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Abstract

The present study examined the temporal stationarity of the performance of 16 schizophrenic patients and 16
controls matched for age and sex in a bimanual coordination task and a perceptual task. In the motor task, rhythmic
finger oscillations (alternating activity of homologue muscle groups) at increasing speed levels resulted in two measures,
the preferred oscillation frequency and the critical frequency at which phase transitions (change towards simultaneous
activity of homologue muscle groups) occurred. A measure of local dimensional complexity (pointwise D2 or PD2),
which is a measure of non-linear dynamics, was determined for the acceleration profiles of the subjects’ movements.
Schizophrenics exhibited less stable movement dynamics than controls in horizontal finger cycling, indicated by a
lower ratio critical/preferred frequency (critical ratio) and by higher means and standard deviations of the pointwise
D2. In vertical cycling, the critical ratio did not differentiate between groups, while PD2 means and standard
deviations did. Groups also differed specifically in perception of two ambiguous figures (Schroeder stairs and Rubin
vase). Schizophrenics showed significantly higher reversal rates for the Rubin vase and a differential perceptive in
comparison to controls in the perception of the Schroeder stairs. Measures of perceptual and motor stability were
unrelated, which suggests that perceptual and motor processes are not influenced by a common underlying mechanism.
© 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction chaos analysis. Such analyses allow us to determine
changes in the dynamics of the system over time
or the set of rules that characterize the system’sA potentially important new approach to

describing dynamical processes, particularly those state at a given time. More complex systems would
be characterized by higher dimensionality or awith signals that initially appear irregular or even

random, is that of non-linear dynamics, also called higher rate of phase state transitions. Such
approaches have been shown to be useful in char-
acterizing a variety of processes, including physiol-

* Corresponding author. Present address: University of
ogy (Elbert et al., 1994) and motor behaviorsKonstanz, Fachgruppe Psychologie, Box D25, D-78457
(Haken et al., 1985). In schizophrenics, such mea-Konstanz, Germany. Tel: +49 7531 884003; Fax: +49 7531

88289; e-mail: Andreas.Keil@uni-konstanz.de sures reveal, for example, a higher rate of phase

0920-9964/98/$ – see front matter © 1998 Elsevier Science B.V. All rights reserved.
PII: S0920-9964 ( 98 ) 00069-3

http://www.sciencedirect.com/science/journal/09209964
http://nbn-resolving.de/urn:nbn:de:bsz:352-opus-42651
http://www.ub.uni-konstanz.de/kops/volltexte/2007/4265/


170 A. Keil et al. / Schizophrenia Research 33 (1998) 169–178

transitions (i.e., qualitative changes of the system’s has been explained by Koehler (1940) as the
dynamical state) as well as a higher dimensionality consequence of neuronal fatigue or saturation, and
and its variability in schizophrenics (Elbert et al., by Rock (1975) as the consequence of active
1992; Koukkou et al., 1993; Rockstroh et al., selection and hypothesis testing by the viewer. In
1997), indicating a lower stability of brain schizophrenics, bistable figures have been used to
dynamics. Further, Yokoyama et al. (1996), using study perceptual stability or rigidity by measuring
eye movements during reading, reported that the number of perceived reversals (e.g., Hunt and
schizophrenics display a fractal property of the Guildford, 1933; Eysenck, 1952; Nemor, 1953;
inverse power law, whereas normals show an expo- Philip, 1953; Granger, 1957; D’Agata and Gaffuri,
nential distribution of a non-fractal nature. In 1968). Calvert et al. (1988) measured duration of
contrast, in a study with normals, Kelso (1981, a percept rather than reversal rate and suggested
1984) found a stable dynamic across all subjects significantly lower stability of schizophrenics’ per-
during a motor task. In this task, individuals ceptual processes. One goal of the present study is
performed a rhythmic out of phase movement with to replicate and extend these findings and to apply
each index finger. As they increased the speed of non-linear dynamical measures to further under-
finger movements, a sudden in-phase transition stand irregular processes in schizophrenia.
appeared. The ratio of a person’s critical frequency Given that schizophrenics in comparison to nor-
(i.e., the point of the sudden phase shift) and their mals show irregularities in response to motor and
preferred frequency (selected by the subject perceptual tasks, and since non-linear analyses of
him/herself ) was computed and found to be similar physiological processes such as EEG show higher
across subjects. This task has not been studied dimensionality measures, we would expect that the
with schizophrenics, and it is a purpose of the application of non-linear measures to schizo-
present study to extend Kelso’s work into this area. phrenic motor and perceptual responses would

