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Abstract In the present study participants searched for
an onset target or a color singleton target and were re-
quired to execute a saccade toward (prosaccade) or away
(antisaccade) from the search target. The results showed
that participants often made erroneous saccades toward
the onset or color singleton when they were the search
target in the antisaccade condition, but not when they
were presented as task-irrelevant distractors. This sug-
gests that task-relevance plays a critical role in the
production of erroneous prosaccades and provides evi-
dence that these saccades are not completely reflexive.
Furthermore, it was found that the antisaccade cost
(latency difference between prosaccades and antisac-
cades) was greater for color singleton search targets than
for onset search targets. The present findings have
implications for our understanding of the processes
involved in the programming of antisaccades and the
causes of erroneous prosaccades.

Introduction

During our everyday lives we are continuously con-
fronted with a complex environment containing a great
deal of information. In order to interact with our envi-
ronment according to our goals we need to visually
select information that is relevant, while ignoring
information that is irrelevant. A key issue in oculomotor
research is the degree to which our eye movements
(saccades) are governed by the goals and intentions of
the observer or by the properties of the visual environ-
ment. Saccades that are controlled by the goals and
intentions of the observer are called endogenous sac-
cades (voluntary, goal-directed), while saccades that are

controlled by the salient properties of the visual scene
are called exogenous (reflexive, stimulus-driven) sac-
cades.

A common task that is often used to examine exog-
enous and endogenous saccades is the anti-saccade task,
developed by Hallet (1978; also see Hallet and Adams
1980). In this task a single onset stimulus is presented
left or right of a central fixation point and observers are
required to execute a saccade (an antisaccade) in the
opposite direction from the onset. Correct antisaccades
are considered endogenous, because they are directed to
a specific location based on the task-instructions.
Although participants are able to make correct anti-
saccades on the majority of trials, on about 5–30% of
the trials (depending on the specific characterstics of the
task; e.g. Fischer and Weber 1992, 1996; Mokler and
Fischer 1999) they execute an erroneous prosaccade
toward the onset. These erroneous prosaccades are
generally considered exogenous (or reflexive; e.g.
Guitton et al. 1985; Everling and Munoz 2000; Olk and
Kingstone 2003; Pratt and Trottier 2005) since they are
directed to a salient onset stimulus despite the instruc-
tion to move the eyes away from the onset.

In order to account for the findings in the antisaccade
task Hallet and Adams (1980) proposed a model, in
which a saccade is automatically programmed toward
the onset. A goal redefinition process determines the
correct antisaccade location. If this goal redefinition
process starts before the programming of the prosaccade
is completed a saccade to the antisaccade location is
executed, otherwise an erroneous prosaccade occurs.
Guitton et al. (1985) applied this model to antisaccade
performance of frontal lesion patients. Their results
showed that frontal lesion patients executed a higher
proportion of erroneous prosaccades relative to a con-
trol group. They suggested that the frontal lobe damage
delays the cancellation signal (or the goal redefinition
process) such that it occurs too late to prevent the
erroneous prosaccades on a large proportion of trials. In
a more recent single-case study Walker et al. (1998)
found that although a frontal lobe patient produced a
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high proportion of erroneous prosaccades in the anti-
saccade task his performance was only minimally
impaired in a fixation task, in which the patient was
required to maintain fixation and to ignore a peripheral
onset. The delayed cancellation account of Guitton et al.
appears unable to account for these results. Walker et al.
suggested that the high error rate of the frontal patient
in the antisaccade task is in part due to the higher
working memory demands in the antisaccade task rela-
tive to the fixation task. Given the involvement of the
frontal lobe in working memory (e.g. Goldman-Rakic
1987; Asaad et al. 1998; Rao et al. 1997) it is possible
that higher task demands of the antisaccade task make
this task more susceptible to working memory failure
than the simple task of maintaining fixation.

