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Summary. The performance of schizophrenic patients 
in a task which requires a sequence of saccades guided 
by visuospatial cues is reported. A previous study 
recording eye movements determined a highly in- 
creased number of fixations neccessary for this task 
in acute schizophrenic patients compared with nor- 
mal controls. The performance of normal control 
subjects of different age groups and the correlation 
between the performance in the tracking task and the 
results of a clinical psychological test battery are de- 
scribed. Schizophrenic patients in a partly remitted 
state and in a remitted or mildly chronic state per- 
formed this task worse than matched control sub- 
jects; this was particularly indicated by the time 
score. The relation to the lifetime dosage of neuro- 
leptic medication is considered. 
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Introduction 

Schizophrenic patients seem to be impaired in track- 
ing tasks which either depend on smooth pursuit eye 
movements (SPEM) (Lipton et al. 1983) or (presum- 
ably) also on saccadic eye movements (SEM) (Reis- 
chies et al. 1988) as well as, more generally, in visual 
search tasks (Russel and Knight 1977). These impair- 
ments may be traced to deficits within different com- 
partments of the visuomotor system. Preliminary 
data regarding the scanpath of schizophrenic patients 
in a saccadic tracking task (Reischies et al. 1988) 
demonstrated a highly increased number of fixations 
but not prolonged fixation times. An impairment 
within the saccadic tracking task may possibly be 
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related to dysmetric saccades, as found by Schmid- 
Burgk et al. (1983) as well as Mather and Putchat 
(1983). Dysmetric saccades, in turn, may be caused 
by many different disturbances, such as elementary 
afferent information processing, peripheral attention 
processes and perception of visuospatial relations, as 
well as disorders of elementary motor aspects of sac- 
cades. Their importance for exploratory eye move- 
ments and visuospatial deficits of schizophrenic pa- 
tients is poorly understood. 

It has been assumed that there is a top-down or- 
ganization of a scanning path, giving rise to different, 
individually invariant, scanning styles, which may be 
relevant for schizophrenic patients (Gaebel et al. 
1987). A defective scanpath organization has been 
hypothesized for visual search tasks by Russel and 
Knight (1977). There are no data which support the 
notion that schizophrenics have difficulty in extract- 
ing the information of the individual items which they 
search for (Royer and Friedman 1973; Russel and 
Page 1976; Russell and Knight 1977), but it has been 
assumed that a prolonged response time is related to 
the organization of the search itself (Russel and 
Knight 1977). A prolonged response time has fur- 
thermore been found to be associated with the age of 
the patient. 

Kojima et al. (1987) found a defect in exploratory 
planning of a Porteus maze solution. The planning 
time was prolonged as well as the execution time. 
Some of their schizophrenic patients looked, at the 
beginning of the task, at the last blind alley, as nor- 
reals do. Other patients, however, looked at the last 
blind alley only later, during the performance of the 
task; the authors discussed an analogy of a right fron- 
tal lesion deficit for the latter group. 

The saccadic tracking task, which we have intro- 
duced, does not depend on individual scanpath or- 
ganization. The scanpath is organized bottom-up, by 
analysing cues and integrating the information into 
the scanning sequence. Nonetheless, there seems to 
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be  an i m p a i r m e n t  in acute  sch izophren ic  pa t i en t s  
(Reisch ies  et  al. 1988). 

T h e  task  of  saccadic  t rack ing  (Reisch ies  et  al. 
1986) uses v i suospa t ia l  cues for  the  sequence  of  sac- 
cade  steps,  Bes ides  d i rec t ion  p e r c e p t i o n ,  o t h e r  visuo-  
spa t ia l  e l emen t s  a re  pe r t i nen t  to  this task ,  such as 
p e r i p h e r a l  t a rge t  iden t i f ica t ion  and  d i s tance  de t e rmi -  
na t ion .  