Schizophrenic individuals have been shown to provide further clues to understanding schizo-
display motor and perceptual dysfunctions in a

phrenic dysfunction. In this manner, the character-
variety of studies. In terms of motor behaviors,

ization of perceptual and motor dynamics inschizophrenics, in comparison to controls, show
schizophrenics can provide a further clue to themore pronounced intra-individual and interindi-
understanding of irregularities in schizophrenicvidual variability and slower response on many
processes demonstrated in formal thought disor-tasks, including reaction time (Rist and Cohen,
ders, cognitive slippage, or other characteristics.1991), finger tapping ( King, 1975), neuropsycho-
That is to say, transitions between thought patternslogical test performance (Bartfai et al., 1985) and
commonly seen in schizophrenic patients mayrepetitive movements (Jahn et al., 1995). Likewise,
reflect similar patterns to that of the perceptualschizophrenics are shown to display perceptual
and motor system, which may in turn be drivendysfunctions on a variety of levels, including tem-
by common CNS mechanisms. However, fewporal resolution of stimuli ( Kietzman, 1991),
studies have examined the similarities in perceptualvisual after-effects (Calvert et al., 1991; Schwartz
and motor processing dynamics displayed in theet al., 1994; Harris, 1994) and perceptual organiza-
same population of schizophrenics. To this end,tion (Bodner and Barak, 1995), although these
the present study examined motor instability andresults are not unequivocal (e.g., Rief, 1991;
irregularity in schizophrenics using (a) Kelso’ssee also Steffy and Oakman, 1997 for a theor-
finger movement task and (b) reversible figures.etical review of attentional functioning in
Non-linear measures were applied to describe andschizophrenics).
quantify irregularity. Overall, we expected lessOne method for studying perceptual processing
stability to be found in the patient group inemploys bistable figures, such as the Necker cube,
comparison to normals, as indicated by a higherSchroeder stairs or the Rubin vase, which may be
rate of phase transitions in perceptual and motorseen in more than one aspect. Historically, this

shift of perspective or reversal in figure perception dynamics.
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2. Methods

2.1. Subjects

Sixteen schizophrenic patients (12 men, 4
women, mean age 30.8±11.7 years) were recruited
from two regional psychiatric State hospitals. In
terms of recruitment, the study was described to
the patients during a weekly ward meeting and
volunteers were solicited by the first author. The
diagnosis according to DSM-IV was given by the
ward psychiatrist or psychologist in charge, based
on clinical files and extended personal contact with
the patient. Of the 16 patients, 15 were diagnosed
as paranoid-hallucinatory subtype (295.3) and one
as disorganized (295.1). Duration of illness varied
between 7 months and 23 years (mean duration
6±7 years). All patients were under neuroleptic
medication with a mean of 175±114 mg/day,
range 30–360 mg/day chlorpromazine equivalent.
Normal controls were recruited by advertisements
in the local newspaper. From this procedure 16
healthy subjects (12 men, 4 women, mean age
30.5±12.4 years) were selected to match to the
patient group on age and sex. All subjects received
a small financial bonus for their participation.

2.2. Apparatus and materials

Fig. 1. The bistable stimuli: Rubin vase (top) and SchroederFinger movements were recorded by means of
stairs (bottom).

a Kölner Vitaport System (Vitaport Systeme
GmbH, Erftstadt, Germany). This is an ambula-
tory system with 16 bit resolution. An accelerome-
ter was fixed at the first joint of each index finger a visual angle of 10°. A 4 mm2 black fixation point

appeared in the middle of each of the two stimuli.using medical adhesive tape. Values of acceleration
and deceleration were digitized at a rate of Subjects were told to fixate this point and to press

a key whenever the perception of the figure44.44 Hz. A moving-average filter with a cut-off at
6.250 Hz was employed to eliminate frequencies changed. Key presses were sampled at 8 Hz and

stored in a separate marker channel of the Kölnerreflecting tremor.
Vitaport System.

