuracy of T1 identification collapsed across
all lags and cue validities was 0.95. Accuracy data for T1
were submitted to an ANOVA, which revealed a main
effect of cue validity, F(1,21) =9.22, P <0.01,
1312, = 0.305; with higher accuracy on validly cued trials
(0.96) than on invalidly cued trials (0.94). There was no
main effect of lag, nor was there an interaction.

The accuracy of identification of T2 is plotted in Fig. 2
as a function of the cue validity and inter-target lag. First,
there was a significant main effect of cue validity, with
higher accuracy when the cue was valid relative to when it
was invalid, F(1,21) = 11.02, P = 0.003, nﬁ = 0.344.
Most importantly, the interaction between lag and cue
validity was significant, F(5,105) = 8.78, P < 0.001,
1]12, = 0.295. Further paired sample t tests revealed no cuing
effect at either Lagl (#(21) = 0.31, P = 0.762) or Lag 2
(#(21) = 1.39, P = 0.180) but a significant cuing effect at
Lags 3 to 7 (#(21) =2.68, P = 0.014; #21) =12.27,
P =0.034; #21)=3.86, P =0.001; #21)=4.09,
P = 0.001; for Lag 3, 4, 5 and 7, respectively). Thus, the
endogenous cueing effect was absent at short lags, during
the attentional blink, but was evident at longer lags.
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Fig. 2 Accuracy of T2 identification in Experiment 1, given correct
identification of T1

We found no main effect of inter-target lag, F(5,105) =
145, P = 0.213, 13,27 = 0.065, despite the significant interac-
tion between effects of lag and cue validity. This raises a
question regarding the extent to which our paradigm is even
capable of producing AB. If it was we might expect an overall
increase in T2 accuracy with increasing inter-target lag.
Indeed, such a pattern was observed following valid cues, but
after an invalid cue T2 accuracy actually decreased with
increasing lag. We believe that AB was generated in both
conditions, but its presence in the invalid condition was
masked by our presentation of an endogenous cue on every
trial. Nevertheless, our conclusions would be strengthened if
we could verify that our method is indeed capable of pro-
ducing an AB when there is no endogenous cue. To that end,
we conducted a control experiment with 15 subjects. In the
control experiment, all of the stimuli and procedural details
were the same as those in Experiment 1, except that partici-
pants were never told that the first target (either L or R) is
predictive for the T2 location (thus there was no endogenous
cue; inter-target lag was the only independent variable). If the
AB occurs in this no-cue version of Experiment 1, a similar
AB can be presumed to have been present but masked in the
invalid condition of Experiment 1. In the control experiment,
the conditional accuracy of T2 identification given T1 was
correctly reported indeed increased with increasing lag [0.69
for lag 1, 0.76 for lag 2, 0.79 for lag 3, 0.82 for lag 4, 0.81 for
lag 5, and 0.82 for lag 7]. A one-way ANOVA by inter-target
lag indicates that the AB is indeed generated by our procedure
F(5,70) = 5.577, P < .001, Iﬁ = (0.285.

Discussion
In the present experiment an endogenous cue provided no

benefit when the lag between the first and second target
was brief, during the time at which the attentional blink
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would be most severe. But a cuing effect did emerge at
longer inter-target intervals, when the attentional blink
would be expected to be weak or nonexistent. The results
suggest that endogenous orienting driven by a semantic cue
is sensitive to the available attentional resources. The
finding is consistent with traditional beliefs about the nat-
ure of endogenous cuing effects, but inconsistent with
recent results reported by Zhang et al. (2008).

In the present experiment, the endogenous cue was time-
locked to T1 (indeed, it was T1). As a result, the interval
between T1 and T2 was identical to the interval between
the cue and T2, and thus the time available to process the
information in the cue increased as the inter-target lag
increased. Because the short lags are precisely the condi-
tions under which the cue was not useful, it is possible that
participants simply did not have enough time to interpret
the cue at short lags. That could account for the absence of
a cuing effect at short lags, instead of the explanation that
we offered. Experiment 2 addressed that concern.

Experiment 2

Previous studies have shown that endogenous cues such as
central arrows yield facilitation approximately 100 ms after
their onset, presumably reflecting the time needed to process
the cue (Miiller and Rabbitt 1989). Cues such as the L or R
used in Experiment 1 might require even more time to be
fully decoded. Therefore, the absence of endogenous cuing
for the first 200 ms following T1 in Experiment 1 might be
attributable to the time needed to process the letter cues. To
rule out this possibility, in the present experiment we pre-
sented the cues (the word left or right) at the beginning of
each trial, far in advance of T2. This change in procedure
guarantees that participants had sufficient time to process the
endogenous cues and to plan their orienting even before T1
appeared. If endogenous orienting is immune to the AB, the
cuing effect should be evident across all inter-target lags. The
present experiment tested that possibility.