Sch izophren ic  pa t ien t s  obv ious ly  suffer  f rom vis- 
uospa t i a l  d i s tu rbances .  In  ba t t e r i e s  of  in te l l igence  
tests  sch izophren ic  pa t i en t s  s eem to be  i m p a i r e d  
espec ia l ly  in the  p e r f o r m a n c e  of  v i suospa t ia l  tests  
( A y l w a r d  et  al. 1984; H a s s e - S a n d e r  et  al. 1982). O u r  
own,  as ye t  unpub l i shed  resul ts  have  d e m o n s t r a t e d  
non -ve rba l  defici ts  in m e d i c a t e d  chronic  sch izophren-  
ics - r e sembl ing  acute ,  m e d i c a t e d  sch izophren ics  
(Re isch ies  1987). 

W e  inves t iga ted  w h e t h e r  or  no t  the  p e r f o r m a n c e  
of  sch izophren ic  pa t ien t s  is i m p a i r e d  in this type  of  
t r ack ing- t a sk  even in the  r e m i t t e d  s ta te .  T h e  second  
a im of  the  s tudy  was to d e t e r m i n e  the  fac tor  s t ruc ture  
o f  the  saccadic  t rack ing  task  by  de l ive r ing  the  test  to 
a sample  of  psychiatr ic  pat ients  together  with a ba t te ry  
of  o t h e r  tests.  Of  special  in te res t  was the  r e l a t ion  to 
v i suospa t ia l  tasks.  A th i rd  a im was to examine  the  
poss ib le  role  of  neu ro l ep t i c  m e d i c a t i o n  in the  causa-  
t ion of  the  defici ts  in the  saccadic  t r ack ing  task.  

Subjects and M e t h o d s  

Subjects. (A) Normal control subjects (N = 95) were recruited 
from the staff of the clinic and an education unit of the local 
police department. Subjects older than 60 years were required 
to copy the Rey complex figure (Lezak 1983) to exclude sub- 
jects with pronounced cognitive decline, indicating a probable 
dementing illness. (B) The subjects of the clinical sample 
(N = 50) were the patients who had been successively referred 
to the department of clinical psychology for standard evalua- 
tion of their performance level. The diagnoses were made ac- 
cording to ICD 9. Patients suffering from an acute psychosis 
were tested when partly remitted. All schizophrenic subjects of 
this sample (N = 17) were receiving neuroleptic medication. 
(C) The sample of remitted and chronic schizophrenic patients 
(N= 32) was investigated within the outpatient clinic for 
schizophrenic patients in our department. The diagnosis was 
made according to the RDC (Spitzer et al. 1982). Any clinical 
finding indicating brain damage led to the exclusion of the 
patients from this sample. The sociobiographic data of the 
schizophrenic patients are shown in Table 3. Four of the pa- 
tients of this sample were not receiving neuroleptics at the time 
of testing. 

Methods. The test is illustrated in Fig. 1. The subject is in- 
structed first to look at the starting point. An arrow indicates 
the direction in which the next point is to be found. Thus the 
scanning is guided by the visuospatial cues until the last arrow 
points to one of the numbers in a circle around the points, 
which has to be read. To avoid short-cut strategies, items are 
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Fig. 1. Test items of saccadic tracking task 

inserted that display a circular path. Training for the task is by 
items with arrows that actually connect the points. The arrows 
then gradually becoming shorter. 

The items are seen at the usual reading distance; the 
peripheral circle consisting of numbers has a diameter of 
15cm. The test items consist of 16 figures (one 4-arrow se- 
quence, two 5-arrow sequences, eight 8-arrow and three 13- 
arrow sequences, as well as two circular sequences). An error 
is scored when a wrong number is said, when the subject indi- 
cates that he/she is lost, or if the subject needs more than 40 s. 
Then a second trial is started, the time of which is not 
analysed. If the second trial fails, the subject is asked to indi- 
cate the path, pointing by hand. 

The scores were (1) the number of items failed at the first 
trial, (2) the total number of trials needed, (3) the mean times 
for the four less difficult 8-arrow items and (4) the difference 
between the times for the 13-arrow items and the times for the 
less difficult 8-arrow items. 