2.2.1. Perceptual stimuli
The Schroeder stairs and the Rubin vase (see 2.3. Design and procedure

Fig. 1) were used for bistable figures. Schroeder
stairs allow a judgement of whether the stairs are Following Kelso’s procedure (see Kelso, 1981),

phase transitions were elicited in two types ofseen from above or below, while the Rubin vase
represents a figure which shifts in terms of figure– movement patterns. (1) Horizontal movement:

subject moves index fingers simultaneously left andground perception. The images were presented
with constant illumination via paper cards forming right (alternating activity of homologue muscle
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groups). Increasing movement frequency leads to 2.4. Data reduction and analysis
a switch into a symmetric pattern (synchronous

A cross correlation between left- and right-handactivity of homologue muscle groups). (2) Vertical
accelerograms was computed to determine the timemovement: subject moves index fingers up and
point at which in-phase finger cycling started. Thedown in opposite directions. When frequency is
presence of a shift into in-phase cycling wasincreased, there is a phase transition into a syn-
assumed whenever cross-correlation coefficientschrony. Perceptual phase transitions were induced
decreased from r>|0.5| to r<|0.15| (indicatingby presenting the bistable figures Schroeder stairs
desynchronization of finger movements) and sub-and Rubin vase.
sequently returned to r>|0.5| while cycling fre-The experimental session began with the percep-
quency was increased. In addition, observed phasetual task. After introducing the subject to the
transitions were recorded by the experimenter.reversal phenomenon using non-ambiguous ver-

The frequency of finger cycling was determinedsions of the stimuli, a test trial was conducted in
for each subject by fast Fourier transformationwhich reversals were observed and participants
(FFT) of the acceleration profiles using overlap-were trained how to signal perceived shifts. If the
ping windows of 128 data points. The maxima ofsubject was not able to perceive a switch, the trial
the resulting power spectral density (psd) functionwas terminated. Subjects were told that the percep-
during the first 5-s interval (instruction ‘mosttual shifts do not occur in everyone, and that a
comfortable’) were considered a measure of thelack of perceptual shifts would not indicate any
preferred cycling frequency. The maximum of theabnormality. In the bistable figure trials, subjects
psd function for the epoch immediately precedingwere first presented with both of the bistable
the phase shift was taken as measure of the criticalfigures for 90 s each.
frequency. The individual ratio of critical andFollowing the perceptual task, the motor task
preferred frequency (critical ratio) was used as thewas explained to the subject. It was not demon-
measure of stability, with higher ratios indicating

strated, to avoid imitation of cycling frequency.
lower distractibility of coordination movements.

The subject was instructed to cycle ‘at a rate that The pointwise correlation dimension (PD2)
is most comfortable, not too slow and not too algorithm developed by Skinner (see Skinner et al.,
fast’. After 5 s the instruction ‘a little faster’ was 1994) was used to determine the local dimensional
given, and after another 5 s the experimenter complexity of the acceleration profiles (for a review
instructed the subject to cycle ‘even faster’. If no of other applications see Elbert et al., 1994).
phase shift was observed up to this point in time, Estimation of the PD2 includes scanning the time
the instruction ‘as fast as possible’ was given. In series with a time-lag t, which results in the
order to test the reliability of the obtained data, a reconstruction of the attractor according to the
second identical trial was performed. Following procedure proposed by Takens (1981). This attrac-
the motor task, subjects performed the bistable tor is assumed to represent the dynamics of the
figures again for 90 s in reverse order. Finally, accelerogram in a multidimensional phase space.
subjects performed the second motor task under According to Skinner et al. (1994), the pointwise
identical instructions as in the first task for two correlation dimension can be determined by com-
subsequent trials. puting the number of points C within a sphere

