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Abstract We examined the allocation of attention during
the preparation of sequences of saccades in a dual task par-
adigm. As a primary task, participants performed a
sequence of two or three saccades to targets arranged on a
circular array. The secondary task was a two-alternative
discrimination in which a critical discrimination stimulus
(digital “E” or “3”) was presented among distractors either
at one of the saccade goals or at any other position. The
Wndings show that discrimination performance is enhanced
at all the saccade target locations of the planned sequence,
while it is close to chance level at the positions that are not
relevant for the saccade sequence. An analysis of the dis-
crimination performance at the intermediate locations indi-
cates that saccade target selection involves spatially
distinct, non-contiguous foci of attention. Further, our Wnd-
ings demonstrate that the movement-relevant locations are
selected in parallel rather than serially in time. We con-
clude that during the preparation of a saccade sequence––
well before the actual execution of the eye movement––
attention is allocated in parallel to each of the individual
movement targets.

Keywords Visual attention · Movement sequences · Eye 
movements · Selection-for-action · Movement preparation · 
Saccades · Saccade sequences

Introduction

In order to use its limited capacity in an optimal manner,
the visual system processes only certain parts of the visual
scene to such a degree as to encode this information in
visual short-term memory, and to make it usable for guid-
ing actions. Visual attention serves as a Wlter mechanism
for this selective processing. Thus, attention leads to
a prioritized perception of certain parts or aspects of the
visual layout in that it facilitates the detection of certain
stimuli (e.g., Posner 1980; Carrasco et al. 2000), enables
integration of the features that belong to an object (Treis-
man and Gelade 1980), and determines which objects will
be stored in visual short-term memory. This Wrst function
of visual attention has been termed “selection-for-percep-
tion” (Allport 1987). On the other hand, visual attention is
also involved in the selection of objects that are relevant for
goal-directed actions. Here, it is assumed that attention pro-
vides the relevant spatial information about the targets for
intended movements of the motor system and helps to spec-
ify the spatial parameters of the movement (Neumann
1987). Allport (1987) referred to this second attentional
function as “selection-for-action”.

The functional coupling of selection-for-perception and
selection-for-action has been demonstrated convincingly in
several empirical studies on saccadic eye movement prepa-
ration (e.g., HoVman and Subramaniam 1995; Kowler et al.
1995; Deubel and Schneider 1996; Schneider and Deubel
2002). These studies investigated the deployment of visual
attention before single eye movements to a target position.
So, in the study of Kowler et al. (1995), participants were
shown displays containing eight premasks on a circular
array. They were instructed to saccade to the item indicated
by a central arrow cue. Simultaneously with the onset of the
cue, the premasks were replaced by letters, which were
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masked again 200 ms later. It was found that the accuracy of
letter report was considerably higher for the letters that
appeared at the saccade target, than for the letters at move-
ment-irrelevant locations. Similar results were obtained by
Deubel and Schneider (1996), Schneider and Deubel
(2002). In their studies, participants were Wrst shown string-
like arrays of premasks, left and right of Wxation. A central
colour cue was presented indicating one of the items in the
strings as saccade target; the saccade had to be performed
when the central cue was removed. Shortly after cue
removal, and before saccade onset, a critical discrimination
target (digital “E” or “3”) was presented at a certain location
in the string among distractors, which was removed after
120 ms. At the end of each trial, participants had to indicate
the identity of the discrimination target. The results showed
that discrimination accuracy was considerably higher when
the discrimination target was presented at the saccade goal
than when it was presented at the adjacent positions. This
preferential processing of the saccade target was found even
when the participants knew in advance the location of the
discrimination target, indicating that the coupling of visual
attention and saccade target selection is mandatory.

More recently, similar Wndings were drawn for goal-
directed hand movements such as reaching and grasping,
indicating that the coupling of visual attention and action
preparation is not limited to the eye movement system, but is
probably a general mechanism independent of the eVector
system used (Deubel et al. 1998; Castiello 1996; Schiegg
et al. 2003; Deubel and Schneider 2004; Craighero et al.
1998; BonWglioli and Castiello 1998; Kritikos et al. 2000).

Movement sequences

The previously mentioned studies all involved experimen-
tal situations in which the action had to be directed to a sin-
gle goal. In everyday life, however, movements are often
complex and not always restricted to single targets. In natu-
ral behaviour, many actions are rather action chains consist-
ing of several components. These individual parts have to
be linked together in a movement program in order to be
performed Xuently. Hayhoe et al. (1999) for example stud-
ied action sequences in everyday tasks like sandwich mak-
ing, and analyzed how the action-relevant visual
information is gathered during the planning and the execu-
tion of the actions (Land et al. 1999). As an important Wnd-
ing, it turned out that under free viewing conditions, the
observers systematically foveated objects that were crucial
for the planning of the future action components. But action
sequences do not only play an important role when humans
manipulate objects. Also in the context of eye movement
control, sequential aspects of movement preparation may
be important. Under normal viewing conditions humans

make about three saccades per second. So, while inspecting
a visual scene, humans redirect their gaze about every
300 ms in order to foveate new locations and to extract fur-
ther information. In demanding visual search tasks, for
example, complex scan paths can be observed. In order to
better understand how information about the searched items
is gathered it is essential to know how such saccade
sequences are planned. Since these saccades often occur in
a very rapid order, it is likely that longer parts of the eye
movement pathway may be planned in advance. The ques-
tion arises whether and how the planning of a sequence of
several saccades is also reXected in the way attention is
deployed before the eye movements. One possibility is that
attention may spread over the whole saccade path even
before the Wrst eye movement starts. In this case informa-
tion about all target stimuli would be available already
before any eye movement is initialized. The processing of
visual–spatial information that is relevant for the second or
third eye movement of the sequence may then take place
already before the onset of the initial saccade, in order to
build a complete movement plan in advance of the action.

An alternative hypothesis is that in actions composed of
several sequential movements the selective processing of the
relevant information is also purely sequential, such that pro-
cessing of the second target would occur only after the Wrst
movement is completed. Following this model, just the actual
target of the next saccade may be selected, and visual attention
may be linked only to the impending goal. Saccade sequences
would then be programmed in a step-by-step manner.

To date few studies have directly investigated the selec-
tive information processing before sequential movements.
We (Baldauf et al. 2006) recently examined the allocation
of attention during the preparation of sequences of manual
pointing movements in a dual task paradigm. In an experi-
mental approach very similar to the one used in the present
study, the participants had to perform a sequence of two or
three reaching movements to targets arranged on a clock
face. The secondary task was a discrimination task in which
a perceptual discrimination target was presented among
distractors either at one of the movement goals or at any
other position. The Wndings clearly revealed that discrimi-
nation performance was superior at the locations of all
movement targets while it was close to chance at the posi-
tions that were not relevant for the movement. Moreover,
the results suggested that all movement-relevant locations
were selected in parallel rather than serially in time, and
that selection involved spatially distinct, non-contiguous
foci of visual attention. We concluded that during move-
ment preparation––well before the actual execution of the
hand movement––attention is allocated in parallel to each
of the individual movement targets.

