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Abstract Antisaccades involve the suppression of a pre-
potent prosaccade and a vector inversion to generate the
novel ocular motor response of looking away from the
target. Antisaccades have also been found to prolong the
latencies of saccades in upcoming trials, an effect that we
attribute to a form of immediate plasticity in the ocular
motor system. Our goal was to determine whether the
inter-trial effects of antisaccades were similar to that of
no-go trials, where subjects must suppress making a
saccade when the target appears without substituting a
novel ocular motor response. We tested 12 subjects with
two different blocks of saccadic trials. In one, prosac-
cades randomly alternated with antisaccades. In the
other, prosaccades alternated with no-go trials. We
analyzed the error rates and latencies of prosaccades that
followed antisaccades versus no-go trials, compared to
repeated prosaccades, to determine if inter-trial effects
were present for both types of responses that required
prosaccade suppression. No-go responses increased the
error rates of prosaccades in the following trial less than
antisaccades did. However, no-go trials had the same

effect on the latencies of upcoming prosaccades as anti-
saccades. The inhibitory effect that prolongs the latencies
of prosaccades after antisaccades likely stems from the
need to inhibit a prosaccade, a function that is also re-
quired in no-go trials. The greater impairment of pro-
saccade accuracy after an antisaccade may reflect either
additional control mechanisms involved in vector inver-
sion or a different form of inhibitory control that oper-
ates during antisaccades and not during no-go responses.
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Introduction

The usual, highly practiced saccadic response to a sud-
denly appearing target is to shift the fovea to the loca-
tion of this new stimulus. ‘‘Prosaccades’’ are rapid and
highly accurate. However, they are not mandatory and
with instructions subjects can substitute novel saccadic
responses in their place (Hallett 1978; Hallett and
Adams 1980). The term ‘‘antisaccade’’ denotes one such
novel response, in which a subject makes a saccade of
similar amplitude but in the opposite direction to the
target. As a novel unpracticed response, antisaccades are
characterized by higher error rates and longer latencies
than prosaccades (Everling and Fischer 1998).

Current concepts suggest that antisaccade generation
may involve at least two processes (Munoz and Everling
2004). First, the subject must prevent the pre-potent
prosaccade response from being executed, which we will
refer to as ‘‘prosaccade suppression’’. Second, the stim-
ulus vector must be inverted to create the volitional
antisaccade. Different anatomic systems may serve these
dual processes of prosaccade suppression and vector
inversion, and distinguishing the different contributions
of these two processes may improve our understanding
of the mechanisms underlying the volitional control of
eye movements.
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The multiplicity of cognitive operations occurring
during the antisaccade task leads to uncertainty about
the origins of effects being generated during its per-
formance. One such effect that we have been examining
is ‘‘response system plasticity’’ (Barton et al. 2005,
2006). This stems from observations of inter-trial ef-
fects: that is, the effects of previous trials on current
responses during task-switching experiments. We and
others have shown that performing an antisaccade in
the prior trial increases the saccadic latency in the
current trial, regardless of whether the current trial is a
prosaccade or an antisaccade (Cherkasova et al. 2002;
Manoach et al. 2002, 2004; Fecteau et al. 2004; Barton
et al. 2006). This contrasts with other models of task-
switching, which generally predict that switching the
response set from that of the prior trial should increase
latency (Wylie and Allport 2000). The key result in our
antisaccade studies is that an antisaccade preceded by
an antisaccade takes longer to execute than an anti-
saccade preceded by a prosaccade. Thus, for latency,
repeating the antisaccade task-set is disadvantageous
compared to switching.

One interpretation of this finding is that antisaccades
may generate a persistent inhibition of the saccadic re-
sponse system, rather than of the opposing prosaccade
task-set. If so, this would cause subsequent saccadic
responses of either type to be delayed. Physiologic data
from monkeys show that during antisaccade trials there
is a generalized depression of preparatory pre-target
activity in the frontal eye field (Everling and Munoz
2000) and the superior colliculus (Everling et al. 1999).
As the directional characteristics of the prior trial can
influence the preparatory activity in the next trial
(Dorris et al. 2000), it is plausible that antisaccadic
depression of pre-target activity in one trial could also
persist into the next. Since depression of pre-target
activity is directly related to saccadic latency (Dorris and
Munoz 1998), a persistent antisaccadic depression could
generate prolonged latencies in trials after antisaccades.
Following Dorris et al. (2000), we suggest that this effect
reflects immediate ‘‘response-system plasticity’’.

