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Abstract Smooth-pursuit eye-tracking performance was
examined in 100 schizophrenic patients and various con-
trol groups under both attention-enhancing and attention-
distracting conditions. The level of attentional demand
was varied by introducing a secondary reaction time task
that directed attention either toward or away from the
visual-tracking target. Distraction from the target led to
a significant deterioration of tracking performance in all
subjects, which was most pronounced in the group of
schizophrenic patients. ‘Attention-enhancement, on the
other hand, did not normalize performance in this group.
In schizophrenic patients, mainly in the distraction condi-
tion, there was a moderate association between perfor-
mance in tracking and tests presumably measuring pre-
frontal functions. Tracking accuracy from both conditions
was related to general motor performance as measured by
the Neurological Evaluation Scale. It was concluded that
in schizophrenic patients attentional factors (distraction)
may contribute to eye-tracking impairment, and that the
impairment may be viewed as an aspect of general motor
dysfunctions.
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Introduction

There has been broad interest in the study of smooth-
pursuit-eye-movement (SPEM) abnormalities of schizo-
phrenic patients over the past two decades (Levy et al.
1993, 1994). Eye-movement disorders, particularly abnor-
malities of SPEM, have repeatedly been suggested as a
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potential biological (genetic) marker for schizophrenia
(Holzman 1987; Clementz and Sweeney 1990; Iacono et
al 1992). Not only has a substantial proportion (80%) of
schizophrenic patients been found to show such abnor-
malities, but also approximately 45% of the clinically
well first-degree relatives of schizophrenic patients. This
is in contrast to only approximately 10% of first-degree
relatives of nonschizophrenic psychiatric patients (Holz-
man et al. 1974). Similar results were reported by Levy et
al. (1983), Siegel et al. (1984), Mather (1985), Clementz
et al. (1990, 1991), and lacono et al. (1992). The base rate
for SPEM abnormalities in the general population was
found to be on the order of 8% (Holzman et al. 1984). The
SPEM impairment has been found to be fairly stable over
time in schizophrenic patients (Rea et al. 1989; Clementz
and Sweeney 1990). It has been observed in patients with
remitted schizophrenia, largely independent of medication
status (Campion et al. 1992). Several studies have found
the probability of the occurrence of these abnormalities in
schizophrenic samples to considerably exceed the rates
among nonpsychotic psychiatric patients, i.e. patients
with psychoneurosis, personality disorders or substance-
dependence (Shagass et al. 1974; Holzman et al. 1974;
Mialet and Pichot 1981; Radant and Hommer 1992; Feil
and lacono 1993). The high prevalence of SPEM abnor-
malities in first-degree relatives who are clinically well,
and in unmedicated or never medicated schizophrenic pa-
tients (Bartfai et al. 1984; Levy et al. 1984; Spohn et al.
1988} suggests that the abnormalities are not caused by
neuroleptic medication.

Another area to look for a promising candidate of a
“trait” marker of schizophrenia is attentional impairment.
There is an extensive literature concerned with deficits in
selective attention (e.g. Nuechterlein and Dawson 1984)
and in the capacity to attend to a continuous input of in-
formation over time. The latter has been studied fre-
quently using the Continuous Performance Test (CPT),
where schizophrenic patients have reliably been found to
be characterized by lower sensitivity (d”) than controls.
This impairment is evident regardless of clinical state, is
detectable before illness onset, and is apparently inheri-
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table (Cornblatt and Keilp 1994). Because eye tracking
involves the capacity to attend to the continuously chang-
ing target position, the attentional deficits of schizo-
phrenic patients are likely to contribute to difficulties in
this task. Accordingly, SPEM performance has been
shown to improve when attention is focused on the target,
¢.g. by reading numbers appearing on the target during
tracking (Shagass et al. 1976), and introduction of distrac-
tors has a detrimental effect on tracking accuracy (Acker
and Toone 1978). In the present experiment SPEM was
assessed under conditions where attention-enhancement
and distraction were manipulated by using a secondary re-
action time task.