The question that arises is whether, similar properties
can be found also for the programming of sequences of
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saccadic eye movements. Indeed, two studies (Gersch et al.
2004; Godijn and Theeuwes 2003) recently investigated the
dynamic deployment of attention during the preparation of
saccade sequences, however, with basically diVerent
results. Gersch et al. (2004) studied attention during inter-
saccadic pauses in an experiment that used self-paced,
repetitive saccade sequences along circularly arranged tar-
get boxes but not cues. As a secondary task, their subjects
were asked to discriminate the orientation of Gabor stimuli
that were brieXy presented at one of these target boxes
while sequences were in progress. The authors found facili-
tation of discrimination performance only at the actual Wxa-
tion position and at the target location of the impending
saccade, but no enhanced processing of the next target posi-
tion. They concluded that attention during sequences of
saccades is only deployed to the impending goal position,
but that further targets of the eye movement sequence are
not attended. Godijn and Theeuwes (2003) studied attention
before the sequence began when subjects were concerned
with the initial preparation of responses and interpretation
of cues. The participants had to perform speeded double
saccade sequences. In their dual task paradigm, the percep-
tual task was to identify letters that were presented tachisto-
scopically near the Wrst and second saccade goal just before
initialisation of the sequence. Quite in contrast to the Wnd-
ings of Gersch et al. (2004) the results revealed that identi-
Wcation performance was facilitated close to the landing
position of both the Wrst and the second saccade in the
sequence. This suggested that before the initialisation of
such double saccade sequences both goal positions are
attended in parallel.

One important purpose of the present research was to
further elucidate the question of whether attentional
deployment before saccade sequences is limited to the goal
of the Wrst saccade, or rather spreads to further targets of
the planned sequence. In addition, there were three further
major questions that we addressed in our study.

First, given that attention indeed spreads further along the
saccade path before the initiation of a saccade sequence
(Godijn and Theeuwes 2003), the question arises whether
this selection of multiple goal positions implies that atten-
tion is then split into distinct, non-contiguous foci as sug-
gested for hand movement sequences (Baldauf et al. 2006).
From the previous studies it remains unclear whether the
measured facilitation eVects are restricted to the saccade
goals. Alternatively, the selective facilitation at both saccade
goal positions may be the result of a widening of the atten-
tional focus such as to cover both movement goals. The fact
that Godijn and Theeuwes (2003) found enhanced discrimi-
nation performance at positions close to the actual saccade
goals would be compatible with this alternative conjecture.

A second question addressed here was whether the selec-
tion of multiple saccade goals is temporally bound to the

point in time that directly precedes the start of the saccade
sequence. How is attention distributed at movement initia-
tion if the goal positions are cued well in advance of move-
ment onset? A spatial precue may allow selecting the goal
positions in advance, and attention may then no longer be
necessarily deployed to the saccade targets when the move-
ment sequence is started. In accordance with this hypothe-
sis, Deubel and Schneider (2003) showed that participants
were able to withdraw attention from the target of a point-
ing movement (but not of a saccade) when the target was
cued long before the onset of the movement. We test in an
additional experiment whether subjects selectively attend to
the target positions before the movement starts even though
they had suYcient time to prepare for the saccade sequence
in advance. This may indicate that in order to make a sac-
cade sequence attention remains focused on the goal loca-
tions just until the movements are initialized.

Finally, a third central research question was related to
the preparation of even longer saccade sequences. Do still
more complex, triple step sequences of saccades also imply
the selection of all target positions as it was shown for triple
hand movement sequences in reaching tasks (Baldauf et al.
2006)? Alternatively, the selection of saccade target posi-
tions might be restricted to only two positions.

In the present study the allocation of attention prior to
the execution of sequences of saccades was examined in a
dual-task paradigm. Participants were asked to perform a
two-alternative letter discrimination task while preparing
sequential saccades to several targets. In a Wrst experiment
(Experiment 1a), participants were required to execute a
sequence of two eye movements to targets on a circular
array of characters, arranged like a clock face. While the
goal of the initial movement was cued by a central arrow,
the second movement goal was then to move to the item
two clockwise positions from the previous. We asked
whether the preparation of this sequential saccade task
would involve superior perceptual performance at both
movement-relevant locations, as compared to the move-
ment-irrelevant locations. Also, we were interested in the
question of whether a possible facilitation at both the Wrst
and the second movement target position is due to a widen-
ing of the attentional spotlight over both target positions, or
rather due to a division of attention among spatially non-
contiguous, distinct attentional locations. Therefore, we
also determined discrimination performance at the interme-
diate location between both movement goals. In Experi-
ment 1a we presented a spatial precue that indicated the
saccade target positions, long before an auditory tone pro-
vided the “go”-signal for the saccade sequence. We studied
in this experiment whether attention would still be focussed
on both the Wrst and the second saccade goal, when the
movement targets were cued well in advance, while the sac-
cade sequence was elicited by a later acoustical “go”-signal.
123



Exp Brain Res
Experiment 2 asked whether multiple targets are selected
before movement onset in even longer eye movement
sequences involving three targets. Finally, Experiment 3
used a matching paradigm to study whether multiple move-
ment targets are selected serially or in parallel.

Experiment 1

Method

Participants

Eight students (aged between 24 and 27 years, Wve females)
were paid for their participation in Experiment 1a and b.
They had normal or corrected-to-normal vision. All partici-
pants were right handed and had right eye dominance. The
study was carried out along the principles of the Helsinki
Declaration and with the understanding and written consent
of each participant.

Apparatus

The participant sat in a dimly illuminated room. The stimuli
were presented on a 21-in. colour monitor with a frame fre-
quency of 100 Hz, at a spatial resolution of 1,024 £
768 pixels. The active screen size was 40 £ 30 cm; view-
ing distance was 80 cm. The visual stimuli were presented
on a grey background, which was adjusted to a mean lumi-
nance of 2.2 cd/m2. The moderate background brightness is
important to minimise the eVects of phosphor persistence
(Wolf and Deubel 1997). The luminance of the visual stim-
uli was 23 cd/m2.

The movements of the right eye were recorded using a
Dual-Purkinje-Eyetracker with a spatial resolution of 0.1°
of visual angle; the eye position signal was sampled at a
frequency of 400 Hz. Head movements were restricted by
an adjustable rest for the chin and the forehead.

