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Abstract Whether antisaccade errors in schizophrenia are
due to defects in implementing saccadic inhibition or diY-
culty in generating novel responses is uncertain. We inves-
tigated whether antisaccade errors were related to diYculty
in inhibiting saccades when subjects were asked to main-
tain steady Wxation, a situation that does not require a novel
response. We examined the ocular motor data of 15 schizo-
phrenia subjects and 16 healthy subjects. We assessed Wxa-
tion in two situations: Wrst, during the period before target
onset during each saccadic trial, and second, during Wxation
trials that were interspersed with saccadic trials. We found
that schizophrenia subjects had higher rates of Wxation
losses than control subjects in both situations. Second, both
in healthy and schizophrenia subjects, antisaccade error rate

was positively correlated with the frequency of Wxation
losses in the preparatory period of saccadic trials, but not
with the frequency of Wxation losses during Wxation trials.
Third, antisaccade errors were more likely to occur in trials
with unstable Wxation than in trials with stable Wxation.
Last, antisaccade error rate was also correlated with prosac-
cade error rate. We conclude that antisaccade errors are
related to diYculties with implementing inhibitory control
in the saccadic system. However, the Wnding of a correla-
tion between the error rates for antisaccades and prosac-
cades suggests that this is not speciWcally concerned with
inhibiting the automatic prosaccade, but a more general
deWcit in implementing goal-oriented behavior.

Keywords Antisaccade · Fixation · Prosaccade · 
Schizophrenia · Inhibition

Introduction

One of the most consistent cognitive deWcits in schizophre-
nia is the increased errors on the antisaccade task (for
review, see Hutton and Kennard 1998; Broerse et al. 2001;
Reuter and Kathmann 2004; Hutton and Ettinger 2006).
The antisaccade requires subjects to suppress the habitual
tendency to look directly at a suddenly appearing visual tar-
get (a prosaccade), and instead make an eye movement
towards a diVerent location, traditionally one equidistant
from Wxation but 180° opposite to the visual stimulus (Hal-
lett and Adams 1980). As such, the antisaccade is a para-
digmatic example of the exercise of volitional control over
our actions: to perform it correctly, one must execute a
novel response instead of a more automatic one. A large
body of literature has consistently shown that schizophrenia
subjects have a high error rate on this task, ranging from 30
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to 70% compared to 10% for healthy controls (Hutton and
Ettinger 2006), and longitudinal studies have shown good
test–retest consistency of antisaccade error rates over sev-
eral years of follow-up, with r values of 0.73–0.87 (Calkins
et al. 2003; Gooding et al. 2004). This stability suggests
that deWcient antisaccade performance is a robust marker of
a schizophrenic trait, rather than of a disease state.
Although there remains debate about whether there is an
increased rate of antisaccade errors in relatives of subjects
with schizophrenia (Calkins et al. 2004; Levy et al. 2004),
antisaccade deWcits have been proposed as a possible “end-
ophenotype” (Gottesman and Gould 2003) of schizophrenia
that may clarify patterns of inheritance in genetic studies
(Radant et al. 2006). However, for the antisaccade deWcit to
be optimally useful in genetic studies we need to identify
exactly which processes fail.

Antisaccade abnormalities are not attributed to defects in
the machinery for saccadic generation, since most studies
report that in schizophrenia the latencies of simple prosac-
cades performed in single-task blocks are normal (Fuku-
shima et al. 1990a; Radant et al. 1997; MaruV et al. 1998;
Nieman et al. 2000; Hutton et al. 2002) or even slightly
faster (Levy et al. 1998). (Error rate for prosaccades is usu-
ally negligible and often not reported, though one recent
study claims that schizophrenia subjects make more prosac-
cade errors (Boudet et al. 2005).) Rather, it is suggested
that the increased antisaccade error rate in schizophrenia
subjects is due to a deWcit in prosaccade suppression, and
therefore with inhibition (Levy et al. 1998). Neurophysio-
logic studies of the frontal eye Weld and superior colliculus
show that error rate is inversely correlated with the level of
preparatory neural activity in the period immediately prior
to stimulus appearance (Everling et al. 1999; Everling and
Munoz 2000). An instruction to make an antisaccade
reduces the baseline neural Wring rate during this period,
presumably making it more diYcult for activity related to
an unwanted prosaccade to reach the threshold for trigger-
ing an eye movement. The greater the reduction, the lower
the likelihood of an error. However, the price for this
improved accuracy is that the activity generating the correct
antisaccade response takes longer to reach the threshold,
resulting in longer saccadic latencies. This Wnding thus pro-
vides a physiologic basis for speed–accuracy trade-oVs in
the ocular motor system. 

