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Abstract Background Schizophrenic patients are
known to have problems suppressing reflexive eye
movements. This is considered to indicate a dys-
function in prefrontal cortex. As the eye and hand
motor systems are tightly coupled, we investigated
whether predictive hand movements and eye-hand
coordination are unimpaired in schizophrenic pa-
tients. Methods Saccades and hand movements of 19
patients during an acute schizophrenic episode and 19
controls were measured in a task in which the pre-
dictability of target timing was varied. Results
Schizophrenic patients generated more anticipatory
and less visually triggered saccades than controls with
both non-predictable and predictable target timing.
Anticipatory saccades in the wrong direction were
clearly directed towards previous target positions,
indicating that they are indicators of erroneous pre-
diction rather than of fixation instability. In contrast
to saccades, the number of anticipatory and visually
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triggered hand movements was the same in patients
as in controls. As a consequence, patients took longer
to initiate a hand movement after a saccade than
controls. Conclusions Schizophrenic patients show
increased predictive saccadic activity, but no quali-
tative changes in predictive saccades. Since prediction
itself was not disturbed, the patients’ deficit rather lies
in the suppression or gating of anticipatory saccades
than in their generation. This may be explained by a
selective dysfunction of the basal ganglia oculomotor
loop. As predictive hand movements were unim-
paired, the problems in eye-hand coordination as
expressed by a longer initiation time of hand move-
ments relative to saccades are a direct consequence of
impaired predictive saccadic behaviour.
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Introduction

Impairments in certain types of eye movements such
as smooth pursuit and antisaccades are regarded as a
biological indicator for vulnerability to schizophrenia
or dysfunctions in frontal cortical circuits. Besides
antisaccades, schizophrenic patients also have deficits
in the generation of other kinds of voluntary saccades,
namely towards a remembered or imagined stimulus
[19-21, 49]. Predictive saccades represent another
type of voluntary movement. Nevertheless, studies on
predictive saccades in schizophrenic patients are
comparatively rare.

In general, prediction is seen as a function of the
prefrontal cortex [17, 29, 67]. In healthy subjects,
predictable target timing or direction typically leads
to reduced latencies [9, 38]. In schizophrenic subjects,
impaired [32, 39], unimpaired [10, 11] and enhanced
[35] predictive saccades are reported. Impairments in
anticiparory saccades were observed in the form of an
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increased frequency [32], or reduced accuracy [11, 12,
32, 33, 39]. Enhanced predictive saccades were found
in terms of shorter latencies of predictive saccades
[35, 41] and a faster build-up of predictive behaviour
[35] in schizophrenic patients than in controls. Such a
faster build-up was, however, not corroborated in a
similar paradigm applied by Clementz et al. [10].

Since eye and hand are closely coupled when it
comes to intentional movements [58], one might ex-
pect that schizophrenic patients also show alterations
in predictive hand movements. Whereas there is an
evidence for impaired hand movements in button
press tasks [for a review, see 51] and for delayed hand
motor preparation [14], studies on coordinated eye
and hand movements in schizophrenic patients are
very rare. One exception is a study investigating eye
movements during sequentially connecting digits and
letters in alternative order on a video screen (the trail
making test). Schizophrenic patients made more
explorative fixations of the display (so-called “plan-
ning fixations”) when the cursor stood still between
two targets and less explorative fixations while the
cursor was moving than controls did [70]. Thus, the
patients’ behaviour of eye and hand movements was
sequential instead of parallel. This may be interpreted
either as impaired eye-hand coordination or impaired
dual-task performance when two or more tasks must
be processed at the same time.

In our study we investigated predictive saccades as
well as predictive hand pointing movements in order
to evaluate if schizophrenic subjects exhibit predictive
problems specific to eye movements or more general
prediction impairments. Impairments in anticipatory
eye movements would be in agreement with the idea
of disturbed frontal circuits [17, 65], whereas
impairments in both predictive eye and hand move-
ments or in eye-hand coordination would rather point
towards disturbed basal ganglia motor loops [2, 30].

