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Abstract Antisaccades have not only longer latencies but
also lower peak velocities than prosaccades. It is not
known whether these latency and velocity differences are
related. Studies of non-human primates suggest that
prosaccade peak velocity declines as latency from target
appearance increases. We examined whether a similar
relationship between peak velocity and latency existed in
human saccades, whether it accounted for the difference in
peak velocity between antisaccades and prosaccades, and
whether it was affected by schizophrenia, a condition that
affects antisaccade performance. Sixteen control and 21
schizophrenia subjects performed prosaccade and anti-
saccade trials in the same test session. In both groups
antisaccades had lower peak velocities than prosaccades.
Latency did not influence the peak velocities of anti-
saccades in either subject group. At short latencies, the
peak velocities of prosaccades were also similar in the two
groups. However, while prosaccade peak velocities
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declined minimally with increasing latency in control
subjects, those in the schizophrenia group declined
significantly until they reached a value similar to
antisaccade peak velocities. We conclude that, in normal
subjects, the effect of latency on prosaccade peak velocity
is minimal and cannot account for the lower velocity of
antisaccades. In schizophrenia, we hypothesize that the
latency-related decline in prosaccade peak velocity may
reflect either an increased rate of decay of the effect of the
transient visual signal at the saccadic goal, or a failure of
the continuing presence of the target to sustain neural
activity in the saccadic system.

Keywords Saccade - Antisaccade - Schizophrenia - Peak
velocity - Latency - Visual transient

Introduction

When a target suddenly appears, the usual response of
subjects is to shift their gaze to it with a saccadic eye
movement, a prosaccade. However, subjects can also
choose to look away from it, making an antisaccade.
Antisaccades are an example of a controlled response,
requiring inhibition of the reflexive prosaccades and
substitution of a novel act. Many studies have shown
that, compared with prosaccades, antisaccades have
greater error rates and longer latencies. Another consistent
finding is that antisaccades have lower peak velocities than
prosaccades (Hallett 1978; Hallett and Adams 1980;
Fischer and Weber 1992; van Gelder et al. 1997).

Why are antisaccade velocities lower than those of
prosaccades? One possibility is that velocity is influenced
by the transient visual activity occurring at the goal of
prosaccades (but not antisaccades) when the target
appears. A potential influence of ‘visual transients’ on
saccadic velocity is suggested by a study of prosaccades in
non-human primates. Delaying prosaccades—and hence
increasing their latency and the time elapsed since the
visual transient—resulted in lower peak velocities and
decreased neural activity in the superior colliculus (Edel-
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man and Goldberg 2001). Such a relation between latency,
peak velocity and neural activity had also been suggested
in prior studies. Neural activity in the superior colliculus
correlates with prosaccadic peak velocity (Berthoz et al.
1986; Sparks and Hartwich-Young 1989), and neural
activity in the frontal eye fields and superior colliculus
correlates inversely with saccadic latency (Goldberg and
Segraves 1989; Dorris et al. 1997; Everling and Munoz
2000; Munoz et al. 2000). From this result, Edelman and
Goldberg (2001) hypothesized that a visual target at the
saccadic goal boosts saccade-related neural activity
transiently, reflected in an increase in peak velocity. If
increasing the time between the visual target and saccade
onset decreases neural activity and peak velocity, then the
lack of any suddenly appearing target at the goal, as in
antisaccades, may also be associated with less neural
activity and low peak velocities, as well as increased
latency. Likewise, this finding could also account for the
reduced peak velocities of saccades to remembered target
locations and saccades made in anticipation of a target
(Korner 1975; Smit and van Gisbergen 1989).

Whether prosaccadic peak velocity is related to latency
in a similar manner in humans is unknown. Empirically, at
least four models of the relationship between peak velocity
and latency in prosaccades and antisaccades can be
envisaged (Fig. 1). Determining which of these models

Model 1. Peak velocity is related to latency,
but only for prosaccades.
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Fig. 1 Possible relationships between saccadic peak velocity and
latency for prosaccades and antisaccades. Model I: peak velocity is
related to latency, but only for prosaccades. Thus, some prosaccade-
related factor (like a visual transient) generates the latency effect.
Lack of this prosaccade-related factor may contribute to the lower
peak velocity of antisaccades, which is similar to the peak velocity
of long-latency prosaccades. Model 2: a prosaccade-related factor
creates the difference in peak velocity between prosaccades and
antisaccades in a manner that does not depend upon latency. Model
3: peak velocity is related to latency but this relationship does not

best describes the human data would clarify the hypothe-
sized role of the visual transient upon saccadic peak
velocity.