Procedure: Experiment 1a

The sequence of stimuli in a typical trial of Experiment 1a is
shown in Fig. 1a. At the beginning of each trial, a display
appeared which contained a central Wxation cross and a cir-
cular arrangement of 12 premask characters (each of which
resembled a digital “8”), that were positioned on an imagi-
nary circle with a radius of 5.0° around the central Wxation.
The horizontal width of the premask characters was 0.6° of
visual angle; their height was 0.95°. The participants were
asked to initially Wxate the cross at the screen centre. After a
random delay of 700–900 ms, the central Wxation cross was
replaced by a small arrow that indicated one of the surround-
ing characters as the Wrst saccade target (1st ST). Simulta-

neously with this movement cue an acoustical beep was
presented. The participants were required, upon the onset of
the movement cue, to make a sequence of two eye move-
ments, with the Wrst saccade aimed at the cued target. After
the completion of the Wrst saccade, the second saccade had to
be directed to the character located two clock positions fur-
ther in the clockwise direction (second saccade target, 2nd
ST). Participants were instructed to perform this eye move-
ment sequence as quickly and precisely as possible.

With a stimulus onset asynchrony (SOA) of 50 ms after
the appearance of the central movement cue, 11 of the 12
premask characters changed into distractors (resembling
digital “2”or “5”), while one premask changed into the crit-
ical discrimination target (DT) which resembled either the
character “E” or “3”. After a presentation time of this criti-
cal display of 150 ms, the discrimination target and the

Fig. 1 a Stimulus sequence in Experiment 1a. After a random delay
the central Wxation cross was replaced by a small arrow that indicated
the Wrst saccade goal. Upon the onset of this saccade cue, the partici-
pants had to perform a double saccade sequences, with the Wrst saccade
aimed at the cued target the second saccade directed to the character
located two positions further in the clockwise direction. With a SOA of
50 ms the premask characters changed into a critical discrimination
target DT (resembling digital “E”or “3”) and distractors (digital “2” or
“5”). After a presentation time of 150 ms, all symbols were post-
masked. At the end of each trial, the participants indicated by button
press which of both discrimination targets had been presented. b Se-
quence of stimuli in Experiment 1b. After appearance of a spatial cue
indicating the target of the initial saccade, the initialisation of the eye
movement sequence had to be withheld until an acoustical go-signal
was presented
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distractors changed back to the initial mask symbols. At the
end of each trial, the participants indicated, by pressing one
of two buttons, which of both discrimination targets had
been presented. This non-speeded response was given on a
keypad with the left hand.

Procedure: Experiment 1b

Stimuli and procedure were similar to Experiment 1a except
that the cue now indicated the Wrst saccade goal well in
advance of the movement, while the subject was instructed to
delay the saccade until a tone provided the go-signal for the
eye movement sequence. The tone had a frequency of 400 Hz
and was presented with a variable delay of 600–800 ms with
respect to the spatial precue. Again, the participants were
instructed to perform a double sequence of saccades, as fast
and as accurately as possible, to the indicated position and
then to the mask element two positions further in clockwise
direction. Figure 1b provides a sketch of the temporal
sequence of the stimulus presentation in this experiment.

Design

Initially, each participant performed a training block con-
sisting of 84 trials, which were not included in the data
analysis. After initial training, the participants performed
four experimental blocks, each consisting of 84 trials. Only
six out of the 12 mask positions (at 1, 3, 5, 7, 9 and 11
o’clock) were possible saccade goals. Since the second eye
movement had to be aimed to the item located two clock
positions further from the initial target, both movement tar-
gets were separated from each other by an intermediate
item. Thus, possible saccade sequences were directed to 1
and 3 o’clock, 3 and 5 o’clock, 5 and 7 o’clock, 7 and 9
o’clock, 9 and 11 o’clock, or 11 and 1 o’clock. The critical
factor that was varied in this experiment was the position
where the discrimination target was presented, relative to
the instructed movement targets (factor DT position). This
factor had four levels: (1) the discrimination target was pre-
sented at the Wrst movement target (condition “1st ST”), (2)
DT was shown at the second movement target position
(condition “2nd ST”), (3) DT appeared at the location
between both movement targets (condition “between”), and
(4) DT appeared at any of the remaining positions that were
movement-irrelevant in that they were neither targets of the
movement sequence nor located between the movement-
relevant locations (condition “other”).

The discrimination target appeared with equal probability
at any of the six possible movement goals or at the position
between both saccade goals, such that the movement cue
had no predictive validity as to the likely location of where
DT would be presented. In half of the trials, the discrimina-
tion target was the character “E”, in the other half a “3” was

shown. In total, this led to 84 diVerent conditions (six ST
positions £ seven relative DT positions £ two types of DT).
The conditions were selected at random in each trial.

Data analysis and rejection of trials

The eye movements were recorded on a PC during sessions
and evaluated oV-line by custom software. In order to deter-
mine latencies and amplitudes of the saccades, an oV-line
program Wrst searched the eye movement traces for the Wrst
point above (or below) the vectorial velocity threshold of
15° s¡1. The beginning and the end of the saccades were
then calculated as linear regressions in a 20 ms time win-
dow around these threshold points.

In order to ensure that the discrimination target was no
longer present when the eye movement started, trials with
onset latencies of the initial movement below 200 (equiva-
lent to 50 ms SOA, plus 150 ms DT presentation time)
were excluded from further analysis. We also discarded tri-
als where movement onset latency was above 500 ms.
Finally, trials in which the Wrst saccade target was missed
by more than 2° or the movement erroneously was executed
toward a non-cued target position were classiWed as
sequence errors and were not analyzed further.

The accuracy of the perceptual performance can be
expressed by the percentage of correct decisions on the
identity of the discrimination target; since there were two
response alternatives, chance level was at 50%. Statistical
analyses in this and the following experiments included
repeated-measure analyses of variance. Post-hoc compari-
sons were done with t tests. All P-values were Bonferroni-
corrected or, in case of pairwise t tests, Holm-corrected.
Statistical analyses were performed with the “R” statistical
package (Ihaka and Gentleman 1996).

Results

Discarded trials

In Experiment 1a 13.3% of all trials had to be discarded
because of too short movement latencies. Only 3.8% of tri-
als had to be discarded because the saccadic response was
too late. In another 6.7% of the trials saccade sequence
errors occurred, these trials were also excluded from further
analysis. In Experiment 1b 17% of all trials had to be dis-
carded because of too short latencies and 4% because the
saccadic response was too late. In 11% of trials one of the
saccade goals was missed.

Movement performance

After the initial training blocks, all participants produced sac-
cades with consistent accuracy and latency. Figure 2 shows
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the endpoints of the Wrst (black) and the second (red) sac-
cades for all eight participants (data from “Experiment 1a). It
can be seen that the eye movement sequences were per-
formed quite accurately. The mean spatial distance between
the instructed Wrst target and the landing position of the ini-
tial saccade was 0.67° (SE = 0.15°). In Experiment 1b, mean
spatial error was 0.69° (SE = 0.19°) and 0.71° (SE = 0.24°).

