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Abstract

Dynamical brain states can be characterized by non-linear measures of EEG. The present study shows that critical
transitions, i.e., abrupt changes from one dynamic pattern of neural mass activity to another one, may be detected
by abrupt variations in local chaoticity. Using an ambulatory device, EEG was recorded from 10 patients with a
schizophrenic and two patients with an affective disorder during a series of 25-min interviews. Dynamical aspects, in
particular, phase transitions in the EEG-dynamics of the EEG were characterized by means of a measure that
continuously estimates the chaoticity of the EEG signal and is thus related to its predictability. Results indicate
simpler dynamics of the EEG time series in paranoid-hallucinatory patients, while at the same time these patients
tended to exhibit more abrupt transitions/unit of time between different dynamical EEG states. Such sudden phase
transitions in brain activity were significantly enhanced prior to expressions of thought disorders that were detected
by the interviewer and an observer in the conversation. compared with time periods during the interview without
such symptoms. © 1997 Elsevier Science B.V.
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1. Introduction in the alpha band; shifts to a higher center fre-

quency in the beta band; and generally smaller

Efforts to discover and specify electrocortical
correlates of cognitive, emotional, and behavioral
abnormalities in schizophrenic patients on the
basis of spontaneous EEG records and evoked
potentials have produced consistent results such
as an increased occurrence of abnormal EEG
patterns; less alpha and more slow EEG activity;
shifts from a center frequency to a lower frequency
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amplitudes but more frequency variability (for
summaries see Itil et al., 1972; Gruzelier and Flor-
Henry, 1979; Zahn, 1986; Shagass et al., 1982;
Miyauchi et al.,, 1990; Sponheim et al., 1994;
Winterer and Herrmann, 1995). Using depth
electrodes, spike and sharp wave discharges below
the cortex were reported as early as in the 1940s
and 1950s (cf. Small, 1982). However, abnormali-
ties found using depth electrodes could be recorded
from patients who had normal records when using
standard EEG scalp electrodes (Gibbs, 1939).
Therefore, the question arises as to whether
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changes in the scalp EEG might be concealed in
the complex dynamic pattern of brain waves not
easily accessible to visual inspection of the EEG
or conventional power spectra analysis. Measures
of the dynamic features of EEG have been
described to differ between schizophrenic patients
and controls and seem to supplement the results
of conventional power spectra analyses, as men-
tioned above. For instance, a higher frontal ( Elbert
et al., 1992) and temporoparietal (Koukkou et al.,
1992, 1993) dimensional complexity was described
in schizophrenic patients, as compared with heal-
thy controls or neurotics. Lutzenberger et al.
(1995) suggest that a right hemispheric enhance-
ment of dimensional complexity in schizophrenic
patients is evident, particularly during visual per-
ception. Koukkou et al. (1993) related the higher
dimensional complexity of distinct brain regions
to a ‘dissociated functional EEG state’ (p. 403),
which might be discussed in the framework of a
‘loosened organization of thoughts’ (p. 397). In
healthy subjects, non-linear measures were found
to differentiate mental states (e.g., imagery com-
pared with perception, Lutzenberger et al., 1993,
1995; see also Elbert et al., 1994 for a review).
They may therefore also be useful in detecting
variations between different dynamical brain
states, and may eventually add to attempts to link
characteristics of the EEG power spectrum to
aspects of schizophrenic psychopathology or
symptomatology (e.g., Westphal et al., 1990;
Shagass, 1977; Strelets et al., 1993; Gruzelier et al.,
1993) such as, for example, formal thought
disorders.

While global non-linear measures of brain
dynamics (such as dimensional complexity) have
been useful to differentiate psychopathological and
neurological states or groups (for review see Elbert
and Rockstroh, 1993), they cannot depict a rapid
change in the dynamical state. It seems possible
that local measures of the structure of an attractor
might provide a better approach to explore rapidly
altering types of cognitive processing. Therefore,
a nonlinear measure that was derived to overcome
such problems of nonstationarity (Kowalik and
Elbert, 1994, 1995) was extracted from the EEG.
The measure continuously estimates the chaoticity
of the signal and is thus related to its predictability.

Particular alterations in this parameter character-
ize (critical phase) transitions in the EEG-
dynamics. These measures were chosen particularly
to depict local dynamical states, which might be
more adequate to disclose dynamics related to
ongoing cognitive processes than to static or global
measures.