In model 1, the peak velocities of prosaccades, but not
antisaccades, decline with increasing latency. This is the
result expected if the visual transient at the saccadic goal is
the source of the latency effect on peak velocity. Since
antisaccades lack this visual transient, their velocity would
not change with latency. Given a long-enough latency for
the effect of the visual transient to disappear, the velocities
of prosaccades would approach that of antisaccades.

In model 2, the peak velocities of prosaccades and
antisaccades are not related to latency. The difference
between prosaccadic and antisaccadic peak velocities is
due to a factor that does not vary with latency. This factor
could still be an effect on neural activity of a visual
transient located at prosaccadic, but not antisaccadic,
goals, but only if the effect of this transient was long-
lasting, unlike the effect hypothesized by Edelman and
Goldberg (2001). Alternatively, it might be related to non-
visual factors, such as the additional cognitive control
functions needed for antisaccades.

In model 3, the peak velocities of both antisaccades and
prosaccades decline with increasing latency, but the lines
are not superimposed. The decline with latency of not only
prosaccadic but also antisaccadic velocities would imply

Model 2 Peak velocity is not related to latency
for either prosaccades or antisaccades
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Model 4 Peak velocity is related to latency for
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curves are identical

Peak
Velocity

Latency

depend upon a prosaccade-related factor since it occurs for both
antisaccades and prosaccades. However, a prosaccade-related factor
creates an additional difference in peak velocity between prosac-
cades and antisaccades since the lines are offset. Model 4: peak
velocity is related to latency but this relationship does not depend
upon a prosaccade-related factor, and there is no prosaccade-specific
effect on latency. The lower mean peak velocity of antisaccades is
simply due to the fact that antisaccades sample from further right on
the line than prosaccades do



that visual transients at saccadic goals do not generate the
relationship between peak velocity and latency. Also, the
difference between the antisaccadic and prosaccadic lines
would imply that there must be another latency-indepen-
dent factor causing the difference between prosaccadic and
antisaccadic peak velocities, as in model 2.

In model 4, the peak velocities of both antisaccades and
prosaccades decline with increasing latency and the lines
are superimposed, with the same slopes and intercepts.
Again, as in model 3, because antisaccadic peak velocities
decline with increasing latency, the latency/peak velocity
relationship is not related to visual transients at the
saccadic goal. Since the lines are identical for prosaccades
and antisaccades, there is no other latency-independent
factor creating the difference in prosaccadic and anti-
saccadic peak velocities. Rather, the mean peak velocity of
antisaccades is lower merely because, since antisaccades
have longer latencies than prosaccades, they sample from
further to the right of the same line that prosaccades lie
upon.

Our main goal was to determine which of these models
best characterized the variation of peak velocity with
respect to saccadic latency, for both antisaccades and
prosaccades, in healthy subjects. We also investigated this
relationship in schizophrenia, a disorder characterized by
abnormal antisaccadic performance. On antisaccadic tasks
schizophrenia patients make more errors (looking towards,
rather than away from the target) and are frequently found
to have longer latencies for correct responses (Fukushima
et al. 1990b, 1994; Manoach et al. 2002). Deficient
antisaccade performance is a consistent finding across
numerous studies (for review see Levy et al. 1998) and has
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been reported in both medicated and neuroleptic-naive
patients, schizophrenia patients in remission, healthy first-
degree biological relatives, and in individuals with
schizotypy. This suggests that antisaccadic deficits may
index a genetic liability for schizophrenia (Clementz et al.
1994; Crawford et al. 1998; Hutton et al. 1998; O’Driscoll
et al. 1998; McDowell et al. 1999; Curtis et al. 2001).
These abnormalities have been attributed to dysfunction of
the prefrontal cortex (Fukushima et al. 1990a; Nakashima
et al. 1994; McDowell et al. 2002), although the evidence
for this is inconsistent (Crawford et al. 1996; Raemaekers
et al. 2002). Given the neurophysiologic evidence that
both saccadic latency and peak velocity reflect neural
activity in a saccadic control network, components of
which may be abnormal in schizophrenia (Raemackers et
al. 2002), we hypothesized that the peak velocity—latency
relationship for prosaccades and/or antisaccades may be
abnormal in this condition.