Mean latency of the initial saccade with respect to cue
onset was 281 ms (SE = 25.6 ms) in Experiment 1a. The
second movement of the sequence was executed with an
average latency of 552 ms (SE = 43.6 ms) after the presen-
tation of the movement cue. ANOVA showed no signiWcant
eVect of the factor DT position on the latency of the initial
saccade of the movement sequence, F(3, 21) = 1.278,
P > 0.30. This is important for the interpretation of the
results, since it makes sure that the presentation of the criti-
cal discrimination stimulus (“E” vs. “3”) does not aVect the
motor programming, for example such that motor responses
would be delayed for the cases where the discrimination
target (DT) does not coincide with a movement goal. In
Experiment 1b similar movement parameters were
observed. Here, the initial saccade started with a mean
latency of 324 ms (SE = 10.17 ms) after presentation of the
(auditory) go-signal. The second saccade had a mean
latency of 597 ms (SE = 39.0 ms), measured from auditory
cue presentation.

Perceptual performance

The accuracy with which participants identiWed the discrimi-
nation target served as our measure of the spatial allocation
of attention before the onset of the eye movement sequence.
The black bars shown in Fig. 3 represent discrimination per-
formance as a function of the position of DT relative to the

saccade target positions in Experiment 1a. As can be seen,
discrimination performance was close to chance level at the
movement-irrelevant locations (condition “other”), with a
performance level of 54% (SE = 3.7%) correct. On the other
hand, perceptual discrimination was best at the location of
the Wrst saccade target (condition “1st ST”), yielding 90.2%
(SE = 3.1%) correct. Discrimination performance at the goal
of the second saccade (condition “2nd ST”) deteriorated to
70% (SE = 4.9%), which is still well above chance. Thus, at
both the Wrst and the second saccade goal, the planning of
the eye movement causes clear and signiWcant beneWts for
perceptual processing, as compared to the movement-irrele-
vant locations. Of particular interest was the discrimination
performance at the intermediate position, between both sac-
cade goals (condition “between”). The data clearly shows
that performance drops to chance at this intermediate loca-
tion, yielding a discrimination performance of only 56.9%
(SE = 2.8%) correct.

These Wndings were conWrmed by further statistical anal-
yses. Pairwise post-hoc comparisons showed that perfor-
mance at the Wrst saccade target was signiWcantly better
than at the movement-irrelevant locations, t(7) = 6.789,
P < 0.001. Also, discrimination performance at the second
saccade target position diVered signiWcantly from perfor-
mance at the movement-irrelevant locations t(7) = 2.916,
P < 0.001 and from the performance at the Wrst saccade tar-
get, t(7) = 3.873, P < 0.001. Furthermore, perceptual dis-
crimination at the location between both movement targets
(condition “between”) diVered signiWcantly from both the
performance at the Wrst saccade target (t(7) = 6.248,
P < 0.001), and at the second saccade target (t(7) = 2.375,
P < 0.049), but it did not diVer from the performance at the
movement-irrelevant positions, t(7) = 0.541, P > 0.5.

Fig. 2 Final horizontal and vertical eye positions after the Wrst (black)
and the second (red) saccade of the double saccade sequences

Fig. 3 Discrimination performance in Experiment 1a (Wlled bars)
and Experiment 1b (open bars). The proportion of correct responses
in the discrimination task is shown as a function of the location of the
discrimination target relative to the saccade goal positions. The bars
represent averages across all participants; the error bars show one
standard error. Chance level is at 50% correct
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The open bars in Fig. 3 represent discrimination perfor-
mance as a function of the relative DT position, averaged
across the nine participants in Experiment 1b. Although the
precue provided spatial information about the target loca-
tions well in advance of the movement onset, the pattern of
discrimination performance is quite similar to that in
Experiment 1a. A one-way ANOVA was computed for the
factor DT position. The analysis yielded a signiWcant main
eVect of relative DT position, F(3, 21) = 38.45, P < 0.001.
As in the Wrst experiment, discrimination was superior
when the discrimination target was presented at the Wrst
movement position, yielding 84% (SE = 4.2%) correct
responses. Performance decreased at the second sequential
saccade goal to 73% (SE = 4.3%) correct discriminations,
respectively. Performance was close to chance level at the
remaining, movement-irrelevant positions (55%,
SE = 2.8%) as well as at the intermediate position between
both saccade targets (50%, SE = 3.8%). A post-hoc com-
parison showed a signiWcant diVerence between discrimina-
tion performance at the Wrst and the second saccade target,
t(7) = 3.11, P > 0.010. Further, perceptual performance
levels at both the Wrst and second movement goal were
signiWcantly better than performance at the remaining,
movement-irrelevant positions (t(7) = 6.59, P < 0.001 and
t(7) = 3.48, P > 0.01). The performance at the position
between both saccade goals was signiWcantly diVerent from
performance at 1st ST, t(7) = ¡7.25, P < 0.01, and at 2nd
ST, t(7) = 4.14, P < 0.01, but did not diVer from the value
at the remaining positions, t(7) = 0.661, P > 0.51.

Discussion

The results of Experiment 1a show that in double saccade
sequences, both movement goals are selected even before
onset of the initial movement, in a spatially distinct way.
The discrimination performance is best at the Wrst saccade
target position and slightly lower at the goal of the second
saccade in the sequence. Clearly, objects that are not rele-
vant to the programming of the required eye movement
sequence are not selected. It can be concluded that before
movement onset, attentional selection is spatially highly
speciWc to the saccade goals. This is in line with previous
Wndings of Kowler et al. (1995) and Deubel and Schneider
(1996), who demonstrated a narrow, spatially speciWc
attentional selection of the goal of a single saccadic eye
movement, before saccade onset. Interestingly, discrimina-
tion performance is also close to chance level at the item
located intermediate to both saccade goals, i.e., at the item
that is located on the movement trajectory of the second eye
movement. This striking Wnding demonstrates that the
improved performance at the Wrst and second eye move-
ment goal does not result from a widening of the attentional
focus (Eriksen and Yeh 1985). Rather, it is consistent with

the assumption that attentional selection can involve spa-
tially non-contiguous locations.

In Experiment 1b a spatial precue was presented that
indicated the saccade target positions, before an auditory
tone provided the “go”-signal for the saccade sequence. If
the distribution of visual attention to all movement goals is
crucial for the initialization of the movement plan, the pat-
tern of facilitation should not diVer signiWcantly from the
pattern observed in Experiment 1a without such a pre-cue.
Alternatively, the selection of the sequential target posi-
tions may be temporally independent of the initialisation of
the sequence, and may be completed before movement
onset. Then, a precue specifying the saccade targets well in
advance of the required eye movement may be suYcient to
pre-select the relevant positions and to store the target loca-
tions in a short-term memory buVer. This would possibly
allow the system to disengage attention from the target
positions before the onset of the movement sequence––
attention could then be distributed over the visual Weld
according to other task demands. Since the participant in
our secondary task was instructed to report a discrimination
target that was presented at either of several possible posi-
tions, the most eYcient strategy would then be to distribute
visual resources equally over all positions in the visual
Weld.