Another task that has been developed to examine
endogenous and exogenous control of saccades is the
oculomotor capture task (e.g. Theeuwes et al. 1998,
1999; Kramer et al. 1999; Godijn and Theeuwes 2002).
In their original study Theeuwes et al. (1999) presented
participants with displays containing six gray circles
spaced equally on an imaginary circle around a central
fixation point. Centered within each circle was a small
figure-eight premask. After 1 s all of the circles except
one (the color singleton) changed their color to red and
the premasks changed into small letters by removing
some of their line segments. On half of the trials an
additional irrelevant red circle (an abrupt onset) was
added to the display simultaneously with the color
change of the distractors. Participants were required to
move their eyes to the uniquely colored gray circle and
to determine whether the letter inside it was a ‘C’ or a
‘reversed-C’. Even though the onset was completely
irrelevant for the task (and the same color as the other,
non-onset distractors) the first saccade was directed to
the onset on about a third of the trials. These erroneous
saccades to salient task-irrelevant distractors have been
referred to as oculomotor capture (e.g. Irwin et al. 2000).
In a follow-up study Godijn and Theeuwes (2002) used a
modified version of the oculomotor capture task by
removing the manual response task, thereby turning the
task into a pure oculomotor task. The finding of The-
euwes et al. (1998, 1999) that onsets captured the eyes on
a large proportion of trials was replicated; on 29% of the
trials the eyes initially went to onset before moving on to
the color singleton target.

There appear to be some striking similarities between
the oculomotor behavior in the antisaccade task and the
oculomotor capture task. In both tasks participants of-
ten execute erroneous saccades to a salient onset, despite
the instruction to execute a saccade to a different loca-
tion. It is typically assumed that in order to execute a
saccade (endogenously) to the goal location participants
need to inhibit the execution of an exogenous saccade to
the onset in both tasks (e.g. Godijn and Theeuwes 2002;
Olk and Kingstone 2003). Furthermore, in both tasks
saccades to the onset have shorter latencies than sac-
cades to the goal location, saccades to the onset often
undershoot their target (land somewhere between the

central fixation point and the onset location) and the
inter-saccade-interval (ISI) between the initial saccade to
the onset and the following saccade to the goal location
is typically relatively short (around 100 ms on average;
Godijn and Theeuwes 2002; Everling and Fischer 1998).

In addition to the similarities between the antisaccade
task and the oculomotor capture task there are also
some differences. One important difference between the
oculomotor capture task and the antisaccade task is the
fact that in the oculomotor capture task the onset is
completely irrelevant for the task, while in the antisac-
cade task the onset is task-relevant. In the oculomotor
capture task there is no motivation for participants to
pay attention to the onset, since the location at which
the onset is presented is completely independent of the
location of the color singleton target. However, in the
antisaccade task the onset location determines the anti-
saccade location. That is, without determining the
location of the onset an antisaccade cannot be pro-
grammed. Indeed, it is often reported that participants
are sometimes unaware of the presence of an onset in the
oculomotor capture paradigm (e.g. Theeuwes et al.
1999), but in the antisaccade task participants are nec-
essarily aware of the onset. One recent study by Kramer
et al. (2005) provides evidence that different processes
may play a role in erroneous prosaccades and oculo-
motor capture. Kramer et al. (2005) found that the
proportion of oculomotor capture trials is relatively
stable from age 8 to 25, while the proportion of erro-
neous prosaccades in the antisaccade task decreases with
age from age 8 to 16. Kramer et al. (2005) suggested that
performance of the oculomotor capture task primarily
involves the ability to exert top–down (or endogenous)
control in opposition to attentional capture, whereas the
antisaccade task involves the ability to maintain multiple
task-sets. Specifically, in the antisaccade task the task-set
of participants presumably includes attending to the
onset, inhibiting a saccade to the onset and executing a
saccade in the opposite direction. Kramer et al. (2005)
interpreted their findings as evidence that the ability to
exert top-down control over attentional capture already
exists at age 8, but the ability to maintain multiple task-
sets takes substantially longer to develop.

The differences between the oculomotor capture task
and the antisaccade task suggest the possibility that
prosaccade errors in the antisaccade task are of a
somewhat different nature than oculomotor capture er-
rors. Specifically, it is possible that prosaccade errors
may have an endogenous component which is lacking in
the oculomotor capture task. Specifically, participants
performing the antisaccade task need to process the onset
location due to its task-relevance. It may in fact be the
case that the task-relevance of the onset in the antisac-
cade task plays a role in the production of erroneous
prosaccades. From this perspective erroneous prosac-
cades are not genuinely exogenous or reflexive. The
suggestion here is not that erroneous prosaccades are
endogenous, but merely that endogenous factors may
play a role in the production of erroneous prosaccades.
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In fact, the exogenous effect of onsets is not in dispute,
since it has been well-established that onsets can have a
strong exogenous effect on attention (Yantis 1996; The-
euwes 1995) and saccades (e.g. Theeuwes et al. 1998;
Godijn and Theeuwes 2002; Kramer et al. 1999).