Methods

Details of subject information, symptom ratings, and data collection
methods have been published previously (Manoach et al. 2002).
Schizophrenia outpatients were recruited from an urban mental
health center. They had been maintained on stable doses of
antipsychotic medications for at least 6 weeks: 15 subjects on
atypical agents and six on conventional ones. Diagnoses were
confirmed with Structured Clinical Interviews for DSM-IV (First et
al. 1997). Healthy control subjects, without a history of psychiatric
illness, were recruited from the hospital community. All subjects
were screened to exclude substance abuse or dependence within the
past 6 months and any independent conditions that might affect
brain function. Two schizophrenia subjects and four control subjects
did not complete the protocol because they could not tolerate the
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Fig. 2 Explanation of saccadic tasks for the experimental protocol.
Progress over time (bottom scheme) is from left to right. A
simulation of the screen during a prosaccade trial (fop) and an
antisaccade trial (middle) is illustrated. When eye position is within
3° of screen center, marked by the fixation ring, a trial begins with a
fixation period. Following this, a prompt appears for 300 ms, either
a yellow double ring for a prosaccade or a blue ‘X’ for an

antisaccade. After the prompt disappears the fixation ring reappears
for another 2000 ms. The fixation ring is then shifted to either the
right or left markers at 20° eccentricity to become the target. The
subject makes a saccade (indicated by arrow), with the latency being
the time between onset of the target and onset of the saccade. The
trial is terminated when eye position is within 3° of the correct
location for that trial
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contact lens. The data from one schizophrenia subject who
completed the protocol were excluded due to a greater than 50%
error rate on antisaccade trials, which limited the data available to
calculate latency effects. The final sample size was 21 schizophrenia
subjects and 16 control subjects. Seventeen schizophrenic and 11
control subjects were strongly right-handed, with a laterality score of
70 or above on the modified Edinburgh Handedness Inventory
(White and Ashton 1976). Subject groups did not differ in age
(mean ages 40.3 years for control, 43.7 years for schizophrenia), sex
(11:5 male:female for control, 17:4 male:female for schizophrenia),
or parental socio-economic status (SES) as determined by the
Hollingshead Index (Hollingshead 1965) (mean parental SES 2.1 for
control, 2.8 for schizophrenia). Control subjects had significantly
more years of education and higher verbal IQ estimates based on a
test of single-word reading (American National Adult Reading Test;
Blair and Spreen 1989). The protocol was approved by the
institutional review board of the Beth Israel Deaconess Medical
Center and conformed to the ethical standards in the 1964
Declaration of Helsinki. All subjects gave informed consent prior
to inclusion in the study.

Eye movement apparatus and protocol

We recorded eye movements using a magnetic search coil technique,
with a scleral contact lens and a 3-foot field coil (Crist Instruments,
Bethesda, MD, USA). The subject’s head was secured in a chin rest
with the cornea 87 cm away from a tangent screen. Displays were
generated by a Power Macintosh 9600/233 computer, using
programs written in C++ on the Vision Shell programming platform
(www.kagi.com/visionshell), and back-projected with an Eiki LC-
7000U LCD-projector. The lens was placed in the left eye. The
system was calibrated by having the subject sequentially fixate nine
targets in a square grid spanning 50°. Twelve data points were
collected at each of the target locations, and a regression method
was used to find the best linear fit. Eye position was digitized at
500 samples/s. A five-point central difference algorithm (Bahill and
McDonald 1983) was used to derive velocity from eye position.