The results of Experiment 1b, however, shows that even
when the target positions are speciWed well in advance of
the movement, visual attention is still restricted to the sac-
cade goals at the moment when the participant has to ini-
tialize the eye movement sequence. So, although there is
ample time to prepare the movement plan in advance, this
does not allow the participants to distribute their attentional
resources during the movement preparation to other posi-
tions than the saccade. This Wnding is compatible with the
assumption that there is an obligatory coupling between
attention and saccade preparation.

Experiment 2

Experiment 1 demonstrated that for a sequential eye move-
ment aimed at two targets, attention spreads to the second
target even before the onset of the Wrst saccade. The ques-
tion arises whether such a perceptual performance advan-
tage at the movement-relevant locations can be also
observed at further saccade goals in even longer sequences.
Therefore, we extended the eye movement sequence
required in the oculomotor task by another saccade, which
resulted in requiring the participants to perform a triple
sequence of saccades along the mask items on the circular
display. The focus of analysis was on the question of
whether even three saccade goals would be attended before
the onset of the movement sequence.
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Method

The eight participants in this experiment were the same as in
Experiment 1. The same stimuli were used. The procedure
was also similar to the previous experiment (Experiment 1a)
except that the participants were now required, after having
performed an eye movement to the Wrst (cued) and then to
the second movement target, to add a third saccade, directed
to the location two clock positions ahead, in a clockwise
direction (an illustration of this movement sequence is given
in the inset of Fig. 4). The factor DT position had the follow-
ing four levels: (1) the discrimination target was presented at
the Wrst saccade target (condition “1st ST”), (2) DT was
shown at the second saccade target position (condition “2nd
ST”), (3) DT was shown at the third saccade target position
(condition “3rd ST”), and (4) DT appeared at any of the
remaining letter positions that were movement-irrelevant in
that they were not targets of the eye movement sequence
(condition “other”). Again, the discrimination target
appeared with equal probability at any of the six possible sac-
cade goals (1, 3, 5, 7, 9 or 11 o’clock). In half of the trials, the
discrimination target was the character “E”, in the other half
a “3” was shown. In total, this led to 72 diVerent conditions
(six cued ST positions £ six relative DT positions £ two
types of DT). The conditions were selected at random in each
trial. To become familiar with the new requirements, partici-
pants initially performed a training block. Then, participants
performed four experimental blocks with 72 trials each.

Results

Discarded trials

In this experiment, 9.6% of all trials, had to be discarded
because of too short or too long movement latencies.

Another 4.2% of trials were classiWed as sequence errors
and were also excluded from further analysis.

Movement performance

Although the required movement sequence now involved
three consecutive saccades, landing positions were still
close to the instructed saccade targets. The mean spatial
distance between the Wnal landing position of the sequence
and the centre of the instructed saccade target was
0.61°(SE = 0.14°). Average latency of the initial movement
of the sequence was 286 ms (SE = 9.05 ms) with respect to
the presentation of the saccade cue. The second saccade fol-
lowed with a mean latency of 505 ms (SE = 16.7 ms), and
the third and Wnal saccade occurred with a mean latency of
660 ms (SE = 24.1 ms), measured from the point in time
when the cue was presented.

Saccade latencies were again analysed as a function of
the position of the discrimination target relative to the eye
movement targets. The statistical analysis of the eye move-
ment data revealed that also in this experiment, the laten-
cies of the sequential saccades were independent of the
position of the discrimination target. Separate analyses of
variance showed no signiWcant main eVect of factor DT
position on the latencies of the Wrst, second and third sac-
cade, F(3, 21) = 1.669, P > 0.20, F(3, 21) = 2.45, P > 0.09,
and F(3, 21) = 0.07, P > 0.97, respectively. It can be con-
cluded that the oculomotor task was not speciWcally
aVected by where, relative to the saccade target locations,
the discrimination stimulus was presented. By this analysis
we made sure that the presentation of the critical discrimi-
nation stimulus (“E” vs. “3”) does not aVect the motor pro-
gramming, for example such that motor responses would be
delayed for the cases where the discrimination target (DT)
does not coincide with a movement goal.

Perceptual performance

Figure 4 displays perceptual performance at the various rel-
ative DT locations. As in the previous experiments, it can
be seen that perceptual performance was best when DT was
presented at the goal of the initial saccade in the sequence,
resulting in 87.4% (SE = 1.73%) correct decisions. Percep-
tual performance dropped to 74% (SE = 4.3%) at the posi-
tion of the second saccade target. Remarkably, the
performance level of 87.4% at the Wrst and 74% at the sec-
ond saccade target position are very similar to the corre-
sponding performance values of the Experiment 1a and b,
indicating that the requirement to plan a third movement
did not hamper discrimination performance at the initial
movement location. Finally, and most interestingly for the
purpose of this experiment, perceptual performance was
still signiWcantly above chance even at the third movement

Fig. 4 Experiment 2. Discrimination performance in the discrimina-
tion task as a function of the relative location of the discrimination tar-
get. The bars represent averages across all participants. The error bars
show one standard error
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location, yielding 71% correct (SE = 3.8%). In contrast,
performance at the remaining, movement-irrelevant posi-
tions was close to chance level (55%, SE = 4.5%).

Statistical analysis conWrmed a signiWcant eVect of the
factor DT position on discrimination performance, F(3,
21) = 22.53, P < 0.001. Pairwise t-tests showed that the
diVerence in performance at the Wrst and the second sac-
cade goal was signiWcant, t(7) = 2.543, P < 0.034, as well
as the diVerence between the performance values at the Wrst
and the third saccade goal, t(7) = 3.14, P < 0.016. Discrimi-
nation performance at the second and the third position did
not diVer signiWcantly, t(7) = 0.599, P > 0.55. Importantly,
however, discrimination performance at the Wrst, second
and third saccade targets each diVered signiWcantly from
the average performance at the movement-irrelevant loca-
tions (t(7) = 6.02, P < 0.001, t(7) = 3.478, P < 0.002, and
t(7), P < 0.023, respectively).

Discussion

The results of this experiment show that when eye move-
ment sequences consisting of even three consecutive sac-
cades are prepared, all three movement-relevant goals are
perceptually selected before the initial eye movement starts.
This Wnding implies that during the period of eye move-
ment preparation, attention is deployed, in a highly selec-
tive manner, to all three saccade goals.

The data also indicates that the discrimination perfor-
mance at the Wrst and the second saccade goals is not mark-
edly deteriorated in comparison to the results of
Experiment 1. This means that the requirement to consider
three instead of two sequential saccade goals does not entail
that attentional resources are withdrawn from the Wrst and
the second target position.