What generates this persistent antisaccade inhibition
in the saccadic response system? The necessary sup-
pression of the pre-potent prosaccade seems a likely
source of inhibition, but this does not exclude the pos-
sibility that inhibition stems from an additional control
process involved in creating the vector-inverted anti-
saccade. Linking inter-trial inhibitory effects to changes
in preparatory activity in the frontal eye field does not
necessarily settle this question. There is evidence that not
only the lateral intraparietal area (Zhang and Barash
2000, 2004) but perhaps also the frontal eye field (Sato
and Schall 2003) are involved in vector inversion.
Regarding saccadic suppression, some propose that fix-
ation neurons in the superior colliculus and frontal eye
field play key roles in suppressing prosaccades, along
with the participation of the dorsolateral prefrontal
cortex and supplementary eye fields (Munoz and Ever-
ling 2004).

As a first step in examining the origins of persistent
antisaccadic inhibition further, it would be useful to
devise a paradigm that could dissociate the suppression
of prosaccades from the generation of the vector-in-
verted antisaccade. While it is difficult to envision a trial
in which the novel antisaccade response could be gen-
erated without requiring suppression of the prosaccade,
it is possible to create a trial that involves only sup-
pression of the prosaccade. That is, a subject could be
required simply not to make a saccade when a stimulus
appeared, sometimes termed a ‘‘no-go’’ trial. By con-
trasting the inter-trial effects of no-go trials with those of
antisaccade trials, it may be possible to determine whe-
ther a general effect of prosaccade suppression may lie
behind the inter-trial inhibitory effects we and others
have observed.

Methods

Participants

We studied 13 healthy subjects, one of whom was ex-
cluded because of an incomplete data set. The 12 sub-
jects in the final analysis were 8 men and 4 women, with
mean age of 31 years (range 19–56). All gave informed
consent according to a protocol approved by our hos-
pital’s institutional review board.

Apparatus

We recorded eye movements with a magnetic search coil
technique, using 3-foot field coils (Crist Instruments,
Bethesda MD, USA). A scleral coil was placed in the
subject’s left eye, though the subject was permitted to
view the stimulus binocularly. Images generated by a
Power Macintosh 9600/233 using the Vision Shell pro-
gramming platform were back-projected by an Eiki LC-
7000U projector onto a screen 81 cm from the subject.
Participants’ heads were secured in a chin-rest. Eye
position was digitized at 500 samples/s and velocity was
derived from eye position by a five-point central dif-
ference algorithm (Bahill and McDonald 1983). The
system was calibrated for each subject by having the
subject successively fixate on nine targets in a grid
spanning 50�.

Eye movement protocol

Each session consisted of eight blocks, each containing
48 trials. Four of these blocks consisted of a random
mixture of prosaccade and no-go trials, and four of a
mixture of prosaccade and antisaccade trials. Half the
subjects began with two no-go block and half began with
two antisaccade blocks, and these were then alternated
in blocks of two during the session.



The initial display had a dark background with a
white fixation ring at center, of 0.4� diameter and
luminance of 20 cd/M2. The fixation ring was flanked by
two dots of 0.2� diameter and the same luminance at 20�
eccentricity right and left, which remained visible
throughout the test. Each trial began when a subject’s
eye fell within 3� of the fixation point. After a brief
period the fixation point was replaced by one of two
symbols—a yellow ‘O’ with a surrounding ring of 0.8�
diameter, or a blue ‘X’ spanning 0.8�. The yellow O was
the cue for prosaccades, while the blue X was the cue for
a response that required prosaccade suppression, either
an antisaccade in the prosaccade/antisaccade blocks, or
a no-go response in the prosaccade/no-go blocks. The
cues lasted 200 ms and were replaced by the return of
the white fixation ring at screen center for another
1,800 ms, at which point it shifted to become the target
around one of the peripheral dots. The side of the target
was randomly ordered. The white ring remained in the
peripheral target location until either the subject’s eye
had fallen within 3� of the desired end position or 3 s
had elapsed, then it reappeared at the central fixation
point for the next trial.

