
Exp Brain Res (2007) 177:223–232 

DOI 10.1007/s00221-006-0667-4

RESEARCH ARTICLE

Fixation oVset facilitates saccades and manual reaching for single 
but not multiple target displays

Joo-Hyun Song · Ken Nakayama 

Received: 28 February 2006 / Accepted: 1 August 2006 / Published online: 1 September 2006
©  Springer-Verlag 2006

Abstract Turning oV a Wxation point, typically for
200 ms, before the onset of a peripheral target substan-
tially reduces saccadic reaction times. This facilitatory
eVect generated by an inserted temporal gap between
Wxation oVset and the target appearance is called the
“gap” eVect [J Opt Soc Am 57:1030–1033, 1967]. We
show that the gap reduces the initial latency of both
saccades and manual pointing in single and multiple
target displays. Yet, in multiple target displays, the gap
increased the movement duration because eye or hand
movements were frequently misdirected toward
distractors so that the trajectory had to be corrected.
Thus, in spite of the shortened latency, the total time
for trial completion was not shortened in multiple tar-
get displays, whereas it was reduced in single target dis-
plays. This selective gap eVect for a single target was
not restricted to goal-directed motor tasks because per-
ceptual discrimination tasks, where no motor response
is required, also demonstrated the gap eVect only for
single target displays. Our results suggest that the gap
may facilitate attentional disengagement, but it does
not help target selection in motor and perceptual dis-
crimination tasks, where the allocation of attention to
the target is required.

Keywords Gap eVect · Saccades · Manual pointing · 
Perceptual discrimination · Attention

Introduction

Saccadic eye movements generally occur with a very
short latency of approximately 200 ms. Surprisingly,
turning oV a Wxation point for about 200 ms before the
saccadic target is presented can substantially shorten
saccadic onset latencies. This latency facilitatory eVect
produced by inserting a temporal gap is called the
“gap” eVect (Saslow 1967).

The gap eVect has been explained as a combination
of a general warning and an oculomotor speciWc facili-
tation eVect (Kingstone and Klein 1993; Reuter-Lorenz
et al. 1995; Pratt et al. 2000). The Wxation removal pro-
vides a general warning as to the onset of stimulus, and
also releases the inhibition of the Wxation cells in the
rostral pole of the superior colliculus. The Wxation cells
suppress eye movements to maintain stationary posi-
tions. Single cell recordings in monkeys showed that
the discharge rate of Wxation cells were reduced when a
200–300 ms temporal gap was presented (Munoz and
Wurtz 1993; Dorris and Munoz 1995).

The gap eVect, thus, has been typically studied with
saccades (Fischer and Ramsperger 1984; Mayfrank et al.
1986; Fischer and Breitmeyer 1987; Weber and Fischer
1995) but some studies examined gap eVects with man-
ual responses such as reaching or key press. Early stud-
ies were not entirely conclusive. Small gap eVects for
manual responses were sometimes observed, but this
eVect disappeared when the auditory warning control
was presented (Tam and Ono 1994; Reuter-Lorenz et al.
1995). Thus these early studies could not rule out an
explanation based on a general warning eVect alone.

More recently, however, Bekkering et al. (1996)
demonstrated a reliable gap eVect for manual
responses, controlling for the warning explanation by
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presenting an auditory cue signaling stimulus onset in
all conditions. They also conjectured that previous
studies failed to show consistent manual gap eVects
because this eVect may be speciWc to spatially oriented
movements. Consistent with their idea, reliable gap
eVects were found for direct reaching to the target but
not for simple key press. These results support the idea
that goal-oriented responses are essential for manual
gap eVects. In addition, Pratt et al. (1999) demon-
strated that both saccadic and manual pointing reac-
tion times were similarly aVected by the duration of the
gap. These results demonstrate that the gap eVect is
not restricted to eye movements. Furthermore, single
cell recording data also shows correlated superior colli-
culus activity known for controlling eye movements
with aimed hand movements (Werner 1993), raising
the possibility that the manual gap eVect could also be
attributed to the properties of neurons in the superior
colliculus (Bekkering et al. 1996; Pratt et al. 1999).