The initial display was a dark background with a central white
fixation ring of 0.4° diameter and luminance of 20 cd/m® (Fig. 2)
The fixation ring was flanked by two dots of 0.2° diameter and the
same luminance placed 20° right and left of center. These two
peripheral dots were visible in each trial unless obscured by a target.
The subject was required to look at the central fixation point and
each trial began when a subject’s eye fell within 3° of the fixation
point. After a period randomly varying between 1 and 1.5 s, the
fixation point was replaced by one of two symbols. A yellow ‘O’
with a surrounding ring of 0.8° diameter was the prompt for a
prosaccade and a blue ‘X’ spanning 0.8° was the prompt for an
antisaccade. Prompts lasted 300 ms and were then replaced by the
white fixation ring. After a mean interval of 2 s, the fixation ring
disappeared and a similar ring appeared around one of the two
peripheral dots, the side it appeared being randomly determined.
This was the cue for the subject to make their saccade as quickly and
accurately as possible. The white ring remained in the peripheral
location until either the subject’s eye had fallen within 3° of the
desired end position or 10 s had passed, at which time it returned to
the central fixation point for the next trial.

Prior to testing, the tasks were explained to each subject and they
were informed that they would receive a monetary bonus for each
correct response. The incentive was intended to mitigate potential
motivational deficits in the schizophrenia subjects. Subjects
performed three practice blocks of 20 trials each. In the experiment,
saccadic trials were given as both single-task blocks, in which 26
trials were all prosaccades or all antisaccades, and mixed-task
blocks, in which 52 trials of prosaccades and antisaccades were
mixed. Blocks were repeated with short rest periods intervening,
until subjects had performed 416 saccadic trials. Since analysis
failed to show any significant effect of block type upon the variables
of peak velocity and amplitude, the data will be presented for all

blocks combined. Practice blocks and the first trial of experimental
blocks were omitted from analysis.

Scoring of eye movement protocols

We identified saccades as eye movements with velocities exceeding
47°/s. The onset of a saccade was defined as the point at which the
velocity of the eye first exceeded 31°/s, and the end of a saccade was
the point where the eye’s velocity fell below this baseline. For each
saccade, we recorded directional accuracy with respect to the
required response. Only directionally correct responses are reported
in this study. For these saccades, we recorded latency (the time from
target onset to saccade onset), amplitude (the distance traveled
between the onset and end of a saccade), and peak velocity (the
greatest velocity attained during the saccade). Saccades were
included for further analysis if their amplitudes were between 15°
and 25° and their latencies between 130 and 800 ms. The cutoff of
130 ms excluded anticipatory saccades (Fischer and Breitmeyer
1987; Doricchi et al. 1997; Straube et al. 1999), which are not true
responses to the appearance of the visual target. About 100200
prosaccades and 60-200 antisaccades per subject met these criteria.
The overall database consisted of 2,879 prosaccades and 2,536
antisaccades for control subjects, and 3,452 prosaccades and 2,451
antisaccades for schizophrenia subjects.

Data analysis

Analysis was performed using JMP statistical software (version 4.0
SAS Institute, Cary, NC, USA). Prosaccades and antisaccades were
separated for each subject group (schizophrenia vs control), giving
four saccadic sub-groups: schizophrenic prosaccades, schizophrenic
antisaccades, control prosaccades, and control antisaccades.

We first examined the variables of peak velocity, latency, and
amplitude of our prosaccades and antisaccades in the two subject
groups. We used randomized block analysis of variance (ANOVA),
with subjects nested within group as a random effect and group
(schizophrenia vs control) and task (prosaccade vs antisaccade) as
the main factors, to confirm that our data on latency and peak
velocity were similar to those reported by others.

To characterize the relationship of peak velocity to latency in each
saccadic sub-group, we performed linear regressions of peak
velocity by latency for the pooled data separated by both saccadic
type (prosaccades vs antisaccades) and subject group (schizophrenia
vs healthy). To determine whether peak velocity-latency relation-
ships differed among the sub-groups, we used a randomized block
analysis of covariance (ANCOVA) with subjects nested within
group as a random effect. We initially examined the peak velocity
data of all subjects with the main effects of group (schizophrenia vs
control) and task (antisaccade vs prosaccade), and latency as the
covariates. We also performed two secondary ANCOVA analyses.
First, we analyzed peak velocity data to determine whether the
effects of latency differed for prosaccades and antisaccades within
each group. These ANCOVAs had task as a main effect and latency
as covariate, and were conducted separately for each group. Second,
we investigated whether the effects of latency on peak velocity
differed between the two subject groups for each type of saccade.
These ANCOVAs had group as a main effect and latency as
covariate, and were conducted separately for prosaccades and
antisaccades.