Another question stimulating the present study
was whether results obtained in the laboratory
setting can be generalized to more natural life
situations, where cognitive processes and the flow
of thoughts may be significantly different from the
well-controlled conditions in the laboratory. In a
first approach, we explored whether EEG could
be monitored during the everyday situation of a
patient communicating with a partner in a conver-
sation, and whether EEG recordings during such
an interview situation would provide any informa-
tion concerning EEG dynamics parallel to eventu-
ally atypical processing—such as certain forms of
thought disorders like blocking, derailment, inco-
herence. For control purposes and to reduce
patients’ fear of the monitoring devices, EEG was
measured simultaneously from both patient and
interviewer by means of an ambulatory device.
Only one pair of electrodes was used in order to
minimize inconvenience within the social situation.

Owing to the pioneering character of the work
and a small number of subjects, the present results
have pilot character.

2. Methods and materials
2.1. Subjects

Recordings were obtained from 12 (two female)
psychiatric inpatients of the local State Hospital.
Six patients (two female) fulfilled the diagnosis of
a paranoid-hallucinatory schizophrenia (ICD-10:
F20.0); four patients met the criteria of a disorga-
nized subtype (F20.1); two patients suffered from
depressive disorder (F32.1, in addition F10.20).
For each patient, diagnosis was made upon hospi-
tal admission by the responsible psychiatrist on
the basis of the PSE (Present State Examination:
Wing et al., 1982). The mean age of the patients
was 31.5 years with a range of 19-46 years.
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Duration of illness (i.¢., years since first admission)
varied between 0.3 and 11 years around a mean
of 4.3 years. The average duration of previous
treatment varied between 5 and 144 weeks, around
a mean of 55 weeks. With the exception of one,
all schizophrenic patients were under neuroleptic
medication with a mean of 382.5 mg CPZ-equiva-
lent (range 86888 mg). Three patients were recetv-
ing additional anticholinergics ( Biperiden) and one
patient was receiving Carbamazepine (used in addi-
tion to neuroleptics). One of the depressive patients
was taking an antidepressant drug ( Trimipramin,
175 mg), the other neuroleptics (612.5 mg CPZ
equiv.). Medication differed significantly between
patients with the disorganized diagnosis (120 mg
CPZ equiv.) and patients with paranoid-hallucina-
tory diagnosis (455 mg CPZ equiv., F(1,8)=7.0
p<0.05). The time interval between diagnosis and
interview varied between one and 164 days, around
a mean of 37.8 days.

The psychiatric status was assessed by a psychia-
trist not involved in the interview or study on the
day of the interview but independently from the
interview by means of the Brief Psychiatric Rating
Scale (BPRS, expanded version with behavioral
anchors; Lukoff et al., 1986'). The mean BPRS
score was 43.5. While the diagnostic subgroups
did not differ with respect to hallucinations (which
were very low in all groups), formal thought
disorders (evaluated on the basis of the BPRS
subscales ‘unusual thought content’ and ‘concep-
tual disorganization’) were rated as being slightly,
but non-significantly more pronounced in para-
noid-hallucinatory patients (mean 7.3+ 1.4), com-
pared with disorganized (mean 5.7+1.2, r=4.7,
p<0.05) and depressives (mean 4.04+1.0; r<1.5,
p>0.2).

'The expanded BPRS with behavioral anchors (Lukoff et al.,
1986) allows the evaluation of the target symptoms on the basis
of 24 constructs: somatic concern, anxiety, depression, guilt,
hostility, suspiciousness, unusual thought content, grandiosity,
hallucinations, desorientation, conceptual disorganization,
excitement, motor retardation, blunted affect, tension, manner-
isms, and posturing, uncooperativeness, emotional withdrawal,
suicidality, self-neglect, bizarre behavior, elated mood, motor
hyperactivity, and distractability; the intensity on each con-
struct is rated on a 7-point scale (not observed-extremely
severe). Interrater reliability and prognostic validity are consid-
ered to be adequate.

2.2. Procedure and EEG recording

EEG was recorded from the central lead (Cz)
referred to the right mastoid by means of an
ambulatory device specifically designed to have a
16-bit resolution ( KOLNER VITAPORT System).
Amplified within the passband from 1.5 to 50 Hz,
data were collected at a rate of 200 Hz. The vertical
EOG was obtained to control for eye movement
artifacts. Electrodes were affixed about 1 cm above
and below the left eye. EEG and EOG data were
stored on a memory card within the ambulatory
device. For off-line analysis, data were downloaded
on an Apple Macintosh computer where they
could be screened for artifacts. Segments free of
artifacts were analyzed on a IBM-RISC-R6000
workstation. Recordings were started and obtained
simultaneously from the patient and the inter-
viewer (psychologist) by means of two identical
devices.