Therefore, if an increase in antisaccade errors occurs
through a failure to reduce preparatory activity in these
structures, then one should also Wnd shorter latencies for
correct antisaccades. This has not been reported in schizo-
phrenia subjects. Rather, many studies Wnd longer antisac-
cade latencies (Fukushima et al. 1990b, 1994; Müller et al.
1999; Manoach et al. 2002). This combination of increased
antisaccade errors and increased latencies of correct anti-
saccades in schizophrenia suggests that the deWcit does not

lie in a speciWc failure to inhibit preparatory activity in the
frontal eye Weld or superior colliculus during antisaccade
trials, and that other explanations must be sought.

One possibility is that there is a failure not in some spe-
ciWc inhibitory mechanism such as that aVecting ocular
motor preparatory activity, but a more general diYculty in
deploying inhibitory control, perhaps originating from dys-
function at some other neural site such as prefrontal cortex
(McDowell et al. 2002). Studies have shown that inhibition
is not a unitary phenomenon but has several components at
diVerent behavioral levels (De Jong et al. 1990, 1995). In
the generation of an antisaccade, volitional control pro-
cesses may be required to trigger the speciWc inhibitory
processes that operate during a successful antisaccade.
DiYculties might occur because of impairments in those
control processes rather than in speciWc ocular motor inhib-
itory mechanisms: in this sense, antisaccade errors may
reXect a failure to implement inhibition, rather than a deWcit
in inhibitory mechanisms. (An analogy may be that failure
of a car to stop may not reXect a failure of the brakes, but a
failure of the driver to engage the brake pedal.) If so, and
the increased antisaccade error rates originate in impaired
inhibitory control outside of the frontal eye Weld and supe-
rior colliculus, then the longer latencies of correct antisac-
cades could be explained as an adaptive attempt of intact
inhibitory mechanisms to reduce ocular motor preparatory
activity, to counteract a higher-level failure of implementa-
tion of inhibition.

In addition to implementing inhibition, antisaccades
require the generation of the novel response of looking in
the opposite direction (Munoz and Everling 2004). There-
fore another possibility is that the primary failure lies in the
generation of the novel antisaccade response. If the neural
computations involved in generating an antisaccade take
longer in schizophrenia subjects, then the greater time
elapsed between target onset and antisaccade initiation
could increase the probability that an automatic prosaccade
would escape before that antisaccade could be initiated.

To distinguish between a generalized problem with
implementing inhibition versus a speciWc problem with
novel response generation, it would be useful to examine
these processes separately. In the present study, we exam-
ined whether the implementation of inhibition independent
of the requirement to generate a novel response is impaired
in schizophrenia, by studying the act of simply maintaining
Wxation. The command to keep one’s gaze steadily on an
immobile target requires the suppression of extraneous pro-
saccades to other stimuli in the environment. This may be
more demanding in the context of a saccade experiment,
when one is often required to maintain steady Wxation on a
starting point yet be prepared to make a saccade once the
target appears. However, maintaining Wxation does not
involve any of the vector-inversion computations (i.e.,
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inverting stimulus location into saccadic direction)
involved in antisaccade generation. Therefore failures to
maintain Wxation are attributable to a defect aVecting the
implementation of inhibitory control, rather than a defect in
the generation of novel responses.