The goal of the present study is to examine the effect
of task-relevance in the production of erroneous sac-
cades and to examine the degree to which antisaccade
performance is affected by whether participants are
searching for an onset or a color singleton. In Experi-
ment 1 participants viewed displays containing both a
gray color singleton circle and a red onset circle pre-
sented together with two red non-onset circles (see Fig. 1
for an example of the display sequence). In separate
blocks participants were either required to execute a
prosaccade to the onset (pro-onset), an antisaccade
away from the onset (anti-onset), a prosaccade to the
color singleton (pro-color), or an antisaccade away from
the color singleton (anti-color). Thus, the display con-
figurations were the same in all conditions. In two
conditions the onset was task-relevant and the color
singleton was task-irrelevant, in the other two conditions
the color singleton was task-relevant and the onset was
task-irrelevant. This novel task enables a comparison
between oculomotor capture and erroneous prosac-
cades. For example, in the pro-color block a saccade to
the onset distractor is referred to as oculomotor capture,
whereas in the anti-onset block a saccade to the onset is
referred to as an erroneous prosaccade. Similarly, in the
pro-onset block a saccade to the color singleton dis-
tractor is oculomotor capture, whereas, in the anti-color

block a saccade to the color singleton is an erroneous
prosaccade. If erroneous prosaccades are completely
exogenous and the task-relevance of the search target
plays no role in erroneous prosaccades, no difference in
the frequency of erroneous prosaccades and oculomotor
capture is expected. On the other hand, if task-relevance
does play a role in the production of erroneous pro-
saccades, the frequency of erroneous prosaccades is
expected to be higher than the frequency of oculomotor
capture.

Previous studies examining oculomotor behavior
with both onsets and color singletons have shown that
onsets elicit more erroneous saccades than color single-
tons and saccade latencies to onsets are typically shorter
than saccade latencies to color singletons. Therefore, in
Experiment 1 it may be expected that more erroneous
saccades will be elicited by the onset than by the color
singleton. However, these previous studies have exam-
ined erroneous saccades to onsets and color singletons
under conditions in which they were task-irrelevant. To
the best of our knowledge there has been no direct
comparison of antisaccade performance with onset tar-
gets versus color singleton targets.

Experiment 1 also allows a comparison between the
antisaccade cost of an onset search target and that of a
color singleton search target. The antisaccade cost is
defined as the difference in mean saccade latency
between correct antisaccades and correct prosaccades. It
has been claimed that part of the antisaccade cost
reflects the time needed to inhibit an erroneous prosac-
cade in the antisaccade task, resulting in a longer latency
of antisaccades relative to prosaccades (e.g. Olk and
Kingstone 2003; Pratt and Trottier 2005). Another
factor that plays a role in the antisaccade cost is the
endogenous requirement to compute the antisaccade
goal based on the location of the peripheral onset (e.g.
Olk and Kingstone 2003; Walker et al. 2000). It is also
generally believed that onsets are especially effective at
eliciting reflexive saccades (e.g. Pratt and Trottier 2005;
Wu and Remington 2003). From this perspective it may
be expected that the antisaccade cost is greater for onsets
than for color singletons.

Experiment 2 is similar to Experiment 1, but with two
important differences. First, participants only performed
the pro-color and anti-color blocks. Second, an onset
distractor was only presented on half the trials. This
allows a comparison between prosaccade and antisac-
cade performance with and without an onset distractor.

Experiment 1

Methods

Participants

After giving their informed consent, eight students from
the University of Illinois with normal or corrected-
to-normal vision served as paid volunteers.

Color singleton

Onset

Fixation
display

(1000 ms) 

Search
display

Fig. 1 An example of the display sequence in Experiment 1. In the
illustrated search display the saccade goal was the bottom center
location in the pro-onset condition, the top center location in the
anti-onset condition, the top left location in the pro-color condition
and the bottom right location in the anti-color condition. See the
text for further details
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Apparatus

A Pentium-based computer with a 21-in color monitor
controlled the timing of events and generated stimuli.
Eye movements were recorded by means of an Eyelink II
tracker. An eye movement was considered a saccade
when the velocity exceeded 35�s-1 or the acceleration
exceeded 9,500 �s-2. When participants were fixating the
central fixation point at the start of each trial they
pressed a key, which caused a recalibration of the par-
ticipants’ gaze point to the central fixation point. After
this the trial started. Each participant was tested in a
dimly-lit room. They held their head on a chinrest,
located 70 cm away from the monitor.

