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Abstract. Visual evoked potentials were examined in 50 male schizophrenic 
patients and 50 age-matched healthy male volunteers during performance of 
the Continuous Attention Test (CAT). In the patients emerged an evident 
deterioration of attentional processes: much higher index of errors and longer 
reaction time than in the healthy subjects. On the other hand, in patients the 
following alterations in evoked potentials were found: (1) in the non-target 
condition lower amplitudes of components: left-sided P1, bilateral N1 as well 
as frontal P3a; (2) a distinct electrophysiological pattern of target detection, 
consisting of an increase in amplitudes of either N1 or P3a as compared to the 
response to the non-target stimulus. Electrophysiological features were related 
to behavioural data. An increase in the amplitude of N1 during detection of 
the target, as well as a lower non-target amplitude of P3a, correlated with 
poor CAT performance, while an increase in the amplitude of P3a during 
detection of the target correlated with relatively shorter reaction time, and 
showed no correlation with an index of errors. The results suggest an 
underlying primary hyperarousability at lower stages of visual data processing 
(up to N1 latency range) accompanied by several secondary pathological and 
compensatory mechanisms at the higher stages. 
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INTRODUCTION 

Despite the unequivocal evidence confirming the 
presence of attentional disturbances in schizophrenia it 
has yet to be settled whether these are the cause or the 
effect of other symptoms of the disease. There is a con- 
siderable bulk of evidence showing that not only are con- 
scious processes in schizophrenic patients less efficient, 
but also that this inefficiency is accompanied by hyper- 
activity at earlier, automatic stages of signal processing. 
One group of theories views disturbances of attention as 
a primary symptom, responsible for compensatory 
feed-back mechanisms which affect lower levels as in- 
creased sensory sensitivity (Baribeau-Braun et al. 1983, 
Mirsky and Duncan 1986). According to another group 
of theories, primary sensory hypersensitivity or dis- 
turbed signal filtering, which lead to distorted and non- 
-selective perception, are responsible for informational 
"flooding" as well as secondary overload and diffusion of 
attention (Venables 1964, Shagass 1976, Freedman et al. 
1983, Judd et al. 1992). Actually, in order to hypothesise 
about pathology of data processing, a link between neu- 
rophysiological and behavioural studies is necessary. 

In numerous neurophysiological studies on consecu- 
tive stages of stimulus processing in schizophrenia, a 
number of changes related to event-related potentials 
(ERP) were described. However, the results were incon- 
sistent, which in part was due to unestablished methodo- 
logy: various paradigms, applied not always to the point, 
as well as various analyser systems examined. Further- 
more, in the majority of those studies, psychometric tests 
used as generators of processed stimuli were applied 
only in order to provoke event-related potentials, and the 
assessment of relationships between task performance 
and neurophysiological signs of altered signal process- 
ing was restricted to a rather narrow range or neglected 
completely. Among the few exceptions is a series of 
studies by Strandburg (Strandburg et al. 1994a,b), con- 
cerning visual potentials evoked during work on the 
Span of Apprehension Task (SPAN) or Continuous Per- 
formance Test (CPT), where numerous ERP compo- 
nents were thoroughly taken into account and 
correlations between their parameters and behavioural 
data were analysed. However, despite numerous ERP 
findings observed in schizophrenic adults and children, 
there was a lack of direct correlations between those 
changes and test scores. 

Among numerous tests of attention, the Continuous 
Performance Test has been proved to be the most effi- 

cient in studies on schizophrenia (for review see Cornblatt 
and Keilp 1994). Its easier versions, including the classi- 
cal "XIAX" one, require the detection of a single symbol, 
i.e. "X" without or with priming by letter "A", in the ran- 
dom sequence of characters. Difficult variants, in par- 
ticular the Identical Pairs version (IP-CPT) which 
requires detection of direct repetition of any symbol in 
the sequence, are shown to be sensitive for attentional 
deficits typical for schizophrenia, as revealing numerous 
errors of omission, independent of current clinical state. 
Moreover, IP-CPT is efficient not only in remitted pa- 
tients but even in subjects with schizotypia (Grove et al. 
1991) and appears to play a role as a predictor of a 
genetic predisposition to schizophrenia, with 9 1 % spe- 
cificity (Cornblatt and Erlenmeier-Kirnling 1985, Winters 
et al. 1991), regardless of phenotypical expression. For 
these reasons the CPT-IP seems to be the best tool in 
studies on attentional disturbances in schizophrenia. 