The neural network involved in the control of smooth-
pursuit eye movements is extremely complex (Wirtschafter
and Weingarden 1988) and so far little is known about
the neurophysiological bases of SPEM disorder in schizo-
phrenic patients. Furthermore, no precise measure of
specific deviation in eye tracking has been established as
the most informative indicator of any underlying neuro-
physiological process (Levy et al. 1993). Schizophrenic
patients do not seem to have a general oculomotor deficit:
Their saccadic reaction times tend to be in the normal
range (Iacono et al. 1981; Ross et al 1988) and their opto-
kinetic nystagmus (Latham et al. 1981) seems to be in-
tact. On the other hand, they appear to have difficulties in
the inhibition of task-irrelevant saccades during fixation
(Mialet and Pichot 1981; Levin et al. 1982; Paus 1991) as
well as in making saccades in the direction opposite to
where a stimulus occurs (Fukushima et al. 1988, 1990).
During this antisaccade task schizophrenic subjects have
been found to make more erroneous saccades towards
the stimulus than healthy subjects. The same response pat-
tern has been found in patients with frontal-lobe lesions
(Guitton et al. 1985). Although there is evidence for the
involvement of prefrontal structures in the inhibition of
task-irrelevant saccades, evidence for their role in the
poor SPEM performance in schizophrenic patients has
gained only indirect support thus far: Studies by Bartfai
et al. (1985) and Katsanis and lacono (1991) have report-
ed significant correlations between a global measure of
SPEM impairment and performance in tests sensitive to
prefrontal functioning. A number of studies have demon-
strated that schizophrenic patients perform poorly in pre-
frontal tasks such as the Wisconsin Card-Sorting Test
(WCST). An association between poor test performance
and regional cerebral blood flow (rfCBF) has indicated an
involvement of the dorsolateral prefrontal cortex (Wein-
berger et al. 1986). In the present study a series of neu-
ropsychological tests that have been found to be sensitive
to prefrontal dysfunctions was administered in order to
further examine the relationship between eye-tracking ac-
curacy and prefrontal test performance.

In order to study the association between motor coor-
dination and eye tracking, a battery of tests was admin-
istered to measure psychomotor dysfunction and neuro-
logical signs (Heinrichs and Buchanan 1988). Although
schizophrenic patients have long been known to show a
wide range of abnormalities in motor functions (Man-

schreck 1986), we were interested in the association be-
tween oculomotor and more global movement dysfunc-
tions. Data from schizophrenic patients were compared
with those of normal controls, healthy siblings of schizo-
phrenic patients, and alcohol-dependent patients.

Subjects and methods

A total of 100 inpatients with a schizophrenic disorder from two
psychiatric state hospitals in Germany participated in the study.
They were diagnosed according to DSM-III-R criteria on the basis
of the Present State Examination (Wing et al. 1973). Patients were
excluded from the study if they were older than 35 years, if they
had been hospitalized for more than 12 months within the previous
2 years, or if they had not been engaged in some type of regular oc-
cupational or occupation-like activity during the previous year.
These criteria served to exclude the most chronic deficit states and
disabilities arising from prolonged institutionalization or social
isolation. Patients with a diagnosed neurological disorder or with
mental retardation were also excluded. Patients were tested when
acute psychotic symptoms were markedly reduced and discharge
from the hospital was being considered.

The mean age of the schizophrenic patients was 27.4 years (SD
4.5 years; 63% were male). They had been ill for an average of 4.8
years (SD 4.3 years) with a mean total duration of hospitalization
of 8.2 months (SD 11.3 months). At the time of testing all except
two patients were under neuroleptic medication. The mean neu-
roleptic dose was 326.5 mg CPE (Q1-Q3:200-500 mg CPE).
None of the patients received lithium or benzodiazepines. Of the
100 schizophrenic patients, 10 fulfilled criteria for tardive dyski-
nesia (TD) according to criteria of Schooler and Kane (1982; data
not considered in the following analyses). Two of the patiens were
unwilling to participate in psychophysiological assessment.