The clinical sample was tested additionally by subtests of 
the Hamburg Wechsler Intelligence test (HAWE; informa- 
tion, similarities, picture completion, block design and digit 
symbol); Wechsler Memory scale (WMS); a cancellation test 
for attention and concentration - d2 (Brickenkamp 1981); the 
Benton visual retention test (Benton 1974), corrected for esti- 
mated IQ; the Diagnosticum ftir Cerebralsch~idigung (DCS, 
Weidlich 1972); and a vocabulary test, MWT-B, a multiple 
choice test for recognition of a German word out of non-words 
(Lehrl 1977). 

Results  

The  resul ts  for  the  he a l t hy  con t ro l  g roup  a re  shown 
in Tab le  1. The  e r ro r s  were  low and  seem to be  con-  
s tant  in a du l t hood ;  they  inc reased  to some  ex t en t  in 
subjects  o l d e r  than  60 years .  The  t ime  score  for  8- 
a r row sequences  s e e m e d  to b e  cons tan t  in the  ea r ly  
years  ( +  0 .77s) ;  a f te r  the  age of  60 years  the  va r i ance  
inc reased  cons ide rab ly .  

I n t e r c o r r e l a t i o n s  b e t w e e n  the  p a r a m e t e r s  of  the  
saccadic  t r ack ing  and,  on  the  one  hand ,  age,  sex and  
educa t ion ,  and  on  the  o t h e r  hand ,  the  subtes t s  o f  the  
tes t  ba t t e ry ,  we re  ana lysed .  T h e r e  was a high cor re la -  
t ion b e t w e e n  the  e r ro r -  and  t ime  scores  and  the  vis- 
uospa t i a l  tests .  In  T a b l e  2 the  P e a r s o n  co r re l a t ions  
are  l i s ted  for  the  subtes ts  o f  the  H A W E  p ic tu re  c o m -  
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plet ion and block design, together  with the visual 
m e m o r y  of  the WMS,  and D C S  and the Ben ton  test 
par t  E. Within  this pat ient  group the t ime difference 
seemed to have overall  low correlat ions with the 
parameters  assessed. 

With  regard to the o ther  tests of  the bat tery ,  the 
er ror  score (first trial) was significantly related only 
to the similiarities subtest,  logical m e m o r y  of  the 
W M S  and the errors  of  the d2 at tent ion task; the cor- 
relat ion coefficients were  ra ther  low ( - 0 . 3 4 ,  - 0 . 3 4  
and 0.29). The  t ime for  8-arrow items was significant- 

Table 1. Parameters of the saccadic tracking task in four age 
groups 

Age N Errors Time 
(years) 1st trial 8-arrows 

(s) 

18-25 35 1.43 4.30 
+ SD 1.07 0.77 

26-40 21 1.52 4.69 
+_ SD 1.54 1.19 

41-60 24 2.21 5.38 
+_ SD 1.72 1.60 

> 60 15 4.00 11.85 
___ SD 3.25 6.62 

ly re la ted only to the pe r fo rmance  of  the d2 at tent ion 
task, the digit symbol  and informat ion subtest ( - 0 . 2 8 ,  
- 0 . 3 3  and - 0 . 3 2 ) .  A strong sex effect was found  
with respect  to more  errors  at first trial in female 
patients.  A n  age effect was found,  as expected,  
whereas  no impor tan t  educat ion  effect could be  dem- 
onstra ted.  

For  the schizophrenic patients the results are 
given in Table  3. The  difference be tween  schizo- 
phrenic  patients and controls  in the er ror  score was 
marginal ly significant ( tested non-parametr ica l ly  be- 
cause of  variance inhomogenei ty ;  Mann-Whi tn e y  U 
test, P < 0.10); the time for  8-arrow items was signif- 
icantly different (Mann-Whi tney  U test, P < 0.001). 

Whereas  the first g roup of  schizophrenic patients 
had part ly remit ted during inpatient  t rea tment  of  an 
acute psychosis,  the second sample of  schizophrenic 
patients was in a remit ted or  mildly chronic state (see 
Table  2, outpat ient  group).  There  was a slight in- 
crease in the er ror  score (Mann-Whi tney  U test, 
P <  0.11); the t ime for  8-arrow items, however ,  was 
significant (Mann-Whi tney  U test, P < 0.0025). 