Method

Participants

Twenty undergraduates of Washington University each
participated in a 30 min session for course credit. All had
normal or corrected-to-normal visual acuity.

Apparatus and procedure

The stimuli and procedure were similar to those in
Experiment 1, with a few important changes. In particular,
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each trial began with a 1500-ms presentation of a cue word
(either left or right) indicating the location of T2 with 67%
validity. The cue was followed by an RSVP stream of gray
letters as in Experiment 1, but here T1 was light gray
(slightly brighter than the other letters) and no longer
predictive of T2’s location. T1 was a letter randomly
chosen from the English alphabet, excluding “I”. The
second target (T2) was a letter other than the letter of T1.
T2 appeared (in the left or right box) 0, 1, 2, or 4 frames
after T1 (lags 1, 2, 3, or 5, respectively). Participants
reported the identities of T1 and T2 by pressing keys after
each trial, with equal emphasis on both tasks.

Design

Each trial used one of four inter-target lags (0, 1, 2, or 4
letters) and two cue-validity conditions (validly cued and
invalidly cued). There were a total of 64 invalidly cued
trials, 16 replications of each inter-target lag. There were
128 validly cued trials altogether and each inter-target lag
included 32 replications. All 192 trials were mixed together
and presented in a random order. Participants were told that
cue words indicated the probe location with 70% proba-
bility (the cue validity was exaggerated slightly in order to
encourage the use of the cues). Subjects first served in one
block of 16 trials for practice. They received a brief break
after every 64 test trials.

Results

The average accuracy of T1 identification collapsed across
all lags and cue validity was 0.92. Accuracy data for T1
were submitted to an ANOVA which revealed no main
effects or interaction (all P > 0.5). Thus, as would be
expected, the endogenous cues had no influence on iden-
tification of T1.

The accuracy of T2 is plotted in Fig. 3 as a function of the
cue validity and inter-target lag. First, there was a significant
main effect of cue validity, with higher accuracy when the
cue was valid relative to when the cue was invalid,
F(1,19) = 9.28, P = 0.007, 1312, = 0.328; The main effect of
inter-target lag was also significant, F(3,57) = 4.49,
P = 0.007, 1][2, = (0.191; with higher accuracy at longer lags,
revealing the presence of an overall AB effect. And most
importantly, the interaction between lag and cue validity was
significant, F(3,57) = 7.52, P < 0.001, Iﬁ = 0.284. Paired
sample t tests revealed no cuing effect at either Lagl
(#(19) = 0.211, P =0.835) or Lag 2 (#19) = 1.19,
P = 0.247) but a significant cuing effect at Lag 3 and Lag 5
(#(19) = 2.39, P =0.028; 1#(19) =4.39, P <0.001;
respectively for Lags 3 and 5). This pattern of results repli-
cates the results of Experiment 1 and indicates that an
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Fig. 3 Accuracy of T2 identification in Experiment 2, given correct
identification of T1

endogenous cueing effect was absent at short lags but was
present at longer lags.

Discussion

In the present experiment, subjects were provided with an
endogenous cue far in advance of the RSVP stream that
contained the two targets. They had only to identify the
first target and then orient their attention to the previously
cued location to identify the second target'. Despite the
advance presentation of the cue, subjects were unable to
benefit from the cued information within 200 ms after T1.
Thus, people appear unable to execute a planned endoge-
nous movement of attention during the “blink™ time of the
AB, replicating the results of Experiment 1.

Experiment 3

In Experiment 2, participants had sufficient time to process
the cue words and to plan the orienting of attention in
advance. But the absence of an endogenous cuing effect
during the AB indicates that even a planned movement of
attention is delayed or suppressed by AB. However,

! The endogenous cue (the word left or right) in Experiment 2 was
presented at the beginning of each trial, far in advance of T1 and T2.
As an anonymous reviewer suggested, in theory, participants could
move their attention to the cued location in the periphery prior to
presentation of T1. Thus the disruption caused by the AB at short lags
might have been due to processes other than those involved in moving
attention. However, if subjects had moved their attention to the cued
location in the periphery early in the trial, then we would also expect
to have observed very low accuracy in T1 identification. Contrary to
that prediction, T1 accuracy was quite high (92%), consistent with our
belief that the AB interfered with the movement of attention after T1
was presented.
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whether this suppression upon endogenous cuing was truly
caused by processing T1 remains unanswered. To address
this question, it is necessary to examine whether cue words
presented at the beginning of each trial can produce a cuing
effect when participants do not need to identify T1 (thus no
occurrence of AB). By measuring the endogenous cuing
effect under this single task situation, we can establish a
baseline for endogenous cuing without concurrent inter-
ference from AB.