A total of 58 healthy volunteers, comparable to the patients
with regard to mean age and gender distribution, served as controls
(54% were male; mean age 26.8 years; SD 5.6 years). None of the
controls reported any history of psychiatric disorder and/or treat-
ment. Most of the subjects were recruited from the hospital staff.

A total of 80 alcoholic inpatients of psychiatric state hospitals
(age 18-50 years) who met DSM-IIL-R criteria for alcohol depen-
dence also participated in the study. The time interval between
detoxification and participation in the study was at least 4 weeks
so that no withdrawal symptoms were to be expected. None of the
patients were simultaneously taking any psychoactive drugs. The
mean age was 34.5 years (SD 6.3 years), which was significantly
higher than that of the schizophrenic patients (27.4 years).

Finally, a group of 40 healthy siblings of our schizophrenic pa-
tients were examined. Although all siblings of our patients were
asked to participate in the study, many refused. When more than
one sibling had participated only the sibling that was most compa-
rable with the patient (according to age and gender) was consid-
ered for group comparisons, The mean age of these siblings was
26.3 years (SD 5.4 years; 42% were male). None of the siblings
had any history of psychiatric disorder or treatment. For technical
reasons mainly due to unrecognized failures of the apparatus data
from several subjects in each group are missing. The number of
subjects included in each analysis is presented in Tables 1 and 2.

Procedures
SPEM measurement

Subjects were seated in front of a CRT monitor. They were asked
to place their heads on a head-and-chin rest at a distance of ap-
proximately 70 cm from the screen. They were told to keep their
eyes on the target stimulus, a small dot with a diameter of 0.8 cm
moving sinusoidally on a colored background (a horizontal band
1.8 cm in width across the monitor) at a frequency of 0.4 Hz. The



155

Table 1 Average root-mean-square-error (RMSE) scores (in degrees of visual angle) of subgroups compared under two experimental
conditions and results of ANOVA

Comparison Attention- Attention- Groups Conditions Groups
enhancing distracting x conditions
condition condition

Mean SD Mean SD

Schizophrenic patients (n = 41) vs 1.05 062 227 120

1L,87) =717+ F(1,87)=92.5%*  F(1,87) = 4.24*
healthy controls (n = 47) (matched) ~ 083 0.51 164 101 [8D=7 (1,87 (1.87)

Schizophrenic patients (n = 81) vs 1.03 055 228 1.05

1,134) = 14.97%** F(1,134) = 142.5%** F(1,129) = 8.65**
healthy controls (n = 54) (unmatched) 0.82 0.49 1.59 0.96 F( ) ( ) ( )

Schizophrenic patients (n = 27) vs 1.09 0.71 2.30 1.10

1,53) = 1.54 F(1,53) =582%**  F(1,53)=0.16
healthy siblings (n = 27) 090 0.55 200 1.24 F(1,53) ( ) ( )
Schizophrenic patients (n = 34) vs 092 041 232 1.23 3y = 1.73) = 82.4%%%  F(1.73) = 0.00
alcohol-dependent patients (n = 39) 1.02 059 242 149 F(,73) =028 F{,73) ’ (1,73)
Healthy siblings (n = 33) vs 092 056 195 1.19 _ 1.86) = 89.01%**  F(1.86) = 1.90
healthy controls (r = 54) 032 049 1359 095 F(1,86) = 2.14 F(1,86)=89. (1,86)=1.
Alcohol-dependent patients (n =22) vs  1.08 0.68 2.15 1.43 _ _ wx F(1.43) = 0.32
healthy controls (n = 22) 083 039 172 112 Fa,43) =189 F(1,43) = 36.09 (1,43) = 0.
*P<0.05
** P <0.01
¥ P < 0.001

Table 2 Spearman rank correlation coefficients between RMSE  tion condition; RPM Raven progressive matrices; SOPT subject
scores and neuropsychological test performance and neurological — ordered pointing task; Wisconsin card-sorting task; WT Weigl test;
evaluation scales. AEC attention-enhancing condition; DC distrac- TOL Tower of London