To graphically portray the variation of peak velocity with latency,
we calculated the average peak velocity for all saccades with the
same latency value (spaced 2 ms apart). Where there were less than
ten saccades per latency value, as occurred at longer latencies, we
grouped the closest ten saccades, calculated their mean peak
velocity, and their mean latency. The resulting values were then
smoothed with a gaussian weighting of the six neighboring points.

A potential limitation is that the findings from pooled data might
be an artifact of merging data from subjects with different saccadic
characteristics. For example, if data from a subject with short



latencies and high velocities were pooled with that of a subject with
long latencies and low velocities, this would generate the appear-
ance of a declining relationship of peak velocity against latency in
the pooled data, even if no such relationship existed within each
subject’s individual data. To guard against this, we also analyzed the
peak-velocity—latency relationship within each subject. We obtained
slopes for the linear regressions of peak velocity against latency for
each subject’s antisaccades and prosaccades separately. The means
and standard deviations of these slopes were calculated for each of
the four saccadic sub-groups (schizophrenic prosaccades, schizo-
phrenic antisaccades, control prosaccades, and control antisaccades).
For each sub-group we used #-tests to determine whether the slopes
were significantly different from zero. To compare the slopes of the
regression lines of the different subject groups and saccadic types,
we performed a randomized block ANOVA with subjects nested
within group as a random effect and group (schizophrenia vs
control) and task (prosaccades vs antisaccades) as the main factors.

Although our chief interest was the relationship of latency to peak
velocity, we also examined for a potential relationship between
latency and amplitude. Peak velocity increases in a non-linear
fashion with amplitude, an empiric observation that has been termed
the ‘main sequence’ (Bahill et al. 1975; Becker 1989). If latency
alters amplitude, changes in peak velocity may be merely a
secondary effect from the peak-velocity—amplitude relationship.
Therefore parallel statistical analyses were done with amplitude in
place of peak velocity.

Results
Saccadic parameters

Our findings regarding saccadic parameters (Fig. 3) were
similar to others reported in the literature for saccades and
schizophrenia (for review, see Hutton and Kennard 1998).
For peak velocity, there was a main effect of task
(prosaccades vs antisaccades, F(;35=1010, p<0.0001),
with antisaccades having lower peak velocities. The main
effect of group (schizophrenia vs control) was not
significant (F; 35=1.91, p<0.18), but there was a signif-
icant interaction between group and task (F(;35=20.75,
2<0.0001). Peak velocities of antisaccades were signifi-
cantly slower (p<0.0001) than those of prosaccades,
slightly more so for schizophrenia patients (mean
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difference 43°/s) than for control subjects (mean difference
329/s).

Mean saccadic amplitudes of each group—task subset
were all between 18.5 and 20°. There was a main effect of
task on amplitude, with antisaccades being slightly smaller
than prosaccades, by 0.2° (F(;35~=11.1, p<0.001). The
group effect and group-by-task interactions were not
significant.

We previously reported the latency data of this study
(Manoach et al. 2002). There was no significant main
effect of group. Antisacccades had longer latencies than
prosaccades, with a significant main effect of task
(F(1,35=1899, p<0.0001). There was a significant interac-
tion between task and group (F7{35=108, p<0.0001):
while both subject groups had similar latencies for
prosaccades, schizophrenia patients had latencies for
antisaccades about 30 ms longer than those of the controls.

Thus, these data reproduce the observations that
antisaccades have longer latencies and lower peak
velocities, with only slightly reduced amplitudes, com-
pared to prosaccades. They also confirm that schizophre-
nia patients have abnormal antisaccades, with lower peak
velocities and longer latencies.