The sequence of tasks was counterbalanced with the radius r for each reference point nref,
across subjects to control for effects of fatigue, while C(r, n, nref )$rPD2. Therefore, PD2 can be
training, fluctuation of motivation or other non- estimated as the slope of the log C(r, n, nref ) in
specific effects. In addition, marker responses indi- the log(r) domain, i.e., PD2$log C(r, n, nref )/
cating a subject’s perception of one of the alterna- log(r). Points that meet two criteria are considered
tives (e.g., press the key when you see the faces) as reference points (nref ). First, a linear segment
were counterbalanced in order to eliminate effects in the log C(r, n, nref )/log(r) plot within sufficient

length is required, and second, the slopes have toof motor preference or fatigue.
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converge with increasing attractor dimensionality. [F(1,15)=7.46; p<0.05] indicates lower critical
frequencies in schizophrenics when they executedGiven the properties described, the PD2 algorithm

is able to detect changes in dimensional complexity the horizontal movement pattern.
The ratio of critical to preferred frequency sug-indicating transitions between system states, while

the standard deviation of a subject’s PD2 values gested higher instability of the schizophrenics’
movement process in the horizontal patternreflects stability of system states.

Differences between groups, trials and move- [GROUP: F(1,15)=9.38; p<0.01; see Fig. 2, left]
but not in the vertical movement pattern [F=0.22;ment patterns were evaluated by means of an

analysis of variance (ANOVA) with the between- df=1,15; p<0.65; see Fig. 2, right].
The PD2 means [F(1,15)=10.42; p<0.01] andsubjects factor GROUP (schizophrenic patients vs

healthy controls) and the within-subjects factor standard deviations [F(1,15)=6.24; p<0.05] were
higher for schizophrenics than for controls in bothTRIAL (one vs two) and cycling PATTERN (hori-

zontal vs vertical ). In order to obtain time series movement patterns. This main effect was not
affected by the ordinal interaction of the factorswith sufficient length and a sufficient number of

reference points, the PD2 was determined for time GROUP×PATTERN [F(1,15)=6.24; p<0.05].
Therefore, the hypothesis of a more irregular andseries consisting of two subsequent trials, under

identical experimental conditions. Therefore the more distractable movement process in schizo-
phrenics is supported by the analysis of localfactor TRIAL was not used in the ANOVA per-

formed on PD2 values. Differences between groups dimensional complexity.
Groups differed in the reversal rate for theand trials in the perception of bistable figures were

also evaluated by a 2 (group) by 2 (trial ) ANOVA. Rubin vase [F(1,15)=4.6; p<0.05] but not for the
Schroeder stairs [F(1,14)=0.41], i.e., patientsA discriminant analysis based on the respective

dependent measure was used for group classifica- exhibited a higher number of reversals than con-
trols. A main effect of TRIAL indicated thattion. Linear univariate discriminant functions were

computed using normal distribution method and reversal rate was enhanced in trial two for both
groups [F(1,15)=11.85; p<0.01]. The time thePearson product moment coefficients were

employed to quantify the degree of stability of Schroeder figure was seen from above was signifi-
cantly shorter in schizophrenics than in controlsmeasures across trials and to determine the relation

between clinical variables and dependent measures. [F(1,14)=31.33; p<0.01, see Fig. 3]1.
The individual PD2 mean values were signifi-All statistical analyses were performed using SAS

for the PC, release 6.11 (SAS Systems Inc., 1995). cantly related to the medication status in patients,
both for horizontal (−0.54; p<0.05) and vertical
(−0.77; p<0.01) cycling, i.e., higher neuroleptic
dosage covaried with lower PD2. Furthermore,3. Results

All subjects displayed phase transitions in finger 1 In order to test the validity of these findings, analyses for
movements and reversals in the Rubin vase and perceptual and motor variables were performed on a subgroup

of patients (n=8) which was more homogeneous in terms ofthe Schroeder stairs. Data from one subject, who
age (mean=30 years, SD=10 years) and duration of illnessreported dizziness, had to be rejected from the
(mean=5 years, SD=1.5 years, min=3 years, max=7 years),analyses of the Schroeder stairs perception.
and their matches. The F values and their probabilities for main