Stimuli, procedure and design

At the start of each trial participants viewed displays
containing three gray circles (1.2� in diameter), which were
randomly presented at three of six possible object loca-
tions around a central fixation point at an eccentricity of
7.6�. Two of the six possible object locations were directly
above and below the central fixation point and the four
other possible object locations were the corner positions of
an imaginary square around the fixation point. At the
three unfilled locations there were small white dots (0.2�).
After 1,000 ms two of the three circles turned red, leaving
one gray circle (the color singleton). At the same time a
new red circle (the onset) appeared at one of the three
unfilled locations. Thus, there was an equal location
uncertainty between the color singleton and the onset
(both one of three possible locations). See Fig. 1 for an
example of the stimulus display.

There were four types of trials: on onset-pro trials the
onset location was the saccade target. On onset-anti
trials the location opposite the onset was the saccade
target. On color-pro trials the location of the color sin-
gleton was the saccade target. Finally, on color-anti
trials the location opposite the color singleton was the
saccade target. Participants were required to execute a
saccade toward the saccade target as quickly and accu-
rately as possible. The search display was removed
500 ms after the saccade to the target. The four trial
types were performed in separate blocks of 180 trials and
each block was preceded by a practice session of 40
trials. The order of the blocks was counterbalanced
across participants with the constraint that the search
target was the same in the second block as in the first

block and the task was the same in the third block as in
the first block.

Results

Discarded data

Trials on which the initial saccade latency was below
80 ms (0.8% of trials) or above 1,000 ms (0.7% of trials)
were discarded from further analyses.

Initial saccade destination

The distance between the initial saccade endpoint and
the six possible object locations was used to determine
the initial saccade destination. The saccade was assigned
to the position closest to the saccade endpoint. In order
to distinguish between the antisaccade location and the
distractor location we excluded trials on which the dis-
tractor was presented at the antisaccade location. The
data were collapsed across all directions. The average
percentage of saccade errors per condition ranged be-
tween participants from 4.4 to 22.0%. Table 1 shows the
percentage of initial saccades that were directed to each
location in the pro-onset, pro-color, anti-onset and anti-
color conditions. As can be seen in Table 1 there were
more erroneous saccades on antisaccade trials than on
prosaccade trials. In the pro-onset condition only 1.1%
of the initial saccades were directed to the color single-
ton distractor, while in the anti-color condition 18.2% of
the initial saccades were directed to the color singleton,
t(7)=3.78, P<0.01. A similar pattern was found for the
onset: In the pro-color condition only 2.0% of the initial
saccades were directed to the onset distractor, while in
the anti-onset condition 9.9% of the initial saccades
were directed to the onset, t(7)=2.87, P<0.03. Fur-
thermore, there was a trend towards more prosaccade
errors to the color singleton than to the onset,
t(7)=2.11, P<0.08. There was no significant difference
in percentage of prosaccade errors toward the onset or
the color singleton between the group of subjects who
performed the antisaccade conditions first compared to
those who performed the prosaccade conditions first
(ts<1). A within-subjects analysis-of-variance (ANO-
VA) on the proportion of initial saccades to other
locations (locations other than the color singleton, onset

Table 1 Initial saccade
destination in Experiment 1 Initial saccade

destination
Condition

Pro-onset (%) Pro-color (%) Anti-onset (%) Anti-color (%)

Onset 96.2 2.0 9.9 2.5
Color singleton 1.1 92.2 0.8 18.2
Antisaccade – – 84.4 69.5
Other 2.7 5.8 4.9 9.9
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or antisaccade location) with search target (onset or
color singleton) and task (prosaccade or antisaccade) as
factors revealed a main effect of search target,
F(1,7)=7.75, P<0.03, indicating that there were more
erroneous saccades to other locations with a color sin-
gleton search target than with an onset search target.
There was also a main effect of task, F(1,7)=81.92,
P<0.005; there were more erroneous saccades to other
locations in the antisaccade task than in the prosaccade
task.