Schizophrenic Alcohol-dependent Healthy controls Siblings of schizo-
patients patients (n=54) phrenic patients?
(n=281) (n=69) (n=33)
AEC DC AEC DC AEC DC AEC DC
Neuropsychological test scores
RPM: standard score ~0.09 -0.15 -0.06 -0.30* 0.09 —-0.29% 0.08 -0.06
SOPT: number of errors 0.14 0.08 0.21 041***  -0.01 0.27* 0.01 0.38%*
WCST: perseverations (Milner 1963) 0.22* 0.23* 0.04 0.30* 0.02 0.25 0.17 -0.19
WCST: perseverations (Nelson 1976) 0.12 0.27%% 0.17 0.25% -0.01 -0.03 ~-0.06 0.06
WT: no. of categories -0.08 —0.27%* 0.00 —-0.13 0.25 0.05 -0.10 -0.07
TOL: no. of optimal solutions -0.15 -0.21 -0.04 —0.36%* -0.11 -0.25 0.06 0.00
Neurological evaluation scale
Sensory integration 0.23#* 0.29* 0.24 0.35%* 0.00 0.22
Motor coordination 0.24* 0.21 -0.15 0.23 0.07 0.18
Sequencing of complex motor acts 0.17 0.45%%*  ~0.04 0.30* -0.01 0.35%
Others 0.23%* 0.29* 0.16 0.29* -0.08 0.25
NES total scores 0.28%*%  (.44%xx 0.09 0.44%= 0.02 0.39%*
*P<0.05
** P <0.01
*E* P < 0.001

* Neurological signs were not assessed in siblings

display subtended a visual angel of + 10 degrees from the center. changed its color with the same temporal distribution as in the
Two smooth-pursuit tasks, each lasting 60 s, were administered in  other task. Again, subjects had to respond to each color change
a fixed order: (1) An attention-enhancing task during which the  with a fast button press.

target stimulus changed color every 5-8 s requiring the subjects to Horizontal eye movements were recorded by means of an elec-
press a button as quickly as possible whenever a change in color trooculogram (EOG) with Picker Ag-AgCl electrodes placed on
accurred and (2) An attention-distraction task during which the the outer canthi of the two eyes. For vertical eye movements and
background (the horizontal band on which the target was moving)  blinks electrodes were placed above and below the right eye. Both
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EOG signals were filtered at a cut-off frequency of 15 Hz and
high-pass filtered at 0.005 Hz. Data were digitized on line at a rate
of 500 Hz.

For a quantitative evaluation of tracking accuracy root-mean-
square-error scores (RMSE) were calculated as follows: For each
cycle the amplitude of the horizontal EOG was calibrated to the
target amplitude by minimizing the sum of the squared differences
between the EOG and the target. The minimized value is the
RMSE score for one cycle. This method is analogous to Iacono and
Lykken’s (1979) procedure of first setting the mean of the EOG to
zero and subsequently adjusting the amplitude to match that of the
target, but is probably more conservative, because the RMSE
score is by definition the minimum possible. When blinks were
detected on the vertical channel the data of the horizontal channel
were not evaluated from 200 ms before to 300 ms after the blink
maximum.

For technical reasons the 1st, 12th, 13th, and 24th cycle were
not correctly recorded and were excluded from evaluation. The
RMSE score was computed for each of the remaining 20 cycles in
units of degrees of visual angle. The median of these scores was
taken to represent performance of the subject in each task. With
this measure singular events of extremely poor tracking are not
considered, and it is thus a conservative measure of tracking ab-
normalities. Because RMSE quantifies the deviation between tar-
get and eye movement, higher scores represent poorer tracking
quality. Although RMSE scores do not give any information about
the precise nature of pursuit dysfunction (Abel and Ziegler 1988;
Levy et al. 1993), it has been found repeatedly to be a reliable and
differentially valid index of eye-tracking performance.

