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Belopolsky AV, Van der Stigchel S. Saccades curve away from
previously inhibited locations: evidence for the role of priming in
oculomotor competition. J Neurophysiol 110: 2370 –2377, 2013. First
published August 28, 2013; doi:10.1152/jn.00293.2013.—The oculomotor system serves as the basis for representing concurrently competing motor programs. Here, we examine whether the oculomotor
system also keeps track of the outcome of competition between target
and distractor on the previous trial. Participants had to perform a
simple task of making a saccade toward a predefined direction. On
two-thirds of the trials, an irrelevant distractor was presented to either
the left or right of the fixation. On one-third of the trials, no distractor
was present. The results show that on trials without a distractor,
saccades curved away from the empty location that was occupied by
a distractor on the previous trial. This result was replicated and
extended to cases when different saccade directions were used. In
addition, we show that repetition of distractor location on the distractor-present trials results in a stronger curvature away and in a shorter
saccade latency to the target. Taken together, these results provide
strong evidence that the oculomotor system automatically codes and
retains locations that had been ignored in the past to bias future
behavior.
saccade curvature; intertrial priming; distractor inhibition; selection
history

is highly complex and dynamic with
a lot of stimuli simultaneously competing for selection and neural
representation. To carry out an accurate goal-driven movement,
the competition between the goal and the distracting stimuli needs
to be resolved. One way the competition can be biased is by
inhibiting the competing distractors (Desimone and Duncan 1995;
Kastner and Ungerleider 2001; McPeek et al. 2003).
Recent eye-movement studies have demonstrated that the
time course of the competition between target and distractors
can be readily seen in the trajectories of saccadic movements
(for a recent review, see Van der Stigchel 2010). Specifically,
it has been consistently shown that the presence of a distractor
makes saccades curve either toward or away from the distractor
location. Saccade curvature has been attributed to competition
in the oculomotor map for potential saccade targets located in
the intermediate layers of superior colliculus (SC; McPeek et
al. 2003; Sparks and Hartwich-Young 1989). The direction of
saccade curvature seems to reflect the status of competition between the target and distractor oculomotor programs
(McSorley et al. 2006; Van der Stigchel et al. 2006; Walker
and McSorley 2008). When the neural representation of the
distractor is active at the time of eye movement, saccade
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trajectory tends to curve toward the distractor location. However, when the competition is resolved at the time of eye
movement, saccade trajectory tends to curve away from the
distractor location. Saccade trajectory deviation away is typically explained by inhibition of the oculomotor program produced by a visible distractor or an attended location (Van der
Stigchel 2010; Walker and McSorley 2008).
There are two factors known to produce saccade curvature
away. First, the competition can be resolved by increasing
saccadic latency, which gives time for the slower, goal-driven
inhibition to develop. In support of this, several studies have
demonstrated that short-latency saccades tend to curve toward
the distractors, whereas long-latency saccades curve away
from the distractors (McSorley et al. 2006; Mulckhuyse et al.
2009). Second, the competition can be biased when reliable
information about the target or distractor location is available
ahead of time (Walker et al. 2006). This allows setting up
either diffuse or more precise inhibition of the nontarget
locations. For example, Van der Stigchel and Theeuwes (2006)
used a central cue to indicate the likely location of a distractor
on the upcoming trial. Even on trials when the distractor did
not appear, saccades curved away from its expected but physically empty location. Many behavioral studies have proposed
that the goal-driven inhibition underlying curvature away is
applied to the SC, disturbing the overall activation and shifting
the saccade vector away from the distractor location (Doyle
and Walker 2001; Godijn and Theeuwes 2004; Sheliga et al.
1995). Interestingly, a recent study challenged this idea by
showing that the buildup of this slow, goal-driven inhibition
does not seem to occur in SC. White and colleagues (2012)
recorded in the intermediate layers of monkey SC and found
reduced distractor-evoked activation only in a short interval
surrounding saccade onset. Therefore, the exact neural locus of
curvature away in the oculomotor system is currently unknown.
To ensure efficient guiding of behavior, it is important not
only to resolve competition on the current trial, but also to keep
track of what has been selected and ignored in the past. In
support of this, many studies have shown that resolving competition between target and distractors on one trial has direct
consequences on how competition is resolved on the next trial
(Belopolsky and Theeuwes 2009, 2012; Bichot and Schall 2002;
Kumada and Humphreys 2002; Pinto et al. 2005). One classic
demonstration of such intertrial priming is the “priming of popout” effect first reported by Maljkovic and Nakayama (1994).
They showed that when a search target was defined by a given
feature (e.g., color or spatial frequency), search for the same
feature was more efficient on subsequent trials. Importantly, this
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priming effect did not change even when the observers were made
aware that the targets were switching in a completely predictable
sequence, suggesting that it did not rely on voluntary control.
Similar priming effects have been observed for features as well as
locations (Maljkovic and Nakayama 1996) and for repetition of
targets as well as repetition of distractors (Bichot and Schall 2002;
Lamy et al. 2008). Recently, it has been suggested that such
selection history effects might be contributing to many known
attentional phenomena and should be viewed as a separate source
of selection bias independent from the current goals and physical
salience of the stimuli (Awh et al. 2012; Hutchinson and TurkBrowne 2012).
The current study explored how previous competition between target and distractors is represented in the oculomotor
system by measuring saccade curvature. Specifically, it is not
clear whether the oculomotor system maintains an inhibitory
tag for the location that happened to be occupied by a distractor
on a previous trial. The previous studies either focused on
explicit knowledge of distractor location (e.g., Van der
Stigchel and Theeuwes 2006) or explored the effects of previous target feature on saccade trajectory (McPeek and Keller
2001). In the present study, participants were simply asked to
make a saccade up or down while on some trials a distractor
was presented in the periphery. Based on the previous findings,
we expected saccades to curve away from visible distractors
(McSorley et al. 2006). The crucial question was whether
saccades would also curve on the distractor-absent trials with
the curvature driven by where a distractor happened to be
positioned on the previous trial.
EXPERIMENT 1