Saccade latency

The mean prosaccade and antisaccade latencies for each
condition are shown in Fig. 2. Similar to the analysis of
saccade destination we excluded trials on which the
distractor was presented at the antisaccade location. An
ANOVA with search target (onset or color singleton)
and task (prosaccade or antisaccade) as factors was
conducted on the mean latencies of the correct saccades.
A main effect of search target was found, F(1,7)=20.89,
P<0.005, indicating that the correct saccade latencies
were shorter with an onset search target (mean 309 ms)
than with a color singleton search target (mean 387 ms).
There was also a main effect of task, F(1,7)=102.54,
P<0.001; Correct prosaccade latencies were shorter
(mean 279 ms) than antisaccade latencies (mean
416 ms). Finally, there was a task · search target inter-
action, F(1,7)=10.83, P<0.02, indicating that the anti-
saccade cost (difference in mean saccade latency between
the pro and anti conditions) was greater for color sin-
gleton search targets (mean antisaccade cost = 179 ms)
than for onset search targets (mean antisaccade
cost = 96 ms).

A further ANOVA with task (prosaccade or anti-
saccade) and search target (onset or color singleton) as
factors on the mean latencies of prosaccades revealed
a main effect of task, F(1,7)=5.02, P<0.02, which

indicated that prosaccades had shorter latencies in the
prosaccade conditions than in the antisaccade condi-
tions.

Since the objects were presented at random locations
around the central fixation point, on some trials an
object was presented at the antisaccade location, while
on other trials the antisaccade location was empty (the
empty locations were marked with a small white dot).
Planned comparisons revealed that there was no signif-
icant difference in mean antisaccade latency between
trials on which an object was presented at the antisac-
cade location and trials on which the antisaccade loca-
tion was empty (anti-onset condition t(7)=1.62,
P>0.10, anti-color condition t(7)<1).

Inter-saccade-interval

When participants erroneously execute a prosaccade on
antisaccade trials fixation durations on the prosaccade
location tend to be relatively short prior to the correct
saccade to the antisaccade location. In the present
experiment we found a mean ISI of 139 ms in the
anti-color condition and a mean ISI of 160 ms in the
anti-onset condition. This difference did not reach
significance, t(7)=1.13, P>0.25.

Discussion

The results of Experiment 1 showed that there were
many more erroneous saccades toward the onset or
color singleton when they were presented as search
target in the antisaccade conditions than when they
were task-irrelevant and presented as distractors. Fur-
thermore, the antisaccade cost was greater for color
singleton search targets than for onset search targets.
These findings are clearly inconsistent with the view
that erroneous prosaccades are purely exogenous. If
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that were the case there should have been no difference
in frequency between erroneous prosaccades and ocu-
lomotor capture. One possible explanation for the
finding of a greater antisaccade cost with color single-
tons than with onsets, is that the attentional demands
are higher when searching for a color singleton than
when searching for an onset. If there is a stronger
attentional allocation at the color singleton search
target than at the onset search target it may take more
time to disengage attention and switch attention to the
antisaccade location in order to execute an antisaccade
in the anti-color condition than in the anti-onset con-
dition. However, an alternative explanation is that the
antisaccade cost is greater with a color singleton search
target, because participants need to inhibit a saccade to
the onset distractor. Previous research has shown that
onsets have a strong effect on oculomotor behavior
when participants search for a color singleton (e.g.
Theeuwes et al. 1998; Godijn and Theeuwes 2002;
Kramer et al. 1999). It is typically assumed that par-
ticipants are required to inhibit a saccade to the onset
distractor. Therefore, when participants are required to
execute an antisaccade away from the color singleton
they not only need to inhibit a prosaccade, but also a
saccade to the onset distractor. In contrast, color sin-
gletons do not appear to have much effect on oculo-
motor behavior when subjects search for an onset
target (Irwin et al. 2000). Since an onset distractor was
always presented when subjects searched for a color
singleton and a color singleton distractor was always
presented when subjects searched for an onset, the
difference between onset distractors and color singleton
distractors may have contributed to the greater anti-
saccade cost for color singleton search targets. This
idea is examined in Experiment 2.