Experiment 3

The previous experiments demonstrated that, during the
preparation and before the onset of a sequence of sac-
cades, all eye movement goals are attended, resulting in a
discrimination performance at each of these positions that
is superior to the performance at the movement-irrelevant
locations. The important question arises whether the
attentional deployment in this situation occurs in parallel,
or serially in time. In order to investigate this question
further, we studied perceptual performance at two spa-
tially separate positions simultaneously in a same-diVer-
ent matching task. This task can only be solved if
participants manage to attend to both stimulus locations
simultaneously. In order to ensure that participants would
not be able to shift their attention between the discrimina-
tion targets while they were displayed on the screen, the

presentation time of the critical discrimination stimuli
was reduced to 60 ms (for a similar approach see Godijn
and Theeuwes 2003).

Method

Participants

Seven participants (four females, aged between 24 and
28 years) were tested in this Wnal experiment. Five of them
had already participated in the previous experiments.

Procedure

The stimulus array and the timing of the stimulus sequence
were modiWed as shown in Fig. 5. At the beginning of each
trial, a display consisting of a Wxation cross and four mask
elements was shown. The mask elements appeared on the
diagonals at an eccentricity of 5° from the central Wxation.
We decided to use fewer mask elements than in the previ-
ous experiments in order to diminish the eVects of lateral
masking and thus to facilitate the perceptual task (Bouma
1970, 1973; Intriligator and Cavanagh 2001). This allowed
to considerably reduce the presentation time of the critical
display that contained the discrimination target, as com-
pared to the previous experiments. After the presentation of
the premask characters for 1,500 ms, an arrow appeared at
the central Wxation that pointed to one of the mask ele-
ments. Upon the onset of this movement cue, participants
performed a double saccade sequence, with the gaze being
directed to the indicated mask element Wrst and then to the
element at the next position, in a clockwise direction. With
a SOA of 50 ms after the presentation of this movement
cue, two of the mask elements changed into the critical dis-
crimination targets, which resembled digital “E” or “3”,
while distractor stimuli (digital “2”or “5”) were shown at
the other two locations of the array. This display was pre-
sented for only 60 ms, then discrimination targets and

Fig. 5 Stimulus sequence in Experiment 3. The secondary task re-
quired a same/diVerent decision on the identity of the two discrimina-
tion targets that were presented for 60 ms
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distractors were replaced by the mask elements. After per-
forming the saccade sequence, participants indicated
whether the two discrimination targets that had appeared
during the preparation period of the eye movement
sequence had been the same or diVerent.

Design

To become familiar with the task, participants initially per-
formed a training session consisting of 96 trials. Then, each
participant performed four experimental blocks consisting
of 96 trials each. The central arrow cued one of the four tar-
get positions, selected at random. Given the four target
locations, there resulted six diVerent combinations of where
the two discrimination targets could appear on the display.
The discrimination targets “E” and “3” were presented with
equal probability. In half of the trials the discrimination tar-
gets were identical, in the other half of the trials they were
diVerent. Altogether, this led to 96 diVerent conditions
(four ST positions £ six possible DT arrangements £ two
types of DT £ two types of DT equality). These conditions
were presented in randomised order. The central movement
cue had no predictive validity for the location where the
discrimination targets would be presented.

In the data analysis, we distinguished three experimental
conditions, dependent on the position of the discrimination
targets relative to the movement targets. In the Wrst condi-
tion (condition “Both”), one discrimination target was pre-
sented at the goal of the Wrst saccade, the other
discrimination target appeared at the second goal of the
sequential eye movement. In the second condition (condi-
tion “One”), only one of the locations where the discrimi-
nation targets were presented coincided with either the Wrst
or the second saccade goal, while the second discrimination
target was shown at one of the movement-irrelevant loca-
tions. Finally, the third condition (condition “None”)
included all those trials where both critical discrimination
stimuli were presented at locations that were irrelevant for
the eye movements.

Results

Discarded trials

Since the presentation time of the discrimination targets
was only 60 ms in this experiment we excluded all those
trials in which initial saccade latency was below 110 ms
(50 ms SOA + 60 ms presentation time), or where saccade
latency was more than 500 ms. Only 0.4% of the trials had
to be excluded from further analysis because of too short or
too long latencies. In another 7.7% of trials the Wrst or sec-
ond target was missed by more than 2° and therefore, also
discarded from further analysis.

Movement performance

The analysis of the saccade landing positions again
revealed a high movement accuracy, with the Wrst saccade
landing on average 0.69° (SE = 0.06°), and the second on
average 0.82° (SE = 0.08°) away from the centre of the
instructed target item. Average latency of the initial eye
movement was 231 ms (SE = 6.8 ms), the latency of the
second saccade was 477 ms (SE = 16.1 ms), both latencies
measured from movement cue onset. Again, the latencies of
the initial and the second movement were found to be inde-
pendent of the relative position of the discrimination tar-
gets, F(2, 12) = 0.289 P > 0.75, F(2, 12) = 0.285, P > 0.75,
respectively.

Discrimination performance

Figure 6 shows discrimination performance as a function of
the positions of the two discrimination targets relative to
the saccade goals. The required matching task could be
solved only when both discrimination targets appeared at
the movement-relevant locations (condition “both”). In this
condition, the performance was 69% (SE = 4.0%) correct.
However, when only one or none of the discrimination tar-
gets were presented at movement-relevant positions (condi-
tions “One” and “None”), performance levels were close to
chance at 53% (SE = 2.7%) and 49% (SE = 2.5%), respec-
tively, indicating that the required comparison between
both stimuli was not possible.

A one-way ANOVA revealed a signiWcant main eVect of
the relative position of the discrimination targets on the per-
formance of the matching task, F(2, 12) = 14.8, P < 0.001.

Fig. 6 Performance in the same/diVerent matching task of Experiment
3 as a function of the locations of the two discrimination targets, rela-
tive to the saccade goals. Either the locations of both discrimination
targets coincided with the saccade goal positions (“Both”), or only one
discrimination target was presented at a movement goal (“One”), or
none of the discrimination targets appeared at a location relevant for
the planned saccade sequence (“None”). The bars represent averages
across all participants the error bars show one standard error
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Pairwise comparisons showed a signiWcant diVerence
between the perceptual performance when discrimination
targets and eye movement targets coincided, and the cases
when one or when none of the discrimination targets was
presented at a movement goal, t(6) = 3.44, P < 0.01, and
t(6) = 4.47, P < 0.01, respectively.

Discussion

The results of this experiment provide strong evidence that
the selection of the saccade goals, which occurs during the
preparation of the sequential eye movement, can be better
described as a parallel allocation of visual attention to both
movement targets, rather than as a serial shift of attention
between the targets.