The goal of the present experiment was to investigate whether
distractor inhibition on the current trial carries over to the next
trial. Participants were asked to make a saccade in the direction
of a central arrow (Fig. 1). On the majority of the trials (2/3),
a distractor was presented simultaneously with the target and
occurred unpredictably in the left or right hemifield. On the rest
of the trials (1/3), no distractor was present, and there was no
concurrent competition for saccade programming. If inhibition
of the oculomotor activity at distractor location carries over to
the next trial, then even on trials with no distractor saccades
should curve away from the distractor location on the previous
trial. To maximize the number of trials in which a saccade was
directed in the same direction as on the previous trial, the
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central arrow always pointed in the same direction (up or
down) for a given subject.
Methods

Participants. Eight naïve participants (7 females, age range 18 –26
yr) from Vrije Universiteit (VU University) Amsterdam with normal
or corrected-to-normal vision participated in the experiment. The
protocol was approved by the Ethical Committee of the VU University Amsterdam.
Apparatus. The stimuli were presented on a 21-in. monitor running
at 75 Hz with a 1,024- ⫻ 768-pixel resolution. Eye movements were
recorded with the head-mounted EyeLink II system (SR Research,
Mississauga, Ontario, Canada) with 500-Hz temporal resolution. An
automatic algorithm detected saccades using minimum velocity and
acceleration criteria of 35 and 9,500°/s2, respectively.
Stimuli, design, and procedure. Each observer was seated 75 cm
from a computer screen with head positioned on a chin rest. The
stimuli were presented in gray (17 cd/m2) on a black background. The
trial began with the participants fixating the dot (0.5° in diameter) at
the center of the screen and pressing spacebar to start. After a random
interval of 800 –1,300 ms, an arrow (1.5°) pointing either straight up
or straight down was presented at the central location for 2,000 ms.
On two-thirds of the trials, simultaneously with an arrow, a light gray
distractor dot (1° in diameter, 53 cd/m2) appeared either in the left or
right hemifield (equally likely). The distractor dot appeared at a
distance of 7° of visual angle from the fixation, in the same vertical
hemifield as the saccade target, and at a 45° of angular deviation from
it. On the remaining one-third of the trials, there was no distractor
(Fig. 1). For each participant, saccade direction was prespecified for
the whole experiment. Participants were instructed to make a saccade
to one of the markers (0.8°) placed at the top or bottom of the display
9° from the central fixation (these markers were visible throughout the
whole trial) and do so immediately on the presentation of the central
arrow, which always pointed at the saccade target location. Participants were informed that distractors were completely irrelevant to the
task and never had to be fixated.
Throughout the whole experiment, 1/2 of the participants had to
make saccades straight up, whereas the other 1/2 of the participants
had to make saccades straight down. Each observer performed 396
experimental trials divided in 11 blocks. Before the start of each task,
participants completed a practice block (36 trials).
We used feedback to keep participants motivated and keep the level
of performance as constant as possible. After each block (36 trials),
participants received feedback about their average saccade latency.
On each trial, the participants heard a tone if initial direction of
saccade exceeded 30° of arc from the center of the saccade target.