Groups did not differ significantly with respect effects of the ANOVA factor GROUP in the reduced sample
to the critical and preferred frequencies of finger for the following variables were as follows. Critical ratio for

horizontal finger cycling: F(1,7)=5.6, p<0.05; critical ratio formovement [F(1,15)=0.30]. Vertical cycling was
vertical finger cycling: F(1,7)=0.4, n.s.; reversal rate of thesignificantly faster in all subjects with respect to
Rubin vase: F(1,7)=17.0, p<0.01; reversal rate of theboth critical frequencies [F(1,15)=15.03;
Schroeder stairs: F(1,7)=0.36, n.s.; time Schroeder stairs seen

p<0.011] and preferred frequencies [F(1,15)= from above: F(1,7)=16.6, p<0.01. Thus, the group differences
20.67; p<0.01]. A significant interaction in this more homogeneous sample were as pronounced as

reported for the complete sample.GROUP×PATTERN in the critical frequencies
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Fig. 2. Mean critical ratio (critical to preferred finger cycling frequency) for horizontal cycling pattern ( left) and vertical cycling
pattern (right). Bars indicate standard error (N=32).

medication correlated with the time the Schroeder less time perceiving the more realistic alternative
stairs were seen from above (−0.56; p<0.05), i.e., of the stairs.
higher neuroleptic dosage covaried with less time The measures of perceptual and movement sta-
elapsed until change. Significant correlations bility were not significantly interrelated. However,
between the duration of illness and the mean of in the patient group, the relation between the
individual PD2 in horizontal cycling (−0.59; reversal rate of the Rubin vase and the ratio of
p<0.05) and the time the Schroeder stairs were critical and preferred frequency in horizontal
seen from above (−0.54; p<0.05) indicated that cycling approached significance (r=0.47; p<0.1).
patients with a longer history of illness exhibited Thus, this relationship was in the opposite direc-
lower dimensional complexity of movement and tion to that expected.

The highest percentages of correct classifications
using linear discriminant functions for variables
with significant group differences were found for
the critical ratio in horizontal cycling (78% correct
classifications), the mean of the PD2 (81%) and
the time the Schroeder stairs were seen from above
(80%). The standard deviation of the PD2 (69%
correct classifications) and the reversal rate for the
Rubin vase (64%) were not as able to discriminate
between groups. Discrimination of groups by criti-
cal ratio of horizontal finger cycling is illustrated
by the bivariate scatter plot in Fig. 4.

In the patient group, the mean of the stability
coefficients (correlation between trials one and
two) for all variables was 0.47, as opposed to 0.75
in the controls. Likewise, intra-individual stabilityFig. 3. Mean duration of Schroeder stairs seen from above for
of data obtained by the patients was lower asschizophrenic patients and normal controls (N=30). Bars indi-

cate standard deviation. compared to controls. Thus, as reported in previ-
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differ between schizophrenics and normals.
Schizophrenic patients, as compared to controls,
switched earlier from an out of phase into an
in-phase pattern as they increased speed of finger
movements in the horizontal but not the vertical
direction. This resulted in a lower critical to pre-
ferred frequency ratio for horizontal movement.
In terms of perceptual figure reversals, schizo-
phrenics displayed higher reversal rates in the
Rubin vase, but not in the Schroeder stairs.

The question arises as to the observed differences
in horizontal and vertical movement patterns. One

Fig. 4. Bivariate scatter plot of critical and preferred finger simple explanation is that vertical movements are
cycling frequencies for schizophrenic patients and normal con- more familiar and thus over-learned, since this
trols (N=32) in the horizontal cycling task. type of movement is seen in various motor skills

such as typing or playing a musical instrument,
whereas horizontal finger movements are less wellous studies (e.g., King, 1991; Rist and Cohen,

1991), motor responses were not as consistent in practiced. Further, given that there were no differ-
ences between the schizophrenic and controlpatients as in controls. Correlation coefficients

indicating negative relations between performance groups in preferred cycling speed, it would be
difficult to suggest that the present findings resultedin the two trials were found only in patients

(critical ratio for horizontal cycling: r=−0.17; from less motivation on the part of the schizo-
phrenic population. It is more likely that poortime stairs seen from above: r=−0.41). However,

as there was no change in the group differences on performance differences on the part of patients in
the motor tasks reflect a specific kind of cerebraleach trial, findings seem not to be due to a lack

of reliability in the experimental group. dysfunction still to be articulated.
In terms of motor processes, there are a number

of proposals in the literature suggesting possible
neural mechanisms underlying movement dysfunc-4. Discussion
tions in schizophrenia, such as dysdiadochokinesis
(Meehl, 1990), and impaired smooth pursuit eyeGiven that schizophrenic individuals have been

shown to display impaired motor and perceptual dysfunctions (Levin, 1984a,b). Most mechanisms
emphasize single component theories such as dys-dysfunctions in a variety of studies (Elbert et al.,