Perceptual gap eVects have also been found in stud-
ies of attentional deployment. The presence of a tem-
poral gap leads to more accurate or faster perceptual
discrimination of cued targets (Mackeben and Nakay-
ama 1993; Pratt and Nghiem 2000). In these studies,
the results were interpreted in terms of attentional dis-
engagement, a process postulated by Posner (1980) to
account for the sequence of events required for a sacc-
adic eye movement. It begins with (1) attentional dis-
engagement from the object attended to, (2) moving
attention to the new point of interest, (3) engaging
attention there, (4) releasing eye Wxation from the pre-
vious object, (5) moving the eyes, and (6) Wnally re-
engaging eye Wxation. Adopting this framework,
Fischer (1987) argued that the “gap” or Wxation disap-
pearance assisted only in the Wrst step of this process,
i.e., attentional disengagement. When the Wxation stim-
ulus is removed, attentional engagement is automati-
cally released from the current object, bypassing this
Wrst step and speeding saccades.

In the current study, our interest is to understand how
a temporal gap aVects goal-directed reaching, saccades
and perceptual discrimination tasks when subjects are
required to select a target among competing distractors.
To anticipate, we conWrmed previous results indicating a
clear gap eVect when only one target was present and no
selection is required. This alone, however, does not deal
with the selection issue. Because Fischer’s (1987)
account pinpoints the gap eVect to a single stage of
attentional disengagement it does not predict any per-
formance advantages for the subsequent stages required
to make a directed movement. Thus, according to this
view, the gap should confer no beneWt in terms of atten-
tional selection or subsequent motor responses. To

examine this in detail, we measured not just the initial
latency, but also the full trajectory of the motor
response. Goal-directed actions are closely coupled with
allocation of focused attention so we could examine how
attentional selection or other motor responses might
evolve over time (see Corbetta et al. 1998; Castiello
1999; Schall and Thompson 1999 for reviews).

We performed three experiments. First, we repli-
cated the gap eVect for both saccades and manual
pointing with single target displays. Second, we exam-
ined the gap eVect for multiple target displays using an
odd-colored target search task, which has been widely
used for both humans (Bravo and Nakayama 1992;
Maljkovic and Nakayama 1994; McPeek et al. 1999)
and monkeys (Bichot and Schall 1999; McPeek and
Keller 2001; Arai et al. 2004). We presented the odd-
colored target with two distractors to create target-dis-
tractor competition. Third, we examined the gap eVect
for perceptual discrimination with single and multiple
targets displays, investigating the more general role of
the gap when shift of focused attention to the target is
required but in the absence of motor responses (Bravo
and Nakayama 1992; Maljkovic and Nakayama 1994).

General methods

Subjects

Harvard University students participated for course
credit. They were all right-handed with normal color
vision and normal visual acuity. Five subjects partici-
pated in the Wrst two studies of saccade and manual
pointing, and twelve new subjects participated in the
third perceptual discrimination study. All experimental
procedures were approved by the Harvard University
Institutional Review Board.

Stimuli

The stimuli were solid, red or green colored diamond-
shaped Wgures subtending 1.5° £ 1.5° against a black
background. Red and green were set to equiluminance
with Xicker photometry. The visual display was back
projected on the upright plexi-glass screen
(43 £ 35 cm2). All visual display and data recording
were controlled by Power Mac G4 using Vision Shell.