The purpose of the presented experiment was to assess 
visual potentials evoked by stimuli making up the Con- 
tinuous Attention Test (CAT) (Tiplady 1992), which is 
a modified variant of IP-CPT, with non-verbal, abstrac- 
tive stimuli. This test, previously applied in our labora- 
tory to several diagnostic groups of psychiatric patients 
(Kasperska et al. 1996), yielded significantly inferior re- 
sults in schizophrenic patients in comparison with those 
in patients with affective disorders and in healthy con- 
trols and that difference was not dependent on doses nor 
type of medication. The goal of the present study was an 
identification of electrophysiological correlates of atten- 
tional deficit in schizophrenia. In order to find them, the 
CAT scores were compared with alterations of the elec- 
trophysiological response for CAT stimuli. 

METHODS 

Subjects 

Fifty-eight adult right-handed males (mean age 34.9 
f 9.5 years) with a diagnosis of schizophrenia according 
to DSM-IV (paranoid or undifferentiated type) and free 
of any accompanying diagnoses were examined. The pa- 
tients were in a stable phase of illness (partial remission) 
and were taking supportive dozes of neuroleptic drugs. 
Mean intensity of symptoms according to PANSS scale 
(Kay et al. 1992) was 34 f 18. Mean daily dose of neur- 
oleptic drugs, converted to chlorpromazine equivalents, 
was 250 f 165 mg. None of the patients received anti- 
cholinergic medication. Prior to the study an informed 
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consent from each subject was obtained. Eight patients 
were excluded from the final analysis: four because ad- 
ditional diagnoses emerged, and two due to a very poor 
test score in comparison with the other patients, which 
suggested they did not follow the instruction. In two cases 
the mean evoked potentials remained unanalysed for 
technical reasons. All in all, 50 patients were qualified 
for the psychometric and the evoked potential analysis. 

Their results were compared to the data from 50 adult 
right-handed healthy male volunteers (mean age 33.0 + 
9.6 years) with no personal or family history of neuro- 
logical or mental disturbances. 

Procedure 

trodes. The movements of the left eye were recorded in 
a separate channel to allow subsequent artifact removal. 
The impedance of all electrodes was maintained below 
5 kR. The EEG signal, referenced to linked mastoids, 
was amplified and filtered in the bandpass 0.15-30 Hz 
and digitized at 500 Hz sampling frequency and 12 bit 
resolution (Brainscope, MandI). Data recording com- 
puter procedure (EASYS2, Neuroscience) had an input 
from the other, stimulus generating computer, which en- 
abled on-line registration of markers of CAT stimuli and 
reactions of patients. Evoked potentials were averaged 
off-line, after rejection of artifacts. They were related 
to pre-stimulus average EEG baseline and divided into 
separate classes dependent on kind of stimulus and re- 
action. 

THE CONTINUOUS ATTENTION TEST 

Data analysis 
The procedure was performed in a darkened, partially 

sound-proof room. Visual CAT stimuli were presented 
on a 14" monochromatic computer display with lumin- 
ance of 10 cd/m2, at a distance of 1 m from the eyes of 
the subject. The battery of randomly presented stimuli 
consisted of 40 target, 160 non-target and 40 atypical 
stimuli. The latter type of stimuli (digits), planned as 
feedback information, was introduced in our laboratory 
as a modification of the original CAT. However, in the 
present study subjects were not aware of their meaning 
and were asked to ignore them. Reactions for atypical 
stimuli are not analysed in this paper. Each of the 200 
typical CAT stimuli was a geometrical pattern - a 3 x 3 
matrix (10 x 10 cm) formed by random combinations of 
5 bright and 4 dark squares. A target stimulus was 
defined as a direct repetition of any pattern and occurred 
with a probability of 0.16. The subjects were instructed 
to confirm the detection of a target stimulus by immedi- 
ately pressing the button kept in the dominant hand. 
Stimulus exposure lasted 50 ms, and the interval between 
two successive stimuli varied randomly within the range 
of 1 to 2.5 s. Duration of a CAT session was approxi- 
mately 8 min. In order to yield a larger number of hits, 
which was necessary for electrophysiological analysis 
(averaging), 3 sessions of CAT (separated by short, five- 
minute breaks) were performed, and their results were 
assessed jointly. 