Method
Participants

Nineteen undergraduates of Washington University each
participated in a 30 min long session for course credit. All
had normal or corrected-to-normal visual acuity.

Apparatus, procedure and design

The stimuli and procedure were very similar to those of
Experiment 2 except for one change. In the present
experiment, participants were required to report only the
identity of T2 (a random letter in one peripheral box). T1 (a
light gray letter) was presented in the RSVP stream as it
had been in Experiment 2, but subjects were not required to
report it.

Results and discussion

The accuracy of T2 is plotted in Fig. 4 as a function of the
cue validity and inter-target lag. A two-way ANOVA
revealed a significant main effect of cue validity, with
higher accuracy when the cue was valid relative to when it

Valid
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P
% D,,/“]—D'\.4:|
= 0.8
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151 nvali
<
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0.6 T T T T T Ll
0 1 2 3 4 5 6

inter-target lag

Fig. 4 Accuracy of T2 identification in Experiment 3
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was invalid, F(1,18) = 4.62, P = 0.045, 1312, = 0.204. No
main effect of inter-target lag or interaction was found (all
F < 1). This pattern of results indicates that a cue word
presented at the beginning of each trial can produce an
endogenous cuing effect consistently across all inter-target
lags.

General discussion

Experiment 1 showed that the endogenous cuing effect
induced by TI, the first of two successive targets, was
suppressed during the attentional blink. In Experiment 2
participants were provided the spatial cues far in advance,
yet they still could not carry out the endogenous movement
of attention during the AB. Because voluntary orienting
guided by a predictive cue was susceptible to the atten-
tional impairment caused by the AB, we conclude that such
orienting is not truly automatic, consistent with commonly
held views of endogenous cuing (but inconsistent with the
conclusions of Zhang et al. 2008).

In addition, Experiment 3 showed that endogenous
cuing produced by the same cues used earlier remained
constant across all inter-target lag when participants were
only required to report T2 (i.e., in the absence of an
attentional blink). Thus, the impairment in the first two
experiments can be more confidently attributed to the AB.
Experiment 3 additionally provides a baseline estimate of
endogenous cuing effects under single task conditions: a
9% cuing effect was observed there. In contrast, in
Experiment 2 the endogenous cuing effects were 12% at
lag 3 and 21% at lag 5, which was much higher than that in
Experiment 3. A closer look at Figs. 2 and 3 reveals that
participants seemed to improve their accuracy on validly
cued trials at the cost of that on invalidly cued trials.

Our conclusions are consistent with widely held beliefs
about the attentional demands of endogenous cues, but they
differ from those of Zhang et al. (2008). The most obvious
reason lies in the difference in the time course of the
stimulus events in the two studies. We showed the absence
of endogenous cuing within the first 200 ms of AB?, but
cuing effects were clearly present 300-500 ms after T1
onset in both Experiment 1 and Experiment 2. Thus it is
not surprising that Zhang et al. (2008) observed an
intact cuing effect at 360 ms, their shortest T1-T2 interval.

2 Although endogenous orienting was suppressed for 200 ms in both
Experiments 1 and 2, we think the duration of the suppression might
depend on the difficulty of T1 discrimination. In an earlier study on
exogenous orienting we found that suppression caused by the
processing of T1 extended longer when the T1 task was more
demanding (Du and Abrams 2009). Further studies on the time course
of suppression of endogenous orienting are needed.
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Any influence of the AB upon cueing might have been long
gone at their shortest lag.

There is also another difference between our experi-
ments and that of Zhang at el. (2008) that might also
account for the discrepant conclusions. In the Zhang et al.
(2008) study, the target to be identified was a single letter
that appeared abruptly in a peripheral box. The abrupt
onset of the target in that case might have provided stim-
ulus-driven guidance of attention. On the other hand, we
asked subjects to search for a single peripheral letter which
was accompanied by a distracting “#” on the other side of
the screen. This change made it impossible for participants
to use the onset of T2 to summon their spatial attention.
The viability of this alternative explanation is supported by
earlier findings which showed that a combination of onset
capture and top-down guidance can produce cuing that
remains intact during the AB (Ghorashi et al. 2007).