Methods

Subjects

A total of 19 patients, 11 women and eight men, (mean
age = 35.2 years, SD = 13.6) with an acute schizophrenic episode
participated in the experiment. They were all inpatients at the
Psychiatric Hospital of the Ludwig-Maximilians University Munich
and gave their written informed consent prior to inclusion in the
study. The study protocol was approved by the ethics committee of
the medical faculty of the University of Munich. 17 patients had
been diagnosed to suffer from paranoid schizophrenia, one from
residual schizophrenia, and one from latent schizophrenia. Diag-
nosis was established by two independent psychiatrists on the basis
of DSM IV criteria. All patients were administered the Positive and
Negative Syndrome Scale (PANSS) [36] to assess the severity of
their psychiatric symptoms. The mean total PANSS score for the
group was 103.11 (SD = 15.38) with mean subscale scores of 24.74
(SD = 3.36) for the positive scale, 29.95 (SD = 6.60) for the nega-
tive scale, and 51.47 (SD = 8.96) for the general psychopathology
scale. Patients were also administered the Global Assessment of
Functioning (GAF) scale which is rated with respect to psycho-
logical and occupational functioning on a scale from 0 (bad) to 100

(good). The mean score of all patients was 41.63 (SD = 8.13), thus
indicating serious symptoms. Moreover, the patients were assessed
according to the Clinical Global Impression (CGI) scale [28] to
assess their treatment response. The scale has a single item mea-
sured on a 7-point scale from 1 (not ill) to 7 (extremely ill). The
mean CGI level was 5.95 (SD = 0.71).

Prior to testing, 11 of the 19 patients were completely medica-
tion free, i.e. they had not received any antipsychotic or antide-
pressant medication for a period of at least 3 months. The
remaining eight patients had shown insufficient benefits from
previous neuroleptic treatment. The duration of the washout phase
for these patients before testing was at least 3 days, an interval
which corresponds to the washout phase used in different studies
dealing with motor control [66]. For all of the patients, ben-
zodiazepines (lorazepam) and sleep medication (zopiclone) was the
only medication allowed up to 24 h before the experimental session.
Smoking or coffee consumption was not allowed in the 30-60 min
before testing. Patients previously receiving depot neuroleptics
were not included in the study.

Two patients were left-handed, one was ambidextrous, and 16
were right-handed [53].

A total of 19 age-matched control subjects, seven women and 12
men with a mean age of 34.2 years (SD = 12.0) were recruited from
employees of the Ludwig-Maximilians University Munich. None had
a previous history of neurological or psychiatric disorders and all
were naive with respect to the hypotheses tested in the experiment.
Most had no or little experience with eye movement measurements.
18 control subjects were right-handed, one was ambidextrous [53].
There were no significant differences concerning gender distribution
and handedness between patients and controls (P = 0.15 (Pearson
chi-square test) and P = 0.35 (Fisher exact test)).

The subjects were seated in a dark room at a distance of
approximately 35 cm from a 15-inch flat screen colour monitor
(NEC MultiSync LCD 1525S) with a frame frequency of 72 Hz and
a spatial resolution of 1,280 x 1,024 pixels. This screen was firmly
screwed to a table at an angle of 50° and reinforced by an
additional pane of plexiglass. The subjects’ right elbow rested on a
padded support and their head was stabilised by a chin rest.
Horizontal eye movements were recorded using a Skalar IRIS
infrared limbus reflection device and hand movements were re-
corded using a Zebris ultrasonic device. A detailed description of
the apparatus and calibration procedures is provided in Sailer
et al. [59, 61]. Eye and hand movements were detected if their
peak velocity exceeded 70°/s, or 10°/s, respectively, and their
amplitude 5°. The main interest of the study was large amplitude
(>1-2°) saccades rather than microsaccades. The beginning or
end of a hand or eye movement was defined as the moment at
which velocity exceeded or fell below 10% of peak velocity.
Outliers were defined separately for each subject and factor level
as trials in which the position error (difference between target
position and end position) of the eye or hand movement was
outside the threefold inter-quartile range of all trials within this
cell. Outliers were eliminated from the data set.

The target always stepped from left to right, and then from right to
left and back in steps of 10°. Thus, the direction and amplitude of
target steps were always fully predictable. Target positions were
-20, —10, 0, +10 and +20°. The first target appeared at +10°.