In this report healthy controls and schizophrenia subjects
performed a pseudorandom series of Wxation, prosaccade
and antisaccade trials. (This diVers from the majority of anti-
saccade studies in schizophrenia, which have subjects per-
form prosaccades and antisaccades in separate blocks.) As
with the majority of eye movement experiments, saccade tri-
als also required that participants maintained a steady Wxa-
tion on a central point and made a saccade only when the
stimulus appeared. We hypothesized that an inconsistent
implementation of inhibitory control of saccades would gen-
erate not only increased antisaccade error rates but also a
higher rate of Wxation losses in schizophrenia, both during
the Wxation trials and in the pre-target phase of saccade tri-
als. Furthermore, if problems with inhibitory control con-
tribute signiWcantly to antisaccade errors, then antisaccade
errors and Wxation losses should be correlated across sub-
jects. On the other hand, if increased antisaccade error rates
are due solely to problems with generating the novel antisac-
cade, then there would be no grounds to expect a correlation
between antisaccade errors and Wxation losses. Third, we
hypothesized that a common factor of impaired inhibitory
control in antisaccade errors and Wxation losses would lead
to more antisaccade errors occurring on trials with unstable
Wxation than on trials with stable Wxation.

Last, as a Wnal investigation into the nature of the prob-
lems with inhibitory control in subjects with high rates of
antisaccade errors, we asked whether prosaccade errors and
antisaccade errors are also correlated across subjects. A
common view of antisaccade errors is that they are due to
the diYculty in inhibiting the relatively automatic response
that is a prosaccade (Levy et al. 1998). However, when
making an error on a prosaccade trial, the subject actually

fails to execute the more automatic response, and instead
makes an antisaccade. Hence the common view that anti-
saccade errors reXect a primary failure to inhibit prosac-
cades would not predict that errors on antisaccade trial and
errors on prosaccade trials should be correlated.

Methods

Participants

Table 1 provides demographic information. The schizo-
phrenia sample consisted of 15 chronic outpatients
recruited from an urban community mental health center,
who had been maintained on stable doses of a variety of
atypical antipsychotic medications for at least 6 weeks.
Diagnoses of schizophrenia were conWrmed with Struc-
tured Clinical Interviews for DSM-IV (First et al. 1997).
Clinical status was characterized with the Brief Psychiatric
Rating Scale (Overall and Gorham 1962) and with the Pos-
itive and Negative Syndrome Scale (Kay et al. 1987).

Sixteen healthy control participants, without a personal
history of psychiatric illness or a family history of schizo-
phrenia spectrum disorders, were recruited from the com-
munity with poster advertisements. All subjects were
screened to exclude substance abuse in the preceding
6 months or neurological conditions that might impair cere-
bral function. The control group was matched to the subject
group for gender, parental education and socioeconomic
status (Hollingshead 1965), and handedness as determined
by the modiWed Edinburgh Handedness Inventory (scores
of 70 and above denote strong right-hand preference)
(White and Ashton 1976). Controls had more years of edu-
cation and higher estimated premorbid verbal IQs as mea-
sured by a test of single word reading (Blair and Spreen
1989). We did not match the groups for education or IQ
since schizophrenia interferes with educational attainment

Table 1 Means, standard devi-
ations, and group comparisons 
of demographic data and rating 
scale scores

Subject characteristics Healthy 
subjects (n = 16)

Schizophrenia 
subjects (n = 15)

t P

Age 33 § 10 39 § 12 1.6 0.12

Sex 10M/6F 10M/5F ! = 0.06 0.81

Handedness (Edinburgh) 79 § 42 86 § 21 0.6 0.55

Education (years) 16 § 2 14 § 2 2.7 0.01*

Estimated verbal IQ 114 § 8 106 § 12 2.1 0.04*

Parental SESa 46 § 12 43 § 11 0.8 0.43

Parental education (years) 15 § 3 15 § 6 0.17 0.87

Length of illness (years) 16.7 § 10.2

BPRS 13.8 § 7.2b

PANSS positive 12.7 § 4.8c

PANSS negative 15.3 § 4.6c

* SigniWcant at P · 0.05
a A lower score denotes higher 
status
b Minimal severity
c Mild severity
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and is associated with reduced IQ, which predates the onset
of illness, and then further declines (Seidman et al. 2006).
Thus, fewer years of education and lower IQ may reXect
cognitive deWcits that are core to schizophrenic pathology,
and not potential artifacts that should be controlled (Meehl
1970). All participants gave written informed consent. The
study was approved by institutional review boards at Mas-
sachusetts General Hospital and the Massachusetts Depart-
ment of Mental Health.