Procedure

Subjects were tested individually in a semi-darkened
room and their heads were stabilized with a chin-rest.
They were seated 48 cm in front of the screen. The
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Wxation point was presented on the screen for 700 ms
(Fig. 1). The Wxation point disappeared (gap condition)
or remained (overlap condition) for 200 ms. Since sev-
eral studies have shown in saccadic tasks that saccades
that a general warning eVect can explain 35–50% of the
gap eVects (Reuter-Lorenz et al. 1995; Pratt et al.
2000), we always presented an auditory warning in all
trials before the stimulus onset in order to control a
general warning eVect across conditions (Bekkering
et al. 1996). Gap and overlap trials were randomly
intermixed with equal probability. The stimulus display
was presented on the screen. Subjects performed sac-
cades, manual pointing, or perceptual discrimination.
The display remained on until subjects responded.
Auditory feedback was provided to inform whether
subjects touched the correct target. The intertrial inter-
val was 1,000 ms. Subjects were instructed to respond
to the target as quickly and accurately as possible.

Measuring eye and hand movements

The eye movements were recorded with a head-
mounted infrared eye tracker (Eye Link II) with an
update rate of a 250 Hz.

Hand movements were tracked with a Fastrak elec-
tromagnetic position and orientation measuring system

(Polhemus Inc., Colchester, VT, USA) with an update
rate of a 120 Hz. The small position-tracking sensor
(0.89� £ 0.50� £ 0.45�) was attached on the index Wnger-
tip of the right hand. The starting position (3 £ 3 cm2)
was deWned on the table, which was approximately
aligned with the body midline and 20 cm in front of sub-
jects.

Subjects were required to Wxate on the center and
put their index Wnger on the starting position to initiate
each trial. Both measurement systems were calibrated
every 20 trials with nine distributed points.

Data analysis

Movement data were transmitted to Power Mac G4 by
Vision Shell library for oV-line analysis to identify the
onset and oVset of movements. Eye velocity exceeding a
threshold of 30°/s and hand velocity exceeding a thresh-
old of 10 cm/s demarcated movement. Each trajectory
was visually inspected to verify the appropriateness of
these criteria, which were adjusted by hand if necessary.

Initiation latency for eye and hand movements was
deWned as an interval between the stimulus and move-
ment onsets. Saccadic latency below 80 ms or hand
latency below 100 ms was considered as an anticipatory
movement and excluded from analysis. Less than 3% of
the trials were removed using this criterion. Movement
duration was the interval between the movement onset
and termination at the target. Intersaccadic intervals
between initial and corrective saccades were included
for movement duration measures. Total time was the
simple sum of initiation latency and movement duration.

Experiment 1: saccadic and manual gap eVects 
with single target

In Experiment 1, we examined the gap eVect for both
saccades and manual-pointing movements with single
target displays. The aim was to conWrm the existence of
the manual gap eVect in a direct reaching task in order
to show that the gap eVect is not oculomotor speciWc
(Bekkering et al. 1996; Pratt et al. 1999).

Methods

Procedure

On each trial, the single red or green diamond was pre-
sented randomly either 18° left or right of the center on
the screen. In a separate block, subjects were asked to
make 60 saccades, or 60 manual-pointing movements
to the target. In the manual-pointing task, subjects

Fig. 1 Schematic diagram of experimental procedure. A trial
started with presenting 700 ms Wxation point. The Wxation point
disappeared (gap condition) or remained on (overlap condition)
for 200 ms. At the beginning of both gap and overlap period, a
beep was presented to control for a warning eVect. Then, stimuli
were presented until subjects responded

+

+

+

A. Gap B. Overlap
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were asked to look at the center though the Wxation
point disappeared in some (gap) trials. Trials in which
subjects made saccadic eye movements were excluded
from analysis. Less than 2% of the trials were removed
by this criterion.

Results and discussion

Results in Fig. 2 show that initiation latencies were
shorter for the gap compared to the overlap condition
for both saccades (Fig. 2a), t(4) = 4.2, p < 0.02, and
manual-pointing (Fig. 2b), t(4) = 3.8, p < 0.02. Total
time was also shorter for the gap than the overlap condi-
tion for both saccades (273 § 12.5 ms vs. 300 §
12.3(SEM) ms), t(4) = 3.35, p < 0.03, and manual-point-
ing (625 § 25.5 ms vs. 693 § 20.7(SEM) ms), t(4) = 10.3,
p < 0.001. Therefore, we replicated previous studies
showing the gap eVect for both saccades and hand
movement with a single target display, and conWrmed
that the gap eVect is not speciWc to the oculomotor sys-
tem (Bekkering et al. 1996; Pratt et al. 1999).

