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Abstract Reports on left-lateralized abnormalities of
component P300 of event-related brain potentials (ERP)
in schizophrenics typically did not vary task difficulties.
We collected 16-channel ERP in 13 chronic, medicated
schizophrenics (25 + 4.9 years) and 13 matched controls
in a visual P300 paradigm with targets defined by one or
two stimulus dimensions (C1: color; C2: color and tilt);
subjects key-pressed to targets. The mean target-ERP map
landscapes were assessed numerically by the locations of
the positive and negative map-area centroids. The cen-
troids’ time-space trajectories were searched for the P300
microstate landscape defined by the positive centroid pos-
terior of the negative centroid. At P300 microstate centre
latencies in C1, patients’ maps tended to a right shift of
the positive centroid (p < 0.10); in C2 the anterior cen-
troid was more posterior (p < 0.07) and the posterior (pos-
itive) centroid more anterior (p < 0.03), but without left-
right difference. Duration of P300 microstate in C2 was
shorter in patients (232 vs 347 ms; p < 0.03) and the la-
tency of maximal strength of P300 microstate increased
significantly in patients (C1: 459 vs 376 ms; C2: 585 vs
525 ms). In summary only the one-dimensional task
C1 supported left-sided abnormalities; the two-dimen-
sional task C2 produced abnormal P300 microstate map
landscapes in schizophrenics, but no abnormal lateral-
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ization. Thus, information processing involved clearly
aberrant neural populations in schizophrenics, different
when processing one and two stimulus dimensions. The
lack of lateralization in the two-dimensional task sup-
ported the view that left-temporal abnormality in schizo-
phrenics is only one of several task-dependent aberra-
tions.
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Introduction

The component “P300” of event-related potential (ERP)
waveshapes is an interesting psychophysiological opera-
tionalization of cognitive processes (see Pritchard 1981),
hypothesized to reflect controlled processing (Rosler 1983).
P300 is observed in the so-called oddball paradigm (Don-
chin 1981), which consists of a sequence of tones of which
10-20% are replaced randomly by distinctly higher- or
lower-pitched tones (“odd” or “rare” events); the subject
has to count or respond to the rare tones (the “targets”).
Typically, ERP waveshapes show a prominent positivity
(the P300 component) over the central-parietal areas ap-
proximately 300 ms after the target tones; this is not ob-
served after the non-target tones.

An important part of the symptomatology of schizo-
phrenia concerns disturbances in cognitive-emotional in-
formation processing. Accordingly, P300 was expected to
be aberrant, and indeed, reduced amplitude and, less con-
sistently, increased latency of P300, was repeatedly re-
ported (Baribeau-Braun et al. 1983; Roth et al. 1980,
Pritchard 1986; Kemali et al. 1991). However, Strik et al.
(1994 a) could not confirm the amplitude reduction when
using reference-independent assessments of the global
electric field strength of P300 in residual schizophrenics,
Michie et al. (1990) found reduction only in parietal areas,
and Ford et al. (1994) reported normal P300 amplitudes in
a visual P300 task.



P300 studies also repeatedly reported a topographic
abnormality in schizophrenics, a decreased P300 ampli-
tude on the left side and thus a shift of the P300 field peak
to the right side (Kemali et al. 1991; McCarley et al. 1991;
Morstyn et al. 1983; Faux et al. 1990; Strik et al. 1994 a,
b), and left-handed schizophrenics showed inverted later-
alization of this asymmetry (Holinger et al. 1992). The
asymmetry was interpreted as decreased activity of the
left temporal area during cognitive processing in the right-
handed schizophrenics because this area contributes cru-
cially to the P300 (Halgren et al. 1980). In line with this
interpretation is the report by McCarley et al. (1993) on
correlations between left posterior superior temporal
gyrus volume and left hemispheric P300 amplitude reduc-
tions in schizophrenics, and of Heidrich and Strik (in press)
on right-lateralized P300 peaks associated with impaired
performance in the Verbal Pairs Associates Test indicative
of left temporal function. However, the asymmetry was
not confirmed by Michie et al. (1990) and Pfefferbaum et
al. (1989, 1991). The reports on left-sided ERP abnormal-
ity aroused interest because of results obtained with other
techniques which suggested left-hemispheric functional or
structural aberrations in schizophrenia (e.g. post-mortem
anatomy: Bogerts et al. 1985; overview: Crow 1990; PET:
Friston et al. 1992; MRI: McCarley et al. 1993).