Fig. 1. Illustration of events occurring on
typical trials in experiment 1. The open circle was not present in the actual display and
indicates where participants had to fixate
during the trial. Participants were asked to
make a saccade in the direction of a central
arrow, which was always pointing in the
same direction (up or down) for a given
participant. In 2/3 of the trials, a distractor
was presented simultaneously with the target
and occurred unpredictably in the left or
right hemifield. On the rest of the trials, no
distractor was present.
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RESULTS AND DISCUSSION

Trials with saccades faster than 80 ms and slower than 600
ms, saccades that did not start within 1° away from fixation
point, and saccades that did not land within 30° of arc from the
target were discarded from further analyses. Furthermore, saccades that were smaller than 3° were also excluded. For every
saccade curvature analysis, trials with curvature ⬎2.5 standard
deviations from the mean and trials containing ⬍10 sampling
points were also discarded from the analyses. This resulted in
an average loss of ⬃9.8% of trials.
To determine saccade curvature, we computed the angular
deviation of the saccade path for each 2-ms sample point that
was ⬎0.5° from the central fixation and ⬎0.5° from the
endpoint of the saccade relative to a straight line from the
starting point of the saccade to the saccade endpoint (for a
review of different measures, see Van der Stigchel et al. 2006).
A median of these deviations was calculated for each saccade
normalized to the upper hemifield and averaged across saccade
direction. For each condition, saccade curvature was quantified
as a difference in curvature between trials on which the
distractor location of interest was presented on the left and on
the right of the target (Godijn and Theeuwes 2004; Van der
Stigchel et al. 2006; for a similar method, see Belopolsky and
Theeuwes 2011).
To determine whether the previous distractor location was
coded in the oculomotor system, the analysis first focused on
the distractor-absent trials, which followed a distractor-present
trial. Mean of saccade trajectories used for calculation of
curvature are presented in Fig. 2. Curvature away from the
previous distractor location was significantly different from 0
[1.02°; t(7) ⫽ 3.17, P ⬍ 0.05], indicating that even though no
distractor was physically present on the screen, there was
suppression carried over from the previous trial.
As expected, there was a strong curvature away on the
distractor-present trials [3.77°; t(7) ⫽ 4.81, P ⬍ 0.005]. When