It should be noted that while we see a consistent gap
eVect here and later in this paper, the size of the eVect
is smaller than some others reported in the literature
(Saslow 1967; Fischer and Ramsperger 1984). As men-
tioned earlier, because a signiWcant fraction of the gap
eVect is due to the warning eVect provided by Wxation
oVset, smaller eVects are expected in our case when an
auditory warning signal is presented in all trials
(Reuter-Lorenz et al. 1995; Pratt et al. 2000).

Experiment 2: saccadic and manual gap eVects 
with multiple targets

In Experiment 1, we observed reliable gap eVects in
both saccadic and manual pointing tasks with single

target displays. With single target displays, eye and
hand movements are directed to the correct target
since there is no competing stimulus. Yet, natural envi-
ronments typically contain more than one object and a
speciWc target must be selected among them for action.
With multiple targets, we asked how the gap would
inXuence the entire course of motor behavior. To
address these questions, we measured not just the ini-
tial latency as in other studies but the full trajectory of
the motor response.

Methods

Procedure

On each trial, instead of a single target, one red and
two green diamonds, or one green and two red dia-
monds were randomly presented. The stimuli were
arranged 18° left and right and 10° above the center
Wxation on the screen. The target was the odd-colored
diamond located on either left or right side. In order to
examine the interaction between saccades and reach-
ing, we also included the task requiring both saccades
and reaching toward the same target. Thus, subjects
performed two blocks (40 trials/block) each of the fol-
lowing tasks: saccade only (separate task), manual-
pointing only (separate task) and both saccade and
manual-pointing (concurrent task). The order of the
each block was randomly assigned across subjects.

Results and discussion

Initiation latency

As with a single target, the gap facilitated the initiation
latency of both saccades (Fig. 3a) and manual pointing
(Fig. 3b) with multiple targets. This was conWrmed by

Fig. 2 Initial latencies of sac-
cades (a) and manual pointing 
(b) for gap and overlap condi-
tions with a single target in 
Experiment 1. The error bar 
shows between subjects 
standard errors
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2(task type: separate versus concurrent) £ 2(trial type:
gap versus overlap) repeated ANOVA. Saccadic laten-
cies for gap trials were signiWcantly shorter than those
of overlap trials, F(1,4) = 9.7, p < 0.05. There was no
signiWcant diVerence between separate and concurrent
tasks, F(1,4) = 1.52, p < 1, and no interaction between
task and trial types, F < 1.

Manual-pointing latencies for gap trials were also
signiWcantly shorter than those of overlap trials,
F(1,4) = 19.38, p < 0.02, showing that the manual gap
eVect occurs reliably in a wide variety of conditions.
There was marginally signiWcant diVerence between
separate and concurrent tasks, F(1,4) = 5, p < 0.06, and
no interaction between task, and trial types, F < 1.

Trajectory

With multiple target displays, we consistently showed
that the gap again facilitated initial latencies for both
saccades and manual pointing. Thus, we further con-
Wrm that the gap eVect is not oculomotor speciWc, and
provide more evidence that the gap facilitates atten-
tional disengagement. However, the results so far do
not address the issue as to whether subsequent target
selection stages are also facilitated.

Figure 4 shows an example of saccadic trajectories
from a single subject. In Fig. 4a the upper traces
showed movements that should be directed to the tar-
get on the right, the lower directed to the left. In each
case, there were a substantial number of saccades in
the wrong direction. This contrasted to the case of the
overlap condition (Fig. 4b) where only one mistake was

observed. The same pattern of initially misdirected
movements can also be seen for manual pointing as
depicted in Fig. 5. Subjects typically initiated their
reaching movements toward distractors and corrected
them to the target more often in the gap condition
(Fig. 5a) as compared to the overlap condition
(Fig. 5b).