Procedure

We used electrooculography to record eye movements dur-
ing a magnetoencephalographic recording session. Signals
were recorded continuously at 600 samples/s and minimally
Wltered (bandwidth of 0.1–200 Hz); the system has a sensi-
tivity of at least 1°. The subject’s head was placed inside a
helmet-shaped lower end of a Dewar containing the sensors,
as they sat in an armchair facing a screen. The saccadic task
stimuli were generated using the Vision Shell programming
platform (http://www.visionshell.com) and presented with a
digital light processing (DLP) InFocus 350 projector,
through an opening in the wall, onto a back-projection
screen placed 102 cm in front of the participant inside the
magnetically shielded room. The system was calibrated by
having the subject make prosaccades to 10-degree targets

before starting the experimental blocks. The experimental
paradigm consisted of a pseudorandom sequence of prosac-
cade, antisaccade, and Wxation trials. The saccadic trials
were balanced for right and leftward movements and lasted
4,000 ms (Fig. 1). Trials began with a 300-ms instructional
cue at screen center. For half of the participants, an orange
ring and blue cross were the cues for prosaccade and anti-
saccade trials, respectively. The cues were reversed for the
remaining participants. The cue was Xanked horizontally by
two small green squares of 0.2° that marked the potential
locations of stimuli, 10° left and right of center. These dots
remained on the screen for the duration of each run. The cue
was then replaced by a white Wxation ring at the center with
a diameter of 0.4° and a luminance of 20 cd/m2. After
1,700 ms, the ring shifted to one of the two stimulus loca-
tions chosen at random. This ring was the stimulus to which
the participant responded. The ring remained in the periphe-
ral location for 1,000 ms and then returned to the center,
where participants were required to return their gaze for
1,000 ms before the start of the next trial. Randomly inter-
leaved with the saccadic trials were 2, 4, or 6 s Wxation tri-
als, during which participants were instructed to maintain
steady gaze at the center of the same screen display that was
at the end of each saccadic trail. Each participant performed
eight runs of the task with short rest breaks between runs.
Each run was of 5 min 22 s duration and consisted of a ran-

Fig. 1 Saccadic paradigm. Top 
two rows show eye and target 
horizontal position against time, 
while the bottom row shows 
examples of the displays. Trials 
began with an instructional cue 
at screen center: for half of the 
participants, an orange ring cued 
a prosaccade trial and a blue X 
cued an antisaccade trial. These 
cues were reversed for the other 
half. The cue was Xanked by two 
small squares that marked poten-
tial stimulus locations 10° left 
and right of center, which re-
mained on the screen for the 
duration of each run. At 300 ms 
the instructional cue was re-
placed by a Wxation ring at 
screen center. After 1,700 ms the 
ring shifted to one of the two 
stimulus locations with equal 
probability. The ring remained 
in the peripheral location for 
1,000 ms and then returned to 
the center, where participants 
were instructed to return their 
gaze

http://www.visionshell.com
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dom sequence of 26–46 prosaccades, 24–46 antisaccades,
and 10–17 Wxation trials. The total experiment lasted
approximately 1 h and generated a total of 278 prosaccade,
285 antisaccade, and 107 Wxation trials.

To mitigate any potential motivational deWcits in our
schizophrenia subjects, all participants were oVered a mon-
etary reward of $0.05 for each correct response. The sub-
jects were told to respond as quickly and as accurately as
possible, to Wxate their gaze on the central Wxation point
when not Wxating on the peripheral target, and not to blink
until after they have made the eye-movement.

Analysis

EOG data were scored in MATLAB (Mathworks, Natick
MA) using a partially automated program that determined
the directional accuracy of each saccade with respect to the
required response and the latency from target onset. Sac-
cades were identiWed as horizontal eye movements with
velocities exceeding 47 deg/s. The onset of a saccade was
deWned as the point at which the velocity of the eye Wrst
exceeded 31 deg/s. Only those epochs with saccades in the
desired direction with latencies between 130 and 800 ms
were included for further analysis. The cutoV of 130 ms
excluded anticipatory saccades, which are not true
responses to the appearance of the visual target (Fischer
and Breitmeyer 1987; Doricchi et al. 1997; Straube et al.
1999). Trials with eye-blinks (deWned as vertical peak-to-
peak EOG amplitude exceeding 200 "V) prior to saccadic
response were rejected from further analysis. On average
209 § 43 prosaccade and 201 § 59 antisaccade trials were
eligible for analysis for each participant.