Recordings were obtained while the patient and
interviewer (the psychologist) sat opposite to each
other in the psychologist’s office. The familiar
person, the familiar surrounding, and the fact that
electrodes were attached to both patient and
psychologist were meant to reduce tension and to
alleviate the patient’s possible mistrust of the EEG
recording.” Topics of the 25 min conversation were
daily life on the ward (as a warm-up), items the
patient wanted to talk about, and current symp-
toms or problems. The interview was also moni-
tored by a second trained clinician. His presence
served (a) to control the patients’ device when
necessary; and (b) to be attentive to possible
thought disorders—as was the interviewer,
Whenever the interviewing psychologist or the
second observing clinician noticed thought disor-
ders in the patient’s answers, they pressed buttons
attached to the recording devices which set a
marker on a channel parallel to the EEG and
EOG channels without being noticed by the
patient. Thus, possible thought disorders such as
unusual thought contents, sudden changes in topic,

2In fact, only two patients refused participation because of aver-
sion against the attachment of electrodes. Usually, the rate of
refusal to participate in laboratory experiments is consider-
ably higher.
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thought stopping, etc. were marked independently
by two persons (interviewer and observing
psychologist).

The time period of the interview was determined
by the storage capacity of the EEG recording
device (about 25 min). The conversation was also
video-taped for eventual post-hoc evaluation. (A
retrospective quantitative analysis of the patients’
verbal behavior during the interview on the basis
of, e.g., changes in mood, amount of spoken words
or duration of pauses turned out to be impossible,
because the artifact-free intervals extracted for
non-linear analysis could not be matched to the
videotaped interview in retrospect. An approxi-
mate evaluation of the entire 25-min interviews
with respect to time occupied by speaking and
listening/thinking during the interview did not
reveal noticeable differences between patients’ con-
versational features, e.g., in the amount of spoken
phrases or length of pauses, since patients who
gave short answers, received more questions.
Furthermore, intensive emotional expressions or
outbreaks did not occur in any interview.)

2.3. Data reduction and analysis

The number and time points of markers set by
the interviewer and the observer served to evaluate
the interrater reliability of symptom detection, as
well as the relationship between symptoms and
parameters of EEG dynamics.

From the 12 clinical records (one for each
patient) and the 12 records obtained from the
interviewer, EEG epochs free of drifts, ocular and
movement artifacts with a minimum length of
3 min were selected through an interactive com-
puter program which permitted visual inspection
of the traces. The mean duration of the analyzed
epochs were nearly the same with 19.74+1.5 min
for the patients and 18.9+4.5 min for the inter-
viewer from a total recording time of 25 min.

2.4. The chaoticity measure and the detection of
critical transitions

The differentiation of groups in terms of signal
analysis can either be based on static properties of
the measured signal (conventional Fourier spectra
or correlation functions, fractal dimension,

entropy, etc.) or on dynamic characteristics such
as Lyapunov exponents ( LE) or scanned values of
a dimension (Elbert et al., 1994) or entropy rates
(Kowalik and Elbert, 1995). ‘Jumps’, i.e. sudden
transitions between local states can appear either
with or without a change in the fractal dimension
of the particular attractor. Thus, it is not possible
to detect changes in a chaotic attractor associated
with a corresponding state of the brain estimating
the global dimensionality or Lyapunov Exponents
(Wolf et al., 1985). However, LEs are strongly
differentiated inside the structure of a given attrac-
tor. In such a case, if one looks at an attractor
locally and regards its stability, one will notice a
change of local LE. By introducing a scanning
technique to estimate the local LE and by monitor-
ing changes of the average LE value within a
scanning window of, e.g., 512 data points, each
transition between states will be associated with
the rapid changes of the local LE, such that it
crosses a zero hine within a specific parameter (see
Kowalik and Elbert, 1995 for a detailed description
of this method). In short, the local LE measures
locally, i.e., within some particular region of the
attractor, an exponential divergence of chaotic
trajectories.