The logic of the same-diVerent matching task requires
that the presentation time for the critical discrimination
stimuli is suYciently short to prevent the participants from
shifting attention serially from one discrimination target to
the next. In the present approach, the two discrimination
targets were present on the screen for 60 ms only. In line
with Kramer and Hahn (1995), Hahn and Kramer (1998)
and Godijn and Theeuwes (2003) we believe that this time
interval is too short to allow for a series of two endogenous
attention shifts. So, there is considerable evidence that it
takes 150–200 ms to identify a stimulus that was indicated
by a precue and then to reallocate attention covertly to
another position (Eriksen and Yeh 1985; Krose and Julesz
1989; Madden 1992). Ward et al. (1996) even estimated
that up to 500 ms may be needed to shift attention endoge-
nously. In a recent study Logan (2005) disentangled the
time that is needed to encode a spatial cue and the attention-
switching time. The author suggested that for a single target
position the cue encoding takes about 70 ms and the atten-
tion switching to the cued location an additional 90 ms.
Evidence for considerably faster attention shifts, so-called
“express” attentional shifts (see, e.g., Mackeben and
Nakayama 1993), are limited to peripheral cueing and to
speciWc experimental settings, such as those involving a
gap paradigm (see, e.g., Bekkering et al. 1996; Fischer and
Weber 1993).

The performance in the condition “Both” of the matching
task can in principle be predicted from the probabilities to
correctly identify the discrimination performance at the Wrst
and the second movement target. Let the probability to cor-
rectly identify the discrimination target at the Wrst goal of the
movement sequence be P1, and the probability to identify
the discrimination target at the second movement target be
P2. Consider further that a correct decision in the matching
task can result either from the correct identiWcation of both
DTs, or from the incorrect identiWcation of both DTs.
Hence, the probability for a correct decision is
P1 £ P2 + (1¡P1) £ (1¡P2). Unfortunately, we did not

determine perceptual performance in a single-target discrim-
ination task for the stimulus arrangement and the presenta-
tion times of Experiment 3. However, assuming that
perceptual performance at the Wrst and second movement
target were similar to those found in Experiment 1 (0.86 and
0.75, at the Wrst and second movement target, respectively),
the predicted probability for a correct decision in a matching
task is 0.68 (=0.84 £ 0.73 + 0.16 £ 0.27). This is very close
to the value of 0.69 actually found in the matching task of
Experiment 3, for the condition where both discrimination
targets were presented at the movement-relevant locations.

General discussion

Preparation of saccade sequences involves selective 
processing of the movement-relevant targets

Former results from both saccade and reaching tasks sug-
gested an obligatory coupling between (dorsal) selection
for action and (ventral) selection for perception (e.g., Kow-
ler et al. 1995; HoVman and Subramaniam 1995; Deubel
and Schneider 1996; Deubel et al. 1998). The aim of the
present study was to extend these Wndings to a more com-
plex eye movement task, namely, to saccade sequences
involving two or three predetermined target locations. So,
in contrast to the earlier investigations where one single
object served as the movement target, the tasks presented
here involved a more complex computation of motor
parameters, which includes several movement-relevant
locations. As the central Wnding of the present study, per-
ceptual performance is found to be signiWcantly better at
the locations of all movement-relevant targets, as compared
to the other, movement-irrelevant locations. This suggests
that before the onset of the initial saccade the second and
even the third target position are selected and processed
with higher priority than the task-irrelevant locations. This
Wnding rules out a serial model of attentional deployment in
which, Wrst, the initial saccade is being prepared and exe-
cuted in isolation, and only after its completion, the next
part of the sequence is prepared, and so on. Quite surpris-
ingly, the selective perceptual processing of the movement-
relevant locations is even present in a task, which requires a
quite complex, triple sequence of saccadic eye movements
(Experiment 2). The results are evidence that some infor-
mation about subsequent saccade goals is integrated in the
initial movement plan. The selection Wlter predeWnes the
path of the saccade sequence segregating the visual scene
into movement-relevant and movement-irrelevant loca-
tions. The deployment of visual attention emphasizes the
contrast between the saccadic goals and nearby locations.
This helps diminishing interference with non-target loca-
tions and facilitates the programming of precise saccade
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sequences. In this context it might be interesting that the
order of the goals within the saccade sequence is reXected
by a gradient of attentional weights. Less attention was
deployed to the more subsequent goals than to the Wrst,
immediate one. Information about the order, in which the
individual saccades have to be made, may be encoded in
this pattern of attentional weights and could be provided to
hierarchically subsequent motor areas.

The Wndings conWrm and extent former evidence
reported by Godijn and Theeuwes (2003), who studied
attentional deployment in a double saccade task. Godijn
and Theeuwes demonstrated that prior to the execution of a
sequence of two saccadic eye movements, attention is allo-
cated to a region in space that covers both saccade goals.
As in the present study, they also found that most atten-
tional resources are mainly allocated to locations that are
close to the target of the initial movement, yielding best
perceptual performance, while less processing capacity is
dedicated to locations nearby the second movement goal.
The present Wndings now specify in more detail the spatial
aspect of the attentional deployment by measuring attention
exactly at the saccade goals. Further, our data provide novel
information about the distribution of attention among posi-
tions that are located right in-between both saccade goals.
Thus, our results present converging evidence for the
assumption that attention can indeed spread along the
planned sequence, and multiple target locations are selected
in advance of movement initialisation. As demonstrated by
our Wndings, this is also true for at least three goal positions
in even longer eye movement sequences.

In contrast to the Wndings of Godijn and Theeuwes
(2003) and our results, Gersch et al. (2004) found no evi-
dence for an attentional allocation beyond the next saccade
target while participants performed self-paced sequences of
saccades on a circular array of items. They suggested that
in sequential saccades attentional resources are dedicated
primarily to the goal of the next saccade, leaving little
attention for processing objects at other locations. The rea-
sons for the discrepancies between these studies still remain
unclear. One important diVerence between Gersch et al.’s
experimental task and the task in our study is that Gersch
et al. (2004) measured attention during repetitive sequences
without any cue-interpretation component. In our task the
central cue had to be encoded, interpreted and converted to
a representation of the motor sequence. Finally, in the pres-
ent study, as well as in the work by Godijn and Theeuwes,
attention was measured during the interval before the onset
of the sequence, while Gersch et al. (2004) measured atten-
tion during the ongoing sequence. This could possibly
account for the discrepancy because diVerent events occur
during initial preparation of a motor sequence than during
the performance of the sequence itself (see a broader dis-
cussion of this point in Gersch et al. 2004).

Additionally the results of Experiment 1b show that all
saccade targets are selectively attended just before the eye
movement sequence starts, in spite of the fact that the sub-
jects had the opportunity to prepare the saccade sequence
well in advance of the go-signal. This may indicate that the
distribution of attention to the goal locations is crucial for
the execution of the movement plan.