Neuropsychological tests

Four tests were selected as sensitive to prefrontal dysfunctions,
measuring to various extents categorization, cognitive flexibility,
and planning: the WCST (Milner 1963; Nelson 1976), the Subject
Ordered Pointing Task (SOPT; Petrides and Milner 1982), the
Weigl Sorting Task (WEIGL; Weigl 1941), and the Tower of Lon-
don (TOL; Shallice 1982), which was used in the modified version
of Rohrenbach et al. (1991). In this version for each task the bails
are presented in different starting positions and must be rearranged
to one given target position per series. There are two series of ten
tasks each with different target patterns. As a test for general cog-
nitive functioning the Raven Standard Progressive Matrices Test
(SPM) was administered to all subjects.

Neurological evaluation and extrapyramidal side effects

Neurological signs were assessed using the Neurological Evalua-
tion Scale (NES) by Buchanan and Heinrichs (1989). This instru-
ment comprises four subscales, three of which are assumed to
measwure dysfunctions of different functional areas: Sensory Inte-
gration, Motor Coordination, and Sequencing of Complex Motor
Acts. The fourth scale (“Others”) comprises heterogeneous items
such as reflexes, memory, synkinesis, gaze impersistence, etc.
Each item is scored from O (normal) to 2 (maximum deviation).
Video recordings of the assessments were evaluated by two inde-
pendent raters. The interrater reliabilities (Spearman rank correla-
tion) varied between 7 = 0.88 and r = 0.99 for the four different
subscales. Within the same session neuroleptic side effects were
assessed and scored on the Simpson-Angus Scale for extrapyrami-
dal side effects (Simpson and Angus 1970) and on the Abnormal
Involuntary Movements Scale (AIMS; Research Branch 1975).

Psychopathology and negative symptoms

Semistandardized clinical interviews with a minimum length of 20
min were carried out with all patients. Videotapes of these inter-
views were rated independently by two trained psychologists or
psychiatrists on scales focusing to a large extent on negative symp-
toms: the Scale for the Assessment of Negative Symptoms (SANS;

Andreasen and Olsen 1983), the Positive and Negative Symptom
Scale (PANSS; Kay et al. 1989), and the Brief Psychiatric Rating
Scale (BPRS; Lukoff et al. 1986).

Results

Quantitative assessment of SPEM

The following analyses compare SPEM performance of
schizophrenic patients with the SPEM performance of the
other three groups, i.e. healthy controls, healthy siblings
of schizophrenic patients, and alcohol-dependent patients.
Because these groups differ with regard to age and gen-
eral intelligence (Raven SPM), and because these two
variables correlated with SPEM performance in alcohol-
dependent patients and healthy subjects (-0.29 < r < 0.34),
separate subsamples of matched pairs corresponding in
age and general intelligence were considered for these
analyses. Schizophrenic patients included in these com-
parison of matched groups had significantly higher scores
in the SPM than those who could not be matched
(Wilcoxon z = 4.22; P < 0.001), but did not differ with re-
gard to duration of illness, age, age of onset, or total dura-
tion of hospitalization (all Wilcoxon z-values < 0.90).

Means and SDs of RMSE scores and number of sub-
jects in all subsamples are presented in Table 1. When 41
schizophrenic patients were compared with a matched
group of healthy controls in a two-way ANOVA with re-
peated measurements on one factor the following results
were obtained: (1) SPEM performance of the two groups
differed significantly across both tracking conditions (¥
[1,87]=7.17; P < 0.01), showing a poorer performance in
the schizophrenic patients, (2) The difference between
conditions was found to be highly significant (¥ {1.87] =
92.50; P < 0.001) with tracking better during the atten-
tion-enhancing condition and (3) According to the inter-
action effect groups X conditions (F[1,87] = 4.24; P <
0.05) the performance of schizophrenic patients is more
strongly disturbed by the distracting task than the perfor-
mance of healthy controls.

When the total group of schizophrenic patients (all
patients with valid RMSE values and excluding patients with
TD: n = 81) was compared with all normal controls (here
the Raven SPM were significantly different (F[1,135] =
9.05; P < 0.01), the F-values for both main effects and the
interaction were systematically larger (Table 1).