two distractor-present trials happened in a row, there was no
significant effect of repetition of the distractor location [3.7 vs.
3.28° for repeated and nonrepeated distractor locations, respectively; t(7) ⫽ 0.76, P ⫽ 0.47]. There was also no evidence that
repetition of the distractor location facilitated the saccade
latency [210 vs. 211 ms for repeated and nonrepeated locations, respectively; t(7) ⫽ 1.62, P ⫽ 0.15]. The presence of a
distractor also did not slow down the initiation of saccade to
the target [215 ms for both distractor-present and distractorabsent trials; t(7) ⫽ 0.13, P ⫽ 0.9].
The results suggest that inhibition of the oculomotor activity
at the distractor location is not contained to the current trial.
Instead, we found a marker of oculomotor inhibition on trials
that did not have any distracting information present, and there
was no concurrent competition for saccade programming. This
marker was linked to inhibition that had occurred on the
previous trial as a consequence of making an eye movement.
In experiment 1, participants made a saccade to the same
location throughout the whole experiment. It is not clear
whether such repetition of saccade location is important for
inhibition from the previous trial to be transferred to the next
trial. In addition, the certainty about saccade target location
could have reduced the competition between the target and
distractor and masked some of the priming effects on the
distractor-present trials (Meeter and Olivers 2006; Olivers and
Meeter 2006). Therefore, in experiment 2, participants had to
make saccades in different directions within a block.
EXPERIMENT 2

The goal of the present experiment was twofold. The first
goal was to replicate the carryover of the oculomotor inhibition
from the previous distractor location on the distractor-absent
trials. Second goal was to examine whether the oculomotor
inhibition depended on the direction of the saccade. If inhibition does not depend on the direction of the saccade, then

Fig. 2. Distractor-absent condition: plot of
mean saccade trajectories used for calculation of curvature in experiment 1. Trajectories were normalized to the distractor occurring on the left and averaged across saccade
directions and participants. The shaded region indicates the standard error of the mean.
The dotted circle indicates the distractor location on the previous trial. Note that, to
illustrate saccade trajectories, the x-axis has
a larger scale than the y-axis. The final analysis was not done on the compound trajectories, which are presented for illustrative purposes only. The bottom left illustrates how
saccade curvature was calculated. A, angle between a sample point and a straight line between saccade starting point and saccade endpoint; deg, degrees.
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inhibition of a distractor in one hemifield should lead to
curvature away even for saccades directed to another hemifield
(Doyle and Walker 2001). To that end, we included trials with
no distractor, on which saccades could be made either in the
same direction as on the previous trial or in the opposite
direction (Fig. 3).
Methods

Participants. Sixteen naïve participants (1 female, age range 19 –28
yr) from VU University Amsterdam with normal or corrected-tonormal vision participated in the experiment.
Stimuli, design, and procedure. The experiment was very similar to
experiment 1 but with a few exceptions. There were two sessions: on
the distractor-present trials of one session, each participant made
saccades straight up, and on the distractor-present trials of the other
session, straight down (the order of sessions was counterbalanced
across participants). As before, a distractor was absent on one-third of
the trials, on which participants were equally likely to make a saccade
either up or down (Fig. 3).
The timing of the events was the same as in experiment 1. Each
observer performed 504 trials divided across 14 blocks (36 trials
each). Before the start of each session, participants completed a
practice block (18 trials).
RESULTS AND DISCUSSION