On the other hand, there are numerous reports about
other putative locations of functional or structural abnor-
malities in schizophrenics. Although major factors, such
as method of examination, symptomatology, disease dura-
tion, medication and possibly task type, should be par-
tialled out and might explain some of the discrepancies,
an overview shows that no unique localization has been
agreed upon. Besides the left-temporal areas, reports have
implicated, for example, frontal areas (Ingvar and Franzen
1974; Williamson 1987; Gattaz et al. 1992; Klausner et al.
1992), prefrontal areas (Weinberger et al. 1986), the right
hemisphere (Largen et al. 1984; Venables 1984) and bilat-
eral areas (the third ventricle, Tacono et al. 1988); for a re-
view of some lateralization studies see Flor-Henry and
Gruzelier (1983).

In typical P300 studies in schizophrenics, the informa-
tion processing task of the oddball paradigm has required
a discrimination between non-target and target events
along one perceptual dimension (e.g. pitch). More de-
manding two-dimensional visual discrimination tasks in-
volving different brain mechanisms have been used in
several studies with normal subjects (e.g. Previc and Har-
ter 1982; Hillyard and Miinte 1984; Wijers et al. 1989;
Kenemans et al. 1995). Experimental evidence generally
suggests that schizophrenics may have a deficit in the
control functions which govern the mobilization, alloca-
tion and control of attention or information-processing re-
sources (Gjerde 1983; Grillon et al. 1990; Kochi 1992:
Kochi et al. 1992). Consequently, schizophrenics are ex-
pected to show increasing aberrations from normal results
with increasing difficulty of a task. The question arises
whether higher and different demands on information pro-
cessing would confirm and enhance the reported aberra-
tions in P300 topography in schizophrenics. Because dif-
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ferent types of tasks draw upon different brain mecha-
nisms, one might alternatively expect that different brain
areas might be identified as deficient depending on the
task employed (e.g. O’Donnell et al. 1993).

The ERP analysis began as analysis of waveshapes from
one or very few “active” scalp electrodes (see Donchin
1981), and waveshape-oriented analysis typically is still
being used for multi-channel field data. This implies non-
unique and therefore non-comprehensive analysis, be-
cause waveshapes depend on the arbitrarily pre-selected
reference. The issue is illustrated in the study by Strik et
al. (1994 a) where the amplitudes at pre-selected electrode
sites did not reflect reliably the overall strength of the
widely distributed P300 potential field. An alternative,
non-biased space-time approach considers the spatial con-
figuration of the momentary brain potential field as basic
analysis entity. The rationale is that different configura-
tions of the potential field (different “landscapes™) must
have been generated by the activity of different neuronal
assemblies. We note that momentary potential landscapes
are independent of the chosen reference (Lehmann 1987;
Pascual-Marqui and Lehmann 1993a, b). It is parsimo-
nious to assume that the activities of different neuronal as-
semblies subserve different functions. Hence, a key for
comprehensive brain field analysis in the study of brain
functions is the identification of different field map land-
scapes. Using ‘segmentation algorithms, this approach
parses the series of the ERP field maps into brain electric
“functional microstates”, brief epochs in the sub-second
range which are characterized by quasi-stable landscapes
of the maps (Lehmann 1987; Lehmann and Skrandies
1980). Differences in microstates between groups identi-
fied qualitative changes in the ERP generating processes
in normal subjects in different perceptual and cognitive
conditions (Brandeis and Lehmann 1989; Lehmann 1990:
Koenig and Lehmann 1996).

When viewing multi-channel ERP recordings as a se-
ries of map landscapes, the conventional P300 waveshape
component can be re-defined as a microstate. The P300
microstate landscape in normals is characterized by an an-
terior negativity and a posterior positivity around
300-450 ms post stimulus (see e.g. Donchin et al. 1978).
Its latency can be defined as the time of maximal electric
strength of the field (Global Field Power; Lehmann and
Skrandies 1980) within the P300 microstate. Unbiased
comparisons between map landscapes might be done us-
ing global measures (Global Map Dissimilarity; Lehmann
and Skrandies 1980) or by assessing numerically the maps
with various topographic features which imply data re-
duction, such as the locations of the maximal and minimal
potentials (Lehmann 1987) or the locations of the centroid
of the positive and negative map areas (Appendix B in
Wackermann et al. 1993).