We then tabulated the Wxation losses during saccade tri-
als by identifying the number of saccades occurring during
the period between cue and target onset, when subjects
were required to maintain steady Wxation on the central
stimulus. We also calculated Wxation losses during Wxation
trials. Antisaccade errors were identiWed as trials in which
the Wrst saccade was towards the target rather than in the
direction opposite to the target.

For each subject we calculated the frequency of saccade
trials with Wxation losses, the frequency of Wxation trials
with Wxation losses, and the frequency of antisaccade errors
and prosaccade errors, deWned as trials in which the Wrst
saccade after stimulus onset had a horizontal vector compo-
nent in the direction opposite to that desired (no responses
are also deWned as errors). We Wrst compared the frequency
of trials with Wxation losses among schizophrenia subjects
with that in healthy controls, using ANOVA with group
(control vs. schizophrenia) and trial type (Wxation, antisac-
cade, prosaccade) as main factors, and subjects nested
within group as a random eVect. Next we performed a cor-
relation analysis of antisaccade error rates with either the

frequency of Wxation losses in all saccadic trials or the fre-
quency of Wxation losses in Wxation trials, testing the null
hypothesis that antisaccade error frequency was not signiW-
cantly related to the frequency of Wxation losses. This was
done for each of the two subject groups. To determine if the
relationship between Wxation loss frequency and antisac-
cade errors diVered between the two groups, we performed
a multiple linear regression with antisaccade error rate as
the dependent variable and subject group and Wxation loss
frequency as the main factors. Third, we tested whether the
frequency of antisaccade errors was higher in trials with
Wxation losses than in trials without Wxation losses. Because
the number of trials with Wxation losses was small in many
subjects, and the number of such trials with antisaccade
errors even smaller, we did this as a group analysis using
chi-square tests.

Last, we performed a correlation analysis of antisaccade
error rates with prosaccade error rates, testing the null
hypothesis that these were not signiWcantly related to each
other. Again, we performed a multiple linear regression
with antisaccade error rate as the dependent variable and
subject group and prosaccade error rate as the main factors.

Results

First, the number of Wxation trials on which unwanted sac-
cades occurred was greater in schizophrenia subjects than
healthy controls (Table 2). The ANOVA showed a signiW-
cant main eVect of group (F(1, 30) = 4.78, P < 0.037); how-
ever, there was no signiWcant main eVect of trial type or
interaction between group and trial type. (Since the linear
contrast between prosaccade trials and antisaccade trials
did not show any diVerence in Wxation losses (t = 0.4, n.s.),
we will combine these data in the rest of the report.) On
prosaccade and antisaccade trials, schizophrenia subjects
lost Wxation on 4.35% (SD 3.65) of trials, compared to

Table 2 Percentage of trials with Wxation losses or saccadic errors

a Comparisons between groups made using logit transformed error
rates

Controls Schizophrenia

Mean SD Mean SD P value

Fixation losses

Prosaccade trials 1.21 1.17 4.47 4.29 0.007

Antisaccade trials 1.01 1.54 4.24 3.17 0.001

All saccade trials 1.11 1.27 4.35 3.65 0.002

Fixation trials 1.58 2.95 4.95 4.4 0.017

Saccadic errors 

Prosaccade trialsa 4 3 6 7 0.48

Antisaccade trialsa 11 9 17 9 0.03
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1.11% (SD 1.27) of trials for controls. On Wxation trials,
schizophrenia subjects lost Wxation on 4.95% (SD 4.40) of
trials compared to 1.58% (SD 2.95) of trials for controls.
To determine if Wxation losses were due to fatigue and
increasing inattention over the experimental period, we
contrasted the frequency of Wxation losses in the Wrst half of
the test session with that in the second half using t tests: no
signiWcant diVerences were found for either group for either
Wxation trials or saccade trials.

Second, there was a signiWcant correlation between the
frequency of Wxation losses during saccade trials and anti-
saccade error rate (Fig. 2a) for both healthy controls
(r = 0.38, F(1, 15) = 4.95, P = 0.03), and schizophrenia
subjects (r = 0.45, F(1, 14) = 7.53, P = 0.01). In contrast to
these Wndings, there was no correlation between the fre-
quency of Wxation losses on Wxation trials and antisaccade
error rate (Fig. 2b) either in healthy controls (r = ¡0.02,
P = 0.94) or schizophrenia subjects (r = ¡0.02, P = 0.95).