‘Chaos’ is indicated by neighboring trajectories
changing their distance with time. With an itera-
tion number #, this can be modeled in the following
way:

dist(X,(n)) = dist(X,(0))2%" (1)

or by eliminating an exponential function by find-
ing the logarithm of both sides:

) 1 dist(Xo(n)
AXgy=—log————

2
n gdist(XO(O)) (2)

where dist defines the momentary distance of tra-
jectories:

m
dist* (uy) =Y (X[u+jr]—X[v+j.r])? (3)

Ji=0
Theoretically, the equation is true only for
n—oc. Practically, the above rules hold for a small
n, because in a real system with noise, the system
can ‘forget’ aspects of its dynamics. In order to
compromise this internal discrepancy, a stability



B. Rockstroh et al. | Schizophrenia Research 28 ( 1997) 77-85 81

measure such as an averaged LE is considered.
The averaging must be limited to a specific set of
allowed distances S,

/Xy = i Y ! /Xon (4)
s, n
where M is the number of elements in the set
{S,} containing indices of ‘appropriate distances’.
The simplest choice of this averaging set is found
by taking the least M values of Ax, from N
available:
1 1
IXg=— — AXop- (5)
n=N-MH

This produces an estimate of the local average
value of LE. For the present analyses M was set
to 65 and an embedding dimension of 15 was used.
‘n” denotes iterations and ‘A’ can thus be given in
bits/iteration.

Based on the above definition, the measure of
chaoticity is defined as the temporal change of the
local LE when the data set is scanned over time.
For every time segment the dynamics are recon-
structed and the corresponding value of the local
LE is computed. This results in a new time series
of momentary local LEs. In the present study, a
moving average with corresponding standard devi-
ation of this measure of chaoticity was estimated
for every patient’s and for each of the partner’s
EEG-record. We refer to this average across the
interval Az as *A-chaoticity’. For the present analy-
sis we chose Ar to correspond to 512 points.

Furthermore, g-chaoticity, the standard devia-
tion of A, was calculated in order to detect nearly
periodic behavior. For periodic-like processes
(quasiperiodic or periodic), the o-chaoticity is
drastically reduced. Therefore, this measure oper-
ates like a filter for periodic and quasiperiodic
behavior, with lower values indicating the presence
of nearly periodic processes.

Critical changes of the attractor structure are
associated with the crossing of the zero line of the
Axg value, as well as with a change of the level of
the chaoticity A4 (see Fig. 1 for examples).

In the present study. the number of critical
transitions for every time series was estimated as

the number of zero-crossings of the A measure.?
For the comparisons of transitions between sub-
jects, the number of zero-crossings of A4 was
referred to unit time (transitions/min) in order to
compensate for the variability of analyzed epochs
between the two partners in the conversation.

3. Results
3.1. Chaoticity measures

The paranoid-hallucinatory subgroup exhibited
reduced A-chaoticity (0.6540.05) relative to disor-
ganized (0.764+0.1) and depressive patients
(0.8+0.01; F(2.9)=5.3, p<0.05). Post-hoc analy-
sts (Fisher’s PLSD) indicated that the paranoid-
hallucinatory subgroup differed significantly from
both the depressive patients and the disorganized
schizophrenics (p<0.05). Given that smaller
values of A-chaoticity indicate higher predictability
of the EEG time series, this would mean enhanced
predictability of the EEG time series in paranoid—
hallucinatory patients. g-chaoticity, i.e., the stan-
dard deviation of 4, in the EEG of the psychologist
during the interview situation varied depending on
the patient. This variability measure was more
pronounced when the psychologist was engaged
in conversations with paranoid-hallucinatory
patients than in conversations with disorganized
or depressive patients (F(2,9)=35.9, p<0.05; post-
hoc comparisons indicated this effect to be limited
to the paranoid-hallucinatory subgroup, p<0.01).

3.2. Critical transitions

Within the patient group, a tendency for more
transitions/min in paranoid-hallucinatory patients
(2.6+0.7) compared with disorganized (2.0+1.7)
and depressive patients (1.5+0.8) fell short of
statistical ~ significance (t=1.9, p=0.1). The
number of transitions/min was not significantly
related to medication (r=0.11) or general thought

*The rapid change of the dynamics is associated with a diver-
gence in the -pattern. The choice of a particular threshold
makes it possible to ‘count’ such a divergence as a transition
between dynamical states. For the present analysis, the zero line
was chosen as threshold.
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1 500 1 Il

Fig. I. Examples of changes of dynamics in a EEG recording epoch of 500/200 sec each obtained from a schizophrenic patient
( paranoid-hallucinatory diagnosis). Note the change of the A-chaoticity before and after critical transitions (dark line). Critical
transitions are indicated by the zero crossing of the LE course. A zero crossing of the momentary chaoticity. ‘4-chaoticity’, like a
negative LE can be considered an indicator of a change in the system’s dynamical behavior.

disorders (BPRS subscales ‘unusual thought
content’ and ‘conceptual disorganization’: r =0.54,
p=0.13).