Based on the hypothesis that increased task load ex-
poses more clearly aberrations of the cognitive brain
mechanisms in the patients, we used a modified, visual
P300 design with three types of non-target events and
with a one- and two-dimensional task condition, i.e. the
tasks were more difficult in the sense that they required



290

discriminations along one or two perceptual dimensions
within the same modality. The two rare non-targets had
been added to the one-dimensional condition so as to
make it comparable with the two-dimensional condition.
In order to obtain unbiased information on timing and
spatial configuration of the brain field generated by the
active neural elements, space-oriented ficld analysis tech-
niques were applied, including the identification of the
P300 component as a functional microstate defined by the
spatial distribution of its electric field.

Subjects and methods

The patients were 13 male schizophrenics (mean age 26.7 years,
range 17-30 years), recruited from the referrals to the Outpatient
Department of the Kitasato University East Hospital. They were
diagnosed according to DSM-III-R. The mean duration of illness
was 4.2 (SD 4.0) years; the mean BPRS score was 41.9 (SD 11.3)
points and the mean SANS score was 58.3 (SD 19.9). All patients
received continued antipsychotic medication at optimal individual
dosages; the mean equivalent chlorpromazine dosage was 942 (SD
818) mg/day. The controls were 13 male, healthy adults (mean age
25.3 years, range 21-42 years), matched in education. They were
recruited via advertisements within the university, and accepted in
the order of application, and a small financial remuneration was
paid. History of head trauma, drug addiction and neurological
brain disease were exclusion criteria for both subject groups. All
patients and controls were right-handed and had intact colour vi-
sion, and were not selected as to EEG criteria. All subjects had
signed forms of informed consent.

Stimuli and experimental conditions

The visual stimuli consisted of two simultaneously displayed ele-
ments (see Fig. 1) with their centres separated by 6.1 cm, and a fix-
ation point between the elements. There was a colour dimension
(red or blue); a form dimension (disk of 4.3 cm diameter or square
of 4.3 * 4.3 c¢cm) and a tilt dimension (lines through the targets, at
45° ascending to the right or at 45° ascending to the left). The
viewing distance was 180 cm; accordingly, the outer borders of the
two elements were viewed at 3.3° visual angle. The stimuli were
displayed side by side for 100 ms on a CRT screen at random in-
tervals of 1500-2500 ms, controlled by a microcomputer.

Two stimuli conditions were employed (Fig. 1), each using one
type of rare target stimuli (15% probability), two types of rare non-
target stimuli (each 15%) and one type of frequent non-target stim-
uli (55%). The types were randomly sequenced in one of two
arrangements: (a) the elements arranged as in Fig. 1, or (b) the ele-
ments with reversed arrangement, i.e. the left element on the right
and the right one left (not illustrated).

In condition 1 targets differed from non-targets on only one
perceptual dimension, colour. The target was always a blue disk;
blue did not occur in non-targets, and hence, only colour had to be
discriminated. In condition 2 targets differed from non-targets on
two perceptual dimensions, colour and tilt. The target was always
a blue disk with a right tilt; because non-targets included blue
disks with a left tilt and red disks with a right tilt, colour as well as
tilt had to be discriminated.

Procedure

After electrode attachment, the subjects were comfortably seated
in a soundshielded Faraday room. They were asked to press a mi-
croswitch with their right thumb as quickly and accurately as pos-
sible whenever a target stimulus occurred.

The experimental conditions 1 and 2 were presented in random
order across subjects. Each condition lasted approximately 10 min;
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Fig.1 The visual stimuli (the left-right reversed second set 18 not
shown). Left: rare target stimuli; centre: rare non-target stimuli;
right: frequent stimuli, used in experimental condition 1 (zop) and
2 (bottom). The actual monitor display used a black background;
the visual elements were blue (cross hatched) or red (horizontal
stripes), all slanted lines in the visual elements were white. The
fixation marks between the elements were red

there was an intermission of 5 min between conditions. Approxi-
mately 340 stimuli were presented during each condition.

The EEG was recorded with Ag-AgCl eclectrodes from 16
scalp sites of the 10-20 System (F3/4, F7/8, C3/4, P3/4, O1/2,
T3/4, T5/6, Cz and Pz) referred to linked ear lobes, amplified with
a bandpass of 1-70 Hz and stored on FM analog tape. The ERP’s
were averaged off-line using 250 samples/s for ADC over a period
of 1024 ms after each target stimulus, using a Brain Atlas system
(BioLogic, Mundelein, IL., USA) with its automatic artefact rejec-
tion set to = 98 microV. The average ERP consisted of 40 sweeps.