The striking diVerence in trajectories is seen in all
subjects and indicates that the quicker initial response
of the eye and hand has costs. Quick attentional disen-
gagement, while seemingly beneWcial in getting the
movement started more quickly, may not allow enough
time for the correct target to be selected. Assuming
that attention precedes goal directed motor move-
ments (Song and Nakayama in press; Deubel and
Schneider 1996; Schiegg et al. 2003), it indicates that
the deployment of attention is misdirected initially and
then corrected.

Movement duration

With a greater number of initial trajectories directed
to the wrong target, it should not be surprising that
there should be some evident costs in terms of move-
ment duration. Therefore, we predicted longer move-
ment duration in gap trials than overlap trials. In
accord with our prediction, gap trials showed longer
movement durations than overlap trials in both sac-
cade (105.2 § 6.3 ms vs. 94.7 § 5.8(SEM) ms),
F(1,4) = 7.1, p < 0.03 (one-tailed), and pointing tasks
(413.9 § 22.6 ms vs. 347.5 § 10.2 ms), F(1,4) = 16.6,
p < 0.02. Therefore, there was a signiWcant interaction

Fig. 3 Initial latencies of saccades (a) and manual pointing movements (b) for gap and overlap conditions in separate and concurrent
tasks with multiple target displays in Experiment 2. The error bar shows between subjects standard errors
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eVect between the movement index (latency versus
duration) and trial type (gap versus overlap) in both
saccade, F(1,4) = 23.1, p < 0.005, and manual pointing,
F(1,4) = 51.12, p < 0.002. Thus there is a cost for early

attentional disengagement in the gap condition.
Attention can be directed to the wrong target with
subsequent errors in the initial visually guided
response.

Fig. 4 An example of saccadic trajectories from a subject in the
gap (a) and overlap (b) conditions from the concurrent condition
in Experiment 2. Trajectories associated with each target location

are depicted by two distinct colors: left position (blue) and right
(red)
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Fig. 5 An Examples of manual-pointing trajectories in the gap
(a) and overlap (b) conditions from a single subject from the con-
current condition in Experiment 2. Trajectories associated with
each target location are depicted by two distinct colors: left posi-

tion (blue) and right (red). These trajectories are three dimen-
sional, but for clarity we only show the X and Y dimensions where
the greatest diVerence between trajectory types is most evident
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Total time

It is of interest to see the net consequence of these two
opposing tendencies, the faster initial responses
accompanied by greater errors and consequent longer
movement durations. We compared the total time,
combining initial latency, and movement duration, in
the gap and overlap trials. The total time of the gap
condition did not diVer that of the overlap condition in
both saccadic, F < 1 and manual-pointing tasks,
F(1,4) = 2.89, p > 0.2. The facilitatory gain of the gap in
initial latency has thus vanished for the multiple target
condition. Because the gap leads to an initial misdirec-
tion of faster motor response, it does not lead to more
adaptive behavior when target selection is required.

Experiment 3: gap eVect for perceptual discrimination 
without a required movement

With multiple target displays, we showed that the gap
elicits shorter saccadic and manual-pointing latencies
at the cost of time-consuming misdirected movements.
Thus, we did not observe overall facilitatory eVect pro-
duced by the gap for trial completion. As we described,
this selective gap eVects across saccades and manual
pointing can be explained by a very speciWc role for
focal attention, namely its disengagement.

To provide independent conWrmation of this idea, we
turn to a perceptual discrimination task under a similar
range of conditions. Rather than asking for a goal-
directed response, we simply asked subjects to discrimi-
nate a subtle target feature. In this task, the shift of
focal attention to the target is necessary to perform per-
ceptual discrimination of a Wne target feature (Bravo
and Nakayama 1992; Maljkovic and Nakayama 1994).