The relationship of dynamic measures is
illustrated in Fig. 2 for the patient subgroups:
patients with paranoid-hallucinatory diagnosis
exhibit enhanced predictability but also more

Transitions / minute

A -chaoticity

Patients with the diagnosis of
@ paranoid-hallucinatory subtype
X disorganized subtype

A\ major depressive disorder

Fig. 2. Relationship between chaoticity (abscissa) and number
of transitions/min (ordinate) in patient subgroups. Patients with
a paranoid-hallucinatory diagnosis (filled circles) exhibit lower
EEG-A-chaoticity (abscissa) and a tendency of more
transitions/min (ordinate) than depressives (triangles). "X’
represent the four patients with a disorganized diagnosis. The
lower value for A-chaoticity indicates higher predictability.

transitions/min than depressive patients, while a
variable pattern is evident for schizophrenic
patients of the disorganized type.

3.3. Relationship of EEG dynamics and expression
of thought disorders

Setting of markers, i.e., detection of thought
disorder indices by the psychologist engaged in the
conversation and the observing psychologist was
related between the two (r=0.67; Fisher’s =
p<0.05, for the number of markers). Diagnoses
did not seem to have affected the detection rates
of either one. The rating of thought disorders
according to the BPRS subscales (‘unusual thought
content’ and ‘conceptual disorganization’) was sig-
nificantly (r=0.89, p<0.01) related only to the
number of markers set by the observer.

The relationship between the EEG dynamics,
indicated by the number of transitions (zero-cross-
ings of the LE) in the EEG, and symptoms, indi-
cated by markers set by both psychologists, was
examined in the following way: only the number
of markers set by both raters within 1 min were
considered. This resulted in 0-7 markers/
patient (with 0 and 1 for the two depressive
patients). The mean interval between the markers
of the interviewer and observer amounted to
27.54+15s (median 28 s). There was an average of
3.942.2 (median 3) transitions within 1 min prior
to these markers, a number which is significantly
larger (2(20)=2.2, p<0.05) than the average occur-
rence of transitions during the entire interview. To
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clarify this point further, the number of transitions
within 1 min was also established for ‘control’
intervals of 1 min that were chosen so that no
marker was set within a minimum of 1 min around
this interval. For these control intervals, the number
of transitions/min was 1.54+2.1 (median 1.5). A
comparison of the number of transitions between
these ‘critical’ and ‘control’ intervals revealed a
significant difference with /(16)=3.4, p<0.01. The
average interval between marker and preceding
transition was 25.4 s (median 23.3 s).

4. Discussion

The present results seem to be promising in two
respects: firstly, they demonstrate the possibility of
monitoring the EEG under realistic conditions,
thereby enabling a closer examination of electrocor-
tical correlates not only of general symptomatology
or characteristic cognitive processes in schizo-
phrenic patients under real life circumstances, but
also of characteristics in the interaction of conversa-
tion partners. Secondly, dynamical aspects of the
EEG may be related to such characteristic cognitive
or behavioral processes.

The A-chaoticity can be considered a measure
of short-term predictability (Kowalik and Elbert.
1994, 1995). while the density of the phase trans-
itions is inversely proportional to the long-term
stability of the system. For periodic-like processes
(quasiperiodic or periodic), the s-chaoticity is
drastically reduced. Therefore, this measure oper-
ates like a filter for periodic and quasiperiodic
behavior, with lower values indicating the presence
of nearly periodic processes. The present results
suggest that short-term predictability of the EEG
time series over seconds. i.e., within the scanning
window of 512 points each, was increased in
medicated patients of the paranoid-hallucinatory
subgroup compared with the other subjects. On
the other hand, more instability of the brain
dynamics, the EEG time series during the 25-min
conversation was indicated by the tendency for an
increased rate of critical transitions in the same
patient group. If this result can be confirmed, it
suggests that (medicated) schizophrenic brain
activity is characterized by more rapid changes in
temporary dynamical states, while each of these
states are ‘simpler’ in terms of its chaoticity. i.e.

its attractor structure, which also means that these
states are more predictable than the waking states
of controls. For controls, simpler attractors are
generally observed during the relaxed waking state
or during sleep stages (e.g. Elbert et al., 1994).
while so far, little is known about the non-sta-
tionarity, or the rate of critical transitions, respec-
tively. The present data set is too limited to allow
conclusions, as to what extent this interplay of
brain dynamics could have contributed to the
characteristic symptom pattern suggested by the
diagnosis and the BPRS ratings. However, the
indication that a diagnostic subgroup can also be
described by a pattern of dynamical measures
should be extended and further explored.