In the temporally predictable task, a white fixation spot was
presented at the centre of the screen for 1,500 ms. In the temporally
unpredictable task, the fixation spot was presented for a random
interval ranging between 1,510 and 3,500 ms. In the moment the
fixation spot disappeared, a white target spot appeared for 100 ms.
When the target disappeared, the background illumination of the
monitor was turned off, leaving the subject in complete darkness
and obstructing the view of the moving hand. The fixation spot for
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Fig. 1 Latency distributions for eye and hand movements of all subjects.
Vertical lines denote the borders for the category of visually triggered
movements

the next trial appeared at the previous target position 1,000 ms
after a saccade was detected or 2,000 ms after target disappearance.

The subjects were instructed to look (eye-alone) or to look and
point (eye-hand) at the target as soon as it jumped. They were told
that the conditions differed with regard to the “temporal sequence
of the target”. They were not told, however, that the target always
appeared within the same temporal interval after the fixation spot
only in one condition, but not in the other.

Four conditions were administered within a single session: eye-
alone predictable, eye-hand predictable, eye-alone non-predictable,
eye-hand non-predictable. Each condition consisted of 50 trials.
The eye-hand condition was preceded by a number of practice
trials ending after the subjects reported they knew what to do and
the experimenter had verified that they made at least six consec-
utive corrrect responses. The subjects either performed first the two
predictable or the two non-predictable conditions. Within these
two blocks, the order of eye-hand and eye-alone conditions was
also varied across subjects.

Data analysis

Visually triggered movements were distinguished from other
movements on the basis of eye and hand latency distributions,
i.e. the time from target onset to movement initiation (see
Fig. 1). One maximum for hand movements (288 ms) was ob-
served. Saccade latencies were bimodally distributed with max-
ima at 190 ms and 330 ms marking the two groups of fast
regular and slow regular saccades [15, 16], both of which are
visually triggered. The rise of frequency to the lower maximum
and the drop of the higher maximum were separately approxi-
mated by two gaussians. The limits for visually triggered sac-
cades (100-580 ms) or hand movements (180-650 ms) were then
defined by three standard deviations above the higher or below
the lower maximum. Movements with a lower latency were
termed anticipatory. For saccades, 100 ms is considered to be the
minimal time for the integration of a visual stimulus [3, 13, 69]
and is commonly used as latency border in studies on antici-
patory or predictive saccades [32-35]. Saccades with a latency
>580 ms and hand movements with a latency >650 composed
the category of tardy [32] movements in order to get a clear-cut
border around visually-triggered movements.

For each of these categories, it was then defined whether the
saccade was in the direction of the target (a “correct” movement),
or in the opposite direction (an “incorrect” movement). Thus, six
categories of movements resulted (Fig. 2), of which the only rarely
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Fig. 2 Definition of different saccade and hand movement types

occurring incorrect visually triggered and incorrect tardy move-
ments were not analysed any further. Thus, the term “visually
triggered” or “tardy” as used in the following, refers only to correct
movements.

Next, the primary movement in each trial was determined and
assigned to these categories. It was defined as the first movement in
a trial with a fixation duration of at least 150 ms before movement
onset and at a maximal distance of 3° from the fixation point. All
other movements were considered as secondary movements and
not looked at further.

The frequencies of each movement type were counted and
normalised to the total number of trials per subject and condi-
tion. The resulting “saccade/hand movement type frequency” can
be interpreted as the probability of occurrence of a particular
movement type. Since the number of observations was small for
some movement types, e.g., incorrect anticipatory saccades in
controls, standard ANOVA techniques could not be applied.
Therefore, saccade and hand movement type frequency were
analysed with a generalized linear model approach [50] based on
logistic regression using the statistics package SAS/STAT 8 (Cary,
North Carolina). The log-odds ratio of the observed saccade/
hand movement type frequency was modelled as a linear func-
tion of the factors under consideration (see below). The inter-
dependence of the frequencies of different movement types was
accounted for by choosing an “exchangeable” covariance struc-
ture for the repeated-measures factors. The significance of the
main effects and interactions of these factors were computed on
the basis of TYPE3 contrasts using the Wald-Statistics (Chi-
square test).

In a first step, the movement type frequencies were analysed
separately for saccades and hand movements. In both of these two
analyses one between-subject factor group (patients, controls) and
the two within-subjects repeated-measures factors movement type
(correct anticipatory, incorrect anticipatory, visually triggered and
tardy) and predictability (predictable, non-predictable) were used.
For saccades, the third repeated-measures factor task condition
(eye-alone, eye-hand) was included. Post hoc comparisons between
patients and controls as illustrated by the asterisks in Fig. 3 were
performed by computing separate Mann-Whitney-U tests on the
log-transformed frequencies for the four saccade conditions and
the two hand movement conditions with subsequent Bonferroni-
correction.