For  the latter sample the lifetime dosage of  neuro-  
leptic medica t ion  was de te rmined  and the chlor- 
p romaz ine  (CPZ)  equivalents  were  found  to be cor- 
related to the t ime for 8-arrow items and the total 

Table 2. Correlations between parameters of the saccadic tracking task and sociobiographic data and performance of visuospatial 
tests 

Variable Errors 1st trial Time difference Time (8-items) Trials total 

Age 0.44*** 0.25 0.32* 0.40** 
Sex 0.41"* 0.41"* 0.26 0.45*** 
Education - 0.20 - 0.22 - 0.15 - 0.23 

Pict. completion -0.36** -0.20 -0.38** -0.42** 
Block design -0.52*** -0.15 -0.51"** -0.56*** 
Vis. memory -0.41"* -0.21 -0.43** -0.46*** 
DCS -0.43** -0.13 -0.33* -0.43** 
Benton E - 0.42"* - 0.23 - 0.38"* - 0.47"** 

* P < 0.05; ** P < 0.1; *** P < 0.001 

Table 3. Saecadic tracking parameters of two samples of schizophrenic patients, inpatients in a partly remitted state and outpatients 
in a remitted or mildly chronic state 

Group N Age Sex Education Errors Time 
(years) % female (years) 1st trial 8-arrow 

(s) 

Control 54 36.2 48.1 10.9 1.81 4.86 
+ SD 11.1 1.7 1.60 1.40 

Schiz. inpatients 17 37.4 35.3 11.0 3.25* 8.54* 
+ SD 11.7 2.2 3.04 4.91 

Schiz. outpatients 32 37.3 53.1 10.3 3.53* 7.65* 
+_ SD 11.2 2.0 4.08 5.17 

* P < 0.05 
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trials score ( r=0 .49 ,  P < 0 . 0 0 8  and r = 0 . 3 6 ,  P <  
0.057). There was, however, also a high correlation 
between the CPZ equivalents of lifetime dosage and 
age (r = 0.52, P < 0.004). The correlations between 
the two saccadic tracking scores and the acute 
neuroleptic medication were found to be low and not 
statistically significant. 

Discussion 

Impairments in performance of the saccadic tracking 
task could be demonstrated for partly remitted as 
well as remitted or chronic schizophrenic patients. 
The time for the performance seems to be affected 
more than the error scores. 

As expected, there was a strong correlation of the 
test scores and further visuospatial tests. However,  in 
the saccade tracking task, unlike the usual visuospa- 
tial tests, no organization of an individual scanning 
path is needed, which seemed to be impaired in 
schizophrenia. Schizophrenia patients might have 
problems with visuospatial tasks for several reasons: 
on the one hand, a defective organization of explor- 
atory eye movements might impair their performance; 
on the other hand, as our results might suggest, an 
insufficient elementary analysis and/or integration of 
visuospatial information into a saccadic sequence 
O c c u r s .  

A possible interfering factor is that medication of 
the schizophrenic patients by acute or chronic effects 
may be responsible for the impairment in saccadic 
tasks (Spohn et al. 1985). Our finding of a correlation 
between the lifetime dosage and the impaired perfor- 
mance might point to a lifetime dosage effect, but the 
age correlation of lifetime dosage might explain the 
effect on test performance to some extent. Further- 
more there is possibly a complex interaction between 
low response to neuroleptics in relation to brain dam- 
age and a higher lifetime dosage, which makes our 
results difficult to interpret. 

Further analysis of the eye movement  pattern of 
schizophrenic patients at this task will possibly dem- 
onstrate specific eye movement features in these pa- 
tients compared with brain-damaged patients. This 
and the role of elementary dysfunctions such as dys- 
metria of saccades and the hypothesis of a saccadic 
facilitation (fixation suppression defect, Jones and 
Pivic 1983) should be investigated. 
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