ERP map sequences and data conditioning

The averaged ERP data were transformed into sequences of mo-
mentary potential distribution maps. Spatial DC offset was re-
moved (recomputation to the so-called average reference), and a
temporal bandpass restriction of 1-30 Hz was applied (FIR filter).

Comparing map landscapes

Global, numerical, pairwise comparisons of the spatial configura-
tion of maps were done vsing the correlation coefficient {r) which
is directly related to the measure of Global Map Dissimilarity
(Lehmann and Skrandies 1980; Appendix in Wackermann et al.
1993) because the square root of (2*(1-r)) is equal to Global Map
Dissimilarity (Brandeis et al. 1993). Comparing each map of one
ERP map sequence with all maps of another ERP map sequence,
“map landscape correlation matrices” were established. Thus, for
two map series consisting of, for example, 100 maps each, 10000
correlations were computed.
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Fig.2 Left. Array of the 16 recording electrodes (crosses) within
the 10/20 system. Electrode positions are defined by row number
(anterior-posterior, vertical) and column number (left-right, hori-
zontal) of the two-dimensional electrode matrix. Cz (vertex) is at
3,3. Note that the most posterior electrode pair O1/02 in reality
has about the same lateral separation as the more anterior pairs.
Right: momentary potential distribution map displayed as equipo-
tential line map (equipotential lines in steps of 0.43 microV); pos-
itive areas white, negative areas striped. Three-neighbour interpo-
lations for Fz and Oz. The locations of the centroids of the positive
area (star) and negative area (dot) are connected by a line. Head
seen from above, left ear left

Fig.3 Grand mean trajectories along the anterior-posterior scalp
axis (vertical) of the locations of the centroids of the positive
(heavy lines) and negative (/ight lines) map areas as functions of
time (horizontal), for controls and schizophrenics, in conditions 1
and 2. The time segments showing the P300 topography with pos-
terior positivity are indicated by dashed lines. The centre latencies
within these P300 segments (microstates) are marked by arrow-
heads. Trajectories are displayed only for the FIR-filtered portion
of the data, i.e. from 100-924 ms latency

291
Numerical assessment of map landscape

The landscape of each map, i.e. the spatial configuration of its po-
tential distribution, was assessed numerically by the locations of
the centroids of the positive and negative map areas (Wackermann
et al. 1993; Appendix B). In this way four parameters were ob-
tained for each map: the location of the centroid of the positive
map area on the left-right axis and on the anterior-posterior axis;
and the location of the negative map area centroid on the left-right
axis and on the anterior-posterior axis. The locations were ex-
pressed as values within the electrode array using electrode dis-
tances as measuring unit. An example is shown in Fig. 2. Trajecto-
ries of the centroid locations along the anterior-posterior and left-
right head axes as a function of time were constructed. The indi-
vidual trajectories were averaged across subjects for both experi-
mental conditions and subject groups. These four mean trajectories
are plotted in Fig.3.

Identification of the P300 microstate

The P300 component was identified as that time segment or “mi-
crostate” in the ERP map sequence which showed the typical P300
landscape, consisting of an anterior negative and posterior positive
potential distribution (Donchin et al. 1978; Koga and Suzuki
1987).

This P300 landscape where the positive centroid was posterior
of the negative one was identified in the mean centroid trajectories
(Fig. 3). The beginning and the end of the P300 microstate segment
was determined as the crossing points of the trajectories of the pos-
itive and negative mean centroids along the anterior-posterior spa-
tial axis. In Fig.3 the dashed lines indicate these crossing points
which demarcated the P300 microstates. The midpoints were used
as group centre latencies (arrowheads in Fig.3). This evaluation
was done for both experimental conditions and both groups. The
P300 microstate for controls (patients) in Cl covered 284668
(296-688) ms; in C2, 352-768 (468—752) ms. The centre latencies
thus were 476 (492) ms in C1, and 560 (608) ms in C2.
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Fig.4 Matrices of correlations between map landscapes. Each
graph displays the similarity between two series of mean event re-
lated potential (ERP) maps where all maps of one series are corre-
lated with all maps of the other series. Origin is the left lower cor-
ner (dot); time runs up and to the right; thus, maps of equal latency
are compared along the diagonal from the lower left corner to the
upper right corner. In all graphs only the FIR-filtered maps be-
tween 100 and 924 ms are displayed (as in Fig.3); centre graph,
hence, is at 512 ms latency. For other explanations see Fig.5. Up-
per two graphs: condition 1; lower two graphs: condition 2. Two
left graphs: mean ERP maps of the normals vs themselves (there-