In contrast to these clear-cut differences comparing
schizophrenic patients and healthy controls, tracking per-
formance did not differ significantly between schizo-
phrenic patients and matched groups of 39 alcohol-depen-
dent patients (F[1,72] = 0.28) or 27 of their healthy sib-
lings (F[1,53] = 1.54). There were no significant interac-
tions between groups and conditions, indicating that the
experimental manipulations had similar effects on the
subjects of all groups. In addition, when siblings of
schizophrenic patients and the alcohol-dependent patients
were compared with healthy controls, no significant
group differences emerged, although in both comparisons
the performance of the healthy controls was better than
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Table 3 Medians (M) and interquartile intervals (Q3—Q1) of neuropsychological tests and the neurological evaluation

Schizophrenic Alcohol-dependent Healthy controls Siblings of schizo-
patients patients phrenic patients®
M Q3-Q1 M Q3-Q1 M Q3-Q1 M Q3-Q1
Neuropsychological test scores
RPM: standard score 104.5 14.0 103.5 14.0 111.0 14.0 111.0 12.0
SOPT: total errors 55 7.0 3.5 4.0 2.0 3.0 20 3.0
WCST: perseverations (Milner 1963) 1.0 4.0 1.0 4.0 1.0 2.0 1.0 2.0
WCST: perseverations (Nelson 1976) 1.0 4.0 1.0 2.0 0.0 1.0 0.0 1.0
WT: no. of categories 13.0 4.0 13.0 50 14.0 3.0 15.0 20
TOL: no. of optimal solutions 13.0 3.5 14.0 2.0 14.0 3.0 15.0 3.0
Neurological evaluation scale
Sensory integration 3.0 3.0 2.0 3.0 1.0 2.0
Motor coordination 1.0 2.0 1.0 2.0 0.0 2.0
Sequencing of complex motor acts 3.0 5.0 2.0 3.0 1.0 2.0
Others 5.0 4.0 4.5 4.5 3.0 3.0
NES total scores 11.0 11.0 11.0 9.0 6.5 7.0
* P <0.05
** P <001
#¥% P < 0.001

2 Neurological signs were not assessed in siblings

that of the comparison group (alcohol-dependent patients
vs healthy controls F[1,43] = 1.89; P = 0.18; healthy sib-
lings vs healthy controls F[1,86] = 2.14; P = 0.15).

In all groups tracking was found to be significantly
better when the secondary task focused attention on the
moving-target stimulus than when attention was dis-
tracted toward the background of the stimulus.

Correlates of SPEM performance in schizophrenic patients

With the exception of 10 schizophrenic patients with TD
all schizophrenic patients who participated in the study
were considered for the following analyses, with no re-
gard to their comparability to other groups (i.e. age or per-
formance in the SPM test). Because most variables were
not normally distributed Spearman rank correlations were
computed.

Demographic and anamnestic variables

Gender and age were not related to eye-tracking perfor-
mance in either condition, nor were age of onset, duration
of illness, or total duration of hospitalization. Correlation
coefficients ranged from r = 0.01 (duration of hospitaliza-
tion) to r = 0.15 (duration of illness).

Neuropsychological test performance

Correlations between eye-tracking performance and neu-
ropsychological test scores are presented in Table 2. (For

medians and ranges of the variables see Table 3.) In the at-
tention-enhancing condition only the number of persever-
ative errors (Milner 1963) showed a significant positive
correlation with RMSE scores from the tracking task (r =
0.22; P < 0.05). In the distraction condition both perse-
verative errors scores of the WCST and the number of
correct categories in the Weigl Test correlated with eye-
tracking performance. There were no significant correla-
tions between eye-tracking in both conditions and perfor-
mance in the Raven SPM.

Neurological Evaluation Scales

Correlations between SPEM impairment and NESs are
presented in Table 2. Both tracking conditions showed
positive associations with all subscales, many of which
were significant. The more neurological signs found in
schizophrenic patients, the poorer their eye-tracking per-
formance.