Experiment 2

In order to examine whether the presence of an onset
distractor has an effect on the antisaccade cost Experi-
ment 2 examined the antisaccade cost with color sin-
gleton search targets with and without an onset
distractor. The pro-color and anti-color conditions of
Experiment 1 were repeated with the difference that an
onset distractor was only presented on half of the trials.

Method

Participants

After giving their informed consent, ten students of the
University of Illinois with normal or corrected-to-nor-
mal vision served as paid volunteers.

Stimuli, procedure and design

The stimuli were the same as in Experiment 1 with one
exception: On half of the trials an onset was randomly
presented at one of the unfilled locations, on the other
half of the trials there was no onset. There were four
types of trials: on prosaccade-onset present trials the
saccade target was the color singleton and no onset
distractor was presented. On prosaccade-onset absent
trials the saccade target was the color singleton and no
onset distractor was presented. On antisaccade-onset
present trials the location opposite the color singleton
was the saccade target and an onset distractor was
presented. On antisaccade-onset absent trials the loca-
tion opposite the color singleton was the saccade target
and no onset distractor was presented. Each participant
performed one block of prosaccade trials and one block
of antisaccade trials. Half of the participants started
with the prosaccade block, the other half started with
the antisaccade block. There were 360 trials per block
and each block was preceded by a practice block of 40
trials. The order of the onset present and onset absent
trials was randomized within blocks.

Results

Discarded data

Trials on which the initial saccade latency was below
80 ms (1.0% of trials) or above 1,000 ms (0.3% of trials)
were discarded from further analyses.

Initial saccade destination

Table 2 shows the percentage of initial saccades that
were directed to each location in the Prosaccade and
Antisaccade Conditions separately for onset present and

Table 2 Initial saccade destination in Experiment 2

Initial saccade
destination

Condition

Prosaccade
onset present (%)

Antisaccade
onset present (%)

Prosaccade
onset absent (%)

Antisaccade
onset absent (%)

Color singleton 91.5 22.2 95.5 21.0
Antisaccade – 57.9 – 64.3
Onset 2.8 3.7 – –
Other 5.7 16.2 4.5 14.7
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onset absent trials. The average percentage of saccade
errors per condition ranged between participants from
10.0 to 33.9%. Similar to Experiment 1 there were very
few trials on which the eyes went to the onset distractor
(2.8 and 3.7%), but there was a relatively high percent-
age of erroneous prosaccades to the color singleton
target. There was no significant difference in percentage
of erroneous prosaccades between the no onset and
onset trials, t(9)<1. An ANOVA was conducted on the
proportion of initial saccades to other locations (loca-
tions other than the color singleton, onset or antisaccade
location) with Task (Prosaccade or Antisaccade) and
Onset Presence (Present or Absent) as factors. There was
a main effect of Task, F(1,9)=10.57, P<0.01, indicating
that there were more erroneous saccades to other loca-
tions on antisaccade trials than on prosaccade trials.
There was no significant effect of Onset, F(1,9)=3.30,
P>0.10, nor was there a Task · Onset Presence inter-
action, F(1,9)<1.

Saccade latency

The mean saccade latencies are shown in Fig. 3. An
ANOVA on the mean latencies of the correct saccades
with Task (Prosaccade or Antisaccade) and Onset
Presence (Present or Absent) as factors revealed a main
effect of task, F(1,9)=91.87, P<0.001. Correct saccade
latencies were shorter in the prosaccade condition than
in the antisaccade condition. There was no main effect of
onset presence, F(1,9)=1.84, P>0.20, but there was an
interaction between task and onset presence,
F(1,9)=17.33, P<0.005; The antisaccade cost was
greater when an onset was present 27 ms (142–115)than
when there was no onset.

An ANOVA was also conducted on prosaccade
latencies with Task (Prosaccade and Antisaccade) and
Onset Presence as factors. The results showed a main

effect of task, F(1,9)=7.50, P<0.03, indicating that
prosaccade latencies were shorter in the prosaccade
condition (mean 299 ms) than in the antisaccade con-
dition (mean 321 ms).

Inter-saccade-interval

The mean ISI between initial erroneous prosaccades and
antisaccades was 122 ms when there was an onset pres-
ent and 137 ms when there was no onset. This difference
in ISI was reliable, t(9)=2.53, P<0.04.