Before each session all subjects did a practice session
of 20 trials.

Data analysis

We identified saccades as eye movements with velocities
exceeding 47�/s. The onset of a saccade was taken as a
point at which the velocity of the eye first exceeded 31�/s.
The first saccade after target onset was considered the
saccadic response. The first saccade of each block was
eliminated from analysis. We excluded trials whose
saccadic responses had latencies less than 130 ms (about
1.9% of saccadic trials), as these would be anticipatory
responses in advance of rather than in response to the
appearance of the target (Kalesnykas and Hallett 1987).
We also excluded trials with latencies greater than
800 ms (about 0.1% of saccadic trials) as being too
prolonged to accurately reflect the processes we wished
to isolate.

Each trial was classified by its conditions: block type
(go/no-go vs. prosaccade/antisaccade), saccade type
(prosaccade vs. ‘‘suppressive’’ response, which in the go/
no-go blocks were the no-go responses and in the pro-
saccade/antisaccade blocks were the antisaccade re-
sponses), and prior-trial type (prosaccade vs.
‘‘suppressive’’ response). The analysis was limited to
trials that had been preceded by correct responses. While
this eliminates a number of trials, the remaining data are
more likely to reflect the true influences of prior re-
sponses.

For accuracy we analyzed mean accuracy rates for
each subject. For prosaccades and antisaccades, accu-
racy was judged simply by whether the saccade was in
the correct direction; for no-go trials, a correct response
was no saccade. We performed two ANOVA analyses,

one on prosaccadic responses, which are most relevant
to the question posed, and one on inhibitory responses
(antisaccades or no-go trials). Both analyses had two
main factors of block type and prior-trial type, with
subjects as a random effect. We focused on specific a
priori linear contrasts to compare prosaccades preceded
by prosaccades with prosaccades preceded by responses
requiring prosaccade suppression (either antisaccade or
no-go response).

For latency, the analysis was further restricted to
trials that had correct responses. We analyzed prosac-
cade trials only, since there are no latencies for correct
no-go responses by definition. The analysis focused on
our specific hypotheses. First, we anticipated reproduc-
ing our prior finding that prosaccades preceded by an-
tisaccades would have longer latencies than prosaccades
preceded by prosaccades. If so, would we then also find
that prosaccades would have longer latencies if they
were preceded by a no-go response? If there was one,
would this be equivalent to the effect generated by a
preceding antisaccade trial? We used ANOVA to
examine the prosaccade data with the two main factors
of block type and prior-trial type, with subjects as a
random effect. We focused on specific a priori linear
contrasts to compare trials with prior prosaccades and
trials with prior suppressive responses.

Results

For accuracy (Fig. 1), ANOVA of prosaccadic trials
showed a significant effect of prior-trial type
(F(1,11)=11.5, P<0.0018), with switched trials 4.5% less
accurate that repeated trials. There was a trend to a
significant effect of block type (F(1,11)=3.98, P=0.054)
with prosaccades from antisaccade blocks 2.7% less
accurate that prosaccades from go/no-go blocks. Simi-
larly there was a trend to an interaction between prior-
trial type and block type (F(1,11)=3.26, P=0.079). While
repeated prosaccades had similar accuracy rates in both
the go/no-go and antisaccade blocks, switched prosac-
cades were less accurate in the antisaccade blocks than in
the go/no-go blocks (t=2.69, P<0.012).

The ANOVA of the accuracy of inhibitory trials (i.e.,
no-go and antisaccade trials) also showed a significant
effect of prior-trial type (F(1,11)=14.4, P<0.0006) with
switched trials 7% less accurate than repeated trials.
However, there was also a significant effect of block type
(F(1,11)=14.7, P<0.0005), with antisaccades 8% less
accurate than no-go trials. There was no significant
interaction, as both antisaccades and no-go trials
showed a similar effect of switching on their error rates.