1992, 1994; Koukkou et al., 1993), we sought to function of synaptic transmission or lack of frontal
cortical control. King (1991) extended these viewscharacterize movement and perceptual dynamics

in the schizophrenics using non-linear dynamical by suggesting that the slowed psychomotor speed
found in schizophrenics results from impairedprocedures. Since physiological studies using non-

linear procedures showed higher dimensionality neural integration of various subcortical and corti-
cal subsystems involved in motor behavior. It wasmeasures in schizophrenics as compared to nor-

mals, we expected similar results with motor and our goal to extend this last aspect by applying
concepts of non-linear dynamics to the problem.perceptual processes. Using a simple finger motor

task involving either horizontal or vertical move- In the present study, not only critical ratios in
horizontal cycling but also measures of dimen-ments, and a perceptual task involving reversible

figures, we found differential results between the sional complexity in both of the movement
patterns allowed discrimination between schizo-tasks suggesting that perceptual and motor pro-

cesses in schizophrenia are not driven by a phrenics and controls. Poor motor performance of
schizophrenics can be expressed in terms of a lackcommon CNS mechanism. In addition, important

performance-related patterns were found to of stability and a higher complexity in dynamic
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processes that coordinate actions. Zanone and ated or mediated by the medication. We assumed
that the variety of medications that our patientsKelso (1992) suggested that these are determined

mainly by intrinsic CNS tendencies and external were on increases variability and reduced the possi-
bility that one particular neuroleptic phenomenonrequirements (e.g., cycling speed). This interpreta-

tion, as well as EEG/MEG results with schizo- could explain our results. Three additional points
should be considered in the present study. First,phrenics, would lead one to consider a relationship

between thought disorders and movement dysfunc- we examined the scatter plots of the data by noting
medication type and frequency. No consistent pat-tion (e.g., Manschreck et al., 1981; Bartfai et al.,

1985) which we would expect to express in our terns were observed using this procedure. Second,
it would be difficult to argue that our data couldperceptual processing results. In terms of percep-

tual figure reversals, schizophrenics in our study be explained by medication effects, since our data
showed differential responding within-subjects.displayed higher reversal rates in the Rubin vase,

but not in the Schroeder stairs. Therefore the That is to say, the medication in the schizophrenics
would have to have influenced horizontal move-present findings are not supportive of a theoretical

connection between thought disorders and move- ment differently from vertical movement. And
third, although in the present study the amount ofment dysfunction.

A complete picture should, of course, describe medication did influence performance on one
visual illusion, the Schroeder stairs, the effect wasthe manner in which performance in using percep-

tual figures reflects different neural mechanisms to make the schizophrenics look more like, not
less like, the controls. In this case, medicationand cognitive processes. This should be expected,

since ambiguous figures such as the Rubin vase effects would have reduced, not increased, the
differences we reported.require processing of figure–ground discrimin-

ations, whereas geometric or reversible figures such Theoretically, in order to describe processes
underlying the perception of bistable figures, it isas the Necker cube or Schroeder stairs require

changes of perspective. Furthermore, reversal rate necessary to have a theory to account for, or
model, the reversal phenomenon. Recent percep-within a given time interval is not necessarily an

optimal measure of visual stability. Other variables tual research favors a combination of fatigue and
information-processing approaches (Phillipsoninfluencing the perception of bistable stimuli have

been proposed, including the duration of the first and Harris, 1984). This can be further extended
with the inclusion of non-linear dynamical modelspercept prior to fluctuation or the latency in organ-

izing the first percept (Lindauer and Baust, 1974). (e.g., Ditzinger and Haken, 1989). Within a
so-called synergetic framework they were able toReplicating the work of Calvert et al. (1988), we

showed in the present study that while reversal model some characteristics empirically found in
the perception of bistable figures, for instance therate in the Schroeder stairs did not differentiate