Before concluding, it is worth considering the possibility
that the suppressed voluntary orienting that we observed
during the first 200 ms of the AB might have arisen as a
result of a sort of “task switching” cost. In particular, it
might be argued that our task required subjects to first
move attention from the center to a peripheral location
prior to identifying T2, and that this attention movement
demanded some resources for a brief period of time—
impairing identification of T2. We think it is unlikely that
such attention movements could explain our findings. In
particular, there is a large body of work on both endoge-
nous and exogenous orienting that suggests that any cost
associated with movements of attention are very quickly
(100 ms or less) offset by the benefit of having moved
attention to the target location. Second, a recent study by
Ghorashi et al. (2007) examined perceptual discriminations
preceded by attention shifts and they found no impairment
associated with the attention shift. Thus we think the
present results reflect an impairment caused by the
demands of processing T1.

Several studies have shown that onset capture without
the aid of top-down guidance of attention is interrupted by
adding a secondary task (Boot et al. 2005; Du and Abrams
2009; Santangelo et al. 2007). These findings along with
the current study indicate that neither exogenous nor
endogenous cuing is immune to the attentional blink.
However, a combined effect of both endogenous guidance
(by central cues) and exogenous capture (by onsets) pro-
vides a much stronger resistance to interference (Ghorashi

et al. 2007; Zhang et al. 2008). Such a result is also con-
sistent with previous studies showing that a synergistic
effect between bottom-up salience and top-down guidance
is actually stronger than the individual effects of either
bottom-up salience or top-down guidance in isolation (Du
and Abrams 2008; Ludwig and Gilchrist 2003). But when
the purely endogenous cuing effects are considered, it is
clear that they require attentional resources, consistent with
most theoretical conceptions.

References

Boot WR, Brockmole JR, Simons DJ (2005) Attention capture is
modulated in dual-task situations. Psychon Bull Rev 12:662-668

Du F, Abrams RA (2008) Synergy of stimulus-driven salience and
goal-directed prioritization: evidence from the spatial blink.
Percept Psychophys 70:1489-1503

Du F, Abrams RA (2009) Onset capture requires attention. Psychon
Bull Rev 16:537-541

Du F, Abrams RA (2010) Visual field asymmetry in attentional
capture. Brain Cogn 72:310-316

Ghorashi SSM, Di Lollo V, Klein RM (2007) Attention orienting in
response to peripheral cues survives the attentional blink. Visual
Cogn 15:87-90

Hommel B, Pratt J, Colzato L, Godijn R (2001) Symbolic control of
visual attention. Psychol Sci 12:360-365

Jonides J (1981) Voluntary versus automatic control over the mind’s
eye. In: Long J, Baddeley A (eds) Attention and performance IX.
Erlbaum, Hillsdale, pp 187-203

Joseph JS, Chun MM, Nakayama K (1997) Attentional requirements
in a “preattentive” feature search task. Nature 387:805-807

Ludwig CJH, Gilchrist T (2003) Goal-driven modulation of oculo-
motor capture. Percept Psychophys 65:1243-1251

Miiller HJ, Rabbitt PMA (1989) Reflexive and voluntary orienting of
visual attention: time course of activation and resistance to
interruption. J Exp Psychol Hum Percept Perform 15:315-330

Posner MI (1980) Orienting of attention. Q J Exp Psychol 32:3-25

Raymond JE, Shapiro KL, Arnell KM (1992) Temporary suppression
of visual processing in an RSVP task: an attentional blink? J Exp
Psychol Hum Percept Perform 18:849-860

Santangelo V, Belardinelli MO, Spence C (2007) The suppression of
reflexive visual and auditory orienting when attention is
otherwise engaged. J Exp Psychol Hum Percept Perform
33:137-148

Yantis S, Jonides J (1984) Abrupt visual onsets and selective
attention: evidence from visual search. J Exp Psychol Hum
Percept Perform 10:601-621

Zhang D, Shao L, Nieuwenstein M, Zhou X (2008) Top-down control
is not lost in the attentional blink: evidence from intact
endogenous cuing. Exp Brain Res 185:287-295

@ Springer



	Endogenous orienting is reduced during the attentional blink
	Abstract
	Introduction
	Experiment 1
	Method
	Participants
	Apparatus and procedure
	Design

	Results
	Discussion
	Experiment 2
	Method
	Participants
	Apparatus and procedure
	Design

	Results
	Discussion
	Experiment 3
	Method
	Participants
	Apparatus, procedure and design

	Results and discussion
	General discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