On each trial, each diamond had a tiny cut-oV corner
(0.15° £ 0.15°) on either left or right side. Subjects
were required to report the cut-oV side of the target by
pressing “j” (left) or “k” (right) key. In the single tar-
get case, subjects determined whether a single dia-
mond is cut oV on the left or right. In the multiple
target case, they reported a cut-oV side of an odd-col-
ored target.

Subjects performed a single task Wrst and then a
multiple task (each 80 trials). They were asked to look
at the center though the Wxation point disappeared in
some (gap) trials. Trials in which subjects made sac-
cades, or in which reaction times were longer than
1.3 s, were not included in data analysis. These criteria
removed less than 2% of trials. Accuracy rates in all
conditions were overall 95% and there was no speed-
accuracy trade-oVs, Fs < 1.

If attentional disengagement is operative similarly
for this discrimination task, we can make a series of
predictions. First, the gap should facilitate perceptual
discrimination in the single target case because it leads
to faster disengagement and subsequent engagement
to the single lone target. With multiple targets, how-
ever, we expect that rapid disengagement of attention
will be accompanied by incorrect attentional selection
as we have demonstrated in the two motor tasks. Thus
the beneWt of the gap will be lost or diminished for this
condition. Results in Fig. 6 conWrmed this prediction.
Overall, reaction times in the single target task were
shorter than those in the multiple target task,
F(1,11) = 59.76, p < 0.001. There was a signiWcant inter-
action eVect between the task type (single versus multi-
ple) and trial type (gap versus overlap), F(1,11) = 5.67,
p < 0.04. In details, Fig. 6 demonstrates that the gap
eVect signiWcantly improved performance in the single
target task, t(11) = 3.25, p < 0.01. However, there was
no gap eVect in the multiple target task t(11) = 0.48,
p < 1. This mirrors results of the total time in saccadic
and manual-pointing tasks, which demonstrates that
the gap can facilitate response initiation but not target
selection.

General discussion

We demonstrated that the gap reliably reduces sacc-
adic, and manual-pointing latencies as well as discrimi-

Fig. 6 Reaction times of gap and overlap conditions with single and
multiple target displays in perceptual discrimination tasks in Exper-
iment 3. The error bar shows between subjects standard errors
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nation reaction times when a single target is presented.
These results are consistent with previous studies
showing that the gap eVect is not speciWc to the oculo-
motor system (Bekkering et al. 1996; Pratt et al. 1999).
However, with multiple targets, the gap shortens sacc-
adic and manual-pointing latencies but not movement
durations because it increases a number of movements
misdirected to distractors, requiring subsequent time-
consuming online correction. Thus when movement
initiation is facilitated by the gap, there are costs of
lengthened trajectory path and movement duration.
The gap does not aid target selection after movement
initiation.

More importantly, recent neuroimaging and neuro-
physiological studies have established the link between
visually guided goal directed actions and visual atten-
tion. Saccades and covert attention allocation activate
common regions of the brain, such as frontal eye Weld,
supplementary eye Weld and several parietal and tem-
poral regions (see Corbetta et al. 1998; Schall and
Thompson 1999 for reviews). Behavioral studies also
showed that attention allocation to the target precedes
saccades (Kowler et al. 1995; Deubel and Schneider
1996; McPeek et al. 1999; Schneider and Deubel 2002),
and manual reaching (Schiegg et al. 2003). The locus of
attention also aVects the trajectory of saccades (Sheliga
et al. 1995) and reaching movements (Tipper et al.
1992; Castiello 1999; Song and Nakayama in press).
The necessity of the focal attention allocation for per-
ceptual discrimination is also demonstrated (Bravo and
Nakayama 1992; Mackeben and Nakayama 1993; Mal-
jkovic and Nakayama 1994).