between groups, duration of perspective did, with increase of reversal frequency in the course of
time. Such a model based on differential equationsthe schizophrenics viewing the stairs longer from

the less realistic perspective. This finding is further also was able to predict the relationship between
group means of first perceived alternative perceptcomplicated by the finding that viewing perspective

was related to dosage of medication, which would and the individual mean duration of a given per-
cept which is consistent with the empirical litera-also be related to severity and/or duration of the

disorder. Thus, further research would not only ture (Leeper, 1935; Lindauer and Baust, 1974).
Furthermore, chaos or non-linear approaches havewant to take these factors into consideration, but

also include a variety of perceptual stimuli which been shown to provide a useful framework for the
study of other aspects of schizophrenia as well.would lead to more consistent findings in group

differences between schizophrenics and control Schizophrenic behavior which is often perceived
as random may indeed be deterministic in thesamples.

One concern of any study that uses medicated sense of being governed by a chaotic system includ-
ing internal and environmental variables. Aspatients is the possibility that the results are moder-
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Frank Fitz, Zentrum fuer Psychiatrie ‘Die 300–315.
Weissenau’ and Dr Hans Watzl, Zentrum fuer Kelso, J.A.S., 1981. On the oscillatory basis of movement. Bull.

Psychon. Soc. 18, 63Psychiatrie Reichenau, for assistance in subject
Kelso, J.A.S., 1984. Phase transitions and critical behavior inrecruitment.

human bimanual coordination. Am. J. Physiol.: Reg. Integ.
Comp. 15, R1000–R1004.

Kietzman, M.L., 1991. Information processing and schizo-
phrenia. In: Nasrallah, H.A. (Ser. Ed.), Handbook ofReferences
Schizophrenia, vol. 5: Steinhauer, S.R., Gruzelier, J.H.,
Zubin, J. (Eds.), Neuropsychology, Psychophysiology andBartfai, A., Levander, S.E., Nybaeck, H., Berggren, B.M.,
Information Processing. Elsevier, Amsterdam, pp. 227–239.Schalling, D., 1985. Smooth pursuit eye tracking, neuro-

King, H. E., 1975. Psychomotor correlates of behavior disor-psychological test performance, and computed tomography
ders. In: Kietzman, M.L., Sutton, S., Zubin, J., (Eds.),in schizophrenia. Psychiatry Res. 15, 49–62.
Experimental Approaches to Psychopathology, vol. IV:Bodner, E., Barak, Y., 1995. Visual perception in schizophrenic
Methodological Issues. Academic Press, New York,patients. Eur. Psychiatry 10, 320–326.
pp. 421–450.Calvert, J.E., Harris, J.P., Phillipson, O.T., Babiker, I.E., Ford,

King, H.E., 1991. Psychomotor dysfunction in schizophrenia.M.F., Antebi, D.L., 1988. The perception of visual ambigu-
In: Nasrallah, H.A. (Ser. Ed.), Handbook of Schizophrenia,ous figures in schizophrenia and Parkinson’s disease. Intern.
vol. 5: Steinhauer, S.R., Gruzelier, J.H., Zubin, J. (Eds.),Clin. Psychopharmacol. 3, 131–150.
Neuropsychology, Psychophysiology and InformationCalvert, J.E., Harris, J.P., Phillipson, O.T., 1991. Tilt aftereffect
Processing. Elsevier, Amsterdam, pp. 273–301.reveals early visual processing deficits in Parkinson’s disease

Koehler, W., 1940. Dynamics in Psychology. Liveright, Newand in chronic schizophrenic patients on depot neuroleptic.
York.Psychopathology 24, 375–380.

Koukkou, M., Lehmann, D., Wackermann, J., Dvorak, I.,Ciompi, L., 1989. The dynamics of complex biological–psycho-
social systems: four fundamental psycho-biological mediators Henggeler, B., 1993. Dimensional complexity of EEG brain



178 A. Keil et al. / Schizophrenia Research 33 (1998) 169–178

mechanisms in untreated schizophrenia. Biol. Psychiatry 33, Vol. 5: Steinhauer, S.R., Gruzelier, J.H., Zubin, J. (Eds.),
Neuropsychology, Psychophysiology and Information397–407.
Processing. Elsevier, Amsterdam, pp. 241–271.Leeper, R.W., 1935. A study of a neglected portion of the field

Rock, I., 1975. An Introduction to Perception. Collierof learning—the development of sensory organization.
McMillan, LondonJ. Gen. Psychol. 46, 41–75.