Medication

No relationship was found in either condition between
neuroleptic dosage (chlorpromazine equivalents) and eye-
tracking impairment. There was no significant difference
between patients receiving medication with considerable
anticholinergic effects (n = 41) and patients without such
medication (n = 40; ¢ < 1.59). Correlations between SPEM
impairment and ratings of extrapyramidal side effects
(Simpson-Angus Scale [1970]) were positive, but only
approached significance in the attention-enhancing condi-
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tion (r = 0.19; P = 0.09). Correlation coefficients between
side effects and the subscales of the NES ranged from r =
0.00 to r = 0.15.

Psychopathology and negative symptoms

No association was found between negative symptoms
and SPEM performance: For both the total score of the
SANS and PANSS as global measures of negative symp-
toms, positive but nonsignificant correlations were found
with eye-tracking impairment (0.14 < r < 0.20). The total
score of the BPRS as a measure of general psychopathol-
ogy was not associated with eye-tracking in either condi-
tion (r £ 0.13).

Correlates of SPEM impairment in other groups

Correlation coefficients (Table 2) between SPEM perior-
mance, the scores in the neuropsychological tests, and the
NESs across alcohol-dependent patients and healthy con-
trols were similar to those found in the group of schizo-
phrenic patients. Again, SPEM impairment was found to
be significantly related to poor performance in the neuro-
psychological tests as well as to impairments in the NES
tasks. The NES performance was not assessed in the sib-
lings of schizophrenic patients. The correlations between
SPEM performance and performance in the neuropsycho-
logical tests found in this group were generally very low.
The only significant correlation was obtained with the
number of errors in the SOPT (r = 0.38; P < 0.05).

Discussion

Our results with a group of 81 schizophrenic patients con-
firm findings of previous studies that schizophrenic pa-
tients are impaired in smooth-pursuit eye-tracking relative
to healthy controls. It should be noted that in contrast to
many earlier studies patients with severely chronic deficit
states were excluded. The difference between schizo-
phrenic and healthy subjects was found not only in the at-
tention-distraction condition but also in an attention-en-
hancing condition, when attention was focused on the tar-
get by means of a dual-task instruction. Such conditions
are likely to improve performance and to reduce the dif-
ferences between groups (Shagass et al. 1976; Amador et
al. 1991). The severely impaired tracking performance in
schizophrenic patients, during the condition in which
changes in the color of the background on which the tar-
get was moving required a button press, clearly indicates
that distraction can worsen SPEM performance. It is not
clear whether attentional factors contributed to the poor
performance in the attention-enhancing condition.
Similar to a number of earlier studies the siblings of
our schizophrenic patients also showed relatively poor
SPEM performance: Their RMSE scores were intermedi-
ate between those of the schizophrenic patients and the

healthy controls, and did not differ significantly from the
scores of either group. The effects of the experimental
conditions were similar to those observed in the schizo-
phrenic patients. We cannot exclude the possibility that
some of the siblings suffered from some kind of unde-
tected psychiatric disorder or from substance abuse. Their
performance in the neuropsychological test battery was
significantly better than that of schizophrenic patients and
did not differ from that of the normal control group (Table
3). Correlations between RMSE scores and test perfor-
mance were negligible. Thus, their reduced tracking per-
formance is not merely a function of some generalized
deficit.