Figure 2a suggests that one diVerence between controls
and schizophrenia subjects is simply that the latter group
has more subjects with high antisaccade error rates and
high frequencies of Wxation loss. However, one might also
question whether the two groups diVer in the slope of the

relationship between antisaccade errors and Wxation losses
during saccade trials. To examine this, we performed a
multiple linear regression analysis. This conWrmed a sig-
niWcant eVect of Wxation loss frequency (F(1,31) = 4.81,
P = 0.037), but no signiWcant interaction between group
and Wxation loss frequency (F(1, 31) = 1.61, P = 0.22),
indicating no diVerence in the eVect of Wxation loss fre-
quency between the groups. In part this may be due to a sin-
gle control outlier with high Wxation loss but low
antisaccade error rate: if the analysis is repeated omitting
his data, there is a signiWcant interaction between subject
group and Wxation loss frequency (F(1, 30) = 30.3,
P < 0.001). Nevertheless, given the limited range of values
for Wxation loss frequency in the healthy controls, there is
insuYcient evidence to conclude that the relationship is
either the same or diVerent between the groups.

Third, we examined whether a Wxation loss was a sign of
instability in the saccadic system that would increase the
likelihood of an antisaccade error in the same trial. We con-
trasted the antisaccade error rate on those trials on which
Wxation losses had occurred prior to the target’s appearance
with the error rate on those antisaccade trials with steady
Wxation (Fig. 3). Including all subjects, trials with losses of

Fig. 2 Correlation analyses. a 
Each subject’s antisaccade error 
frequency is plotted as a function 
of their frequency of Wxation 
losses in the interval leading up 
to target onset, showing a sig-
niWcant correlation. b Antisac-
cade error frequency is plotted as 
a function of Wxation losses on 
Wxation trials, which do not re-
quire preparation for a saccade. 
No correlation is found. c Anti-
saccade error frequency is plot-
ted as a function of prosaccade 
error frequency, showing a sig-
niWcant correlation

0

5

10

15

20

25

30

35

40

45

0 2 4 6 8 10 12

)
%(

etar
rorre

edaccasitna

trials with fixation losses (%)

0

5

10

15

20

25

30

35

40

45

0 2 4 6 8 10 12 14 16

)
%(

etar
rorr e

eda ccas itna

trials with fixation losses (%)

control

schizophrenia

Saccade trials Fixation trials

0

5

10

15

20

25

30

35

40

45

0 2 4 6 8 10 12

)
%(

etar
rorre

edaccasitna

prosaccade error rate (%)

(a) (b)

(c)



Exp Brain Res (2008) 186:273–282 279

123

Wxations had a higher antisaccade error rate (38/185, or
20.5%) than trials with steady Wxation (1,133/8,202, or
13.8%) (chi-square(df1) = 6.82, P = 0.009). This was also
true for schizophrenia subjects alone (35/155, or 22.6%, vs.
636/3,845, or 16.5%) (chi-square (1) = 3.89, P = 0.049).
(Control subjects alone did not have enough Wxation loss
trials with antisaccade errors for chi-square analysis.)

Last, we found (Fig. 2c) a signiWcant positive correlation
between prosaccade and antisaccade errors in both controls
(r = 0.63, F(1, 15) = 18.91, P = 0.0002) and schizophrenia
subjects (r = 0.46, F(1, 14) = 7.76, P = 0.009). Multiple lin-
ear regression analysis conWrmed a signiWcant main eVect
of prosaccade error rate (F(1, 31) = 13.03, P = 0.001), but
no signiWcant interaction between subject group and pro-
saccade error rate (F(1, 31) = 2.50, P = 0.13), indicating no
diVerence in the eVect of Wxation loss frequency between
the groups.