Rockstroh, B., Watzl, H., Kowalik, Z., Cohen, R., Sterr, A.,Levin, S., 1984a. Frontal lobe dysfunctions in schizophrenia: I.
M̧ller, M., Elbert, T., 1997. Dynamical aspects of the EEGEye movement impairments. J. Psychiatr. Res. 18, 27–55.
in different psychopathological states in an interview situa-Levin, S., 1984b. Frontal lobe dysfunctions in schizophrenia:
tion. Schizophr. Res. 28, 77–85.II. Impairments of psychological and brain functions.

Roeschke, J., Aldenhoff, J.B., 1993. Estimation of sleep-EEGJ. Psychiatr. Res. 18, 57–72.
data in schizophrenics. Eur. Arch. Psychiatry Clin. Neurosci.Lindauer, M.S., Baust, R.F., 1974. Comparisons between 25
242, 191–196.reversible and ambiguous figures on measures of latency,

Schmid, G.B., 1991. Chaos theory and schizophrenia: elemen-duration, and fluctuation. Behav. Res. Meth. Instr. 6, 1–9.
tary aspects. Psychopathology 24, 185–198.Manschreck, T.C., Maher, B.A., Rucklos, M.E., Vereen, D.R.,

Schwartz, B.D., Evans, W.J., Pena, J.M., Winstead, D.V., 1994.Ader, D.N., 1981. Deficient motor synchrony in schizo-
Visible persistence decay rates for schizophenics and sub-phrenia. J. Abnorm. Psychol. 90, 321–328.
stance abusers. Biol. Psychiatry 36, 662–669.

Meehl, P.E., 1990. Toward an integrated theory of schizotaxia,
Skinner, J.E., Molnar, M., Tomberg, C., 1994. The point corre-

schizotypy and schizophrenia. J. Pers. Disord. 4, 1–99.
lation dimension: performance with nonstationary surrogate

Nemor, N., 1953. The alterations of an ambiguous figure in data and noise. Integr. Physiol. Behav. Sci. 29, 217–234.
paretics and schizophrenics. J Abnorm. Soc. Psychol. 48, Steffy, R., Oakman, J., 1997. Attentional functioning in individ-
445–447. uals diagnosed and at risk for schizophrenia. In: Burack, J.,

Philip, B.R., 1953. Reversals in the perception of lissajou figures Enns, J. (Eds.), Attention, Development, and
by psychotics. Can. J. Psychol. 7, 115–126. Psychopathology. Guilford Press, New York, pp. 318–349.

Phillipson, O.T., Harris, J.P., 1984. Effects of chlorpromazine Takens, F., 1981. Detecting strange attractors in turbulence.
and promazine on the perception of some multi-stable visual Lecture Notes Math. 898, 366–381.
figures. Q. J. Exp. Psychol. 36A, 291–308. Yokoyama, H., Niwa, S., Itoh, K., Mazuka, R., 1996. Fractal

Rief, W., 1991. Visual perceptual organization in schizophrenic property of eye movements in schizophrenia. Biol. Cybern.
patients. Br. J. Clin. Psychol. 30, 359–366. 75, 137–140.

Rist, F., Cohen, R., 1991. Sequential effects in the reaction Zanone, P.G., Kelso, J.A.S., 1992. Evolution of behavioral
times of schizophrenics: crossover and modality shift effects. attractors with learning: nonequilibrium phase transitions.

J. Exp. Psychol. Hum. Percept. Perform. 18, 403–421.In: Nasrallah, H.A. (Ser. Ed.), Handbook of Schizophrenia,


	Text39: First publ. in: Schizophrenia Research 33 (1998), pp. 169-178
	Text40: 
	Text41: 
	Text42: 
	Text43: 
	Text44: Konstanzer Online-Publikations-System (KOPS)URL: http://www.ub.uni-konstanz.de/kops/volltexte/2007/4265/URN: http://nbn-resolving.de/urn:nbn:de:bsz:352-opus-42651