Discussion

The main result of Experiment 2 was that the antisac-
cade cost was greater when an onset distractor was
present than when there was no onset distractor present.
This provides support for the idea that the programming
of an antisaccade or the inhibition of an erroneous
prosaccade is more time-consuming when a saccade to
an onset also needs to be inhibited. However, the pres-
ence of an onset had an effect of 27 ms on the antisac-
cade cost, while the difference in antisaccade cost
between the color singleton search target condition and
the onset search target condition in Experiment 1 was
83 ms. Therefore, it is unlikely that presence of an onset
distractor is the only factor contributing to the difference
in antisaccade cost between color singletons and onsets.
This issue will further be discussed in the section General
discussion.

The results of Experiment 2 replicated the findings
from the pro-color and anti-color conditions of Exper-
iment 1. That is, similar to Experiment 1 there were very
few erroneous saccades to the onset distractor, but the
large majority of erroneous saccades were prosaccades
directed to the color singleton search target.

200

250

300

350

400

450

      Prosaccade,     
onset present

   Antisaccade,     
onset present

      Prosaccade,     
onset absent

      Antisaccade,     
onset absent

Condition

M
ea

n
 S

ac
ca

d
e 

L
at

en
cy

 (
in

 m
s)

 

Prosaccade AntisaccadeFig. 3 Mean saccade latencies
of Experiment 2

445



General discussion

The present study examined observers’ ability to execute
prosaccades and antisaccades in response to onset and
color singleton search targets. The displays of Experi-
ment 1 always contained both an onset and a color
singleton thereby allowing a comparison between ocu-
lomotor capture (erroneous saccade to a task-irrelevant
distractor) and erroneous prosaccades (prosaccades in
the antisaccade task). The results revealed a much higher
frequency of erroneous prosaccades than oculomotor
capture. That is, there were more erroneous saccades to
the onset or the color singleton when they were task-
relevant (i.e. the search target in the antisaccade task)
than when they were task-irrelevant (i.e. a distractor in
the prosaccade or antisaccade conditions). Furthermore,
a greater antisaccade cost was found for color singleton
search targets than for onset search targets. Finally, the
antisaccade cost for color singleton search targets was
slightly greater when an onset distractor was presented
than when there was no onset distractor.

Endogenous component of erroneous prosaccades

The proportion of erroneous prosaccade errors ranged
from approximately 10 to 22%, while the proportion of
oculomotor capture only ranged from approximately 1
to 4%. This finding provides evidence for an endoge-
nous component to the production of erroneous pro-
saccades. That is, erroneous prosaccades are not merely
executed in a stimulus-driven manner, based on the
saliency of the search target. Instead, the results indicate
that the task demands play an important role in erro-
neous prosaccade execution.

In accordance with previous studies we propose that
the working memory contents determine to a large
extent the probability that an erroneous saccade is
executed. First of all, participants in the present study
are required to keep the identity of the search target in
working memory. They are required to localize either
the color singleton or the onset. Moreover, in the anti-
saccade task they are instructed not to execute a saccade
to this search target, but instead to execute a saccade in
the opposite direction. Thus, the requirement to sup-
press a saccade to the search target is kept in working
memory. However, outside of the laboratory visual
search is typically conducted in an overt fashion. That is,
although it is clear that observers can perform search
covertly, searching through a cluttered visual environ-
ment under natural conditions involves the execution of
saccades (see Findlay and Gilchrist 2003, for a review);
we usually look at what we’re attending. Finally,
because participants were instructed to execute speeded
responses participants keep in working memory the
requirement to execute a speeded saccade to the target
location.

Although these task demands do not result in an
especially high working memory load, the requirement
for speeded responses does pose a challenge to the
application of the working memory contents. Further-
more, given the natural tendency to overtly respond to
the search target the relatively frequent erroneous pro-
saccades should not be surprising. The present results
not only suggest that the task demands play a role in
erroneous prosaccades, but also in the execution of other
erroneous saccades. That is, in addition to the erroneous
prosaccades participants also executed erroneous sac-
cades to other locations (to locations other than those
occupied by the onset or the color singleton). The results
showed that the proportion of these errors depended on
the task demands; there were more saccade errors to
other locations with a color singleton target than with an
onset target and there were more in the antisaccade task
than in the prosaccade task. This suggests that partici-
pants followed the speed instruction and allowed
themselves a limited time to covertly determine the
correct saccade location.