The exact same trimming procedure as in experiment 1 was
also used here. This resulted in an average loss of 11.1% of
trials.
Saccade curvature was calculated in the same way as in
experiment 1. Mean saccade trajectories used for calculation of
curvature in the distractor-absent condition are presented in
Fig. 4. When the saccade was directed to the same vertical
hemifield where a distractor appeared on the previous trial,
there was a significant curvature away from the previous
distractor location [0.74°; t(15) ⫽ 2.94, P ⬍ 0.05]. Curvature
away was also observed when saccades were directed to the
opposite hemifield [0.71°; t(15) ⫽ 2.54, P ⬍ 0.05]. There was
no significant difference in curvature between saccade directions [t(15) ⫽ 0.13, P ⫽ 0.89].
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Unlike in experiment 1, repeating the location of the distractor in experiment 2 resulted in larger curvature away on the
distractor-present trials [4.12 vs. 2.95°; t(15) ⫽ 2.28, P ⬍
0.05]. These results are shown in Fig. 5. Saccades were also
initiated faster when the location of the distractor was repeated
from trial to trial compared with when the distractor changed
location [208 vs. 211 ms; t(15) ⫽ 3.32, P ⬍ 0.005].
These results replicate and extend the results from experiment 1. Saccade curvature was observed on trials with no
distractor and no concurrent competition and depended on
where a distractor happened to be positioned on the previous
trial. This inhibition of the oculomotor activity did not depend
on the saccade direction. Saccades curved away from the previous distractor location even when they were made into the
opposite hemifield than on the previous trial. This supports the
idea that the observed curvature away was due to inhibition of
the location of the previous distractor and had nothing to do
with the repetition of the oculomotor program to the target.
Interestingly, the curvature away was similar for saccades
made into the same and opposite hemifield as the location that
contained a distractor on the previous trial. Several studies
suggested that, for visible distractors, saccade curvature away
is stronger when distractor is presented in the same vertical
hemifield as the target (Doyle and Walker 2001; Sheliga et al.
1995). However, other studies found no robust hemifield effect
and argued for coarse spatial coding of distractor and target
representations in the oculomotor map, presumably located in
the SC (e.g., McSorley et al. 2004). Given that White and
colleagues (2012) have found no evidence for sustained inhibition in SC, one possibility is that inhibition of distractor
location is maintained in a different neural map, such as the
attentional map in posterior parietal cortex (PPC), known for
its coarse spatial coding due to large receptive fields (Blatt et
al. 1990). The discrepancies in finding the vertical hemifield
effect among studies could then be explained by different
attentional resolution required by each task (Intriligator and
Cavanagh 2001). For example, in our task, there was no need
to code the precise location of the distractor, and inhibition

Fig. 3. Illustration of events occurring on
typical trials in experiment 2. The open circle was not present in the actual display and
indicates where participants had to fixate
during the trial. Participants were asked to
make a saccade in the direction of a central
arrow. In 2/3 of the trials, a distractor was
presented simultaneously with the target and
occurred unpredictably in the left or right
hemifield. On these trials, the direction of
the arrow was held constant in a block. On
the rest of the trials, no distractor was present, and within a block the arrow was pointing either up or down.
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Fig. 4. Distractor-absent condition: plot of
mean saccade trajectories used for calculation of saccade curvature in experiment 2.
On 1/2 of distractor-absent trials, saccades
were made to the same hemifield as on the
previous trial and on the other 1/2 to the
opposite hemifield. Trajectories were normalized to the distractor occurring on the left
and averaged across saccade directions and
participants. The shaded region indicates the
standard error of the mean. The dotted circle
indicates the distractor location on the previous trial. Note that, to illustrate saccade
trajectories, the x-axis has a larger scale than
the y-axis. The final analysis was not done
on the compound trajectories, which are presented for illustrative purposes only.

could have been applied to the entire horizontal hemifield. We
discuss this possibility in more detail in GENERAL DISCUSSION.
In addition, priming effects were observed on the distractorpresent trials. Repetition of distractor location has led to
stronger curvature away from the distractor and shorter saccade
latency to the target. This corroborates the idea that inhibition
of the distractor location biases selection on the following trial
independently of whether there is an actual competition on that
trial. Furthermore, shorter saccade latency on the trials with
repeated distractor location indicates that distractor inhibition
improves the efficiency of oculomotor selection.
GENERAL DISCUSSION

The present results clearly demonstrate that competition
between saccade target and distractors is not constrained to the
current trial. Instead, it can be biased by selection history of the
previous trial. In both experiments, we showed that saccade
trajectories not only curved away from visible distractors on
the current trial, but also curved away from empty locations
that were occupied by a distractor on the preceding trial.
Although participants were never required to program or execute an eye movement to the distractor, it generated spatially
specific activity in the oculomotor system. Suppression of this