The relationship of peak velocity to latency

There was a significant main effect of task (prosaccades vs
antisaccades, F(;35=148, p<0.0001), with prosaccades
faster than antisaccades, but no significant main effect of
group. There was no significant interaction between group
and latency, but there was an interaction between task and
latency (F(135=5.07, p<0.03). More importantly, ANCO-
VA showed a significant three-way interaction between
group (schizophrenia vs control), task (prosaccades vs
antisaccades) and latency (£, 35=25.78, p<0.0001). The
nature of this interaction was clarified in the secondary
ANCOVA analyses. These showed that, when schizophre-
nia data was analyzed alone, there was an interaction
between latency and task (£ 20y=64.46, p<0.0001). This
indicated that the effects of latency on peak velocity
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Fig. 3 Saccadic parameters in the two subject groups (normal,
schizophrenia) for the two tasks (PS prosaccades, A4S antisaccades).
Peak velocities were reduced for antisaccades compared with those
for prosaccades, in both subject groups. Schizophrenia patients also
had lower peak velocities than the controls in general. Mean

saccadic amplitudes were all very similar, between 19-20°. The
latencies of antisaccades were longer than those of prosaccades.
While prosaccadic latencies were similar in controls and schizo-
phrenics, antisaccade latencies were longer in the schizophrenia

group
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differed between prosaccades and antisaccades in this
group of subjects. However, no such interaction was seen
in the analysis that was restricted to control subjects.
When prosaccade data was considered alone, there was an
interaction between group and task (F(;35=10.98,
p<0.0009). This indicated that the effects of latency on
peak velocity differed between controls and schizophrenia
subjects for prosaccades. In contrast, no such interaction
was seen in the analysis that was restricted to antisaccades.

Figure 4a shows the origins of these effects. Peak
velocity declined with increasing latency for prosaccades
in schizophrenia subjects, but not in any other saccadic
subgroup. Linear regressions confirmed a significant
decrease in peak velocity with increasing latency only
for schizophrenic prosaccades (slope =—0.23, =—0.17,
»<0.0001). Linear regressions for schizophrenic antisac-
cades, healthy antisaccades, and healthy prosaccades were
not significant, even when performed on log-transformed
latency data (to correct for the possibility of a non-linear
relationship between latency and peak velocity).

The within-subject slope analysis confirmed these
findings (Fig. 5). The mean slopes for antisaccades in
both the schizophrenic and control subjects did not differ
significantly from zero. The mean slope of the regression
lines for prosaccades in schizophrenia subjects showed a
significant decrease in peak velocity with increasing
latency (slope =—0.11, SD =0.09, f0)=5.53, p<0.0001).
The peak velocities for prosaccades in control subjects
also declined slightly with increasing latency (slope =
—0.03, SD =0.06, #(;5=2.36, p<0.04) but linear contrasts
demonstrated that the decline in schizophrenia was
significantly greater than that in the control subjects
(p<0.03).

The relationship of amplitude to latency

Could the findings for peak velocity be explained by a
change in amplitude with latency? Unlike the data for peak
velocity, ANCOVA did not demonstrate a significant
three-way interaction of group-by-task-by-latency for
amplitude (F(;35=1.20, not significant). While linear
regressions of amplitude by latency for pooled data
showed a slight decrease in amplitude with increasing
latency for antisaccades in schizophrenia (slope =
—0.00063, p<0.04) and control subjects (slope =—0.0011,
2<0.003), this was not confirmed by the within-subject
slope analysis (Fig. 5). In this analysis the mean slopes of
the regressions of amplitude upon latency did not differ
from zero for any saccadic subgroup. Inspection of Fig. 4b
further suggests that if there is any slight decline for
prosaccadic peak velocities with increasing latency, it
appears to be confined to saccades with latencies greater
than 400 ms, well beyond the period where schizophrenia
peak velocities decline as a function of latency. Further-
more, data on the relationship between peak velocity and
amplitude (Becker 1989) indicate that, for a 20° saccade,
amplitude would have to be reduced by 4-5° to account
for the 80°/s decrease in peak velocity evident in
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Fig. 4a,b Relationship of peak velocity and amplitude to latency. a
Peak velocity declined with increasing latency for prosaccades in
schizophrenia subjects. This was not seen for antisaccades in either
subject group, or for the prosaccades of control (normal) subjects. b
Amplitude did not vary significantly with latency for either
prosaccades or antisaccades, in either subject group

schizophrenic prosaccades. This is clearly not the case in
Fig. 4b. Thus, we conclude that changes in prosaccadic
amplitude do not account for the changes in peak velocity
with latency in schizophrenia subjects.