After analysing saccades and hand movements separately,
comparisons of eye with hand movements were performed for the
eye-hand condition only. For this analysis the between-subject
factor group (patients, controls) and the three repeated-measures
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factors effector (eye, hand), movement type (correct anticipatory,
incorrect anticipatory, visually triggered and tardy) and predict-
ability (predictable, non-predictable) were used.

Results

Saccade and hand movement type frequency

The fact that patients generated more correct antici-
patory saccades and less visually triggered saccades
than controls was reflected in a main effect of group
(4* (1) = 5.23, P < 0.05) that occurred in combination
with an interaction of group and saccade type, 1’
(3) = 51.11, P < 0.0001 (see Fig. 3A). There was also
an interaction of group and task condition, ¥
(1) =9.91, P < 0.01. Patients and controls did not
differ in the frequency of incorrect anticipatory sac-
cades or with regard to predictability.

Further effects that were not related to differences
between patients and controls were main effects for

anticipatory triggered anticipatory anticipatory triggered

hand movement type

movement type (4* (3) = 456.79, P < 0.0001), indicat-
ing that the four saccade types occurred with dlfferent
frequency within a trial, and task condition ()’
(1) = 11.48, P < 0.001). As further specified by an
interaction between task condition and saccade type, y
(1) = 38.62, P < 0.0001, there were less visually trig-
gered saccades and more saccades of the other three
types when the task was executed with eye and hand
compared to the eyes alone. This effect was particularly
pronounced when the target was non-predictable
(1nteract10n between task condition and predictability,
%* (1) = 4.48, P < 0.05). There was, however, no
interaction between group, task condition and saccade
type. This indicates that task condition, i.e. whether
subjects followed the target with their eyes only or with
both eye and hand, had the same effect on saccade type
frequency in patients and controls.

A main effect for group, XZ (1) = 4.54, P < 0.05, to-
gether with an interaction of group and movement



type, 1* (3) = 41.72, P < 0.0001, showed that patients
generated less visually triggered and more tardy hand
movements than controls (see Fig. 3B). There was no
difference in the frequency of anticipatory hand
movements. In both patients and controls, different
hand movement types occurred with different fre-
quencies (main effect for movement type, ¥
(3) = 373.08, P < 0.0001). There were no effects or
interactions regarding the factor predictability.

Again, a significant main effect for group occurred, x*
(1) = 5.23, P < 0.05. Patients generated more tardy
and incorrect anticipatory movements and less visu-
ally triggered movements than controls (interaction of
group and movement type, y* (3) = 58.01, P < 0.0001;
see Fig. 3B). Patients did not generate more correct
anticipatory movements than controls, suggesting
that this effect occurs in saccades only.

Both patients and controls groups generated more
incorrect anticipatory saccades than hand movements
(main effect for effector, »* (1) = 4.82, P < 0.05, and
interaction between effector and movement type, y’
(1) = 49.90, P < 0.0001), particularly when the target
was non-predictable (interaction between effector, pre-
dictability and movement type, v (3) = 12.90,
P < 0.01). Again, there was a main effect for movement
type (* (3) = 607.52, P < 0.0001), indicating that the
four movement types occurred with different frequency.

There was no general difference between patients
and controls depending on whether they used their
hand or eyes. The groups also did not differ with
regard to predictability.
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Movement latency

Because a categorisation into different movement
categories neglects the latency variations within a
category, we took a separate look at the mean laten-
cies of the different saccade types (see Table 1). This
procedure was performed without differentiating be-
tween predictability conditions, because no interac-
tion between group and task predictability had been
observed in the previous analyses of movement fre-
quencies. Paired t-tests were computed separately for
patients and controls. In these tests, the latencies of
each saccade type in the single task were compared
with the latencies of the same saccade type in the
dual-task. After ensueing Bonferroni-correction of the
comparisons, no effects were significant for any of the
saccade types (P < 0.006). Thus, mean saccadic
latencies were not different for any saccade type
depending on whether the saccades were executed
alone or together with a simultaneous hand move-
ment. This was the case for both patients and con-
trols. For hand movements, no such analysis was
performed, since no hand-alone condition had been
applied.