activity carried over to the next trial and was present even
when there was no visible distractor and no immediate competition for selection of saccade target. Experiment 2 further
demonstrated that distractor inhibition did not depend on repetition of the oculomotor program to the target. The eyes
curved away from the previous distractor location even when
the direction of saccade had changed.
In the present experiments, participants were never required
to keep track of the distractor locations voluntarily. Participants were only required to make an accurate saccade to the
target. This is very different from previous studies, in which
participants reliably knew the upcoming location of the distractor and could bias selection in a goal-driven manner (Van
der Stigchel and Theeuwes 2006). Our results are in line with
the intertrial priming account, according to which recent selection history automatically and implicitly biases future selection (Awh et al. 2012; Maljkovic and Nakayama 2000). Based
on the previous experience, target properties receive more
weight, whereas distractor properties receive less weight (Bichot and Schall 2002). These intertrial adjustments seem to
occur in an automatic fashion, and recent studies have shown
that what is transferred is the target selection and distractor
rejection process that occurred on the previous trial (Hillstrom
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Fig. 5. Distractor-present condition: plot of
mean saccade trajectories used for calculation
of saccade curvature in experiment 2. Trajectories were normalized to the distractor occurring on the left and averaged across saccade
directions and participants. The shaded regions
indicate the within-subjects standard error of
the mean for the difference between conditions
(Loftus and Masson 1994). Note that, to illustrate saccade trajectories, the x-axis has a
larger scale than the y-axis. The final analysis
was not done on the compound trajectories,
which are presented for illustrative purposes
only.

2000). Intertrial priming has been observed for features as well
as positions of both targets and distractors (Lamy et al. 2008;
Maljkovic and Nakayama 1994, 1996). McPeek and colleagues
have elegantly demonstrated intertrial priming for target feature using saccadic eye movements (see also Becker 2008).
Saccade latencies to the colored targets were shorter if on
recent trials targets happened to have the same color as on the
current trial (McPeek et al. 1999). Furthermore, saccades
tended to curve toward distractors with the same color as the
target on the previous trial (McPeek et al. 2000). Our study
extends these findings by showing intertrial priming of distractor locations such that saccades curved away from the locations
occupied by a distractor on the previous trial. Furthermore, we
show that the intertrial priming of distractor location occurred
even in the absence of a physically presented distractor.
In line with the previous findings in experiment 2, we also
demonstrated intertrial priming of distractor location on the
distractor-present trials. Specifically, repetition of distractor
location resulted in stronger curvature away and in shorter
saccade latency to the target. The latter result confirms the idea
that priming of a distractor location improves selection of a
saccade target (Bichot and Schall 2002; Lamy et al. 2008).
Interestingly, intertrial priming on the distractor-present trials
was only observed in experiment 2. Note that, in experiment 1,
the location of saccade target was fixed, which could have led
to less competition between the target and distractor. Intertrial
priming is thought to guide visual selection by adjusting the
weights for the target and distractor properties, particularly in
situations when there is competition for attentional selection
(Meeter and Olivers 2006; Olivers and Meeter 2006). Although
we favor this explanation, we cannot, however, exclude the
possibility that the lack of intertrial priming on the distractorpresent trials in experiment 1 was due to insufficient statistical
power.
Classic experiments of Maljkovic and Nakayama (2000)
have clearly demonstrated that intertrial priming represents a
form of short-term implicit memory responsible for efficient