Analysis of P300 microstate maps

We used the P300 ERP maps at their group centre latencies. For
each subject and condition, the map’s landscape at group centre la-
tency was assessed by its two centroid locations (see above), and
the map’s electric strength was assessed by its Global Field Power
(GFP; Lehmann and Skrandies 1980).

Time measurements of the P300 microstate

The latency of the maximal value of GFP (maximal electric field
strength) within the appropriate P300 microstate was determined
for each subject in both conditions and subject groups. Further-
more, the duration and latencies of the beginning and end of the
P300 microstate was determined from the individual centroid tra-
jectories of each subject in both conditions and subject groups.

Statistics

Exploratory data analysis was performed; unpaired #-tests (df = 24)
were used; double-ended p-values are reported except for the con-
firmatory testing of the hypotheses of a right-shifted positive cen-
troid and an increased P300 latency which were based on the liter-
ature.

fore completely symmetrical around the diagonal); two right
graphs: mean ERP maps of the normals (horizontal) vs those of
the schizophrenics (vertical). The colour scale ranges from light
red (high positive correlation) to dark red (low positive correla-
tion) to dark blue (low negative correlation) to light blue (high
negative correlation). The inset on the right shows the same data as
a black and white schematic: positive correlations are white, nega-
tive correlations are black. Note the strong asymmetry of the cor-
relations of normal vs schizophrenic data in condition 2, where the
normals’ (horizontal) P300 microstate starts much earlier than that
of the patients (vertical)

Results
Overview of differences between ERP map sequences

The ERP map sequences were averaged over subjects for
both conditions and groups. For each condition Global
Map Dissimilarity was computed between all maps of the
mean map sequence of the patients and of the controls
(Fig. 4, right), and between all maps of the mean map se-
quence of the controls with themselves (Fig.4, left), re-
sulting in what is called now “landscape correlation ma-
trices”.

The autocorrelation matrices between map series vs
themselves (left graphs) showed the expected pictures,
symmetrical around the diagonal time axis from the lower
left to the upper right corner as shown in Fig. 5. Along this
time axis the sequential microstates are clearly visible in
Fig.4 (left) as a sequence of almost quadratic areas of
high correlation, with the P300 microstate located at the
centre. The correlations between the mean maps of con-
trols and patients (Fig.4, right) are at first glance reason-
ably symmetrical for C1. However, closer inspection re-
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Fig.5a, b The map landscape correlation matrices of Fig.4. The
two compared ERP map sequences form the horizontal and verti-
cal axes. Only the FIR-filtered maps between 100 and 924 ms are
used; their various landscape correlations cover the illustrated
square area, corresponding to the squares of Fig.4. Two examples
of map comparisons are illustrated by crosses: a is the correlation
entry for the comparison between the map at 292 ms latency of the
map sequence on the horizontal axis and the map at 708 ms latency
of the map sequence on the vertical axis; b compares the maps at
400 ms latency on both axes. Along the diagonal from the lower

left to the upper right cormer (dashed line} are the comparisons be-~

tween maps of identical latency on both axes

veals that the centre area of high correlation does not
show the maximal correlation along the diagonal symme-
try axis, but that during the entire P300 microstate, the pa-
tients’ maps correlated higher with the early than with the
late P300 maps of the normals. For C2 the correlation ma-
trix is clearly asymmetrical: The centre area of high cor-

Fig.6 The locations of the mean (across subjects) map centroids
at P300 centre latencies for conditions 1 and 2. Patients: solid sym-
bols; controls: open symbols; Negative centroids: stars, positive
centroids: circles. Statistically interesting differences indicated by
arrowheads: In condition 1 the positive centroid was more to the
right in the patients; in condition 2 the negative centroid was more
posterior and the positive centroid more anterior in the patients
than in the controls

Condition 1

Left

203

relation (P300) starts earlier and lasts much longer in con-
trols than in patients. Again, maximal correlation did not
follow the diagonal symmetry axis: During much of the
P300 period, the patients’ maps correlated higher with
about centre-latency normal maps than with their time-
corresponding normal maps.