Since there were no effects for task condition, the
saccade latency data were then collapsed across sin-
gle- and dual-task conditions. Using these data, pa-
tients were compared to controls with regard to the
saccade and hand movement latencies of each saccade
and hand movement type by independent t-tests. A
Bonferroni-correction was applied with respect to the
number of different saccade types (P < 0.013) and
hand movement types (P < 0.013). For none of the
saccade or hand movement types, latencies in patients

Table 1 Mean latencies (ms) and

standard deviation (SD) of different Saccade/hand Patients Controls
;th?:gtes Znndd hcaonndtrr;\lg)v&min;g)y pesin Effector Task condition  Predictability movement type Mean SD  Mean SD
Saccade latency  Eye-alone Predictable Incorrect anticipatory —1,020 431 —-1,304 92
Correct anticipatory —545 303 439 436
Visually triggered 273 72 236 51
Tardy 769 141 991 =
Non-predictable  Incorrect anticipatory —1,612 722 —-1,386 856
Correct anticipatory -1,144 563 789 653
Visually triggered 279 66 254 53
Tardy 890 209 721 11
Eye-hand Predictable Incorrect anticipatory  —969 366  —780 516
Correct anticipatory —631 251 =535 301
Visually triggered 287 66 234 52
Tardy 1,062 329 783 308
Non-predictable  Incorrect anticipatory —1,493 776 —1,461 708
Correct anticipatory —998 455  —1,049 438
Visually triggered 324 88 250 43
Tardy 898 199 1,071 442
Hand movement  Eye-hand Predictable Incorrect anticipatory ~ —830 438  -1339 -
latency Correct anticipatory —290 242 566 632
Visually triggered 393 70 344 65
Tardy 795 128 746 47
Non-predictable  Incorrect anticipatory —1,136 553 - -
Correct anticipatory =771 489 701 765

Visually triggered 413 61 362 66
Tardy 77 76 721 78
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Fig. 4 Mean difference of onset times for saccades and hand movements in
patients and controls across trials 1-50

were different to those in controls. There was only a
tendency for increased latencies of visually guided
saccades (t =2.19, df = 36, P = 0.035) and hand
movements (¢ = 2.33, df = 36, P = 0.026) in patients
as compared to controls.

Difference between hand and eye movement onset

For each trial, we subtracted the onset times of pri-
mary saccades and hand movements in the condition
eye-hand. A positive onset difference indicates that
the hand started later than the eye. For this analysis,
we did not differentiate between different movement
types in order to increase the number of available
values.

The difference values were averaged across the first
50 trials and subjected to repeated-measures ANOVA
with the between-subject factor group and the within-
subject factor predictability. Patients had a larger
onset difference than controls (main effect for group,
F(1,35) = 6.35, P < 0.05; see Fig. 4). After having
generated a saccade, schizophrenic patients took on
average 478 ms (SD = 289, N = 19) to initiate a sub-
sequent hand movement, whereas controls took only
255 ms (SD = 197, N = 19). There were no effects or
interactions regarding the factor predictability.

Movement amplitude

To further qualify the behaviour of eye and hand
movements, the amplitude error was calculated as the
difference of movement amplitude and target ampli-
tude and recoded, so that positive values indicate an
overshoot, and negative values an undershoot. The
data were pooled over predictable and non-predict-
able conditions and over eye-alone and eye-hand
conditions in order to increase the number of cases.
The amplitude error of incorrect anticipatory sac-
cades and hand movements was close to —20° (see
Fig. 5). As the target amplitude was always 10°,
incorrect anticipatory movements were clearly direc-
ted at previous target positions.

The amplitude errors of patients and controls were
very similar (independent ¢-tests for each saccade and
hand movement type with subsequent Bonferroni-
correction). Thus, although the frequency of correct
and incorrect anticipatory saccades was higher in
patients than in controls, the accuracy was the same
(p > 0.05). This was also true for visually triggered
and tardy saccades and all the hand movements types,
which were unimpaired in patients in terms of their
accuracy (P > 0.05).