For latency (Fig. 2), ANOVA showed a significant
effect of prior-trial type (F(1,11)=11.57, P<0.0007), with
switched responses 13 ms faster than repeated ones.
However, there was no significant effect of block type, or
significant interaction between block type and prior trial
type. Our planned linear contrasts showed that switched
trials differed significantly from repeated trials in both



go/no-go blocks (t=2.54, P<0.012) and antisaccade
blocks (t=2.27, P<0.024), and that switched trials and
repeated trials gave nearly identical mean latencies in go/
no-go and antisaccade blocks.

Discussion

Our findings show that, while a no-go response impairs
the accuracy of a following prosaccade less than an
antisaccade, its influence on the latency of that following
prosaccade is virtually identical to that of a preceding
antisaccade.

There are no neurophysiologic experiments that
provide direct contrasts between antisaccades and no-go
trials. Antisaccades are associated with a directionally
non-specific depression of preparatory pre-target neu-
ronal activity in the frontal eye field and superior colli-
culus (Everling et al. 1999; Everling and Munoz 2000).
This moves neural activity further away from the
threshold to trigger a saccade. Failure to achieve suffi-
cient pre-target inhibition leads to increased error rates
(Dorris and Munoz 1998; Everling et al. 1998). Suc-
cessful pre-target inhibition allows time for vector
inversion to proceed and generate sufficient neural
activity to eventually trigger an antisaccade, but at a cost
of some increase in latency.

At this time it is unclear whether the no-go response
is associated with similar pre-target inhibition in the
same neural structures and to the same degree as anti-
saccades. Similar no-go paradigms to ours have been
used to demonstrate that visual responses in the frontal
eye field are not dependent on saccadic programming
(Thompson et al. 1997), and there is one abstract

reporting that no-go trials do not affect preparatory
activity in the superior colliculus (Sommer et al. 1997).
Otherwise, though, specific contrasts between no-go
trials and antisaccades have not yet been done.

How can we explain the puzzling combination of a
similar effect on prosaccade latency but a reduced effect
on accuracy from no-go responses compared to anti-
saccades? One possibility may lie in the contrast between
the two components necessary for antisaccade produc-
tion, namely suppression of the reflexive prosaccade and
vector inversion to generate the novel antisaccade. Gi-
ven that both no-go responses and antisaccades entail a
suppression of prosaccades, it may be that this function
is responsible for the increased latencies following anti-
saccades that we previously reported. On the other hand,
generating a vector-inverted response may introduce a
degree of instability into the saccadic system that inter-
feres with prosaccadic commands, so that more pro-
saccade errors occur after an antisaccade than after a
no-go response, which does not involve any vector-
inverting processes.

However, another possibility may lie in the nature of
the inhibition involved in no-go and antisaccade re-
sponses. While it is true that both responses require
suppression of the prosaccade, it may not be that such
suppression is quantitatively or qualitatively equivalent
in no-go and antisaccade trials. Indeed, this is suggested
by the fact that significantly more errors were made
during antisaccade trials than during no-go trials.

Can a quantitative difference in inhibition explain our
findings? Suppression of prosaccades might be more
powerful and more complete during no-go trials than
antisaccade trials. Since there is no requirement that any
saccade be generated in a no-go trial (unlike the case

Fig. 1 Accuracy data. Mean and one standard error are shown for
error frequency. a Go/no-go blocks. Prosaccade (go) errors are
shown on left, no-go errors on the right. Light bars indicate data for
repeated trials and dark bars the data for switched trials.
b Prosaccade/antisaccade blocks. Prosaccade errors are shown on

left, antisaccade errors on the right. Note, first, the lower error rate
of no-go trials compared to antisaccade trials, and second, the
increased error rate of prosaccades after an antisaccade trial but
not after a no-go trial. Asterisks indicate antisaccade results that
differed significantly from prosaccades



with antisaccade trials), it may be permissible for the
system to suppress saccadic activity completely. This
might be reflected in greater depression of pre-target
activity during the next trial in structures like the frontal
eye field and superior colliculus. This difference in pre-
target activity would predict that, compared to preced-
ing antisaccades, preceding no-go trials should cause
future prosaccades to have (a) smaller error rates, which
we did find, and (b) longer latencies, which we did not
find. Therefore, our results do not seem compatible with
this explanation.