Discussion

We found that the peak velocity of prosaccades declined
with increasing latency in the schizophrenia group, while
that of antisaccades did not. Schizophrenia subjects
differed significantly from healthy subjects in the relation-
ship of peak velocity to latency for prosaccades. In healthy
subjects the evidence for a decline of prosaccadic peak
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velocity against latency was equivocal. A weak, but
significant relation was found in the within-subject
analysis with linear regression, but not in the group
ANCOVA analysis. Importantly, there was little relation-
ship between prosaccadic amplitude and latency. Hence,
the effect of latency on peak velocity is not a trivial
secondary effect of a progressive undershoot of the target.

Model 1 outlined in the Introduction (Fig. 1) proposed a
latency effect on peak velocity that is related to some
factor specific to prosaccades and not antisaccades. This
model fits the schizophrenia data well. The peak velocities
of schizophrenic prosaccades at short latencies are
indistinguishable from those of control prosaccades at
short latencies, both being about 400°/s. However, the
peak velocities of schizophrenic prosaccades decline with
increasing latency. At latencies of more than 300 ms, they
are indistinguishable from those of schizophrenic anti-
saccades, which are not affected by latency.

It is less clear which model best describes the control
data. The within-subject slope analysis suggested that
increasing latency was associated with a slight decline in
the peak velocities of prosaccades but not of antisaccades.
If so, model 1 may also apply to control subjects, but with
a much longer time-constant (a measure of the rate of
decay of activity) for the decline of the influence of the
prosaccade-specific factor than for that in schizophrenia.
That is, an effect that boosts prosaccadic but not
antisaccadic peak velocity may dissipate more rapidly in
schizophrenia than it does in healthy subjects. Alterna-
tively, there may be no real relationship between peak
velocity and latency in control subjects, and hence model
2 (Fig. 1) would be more appropriate. This model
postulates that the factor that generates the difference
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more significant for schizophrenia subjects. The mean slopes of
peak velocity vs latency regression lines for antisaccades were not
significantly different from zero. The mean slopes of amplitude vs
latency regression lines were not significantly different from zero for
any of the saccadic subgroups. (error bars =1 SD)

between antisaccadic and prosaccadic peak velocities does
not vary with latency.

One candidate for the prosaccade-specific factor gen-
erating the latency effect on peak velocity is the visual
transient at the saccadic goal, as suggested by data from
non-human primates (Edelman and Goldberg 2001). That
study examined the effect of prosaccadic latency on
velocity and neural activity. They used a ‘visual delay’
task in which the fixation point did not disappear until
750-1000 ms after the appearance of the target, at which
point the animal was to make a prosaccade. This was
contrasted with standard tasks in which the monkey made
a saccade as soon as the target appeared. The neural
activity of some superior colliculus neurons was higher for
prosaccades made without delay than for those made after
a visual delay. Likewise, the mean peak velocity for
prosaccades without delay was greater than that of delayed
prosaccades. Additional mechanisms such as cortical
inputs from the frontal eye field may have contributed to
the effect on peak velocity since the decline in peak
velocity with increasing latency was more than that
predicted from the analysis of superior colliculus activity.
By inference from these data, the authors of the study
postulated that the lower peak velocities of antisaccades
and memory-guided saccades might be due to the lack of a
visual transient at the saccadic goal. The fact that
prosaccades with long latencies in our schizophrenia
group have peak velocities similar to their antisaccades is
consistent with this proposal. (Our control data, on the
other hand, neither confirm nor refute their hypothesis.)