Thus we connected results from motor tasks with
stages of attention allocation. We suggest that the gap
facilitates a release of the focused attention from the
fovea, allowing faster attentional disengagement
(Fischer 1987). Yet, this rapid disengagement does not
reduce the duration of subsequent attentional selection
when multiple targets are presented. We argue that
early disengagement occurring before the target selec-
tion is Wnalized often shifts attention toward one of
activated “wrong” stimuli. More time is consumed to
redirect attention to the correct target. With multiple
targets, therefore, the gap shortens saccadic and man-
ual-pointing latencies but not movement durations.
Curved trajectories with longer movement duration in
motor tasks reXect this attention re-directing process.
Consequently, when the total time for completion is
considered, the facilitatory gap eVect is limited to sin-
gle target displays. We acknowledged that although
our study demonstrated the lack of the gap eVect in
total time, the overall gap eVect could have a range of
magnitudes depending on features of the stimuli and of

the task rather than all-or-none. For instance, depend-
ing on the trade-oV between shortened initial latency
and lengthened movement duration, the total eVect
could be changed on the continuum. However, the crit-
ical Wnding in the current study is that the temporal gap
facilitates only disengagement of but not redirection of
attention. Analysis of the movements after onset pro-
vided some additional insights, which cannot be easily
seen in discrete tasks.

Perceptual discrimination task without goal-directed
motor responses provided additional converging evi-
dence that the gap facilitates selectively attention dis-
engagement but not redirection. With a single target
discrimination task, we observed a reliable gap eVect as
in saccades and hand movements. It conWrms previous
Wndings that facilitated attention disengagement by the
gap can reduce reaction times (Mackeben and Nakay-
ama 1993; Pratt and Nghiem 2000). This also demon-
strated that the gap eVect aVect non-spatial
discrimination keypress reaction times, which is more
general than previously demonstrated (Bekkering
et al. 1996) as long as focal attentions is localized to the
speciWc target site (Bravo and Nakayama 1992; Maljko-
vic and Nakayama 1994).

When multiple stimuli were presented for discrimi-
nation, however, the gap eVect disappeared. This is
consistent with idea that focal attention, while released
more quickly by the gap, is more prone to be misdi-
rected to a distractor and redirected to the target. In
contrast to goal-directed action tasks, where we could
analyze the gap eVect in more detail, we can only
examine completed reaction times in perceptual tasks
so that it is more diYcult to directly assess selective
inXuences of the temporal gap in perceptual tasks
beyond evaluating overall gap eVects. However, three
very diVerent tasks (saccades, reaching, and perceptual
discrimination) provide consistent and converging
information that the Wxation release (the gap) facili-
tates attentional disengagement only. As a conse-
quence, the gap facilitates task performance only in the
single but not multiple item case.

Recent neurophysiological studies have shown that
the superior colliculus is related to attentional deploy-
ment and target selection (see Schall 2001 for review).
McPeek and Keller (2002, 2004) demonstrated that
when monkeys were required to make saccades to an
odd-colored target among distractors while chemical
lesions temporarily inactivated just one retinotopic
locus in the superior colliculus, saccades to the target
in inactivated Weld were misdirected to distractors.
Also, multiple competing stimuli are represented
simultaneously and accumulated information gradually
strengthens one over the others in the superior collicu-
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lus. For instance, McPeek et al. (2003) showed that
with multiple target displays, curved saccades toward a
distractor were accompanied by increased presaccadic
activity of neurons coding the distractor site in the
superior colliculus. These results support that the supe-
rior colliculus is also involved in target selection pro-
cess, closely associated with the deployment of the
focal attention to the target, which can be compatible
with the attentional account of our results.

To conclude, in the current study, we demonstrated
that when a temporal gap is inserted between Wxation
point oVset and stimulus onset, the initiation of saccade
and manual-pointing is facilitated in both single and
multiple target displays. This supports the view that the
gap eVect is not limited to saccades nor to single target
arrays. Yet, with multiple target displays, this speeded
onset comes with the cost of misdirected movements,
requiring corrective movements.
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