Discussion

This study produced four main Wndings. First, schizophre-
nia subjects are more prone to making unwanted saccades
during Wxation during both the preparatory interval for an
upcoming saccade and also during periods of steady Wxa-
tion interspersed among saccadic trials. Second, in both
healthy and schizophrenia groups, subjects with a higher

incidence of Wxation losses during the preparatory period of
a saccadic trial also had higher antisaccade error rates, but
the incidence of Wxation losses on Wxation trials (when no
saccade needed to be prepared) was not correlated with a
subject’s antisaccade error rate. Third, on a trial by trial
basis, a preparatory period in which Wxation was inter-
rupted by an unwanted saccade was more likely to be fol-
lowed by an antisaccade error than a preparatory period
when Wxation had been successfully maintained. Thus,
these Wndings provide indirect evidence for a link between
antisaccade errors and the ability to suppress unwanted sac-
cades during Wxation, and support the assertion that failures
in the implementation of inhibitory control contribute sig-
niWcantly to impaired antisaccade performance in schizo-
phrenia. Our last Wnding, that antisaccade errors were
signiWcantly correlated with prosaccade errors, challenges
the conventional assertion that this inhibitory control is spe-
ciWcally concerned with suppressing the more automatic
prosaccade response.

Previous studies on Wxation behavior in schizophrenia
have yielded mixed results. A number of studies have
reported normal Wxation stability (Clementz et al. 1994;
Radant et al. 1997; Kissler and Clementz 1998; Gooding
et al. 2000; Hutton et al. 2002), while others Wnd deWcits
(Mialet and Pichot 1981; Matsue et al. 1986; Amador et al.
1991; Paus 1991; Curtis et al. 2001; Raemaekers et al.
2002). These studies varied not only in their results but also
in the nature of their Wxation tasks, however, and a review
of task parameters suggests important diVerences that may
explain some of the variability in results. Most of the stud-
ies with normal results examined Wxation on a stationary
spot without distractors and for periods of 5–30 s (Matsue
et al. 1986; Ross et al. 1988; Clementz et al. 1994; Kissler
and Clementz 1998; Gooding et al. 2000). Studies reporting
abnormal Wxation tended to have diVerences in protocol,
such as longer Wxation periods of 45 s (Mialet and Pichot
1981), a requirement for a saccade between two targets to
start the Wxation period (Amador et al. 1991), or the inter-
spersing of Wxation epochs among saccades made every 5 s
(Curtis et al. 2001). Increased Wxation instability in schizo-
phrenia has also be seen in conditions such as darkness or
with eyes closed (Matsue et al. 1986). Most consistently,
though, problems with Wxation losses in schizophrenia have
been manifest on trials in which distractors intermittently
appeared in the peripheral Weld while the subject tried to
maintain Wxation on a central target (Paus 1991; Curtis
et al. 2001; Raemaekers et al. 2002) (but see Hutton et al.
2002). Such tasks are actually “no-go” tasks, in that they
require subjects to inhibit the natural tendency to make a
saccade towards a suddenly appearing target (Barton et al.
2006).

Our study shows additional conditions that may lead to
Wxation instability in schizophrenia subjects. We too

Fig. 3 For each subject, the likelihood of antisaccade errors on trials
with stable Wxation is plotted against the likelihood of such errors on
trials with unstable Wxation. The diagonal line represents the points
where these are equivalent. Overall, and particularly among the schizo-
phrenia subjects, antisaccade errors are more likely after a period of
unstable Wxation
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assessed Wxation epochs interspersed with saccade trials,
but also assessed Wxation behavior just prior to an impend-
ing saccade. We hypothesize that the recent execution of
saccades or the imminent need to execute a saccade may
place the saccadic system in a primed or activated state,
making it easier for Wxation instability to be manifest than
in paradigms in which Wxation is measured in isolation
from any saccadic task. This priming of the saccadic sys-
tem would also be suggested by our Wnding of a greater
likelihood of an antisaccade error following a Wxation loss
in the pre-target period. It would also explain why abnor-
mal Wxation stability was more likely to be found in prior
studies that assessed Wxation after a saccade, interspersed
among saccades, or with distractors that may have served
as potential saccadic targets.