Discussion

Schizophrenic patients generated more correct antic-
ipatory saccades than controls. This result corrobo-
rates the findings of Hommer and colleagues [32] who
applied a similar frequency analysis. This behaviour
resembles the enhancement of anticipatory activity
described by McDowell et al. [41] and Karoumi et al.
[35], indicating a lower threshold for executing a
saccade. Its underlying reason may be that patients
have problems in inhibiting inappropriate saccades
which are triggered on the basis of an internal rep-
resentation [35]. Such enhanced predictive activity in
patients was, however, not reflected in the mean
latencies of correct anticipatory saccades. This sug-
gests that the smaller mean latencies reported in
several studies indicate a gating problem rather than
an altered prediction strategy.

Fig. 5 Mean amplitude error (deg) and 10 4 10 -
standard deviation of saccades and =
hand movements, averaged across eye- £ °7 187 79 626 319 1243 2452 92 29 5 1 2 l. 162 25
. b5 =
hand and eye—alone conditions gnd o 0A P s T O S o+ —— -
across predictable and non-predictable S 1 ? D °
L 2 5 S 54 158 44 1514 1671
targets. The numbers indicate the = - 1 = -
number of cases contained in each bar € _1¢ | 2 104
© 1S
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R -20 4 -20 4 controls
-25 -25
incorrect correct visually tardy incorrect correct visually tardy
anticipatory  anticipatory  triggered anticipatory  anticipatory  triggered

saccade type

hand movement type



When looking at eye and hand together, patients
generated more incorrect anticipatory movements
than patients. However, this does not seem to be an
effect of fixation instability. Both correct and incor-
rect anticipatory saccades were as accurate in patients
as they were in controls, a finding also reported
in other studies with spatially predictable targets [32,
34]. Moreover, incorrect anticipatory saccades were
not distributed unsystematically across the layout of
the scene, but were clearly directed at previous target
positions. This indicates that the patients’ spatial
working memory, which is essential for generating
predictive movements in periodic sequences, was in-
tact. Previous target locations were correctly mem-
orised.

In contrast to saccades, no enhanced anticipatory
activity was manifest in hand movements. Although
patients made less visually triggered hand movements
than controls, there was only a non-significant ten-
dency towards a larger number of correct anticipa-
tory hand movements. Moreover, hand movements of
all types were of similar accuracy and latency in pa-
tients and controls. This suggests that the failure of
suppressing anticipatory movements was restricted to
eye movements. This may be explained with reference
to the brain structures responsible for the observed
deficit. In the context of predictive tasks, the frontal
eye fields (FEF) [27, 45, 64] and the basal ganglia [20,
31] have been discussed. The FEF is involved in the
planning of internally generated saccades, whereas
the basal ganglia are rather concerned with the gating
and selection of saccades [7]. Since the schizophrenic
patients in our study were not impaired in the gen-
eration of predictive saccades, a malfunction of gating
and selection, a function attributed to the basal
ganglia, seems more likely to be the case. Indeed,
using fMRI it was shown that in healthy subjects FEF
activity was modulated by advance knowledge of both
target direction and target timing and was greatest
with knowledge of both. However, only activity in the
basal ganglia differentiated between an increase of
predictive and express saccade or no such increase
[23]. Similarly, increased errors of schizophrenic
patients during inhibition tasks were found to be
associated with a selective failure to activate the
striatum [56]. Although the FEF was also active
during inhibition, there was no difference in FEF
activation between patients and controls [56]. Thus,
the present data are more consistent with an
impairment in basal ganglia [8, 24, 43] than FEF
functioning.

The basal ganglia enable the target motor areas to
predictively prepare for an action by suppressing
unnecessary and inappropriate movements, and by
triggering planned movements [31]. Given that the
skeletomotor loop passes through the functionally
corresponding portions of the basal ganglia inde-
pendently of the oculomotor loop [2, 44], a differen-
tial impairment of eye and hand movements can be
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explained. Consistent with this interpretation, it has
been suggested that the gating mechanism of the basal
ganglia is working separately for different sensory
modalities [7]. The present data may speak for the
fact that the gating mechanism also works separately
for different motor modalities. In schizophrenic pa-
tients, mainly the oculomotor loop may be affected.