Evidence for the division of attention among 
non-contiguous locations

The analysis of perceptual performance at the item located
in between the Wrst and the second saccade target in Experi-
ment 1a and b revealed that discrimination performance is
at chance level if the discrimination target appeared at the
item located between both saccade goals of a planned
sequence. This indicates that attention was not directed to
this intermediate position, while the movement targets
located closely to the left and to the right were selected with
high eYciency. Together with the experimental evidence
discussed below that attentional allocation is parallel rather
than serial in time, this result demonstrates that attention is
divided among the spatially non-contiguous movement tar-
gets. The spatial selectivity of the attentional focussing is
amazingly high, given the target items were only 2.6° apart,
and appeared at 5.2° in the visual periphery.

This Wnding rules out the alternative explanation of an
attentional zoom lens, which would assume a widening of the
attentional focus to include both saccade target locations (e.g.,
Eriksen and James 1986). Rather, the results support a model
in which attention can be deployed to multiple, non-unitary
regions of visual space, so that several objects can be selected
individually. The Wnding that under certain conditions atten-
tion can be divided among non-contiguous locations is in line
with results of Hahn and Kramer (1998), Kramer and Hahn
(1995). They demonstrated that observers could concurrently
attend to non-contiguous locations as long as new distractor
objects did not appear between the target locations. They also
showed that hemiWeld boundaries did not constrain the partic-
ipant’s ability to divide their attention. This is in line with the
results of our Experiment 2, which demonstrates that attention
can be deployed to even three separate locations that are dis-
tributed in both visual hemiWelds. The splitting of visual atten-
tion into two or three spatially distinct foci located on the
movement-relevant items is further, striking evidence for how
tightly selection-for-action and selection-for-perception are
coupled (Schneider 1995).

Parallel allocation of attention to the movement-relevant 
targets

Our experiments show that when a sequence of saccades is
prepared, attention shifts to all movement-relevant targets.
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Our last experiment (Experiment 3) addressed the question
whether this attentional deployment occurs in parallel,
or serially in time. In a same-diVerent matching task tar-
get letters had to be compared which were presented
simultaneously at various spatial positions. Since the
discrimination targets were shown only brieXy (60 ms), this
task could only be solved given attention can be deployed
to both targets simultaneously. Indeed, the data clearly
showed that the comparison was only possible if both target
letters were presented at the goal positions of the double
saccade sequence. This is direct evidence that multiple
movement target positions are selected in parallel when
they become relevant for goal-directed saccades. Similar
results were reported by Godijn and Theeuwes (2003) for
locations nearby the sequence goals. Our results extend and
specify these previous studies by the Wndings that (1) inter-
mediate locations do not beneWt from the selection of adja-
cent goal positions, and (2) that the selection in movement
preparation is not restricted to only two saccade goals.
Rather, attention seems to spread along even longer paths,
but with attentional weights that decline from the Wrst to the
subsequent goals.

Neural mechanisms

The posterior parietal region (PPC) is one of the most
important neural areas for target selection in visually
guided movements. Spatial information is coded in parallel
in various substructures of PPC for diVerent eVector sys-
tems (Snyder et al. 1997, 2000; Andersen and Buneo 2002;
Andersen et al. 1997; Konen et al. 2004; Rizzolatti et al.
1994; Graziano and Gross 1994). One of these substruc-
tures, the retinotopically organized lateral intraparietal area
(LIP), is known to be involved both in the programming of
saccades and in attentional selection per se (Chelazzi and
Corbetta 2000; Colby 1998; Colby and Goldberg 1999;
Rizzolatti et al. 1994). Interestingly, LIP is not only con-
nected to the frontal eye Welds (FEF) and the superior colli-
culus (both important for computing motor commands for
saccades), but also to the extrastriate visual area V4, and it
seems to be an important interface between sensory pro-
cessing and action preparation (Corbetta et al. 1991). Hahn
and Kramer (1998) assumed that LIP may indeed also be
crucial for the programming of sequences of saccades (see
also, LaBerge and Brown 1989). However, Mazzoni et al.
(1996) showed that in a delayed memory saccade task in
which double saccade sequences had to be executed, only
the Wrst saccade goal was represented during the delay
period in LIP. While this study seems to imply that the pari-
etal regions code movement intentions only for the pending
movement goal, a recent fMRI study on sequential saccades
by Medendorp et al. (2006) reported about increased
BOLD activity before the execution of double-step

saccades that was found contralateral to the Wrst and second
saccade target.

On the other hand, there is some evidence from neuro-
physiology for a link between saccade programming in FEF
and covert visual attention (see Awh et al. 2006). Most of
these studies used single-cell-recordings or microstimula-
tion. Some authors have argued that the FEF may be crucial
for orienting visual attention in general (Moore and Fallah
2001, 2004; Cavanaugh and Wurtz 2004; Moore and Arm-
strong 2003; Wardak et al. 2006). So the attentional signals
that facilitate perception at goal locations during the prepa-
ration of subsequent saccades (selection-for-action) may be
provided by the FEF. Unfortunately, the activation in FEF
before the initialisation of saccade sequences like those
studied here has not yet been investigated extensively.
There are some hints, however, that movement-related
areas in frontal cortex may be involved in the programming
of movement sequences. So, Kettner et al. (1996) found
that diVerent neuronal populations in the dorsal section of
the premotor cortex directionally code all parts of arm
movement sequences already during the delay period
before of movement onset (for similar results of parallel
encoding see also Mushiake et al. 2006). However, since
these data also suggest that during the delay period the
observed signals represent the (hand-referenced) directions
of the subsequent movements, the coding would still have
to be reconverted into an eye-centered frame of reference in
order to provide the required attentional biases to visual
areas. So, taken together, it is not clear so far which brain
area(s) provide(s) the attentional signals that cause the
observed facilitation at all subsequent goal locations of a
saccade sequence. As Batista and Andersen (2001) sug-
gested, frontal and parietal regions may work in conjunc-
tion in order to plan sequences of movements.

Conclusion

We studied the relation of attention and eye movement
preparation in a task where sequential saccades had to be
directed to multiple targets. Our results conWrm former
Wndings by Godijn and Theeuwes (2003) who used a simi-
lar experimental paradigm showing that during the prepara-
tion of a saccade sequence attention is deployed in parallel
to each of the individual movement goals. Beyond this our
Wndings demonstrate that this parallel selection of saccade-
relevant locations involves spatially distinct, non-contiguous
foci of visual attention. We also show that during saccade
sequence preparation, at least three spatially separate tar-
gets can be attended, even if they are presented in diVerent
hemiWelds. Discrimination performance is always best at
the Wrst saccade position and deteriorates at further move-
ment goals. In general, these properties are very similar to
the features of attentional deployment before sequences of
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pointing movements, as recently studied by Baldauf et al.
(2006). This supports the idea that the underlying selection
mechanisms are very similar, if not identical, for the diVer-
ent eVector systems. Overall, the results are consistent with
the view that eye movement preparation and selective
attention are intimately related.
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