Why is the decline in prosaccadic peak velocity with
latency present (or at least much more evident) in
schizophrenia patients but not in control subjects?
Although both groups were within the average range, the
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estimate of 1Q for schizophrenia patients was 10 points
lower. While IQ may affect antisaccade performance, there
is no evidence that it affects prosaccade parameters. There
are at least two possible explanations for the group
difference. If there is indeed a slight decline in control
prosaccadic peak velocity with latency, as in model 1, the
difference between the two groups may be quantitative,
rather than qualitative. This would be a reduction of the
time-constant of the decay of the influence of the
prosaccade-specific factor, which we hypothesize to be
the visual transient at the saccadic goal.

The other possibility is that schizophrenia patients lack
a second factor that maintains prosaccadic peak velocity
independent of latency. In this scenario, the decline of
peak velocity with latency in schizophrenia is the normal
control effect of the visual transient at the saccadic goal,
which is masked in control subjects by the operation of
this second factor to create a model 2 effect. One candidate
for this second factor is the continued presence in our
protocol of the saccadic target after its appearance. The
persistence of a visual target increases neural activity in
the superior colliculus, compared to targets that appear
then disappear (Edelman and Goldberg 2001). It may be
that activity from the continued presence of the target
sustains saccadic peak velocity across a wide range of
latencies in control subjects, but fails to do so in
schizophrenia patients.

Our findings may be related to a large body of research
on perceptual dysfunction in schizophrenia. The time-
course of our effects are measured in hundreds of
milliseconds, which is similar to the time-course of the
effects in studies of visual persistence and visual backward
masking in these patients (Schwartz et al. 2001). Some of
this work has suggested a reduced persistence of the visual
image of high spatial frequency targets, which has been
interpreted as a “.premature termination or decay of
sustained (e.g. pattern) information” (Schwartz and
Winstead 1988). Other studies suggest ineffective tempo-
ral integration of visual signals (Schwartz et al. 1983).
Either of these findings may be relevant to our second
possible explanation, which proposes that the target’s
continued presence over time fails to sustain saccadic
neural activity in schizophrenia subjects. However, the
bulk of the work on masking has led to a conclusion that
there is dysfunctional processing in transient visual
channels, manifest in masking studies as a failure to
inhibit activity of sustained channels (Schwartz et al.
2001). It may be that this failure of inhibition reflects
weaker or unstable neural activity related to visual
transients in general, rather than just their inhibitory
outputs. If so, this instability may be reflected in our study
in a more rapid loss of the effect of visual transients in
boosting peak velocity. This would thus provide a
physiologic basis for the first possible explanation,
which proposes a shorter time-constant for the decay of
the effect of the visual transient on saccadic neural activity
in schizophrenia. Studies that contrast prosaccades made
to targets that persist with those to targets that disappear
would be helpful in determining whether the abnormal

peak-velocity/latency relationship in schizophrenia is
linked more to the target’s visual transient or to its
continued presence.

Whether antipsychotic medications may contribute to
the findings in schizophrenia patients is unclear. Some
studies show no effect of antipsychotic drugs on latencies
of antisaccades or prosaccades (Crawford 1995) whereas
others find increased latency for antisaccades but not
prosaccades (Green and King. 1998; Muller et al. 1999).
Regarding peak velocity, some find that medication
reduced the peak velocities of antisaccades more than
prosaccades (Straube et al. 1999) whereas others report the
opposite result (Green and King, 1998). In addition,
another study suggested that peak velocities were
decreased and latencies prolonged by some antipsychotic
drugs but not others (Sweeney et al. 1997). Given these
variable results, it is not possible to either exclude or claim
an influence of medication upon our findings.

In conclusion, we found that saccadic peak velocity for
prosaccades declines with increasing latency to a greater
degree in schizophrenia subjects than in controls. To our
knowledge, this prosaccadic abnormality has not been
described in schizophrenia, and stands in contrast to a
number of claims that prosaccades are normal in this
condition. Replication of this unexpected finding in future
studies would be important. In both controls and schizo-
phrenia patients, we hypothesize that the relationship
between peak velocity and latency is due to the effect of a
visual transient at the saccadic goal, and that this may also
explain, at least in part, the lower peak velocities of
antisaccades. The greater latency effect on prosaccadic
peak velocity in schizophrenia may reflect either a more
rapid decay of the activity from the visual transient that
boosts peak velocity, or a failure of continuing target
presence to sustain saccade-related neural activity.
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