As regards eye-hand coordination, patients took
almost double the time than controls to initiate a
hand movement after a saccade. This can, however, be
explained by the increased number of anticipatory
saccades in patients. Because anticipatory hand
movements were not more frequent at the same time,
the distance in temporal onsets between saccades and
hand movements increased automatically. Thus, the
deficit in eye-hand coordination is a consequence of
enhanced predictive saccade activity. In the same
vein, the sequencing tendency of eye fixations and
hand movements observed by Wélwer et al. [70] may
also be the result of an impaired gating mechanisms
for eye movements.

Interestingly, patients did not behave differently
than controls in the dual-task condition (eye and
hand) as compared to the single-task condition (eye
alone). This finding may appear somewhat surprising
in view of the well-known processing capacity limi-
tation in these patients. However, dual-tasks during
which such processing capacity was reported typically
used two tasks that were quite distinct from each
other in terms of task requirements. For example, in
one study a pegboard task was combined with
repetitive tapping [22]. Whereas the pegboard task is
highly dependent on manual skill, the tapping task
demands producing a regular movement based on an
internally generated rhythm Granholm et al. [26]
combined a visual search task requiring a manual
pointing response on the screen with a response time
task that required pressing the space bar in reaction
to a tone. In this case, only the response time task is a
primarily motor task. A different study combined an
auditory and visual continuous performance test [46].
Thus, tasks from two different modalities have to be
combined. Each of these tasks can be considered to be
more complicated than the predictive task employed
in the present study. Moreover, in all these studies
two tasks are combined that are quite different in
nature.

In the present study, the dual-task condition con-
sists of the execution of an eye movement together
with a pointing movement. Since pointing movements
are naturally accompanied by spontaneous eye
movements [1, 6, 54, 55], the amount of extra pro-
cessing capacity required for this dual-task condition
is probably lower than in the tasks described above.
This is even more the case as much research is
pointing to the fact that although eye and hand
movements are independent processes, they are
interacting by exchanging information [18, 40, 59, 60,
62, 68]. Moreover, Bekkering and colleagues [4]
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showed in a paradigm similar to ours that eye and
hand movements did not interfere with each other
when subjects knew in advance where the target
would appear. With a spatially predictable, but tem-
porally non-predictable target, the reaction time in
the dual-task (eye and hand) was not different from
the reaction time in the single tasks (eye alone, hand
alone). In this case, advance selection of the required
reponses is possible and this, in turn, frees processing
capacity during the reaction time interval.

In the present experiment, interference between
eye and hand was observed in terms of a higher
number of anticipatory and tardy saccades and a
smaller number of visually triggered saccades. How-
ever, this interference effect was the same for patients
and controls. We believe that this was the case be-
cause processing load was not very high in the present
experiment, firstly, because coordinated eye and hand
movements share processing capacities, and secondly,
because target predictability increased the availability
of processing resources. Numerous studies have
found that schizophrenic patiens reach the limits of
their processing resources with higher, but not lower
processing loads [25, 52]. Hence, potential limitations
in schizophrenic patients did not become manifest. It
would be interesting to investigate if an interference
effect between eye and hand movements would be-
come obvious in schizophrenic patients if the target
were completely unpredictable.

The limitations of our study refer to the fact that
eight of our patients received centrally active drugs
until a few days before testing. However, a washout
period of 3 days is common practice in other studies
with schizophrenic patients, including studies on
cognitive functions [5], SPECT investigations [42, 63],
and medication effectiveness studies [37, 47, 48, 57]
without evidence of interferences. Moreover, with
regard to potential chronic medication effects on
anticipatory saccades, neuroleptic and anticholinergic
medication has been shown to leave the frequency of
anticipatory saccades unaltered [32]. Only the
amplitude of these types of saccades was found to be
lower in treated compared to medication-free patients
[12, 32]. In our study, saccade amplitude was not
different in schizophrenic patients than in controls. It
was only the frequency of anticipatory saccades that
differed. Therefore, to our mind it seems unlikely that
chronic medication effects skewed the results.

To sum up, schizophrenic patients in our study
demonstrated enhanced predictive saccade activity
but no differences regarding the predictive mecha-
nism itself. The observed effects can be explained by
an impaired gating mechanism for predictive sac-
cades. This gating problem was specific for eye
movements and did not concern hand movements,
thus causing some related disturbances of eye-hand
coordination. These results are in agreement with the
idea of disturbed basal ganglia-cortex loops rather
then a primary dysfunction of the prefrontal cortex.
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