Similarly, the alcohol-dependent patients in this study
did not differ significantly from either schizophrenic pa-
tients or normal controls. Although Kobatake et al. (1983)
reported impaired SPEM in chronic alcoholics, other
studies (Radant and Hommer 1992; Feil and Iacono,
1993) did not find any significant deficit in alcohol- or
substance-abusing patients. One might expect that differ-
ences between the investigated samples are responsible
for these discrepancies: Patients with extensive consump-
tion of alcohol over a period of several years are probably
more impaired in SPEM performance than patients with a
shorter duration of illness. In our sample of alcohol-de-
pendent patients we found RMSE scores to be signifi-
cantly associated with duration of illness (r = 0.26), sup-
porting this hypothesis. On the other hand, RMSE scores
were only modestly and nonsignificantly correlated with
other indicators of severity of illnes such as number of
former inpatient treatments (r = 0.20) or amount of ethanol
consumed per day (» = 0.12). More than these variables
age seems to have an important influence on SPEM per-
formance (r = 0.33 in alcohol-dependent patients and r =
0.24 in healthy controls), and when the total group of al-
cohol-dependent (mean age 34.5 years) patients was com-
pared with healthy controls (mean age 26.8 years) the
group difference was highly significant (F[1/120] =
24.68; P < 0.0001). From the present data it seems pre-
mature to draw specific conclusions on the SPEM perfor-
mance in alcohol-dependent patients.

In schizophrenic patients SPEM impairment was not
correlated with ratings of negative symptoms and general
psychopathology. This result is at variance with the study
by Katsanis and Iacono (1991), who reported a substantial
positive correlation with their negative symptom index of
r = 0.54 and a negative correlation of r = — 0.43 with their
positive symptom index. The lack of a correlation in the
present study may be explained by the sampling proce-
dure, which excluded both patients with current psychotic
symptoms and those with severe deficit states. Zero corre-
lations were also obtained with anamnestic variables such
duration of illness, duration of hospitalization, or age of
onset. This is consistent with the findings of impaired
SPEM in siblings and other first-degree relatives of schiz-
ophrenic patients possibly indicating some kind of genetic
vulnerability.

In schizophrenic and alcohol-dependent patients, and
to a lesser degree also in normal controls, tracking perfor-



mance during the distraction condition was significantly
associated with performance in the neuropsychological
test battery. Whereas in alcohol-dependent patients the
correlations were comparably high for the Raven SPM
and most tests purportedly measuring prefrontal functions,
significant correlations in schizophrenic patients were
limited to the WCST and the Weigl Sorting Task. We have
no indication to what extent these correlations really point
to deficiencies in prefrontal functions, because no tests
were given that rely primarily on other neuropsychologi-
cal functions. The results are well in line with the findings
of Katsanis and lacono (1991), who reported significant
associations between RMSE scores and the WCST as well
as the Verbal Fluency Task. In their study eye tracking
was measured in a standard tracking task without any ad-
ditional attention-enhancing or attention-distracting de-
mands. The somewhat higher correlations with most neu-
ropsychological test scores in the attention distraction rel-
ative to the attention-enhancing condition may be taken as
an indicator that focusing attention on the target may have
lessened the impact on prefrontal functions on SPEM per-
formance. It is unclear why it is particularly the WCST
(number of perseverative errors as defined by Milner
[1963]) that showed the most consistent association with
poor SPEM performance in schizophrenics, whereas in
the other three groups the Subject Ordered Pointing Task
showed the highest correlations.

Consistent associations were found between eye-track-
ing performance and the NES in all investigated groups.
These correlations are somewhat higher in the distraction
relative to the attention-enhancing condition. The highest
correlation (r = 0.45) is found with the subscale Sequenc-
ing of Complex Motor Acts in the group of schizophrenic
patients. It suggests that eye-tracking dysfunctions may
be best understood not as a specific dysfunction of the
smooth-pursuit system, but as part of a more general
impairment of psychomotor functions — as frequently
observed in many schizophrenic patients (Manschreck
1986). The consistent correlations of SPEM performance
with all four subscales of the NES suggest a broad but
subtle neurological deficit in schizophrenic patients inter-
fering not only with SPEM, but also with a much broader
range of psychomotor functioning. this finding corre-
sponds with Meehl’s (1990) postulate of a general neu-
rointegrative deficit in schizophrenics. In conclusion,
SPEM abnormalities in schizophrenic patients could be
shown to be influenced by attentional and general psy-
chomotor dysfunctions. It is correlated with some indica-
tors of poor prefrontal functioning. Our results do not al-
low differentiation of the relative contributions of these
factors.
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