The idea that working memory contents play a role in
the production of erroneous prosaccades is consistent with
a number of previous studies. First, Roberts et al. (1994)
showed that the percentage of erroneous prosaccades was
increased when the antisaccade task was combined with a
concurrent working memory task. Thus, when working
memory is overloaded participants are often unable to
prevent executing an erroneous prosaccade. Second, sev-
eral lesion studies have shown that patients with frontal
lesions such as the dorsolateral prefrontal cortex (e.g.
Pierrot-Deseilligny et al. 1991, 2002) and the anterior
cingulate cortex (Milea et al. 2003) have an increased
percentage of erroneous prosaccades. Since there is over-
whelming evidence that areas of the frontal cortex are
involved in working memory (e.g. Goldman-Rakic 1987;
Asaad et al. 1998; Rao et al. 1997) these findings provide
further evidence that maintaining multiple task-sets in
working memory is crucial for correct antisaccade per-
formance and that working memory failure in this task
often results in erroneous prosaccades. Furthermore,
Walker et al. (1998) in a single-case study showed that
although a patient with a lesion of the frontal cortex was
unable to prevent erroneous prosaccades in the antisac-
cade task he performed much better in a fixation task, in
which a peripheral stimulus was presented and the patient
was instructed to remain centrally fixated (and could thus
ignore the peripheral stimulus). Walker et al. proposed
that the greater impairment of the frontal patient in the
antisaccade task compared to the fixation task was the
result of greater workingmemory demands. A third line of
evidence was recently provided by Kramer et al. (2005).
The results of this study showed that the percentage of
erroneous prosaccades declined from age 8 to 16, while the
percentage of oculomotor capture remained relatively
stable. Since working memory continues to develop
into the mid-teens, these findings provide evidence that
correct antisaccade performance and the inhibition of
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prosaccades relies on the ability to keep multiple task-sets
in working memory.

Antisaccade costs

Previous research has shown that antisaccade latencies
are typically longer than prosaccade latencies. The
additional cost in programming an antisaccade, which
we call the antisaccade cost, has been related to the time
required to inhibit a reflexive saccade to the onset
stimulus (e.g. Pratt and Trottier 2005; Olk and King-
stone 2003). Specifically, it is argued that before an an-
tisaccade can be programmed the prosaccade must be
inhibited. Olk and Kingstone (2003) provided evidence
for this view by inducing oculomotor inhibition to
prosaccades by requiring participants to identify the
prosaccade stimulus. Based on its orientation partici-
pants were either required to execute a prosaccade or an
antisaccade. It was assumed that this manipulation
equated the degree to which oculomotor inhibition was
applied between the prosaccade and antisaccade condi-
tions. That is, participants were required to inhibit a
saccade to the prosaccade stimulus in both prosaccade
and antisaccade conditions in order to determine the
orientation of the prosaccade stimulus. It was found that
this manipulation reduced the antisaccade cost, but it
did not completely disappear. Olk and Kingstone (2003)
concluded that the time needed to inhibit a prosaccade
accounts for a large proportion of the antisaccade cost.

In the present study we found that the antisaccade
cost was greater for color singleton search targets than
for onset search targets. This finding seems surprising
given the assumption that onsets have a stronger
exogenous effect on the oculomotor system (this idea is
consistent with our finding of shorter saccade latencies
to onset than to color singletons) and that it should
therefore be more time-consuming to inhibit a prosac-
cade to an onset than a prosaccade to a color singleton.
One possible explanation for these results is that the
speed of inhibition depends to some extent on the task
demands. That is, the localization of the onset is rela-
tively straightforward compared to localization of the
color singleton (evidence for this idea is provided by
the shorter latency prosaccades in the onset condition
relative to the color singleton condition) and it is
possible that the cancellation of the prepotent response
to the search target is facilitated by a relatively fast
localization.

Another finding in the present study consistent with
the idea that oculomotor inhibition is partly responsible
for the antisaccade cost is the finding that the antisac-
cade cost for color singleton targets is greater when an
onset distractor is presented than when there is no onset
distractor. It is assumed that inhibitory mechanisms are
also involved in preventing a saccade to the onset dis-
tractor (e.g. Godijn and Theeuwes 2002). Therefore, the
presence of an onset distractor provides an additional
load on the inhibitory mechanisms resulting in a

reduction of the efficiency with which a prosaccade can
be inhibited thereby increasing the antisaccade cost.
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