Sudden changes in brain dynamics, as depicted
by ‘jumps’ in the LE, were also present in the
EEG of the interviewer. Currently, we know very
little about the relation between transitions in EEG
dynamics and behavioral and cognitive variables.
Healthy subjects, too, may show transitions— as
did the interviewer in the present study (1.5+0.2
on average). It remains to be further experimen-
tally investigated as to what extent sudden phase
transitions occur as a result of ‘normal’ brain
processes during a conversation (involving think-
ing, talking. and listening). It is possible that
usually occurring interruptions, such as the ‘natu-
ral” ending of a chain of thoughts, might produce
critical transitions which are not categorized as
‘symptomatic’. Even the ending of a simple sen-
tence may have caused a transient change in the
dynamic flow of the EEG. Therefore. it may be
assumed that normally occurring critical trans-
itions exist in EEG for both interviewer and
patient. However. schizophrenics, and particularly
paranoid-hallucinatory patients, tended to exceed
the range of phase transitions established by inter-
viewer and the depressive patients. Furthermore.,
an increase in transitions might be related to
symptoms of formal thought disorders. We must
assume a latency variability between a specific
change in the brain’s dynamics and its expression
in some symptom of formal thought disorder. as
well as its detection by the listener, and. therefore,
only a very global relationship can be expected.
Yet for a rather strict selection of events and
control intervals, we found symptoms of formal
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thought disorders to be preceded by changes in
brain dynamics. Although the present data would
be too limited to arrive at the conclusion that
transitions are an electrocortical correlate of
thought disorders, they should stimulate further
exploration in this respect.

An unexpected, yet interesting finding was that
the o-chaoticity was increased in the interviewer
while he was communicating with paranoid-hallu-
cinatory patients, compared with his interviews
with the other patients. When communicating with
paranoid-hallucinatory patients and paying atten-
tion to the occurrence of characteristic symptoms,
the brain of the interviewer seems to be in a
different dynamical state than during interactions
with depressive and disorganized patients. Brain
dynamics are sensitive to the characteristics of the
interaction. Applying the measure of transitions
to examine non-linear dynamics of the client—ther-
apist interaction within and across psychothera-
peutics (intensity ratings of categories of strategic
purposes and emotional schemata of client and
therapist constituting the time series in which
transitions were determined in a similar way as
described for the present study), Schiepek and
Kowalik (Schiepek et al., 1997; Kowalik et al.,
1997) observed transitions often occurring in par-
allel between therapist and client. This result, too,
suggests temporal coupling of (brain or behavior)
dynamics within interactions.

Although preliminary, the relationship between
sudden changes of dynamics and overt events, i.e.,
thought disorders determined by the interviewing
and the observing psychologists, seem of particular
interest for two reasons. Firstly, it suggests that
distinct cognitive events or processes that manifest
themselves as particular in a conversation might
have an electrocortical correlate in distinct brain
dynamics. This speculation must certainly be vali-
dated. However, the scanning of dynamical mea-
sures seems to offer more direct access to such a
linking of cognitive and brain events within the
flow of information processing rather than ‘static’
averaged EEG power spectra or dimensionality
measures.® Secondly, this relationship—at first

“Critical transitions may be but are not necessarily linked to a
change in the power spectrum, and therefore, conventional
FFT-scanning with a sliding window would not necessarily
detect transitions.

glance—did not seem to be bound to a diagnostic
category, i.e., it was not only found in patients
with a paranoid-hallucinatory diagnosis. The
analysis of temporal relations between sudden
changes in brain dynamics and cognitive states
such as thought disorder, however, should also
include the quantitative attributes of verbal inter-
action, e.g., number of words, pauses in conversa-
tion, changes in attention and affect, etc.

In summary, the present pilot results should
encourage us to further examine electrocortical
correlates of characteristic cognitive processing in
schizophrenic patients by recording EEG under
such circumstances that these characteristics can
be properly revealed, (i.e., during a non-structured
and relaxed interview, rather than in a strict labo-
ratory setting) and by evaluating measures which
depict alterations in electrocortical dynamics
rather than those which characterize stationary
states, like average power spectra.
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