What about a qualitative difference? It is possible that
different inhibitory processes are required for no-go re-
sponses than for antisaccades. To prevent a prosaccade
and yet allow the alternative antisaccade is probably a
more complex cognitive task than the generalized sup-
pression of all saccades during a no-go trial. Thus, the
more precise cognitive control required by an antisac-
cade may be more difficult to achieve, and thus would be
associated with higher error rates during antisaccades
than no-go trials, as we found.

This distinction between the type of suppression in-
volved with antisaccades and in no-go ocular responses
has parallels in the literature on manual responses. De
Jong and colleagues have proposed the existence of
multiple inhibitory mechanisms, including a ‘‘selective,
central and a global peripheral inhibition mechanism’’,
based on behavioral and ERP studies (De Jong et al.
1990, 1995). They suggested that the selective central
mechanism is involved in ‘‘stop-change’’ trials, when one
response must be halted while another substituted for it
(as with the antisaccade task). The global peripheral
inhibition mechanism, which may be the inhibition of
the transmission of motor commands from central to
peripheral structures, is involved in ‘‘stop-all’’ trials,
when one must simply prevent any response (as with the
no-go task). Their measures showed that lateralized

readiness potentials over motor cortex were still present
when the peripheral mechanism was operating during
stop-all trials, whereas these potentials were attenuated
during stop-change trials. If an analogy holds for ocular
motor responses, then antisaccades should be associated
with stronger inhibition in central motor structures like
the frontal eye field, whereas no-go responses may use a
fast peripheral mechanism that operates downstream of
these central structures. To explain our results, one
could speculate that either central or peripheral inhibi-
tion may prolong the latency of upcoming responses, but
the generation of specific commands to create an accu-
rate response is affected primarily by the inhibition of
central structures like the frontal eye field.

Our study differs significantly in methodology from a
few prior studies of countermanding in manual task
switching (Schuch and Koch 2003; Kleinsorge and Ga-
jewski 2004). In those studies subjects had two tasks of
equivalent difficulty that were repeated or switched back
and forth. On a certain percentage of trials a stop signal
was presented at the same time as the stimulus, shortly
after the cue indicating the response required. The object
was to see whether preparation or response selection
processes were responsible for switch costs. The com-
parisons were between no-go trials that cancelled the
same task-set as the current trial, and no-go trials that
cancelled the opposite task-set. The results showed that
the type of task-set cancelled had no effect on the next
trial’s latency.

This contrasts with our study, which compared the
inter-trial effects of prosaccade suppression versus anti-
saccade generation. To this end, we used the no-go task
as one of the two tasks to be switched, rather than as a
stop signal to cancel one of two tasks being switched.
Although there are no studies similar to our design, a
secondary finding in one of those two prior reports was
that latencies after no-go trials were elevated compared
to latencies after go trials (Schuch and Koch 2003),
similar to our data. The authors speculated that this
might indicate priming of go and no-go decisions by the
prior trial type.

Our results show that the priming of prosaccadic la-
tency is similar for both no-go and antisaccade re-
sponses, but the effects on prosaccadic accuracy are
more deleterious for prior antisaccades than prior no-go
responses. This suggests that, despite the close relation
between speed and accuracy in the trade-offs correlated
with pre-target preparatory activity in structures like the
superior colliculus and frontal eye field, there may be
distinctly different effects on these two parameters from
the different cognitive processes involved in antisaccade
and no-go generation. Whether these are due to differ-
ences between prosaccade inhibition and vector inver-
sion, or between central and peripheral inhibitory
mechanisms, remains to be determined.
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Fig. 2 Latency data for prosaccades. Means and one standard
error are shown. On the left are the data for prosaccades preceded
by prosaccades (i.e., repeated prosaccades), on the right are data
for prosaccades preceded by a suppressive response (i.e., prosac-
cades switched from either a prior antisaccade or prior no-go
response). The results from go/no-go blocks and prosaccade/
antisaccade blocks are virtually identical
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