P300 map landscapes

Figure 6 shows the mean locations of the landscape cen-
troids of the P300 maps at group centre latency for condi-
tions 1 and 2 in controls and schizophrenics. None of the
landscape differences as represented by the centroids
reached significant double-ended p-values in condition 1.
However, accepting the reported reduction of P300 ampli-
tude over the left hemisphere and thus a field shift to-
wards the right as hypothesis for single-ended confirma-
tory testing, there was a statistical trend in our data with a
single-ended p < 0.10.

In condition 2 there were statistical differences of in-
terest along the anterior-posterior axis: The positive (pos-
terior) centroid was more anterior (p < 0.03) and the neg-
ative (anterior) centroid was more posterior (p < 0.07) in
patients than in controls. Thus, the anterior-posterior dis-
tance between centroids was smaller in patients than in
controls. Tested directly, this difference was significant at
p < 0.04. There were no statistically relevant differences
along the left-right axis.

P300 landscape strength (Global Field Power, GFP)

At group centre latency, GFP was significantly smaller in
schizophrenics than in controls in condition 2:1.21
microV/electrode (SD 0.50) for schizophrenics vs 1.76
(SD 0.83) for controls, with p = 0.05. There was no sig-
nificant difference in condition 1 (mean 1.74, SD 0.61 for
patients; mean 1.69, SD 0.80 for controls).

Condition 2

negative

positive

Controls

}

Patients

Left
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Time measurements of P300 microstate characteristics

The latencies of maximal GFP within the P300 microstate
in confirmatory testing were significantly longer as re-
ported in the literature for waveshape-type analyses. In
condition 1 for the patients compared with the controls:
459 ms vs 377 ms, respectively, single-ended p = 0.005;
in condition 2:583 ms vs 525 ms, respectively, single-
ended p = 0.05.

In C1 the mean duration of the P300 microstate tended
to be shorter for patients (277 vs 368 ms in controls, dou-
ble-ended p < 0.07); mean latency for the beginning in pa-
tients was 371 and for controls 315 ms; for the end 648
and 683 ms, respectively (no significant differences). In
C2 the mean duration was significantly shorter in patients,
232 vs 347 ms in controls, at double-ended p < 0.03. In
fact, the difference was caused by the increased beginning
latency of 474 vs 373 ms, at double-ended p < 0.03. The
end latencies (means 706 vs 719 ms) did not differ signif-
icantly.

Discussion

For the comparisons of the present results with those of
other studies we note that our one-dimensional task dif-
fered somewhat from the standard paradigm, and that our
ERP field analysis approach was not restricted to test
maximized, pre-selected waveshape features, but compre-
hensively considered the complete map data with particu-
lar interest in the spatial configuration of the ERP fields.

The resulting overview of the landscape correlation
matrices demonstrated the occurrence of distinct ERP mi-
crostates in the normals and the patients. The matrices in-
dicated some abnormalities in condition 1, but much
stronger deviations from the norm in the more demanding
condition 2.

In both conditions the schizophrenics showed an in-
crease in latency time of maximal strength of P300 mi-
crostate. Latency delays of the P300 component have
been reported in several studies (Baribeau-Braun et al.
1983; Kemali et al. 1991; Kutcher et al. 1987; Kathmann
et al. 1995), even in unmedicated schizophrenics (Black-
wood et al. 1987). The issue remains controversial, how-
ever, because other authors have not been able to replicate
the finding (e.g. Roth et al. 1980; Pritchard 1986; McCar-
ley et al. 1991; Strik et al. 1994 a, b; Ford et al. 1994). We
note that our different, non-biased analysis and the altered
oddball paradigm support the presence of latency delays
in this visual P300 task in medicated patients.

The often-reported shift of the P300 to the right in
schizophrenics (see Introduction) showed up in our data
only as a statistical trend in confirmatory testing in condi-
tion 1, and was not found in condition 2. Our non-selec-
tive analysis approach is not likely to be responsible for
this result because Strik et al. (1994 b) showed that this
reference-independent, comprehensive method of field
analysis is superior in detecting P300 map differences
than other, more statistical approaches. It is conceivable

that the right shift emerges only in special conditions and
within certain latencies. This is suggested by the failure of
Pfefferbaum et al. (1989) to confirm the right-shift even
with conventional waveshape analysis. On the other hand,
Faux et al. (1993) observed the shift in unmedicated pa-
tients, thereby excluding possible drug effects. One possi-
ble explanation is the stimulus modality, because the re-
sults of Alexander et al. (1995) suggest that in normals the
topographic features of visual P300 are different from
those of auditory P300, and our modified paradigm might
have contributed to the less distinct lateralization.