guidance of visual attention. In their experiments, participants
were not able to override the priming effects by means of
voluntary control and were not actively maintaining information about the stimuli in memory. Moreover, it has been
proposed that such automatic implicit memory is well-suited
for rapid attentional guidance required by saccadic system
(McPeek et al. 1999).
Interestingly, recent studies have already demonstrated links
between the oculomotor system and memory. Specifically, it
has been proposed that the oculomotor system is intimately
involved in coding, maintaining, and updating locations in
working memory (Theeuwes et al. 2009). For example, when a
location is maintained in working memory, the eyes curve
away from the remembered location (Belopolsky and Theeuwes 2011; Theeuwes et al. 2005, 2006), just as they curve away
from the visible stimuli. This is reminiscent of the present
results and suggests that the oculomotor system might also
implicitly keep track of recently ignored locations for the
purpose of optimizing future selection of saccade targets.
The current results are unlikely to be related to the inhibition
of return (IOR), a bias to select novel locations by inhibiting
previously attended locations (Klein 2000). The IOR is typically elicited by an irrelevant cue preceding the presentation of
the target on the same trial. The reports of the intertrial IOR or
target-target IOR refer to slower processing of targets that
occur at the same location as the target on the previous trial
(e.g., Bichot and Schall 2002), which is very different from the
present results. Furthermore, previous studies have shown that
saccade curvature and the IOR have very different time courses
and represent different inhibitory mechanisms. For instance,
saccade curvature is observed at short delays between the cue
and the saccade, whereas the IOR is observed only at long
delays (Godijn and Theeuwes 2004). Based on neurophysiological studies (Aizawa and Wurtz 1998; Dorris et al. 2002), it
was suggested that inhibition resulting in saccade curvature
away is applied to the oculomotor map in the SC (but see
White et al. 2012), whereas the inhibition resulting in the IOR
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is applied to the preoculomotor attentional map in the lateral
intraparietal area. The finding that the inhibition underlying
saccade curvature away dissipates very quickly suggests that,
in our study, it was reapplied to the (empty) distractor location
at the moment the saccade target was presented.
Saccade curvature has been explained as a consequence of
competition between potential saccade targets. The presence of
a distractor leads to preparation of a saccade and the corresponding neural activity within oculomotor map, presumably
in the SC (McPeek et al. 2003). It is assumed that to make a
saccade to another location, this oculomotor activity at the
distractor location needs to be inhibited. Subsequently, the
inhibitory field in the saccade map causes the overall vector of
the prepared saccade to shift in the opposite direction (Aizawa
and Wurtz 1998; Doyle and Walker 2001; Godijn and Theeuwes 2004; Sheliga et al. 1995). As mentioned in the Introduction, however, a recent study (White et al. 2012) has suggested
that it is unlikely that the sustained goal-driven inhibition at the
distractor location occurs in the SC. Whereas monkeys in their
study clearly showed saccades that curved either toward or
away from the distractor, when the distractor was presented
400 ms ahead of the target, the neural activation at the distractor-related locus in the SC was unchanged except for the short
interval that started ⬃22 ms before the saccade onset. During
this perisaccadic interval, the activation was lower for the trials
in which saccades curved away relative to the trials in which
saccades curved toward the distractor. Given these results, it is
therefore unlikely that the inhibitory memory trace in our study
is maintained in the oculomotor map in the SC. It could be
maintained in higher-order oculomotor areas, such as the
frontal eye fields or the PPC, and then fed back into the oculomotor map in the SC at the moment saccade needs to be
made. This inhibitory memory trace of the distractor location
then competes with saccade target selection. In support of this
idea, the results of White et al. (2012) do show some evidence
for inhibition in the short interval starting right before the
saccade onset. Nonoculomotor areas, such as the hippocampus,
might also be involved in maintenance of a memory trace. For
example, a recent study demonstrated that activity in the
hippocampus reliably predicted the probability of making an
eye movement to the recently viewed stimulus in the absence
of explicit report (Hannula and Ranganath 2009).
The coarseness of coding of distractor and target locations
observed in experiment 2 is consistent with rather poor resolution of visual attention (Intriligator and Cavanagh 2001) and
seems to point to the PPC as the likely candidate for representing these locations (Blatt et al. 1990). To that end, in the
future, it is important to further distinguish saccade curvature
away from other forms of inhibition. As already mentioned, the
curvature away has a different time course than the IOR
(Godijn and Theeuwes 2004). In addition, Belopolsky and
Theeuwes (2011) have recently demonstrated that when participants had to select and maintain actively a location in
memory, saccades curved away from that location but were
also initiated faster to that location. Similarly, Hermens et al.
(2010) have shown dissociation between the curvature away
from the masked prime and whether it facilitated or inhibited
the future responses to the target. It is therefore likely that
different types of inhibition with different neural origins and
time courses modulate the oculomotor system.

To summarize, the current findings are consistent with the
proposal that the oculomotor system serves as the basis for
representing competing motor programs. These motor programs are not limited to physically present stimuli or locations
maintained in working memory but extend to maintenance of
learned distractor locations for the purpose of improving the
efficiency of future oculomotor selection.
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