The correlation of Wxation instability with antisaccade
errors provides support for the hypothesis that diYculties
implementing inhibition are an important factor in the gen-
eration of the high-antisaccade error rate in schizophrenia.
While some studies have found a correlation between Wxa-
tion and smooth pursuit abnormalities in schizophrenia
(Mialet and Pichot 1981; Matsue et al. 1986; Amador et al.
1991, 1995), there has been little prior investigation of the
relationship between Wxation and antisaccade performance.
One study (Curtis et al. 2001) found a correlation between
the frequency of Wxation losses and the antisaccade error
rate, particularly between a no-go Wxation task and antisac-
cades with an overlap condition, in which the central Wxa-
tion spot persists after appearance of the peripheral target,
making it harder to disengage Wxation. They argued that
adding distractors to the Wxation task and adding the over-
lap design to the antisaccade task increased the inhibitory
load of the two tasks, and that the resulting stronger corre-
lation between Wxation and antisaccade performance would
imply a defect in inhibitory control, consistent with our
hypothesis.

In our study, although Wxation losses were increased in
schizophrenia in both Wxation and saccade trials, only those
during saccade trials were correlated with antisaccade error
rate across the whole group. Thus the likelihood of main-
taining Wxation during trials when saccadic processes are
being mobilized is predictive of the error rate when the sac-
cade is actually executed. Furthermore, antisaccade trials in
which Wxation was lost were more likely to be followed by
an error. Thus, on both a subject-by-subject basis and a
trial-by-trial basis, loss of Wxation during the preparation
for a saccade is predictive of the likelihood of making an
antisaccade error, further strengthening the relation
between the inhibitory control required during Wxation and
that needed during antisaccade execution. Furthermore, our
Wnding of a similar relationship between antisaccade error
rate and Wxation losses on saccadic trials in healthy subjects
suggests that this link between inhibitory control during

Wxation and that during antisaccade execution is a general
characteristic of human ocular motor performance.

Our Wnal Wnding provided more information on the
nature of this inhibitory control. If the failures to maintain
steady Wxation or to make antisaccades were due to an
inability to suppress the nearly reXexive prosaccade
response, then one would not expect a correlation with pro-
saccade errors, in which a subject fails to make a prosac-
cade rather than making an unwanted one. Since we did
Wnd a signiWcant correlation, this suggests that the problem
with implementation of inhibitory control does not lie spe-
ciWcally with suppressing prosaccades. Rather, a problem
suppressing both unwanted prosaccades and unwanted anti-
saccades suggests a more general problem with implement-
ing inhibition of erroneous responses. Others have
suggested that this diYculty in implementing inhibition
may originate in deWcits in attentional maintenance, work-
ing memory (Roberts et al. 1994; Nieman et al. 2000; Goo-
ding and Tallent 2001), or goal activation (Nieuwenhuis
et al. 2004), any of which could be consistent with our Wnd-
ings (but see Donohoe et al. (2006) for a contrary view on
the contribution of working memory vs. inhibition). DeW-
cits in these processes may also explain the Wnding that
higher antisaccade error rates and longer antisaccade laten-
cies are correlated in some studies with impaired smooth
pursuit in schizophrenia (Sereno and Holzman 1995). Fur-
thermore, such higher-level deWcits can account for correla-
tions of antisaccade deWcits with impairments on the
Wisconsin card sort test (Rosse et al. 1993; Crawford et al.
1995, 1996), the trail making test (Radant et al. 1997;
Nieman et al. 2000) and with tests of spatial working mem-
ory and the continuous performance test, a probe of main-
tained vigilance (Nieman et al. 2000).

Mention should also be made of the potential role of
medications in our study, which examined only treated
schizophrenia subjects. As such, our report cannot provide
any direct data on medication eVects. However, two studies
have conWrmed that increased antisaccade error rates are
found in neuroleptic-free schizophrenia subjects (Crawford
et al. 1995; Müller et al. 1999), and other studies have
noted a lack of correlation between antisaccade error rate
and neuroleptic dose (Fukushima et al. 1990a; Rosse et al.
1993; MaruV et al. 1998; Raemaekers et al. 2002). For Wxa-
tion stability, two studies found no eVect of type of medica-
tion (atypical vs. typical antipsychotic vs. other drugs) on
Wxation losses (Gooding et al. 2000; Curtis et al. 2001),
while two other studies reported no diVerence between
medicated and unmedicated subjects (Amador et al. 1995;
Kissler and Clementz 1998). Thus the available evidence
on both Wxation and antisaccade performance suggests that
the Wndings we report are likely directly related to schizo-
phrenia and are not by-products of the treatment of the
condition.
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