There was no overall ERP strength decrease in condi-
tion 1, to some extent contradicting the literature which,
however, used single-channel or pre-selected-channel
waveshape-type analyses. Our results are thus in agree-
ment with Strik et al. (1994 a, b} who used the conven-
tional oddball design but the same analysis method as the
present study. These authors had argued convincingly that
an analysis which is restricted to the midline-recorded
channel will detect decreased ERP amplitude (ERP
strength) if the field peak shifts away from the midline, al-
though there might have been no overall difference in
strength.

Condition 2 with its two-dimensional task with higher
demands on the within-modality organization of percep-
tual processes resulted in reduced P300 Global Field
Power values in the patients, unlike the one-dimensional
task. The result suggests that fewer neural elements par-
ticipated in the response to the target stimuli in schizo-
phrenics than in controls. The observation of clearly de-
layed onset and shortened duration of P300 microstate in
condition 2 might be seen as additional reflections of the
reduced power of the response. The reduction of neuronal
engagement is in line with the proposal of Place and
Gilmore (1980) that schizophrenic patients are deficient
in the perceptual organization of visual stimuli (see also
e.g. Grillon et al. 1990; Kochi 1992).

In the P300 microstate maps of the schizophrenics,
condition 2 caused a posterior shift of the negative cen-
troid and an anterior shift of the positive centroid, result-
ing in a significantly shorter distance between the centroid
locations; this proves that the landscape of the P300 field
was different in the patients. Because different landscapes
of potential distributions are indicative of different active
neural generators (Lehmann 1987, 1990), we conclude
that an at least partially different neural population
processed the two within-modality perceptual dimensions
in the schizophrenics as compared with controls during
the P300 microstate. However, this difference did not in-
volve the right-left axis, and thus does not support theo-
ries about a general left-sided deficit in schizophrenia.
Obviously, the lateralization finding in condition 1 re-
flected the properties of the task.

It is noteworthy that O’Donnell et al. (1993) had ob-
served bilateral abnormalities of an earlier ERP compo-
nent (the “N2” component) in chronic schizophrenics, in-
dicative of the possibility that malfunctioning of different
brain areas is reflected by different ERP components, and
thus, that the exclusive consideration of the P300 compo-



nent in the classical P300 condition cannot provide an ex-
haustive account of all disturbances. As reviewed in the
Introduction, the literature on EEG, ERP, PET and MRI is
not at all unanimous about the brain localization of struc-
tural or functional deficits in schizophrenia, not even
about their lateralization, although there is a preponder-
ance of reports implicating left areas.

P300 is hypothesized to reflect the controlled, serial
processing mode (e.g. Rosler 1981), and Egeth (1966)
concluded that the disturbance of within-modality multi-
dimensional stimulus processing implies a disturbance of
serial processing. However, our effects on two-dimen-
sional P300 cannot scttle the question of whether auto-
matic or controlled processing functions are disturbed in
schizophrenia, because Frith (1981) as well as Venables
(1984) argued that failure of the automatic mode indi-
rectly leads to dysfunction of the controlled mode because
of the resulting overload condition in the controlled mode.

In summary, the present data suggest that the known
left-temporal abnormality in P300 ERP’s of schizophren-
ics might occur predominantly in the classical P300 para-
digm; the modified, more demanding two-dimensional
paradigm resulted in other spatial abnormalities, not just
“more of the same”. This appears reasonable, because dif-
ferent processing demands are expected to challenge dif-
ferent processing mechanisms, and in case of insuffi-
ciency make their malfunctioning evident; unchallenged,
an insufficient mechanism npaturally remains mute. A
well-known example for such detection strategy is Wein-
berger et al’s. (1986) identification of pre-frontal abnor-
malities in schizophrenics in a specific task situtation, the
Wisconsin Card Sorting Test. Hence, generalizations
about putative locations of functional disturbances should
not be based on an isolated, specific experimental para-
digm. It is suggested that the left-temporal deficit is only
one of several possible aberrations which might vary de-
pending on the task.
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