ELECTROPHYSIOLOGICAL DATA RECORDING 

EEG signal was recorded from 2 1 derivations, accord- 
ing to the 10-20 system with additional Fpz and Oz elec- 

PSYCHOMETRIC RESULTS 

In the CAT test we assessed the number of omissions 
(unidentified target stimuli) and commissions (button 
presses in response to non-target signals). These data 
were converted into standardized indices (Pigache 
1976): 

the omission index, 10 = O/T , 
the commission index, Ic = C/N , and 
the detection index, ID = 1 - O/T - C/N (with C/N as 

a correction for accidental hits), 
where 0 = number of omissions, C = number of com- 

missions (false detections), T = total number of target 
stimuli, N - total number of non-target ones. 

Those indices were calculated in order to obtain a final 
total index of errors: 

IE = (1 - ID) + IC = O/T + 2ClN. 
Mean reaction time was also measured. 
Correlations of all the psychometric data with age, 

duration of illness, PANSS score and dose of drugs were 
examined. 

ERP COMPONENT ANALYSIS 

Two separate classes of averaged potentials were as- 
sessed: for correctly identified target stimuli and correct- 
ly ignored non-target ones. Cases, in which the number 
of units within any class available for analysis after ar- 
tifact removal was lower than 30, were excluded from 
the averaging procedure. Evoked responses were ana- 
lysed in the 1,000 ms post-stimulus time window. 



The component measurements were carried out for 
those leads in which the highest amplitude values in the 
group mean were observed (Strandburg et al. 1994a,b, 
Shelley et al. 1996), i.e.: 

P1 - in occipital (01  and 02)  and posterotemporal 
(T5, T6) leads, as the highest positive potential between 
60 and 160 ms, preceding monotonic decrease of poten- 
tial toward maximal negative values (descending slope 
of Nl); 

N1 - in the same set of leads, as the most negative 
potential between 130 and 220 ms, following P1 compo- 
nent; 

P2 - in the same set of leads (T5, T6, 01 ,  02)  and in 
central parietal one (Pz), as the positive component di- 
rectly following ascending slope of N1 (between 180 and 
280 ms); 

N2 - in midline frontal lead (Fz), as the maximum ne- 
gative deflection following component P2 in the 230- 
330 ms latency range; 

P3 - two P3 components were observed in most cases: 
the earlier and shorter (i.e. more narrow as a graphical 
element) one, within a 300-480 ms latency range (P3a) 
and the later and longer one (P3b), within a 450-700 ms 
latency range, usually following the target stimuli. Since 
the locations of the maximal amplitudes of those two 
components varied, both were measured at three midline 
leads: Fz, Cz and Pz. Because of its long duration, the 
latency of P3b component was not assessed. 

The amplitudes of components were measured from 
baseline to peak, where as a baseline the mean pre-stimu- 
lus EEG was adopted. Like CAT results, ERP data were 
correlated with age, duration of illness, PANSS score 
and dose of drugs. 

STATISTICS 

Because of non-normal distribution of CAT scores in 
the control group, for between-group comparisons of 
psychometric results the non-parametric Mann-Whitney 
tests were applied. 

Points of measurement of electrophysiological par- 
ameters varied among components in number and loca- 
tions. For each component its amplitudes (or latencies) 
from the whole array of points of its measurement were 
organized into a set of data and then put as dependent 
vector to two-way MANOVA by groups and condition 
(SPSS 4.0 software package, Norusis 1990). The results 
were supported by univariate two-way analyses of data 
from individual locations. In cases of significant interac- 

tions or main effects, lower-order analyses were per- 
formed. 

Psychometric and electrophysiological data were 
correlated by the Spearman rank correlation test. Also 
correlations of both sorts of data with age, duration of ill- 
ness, PANSS score and dose of drugs were examined 
with that test. 

As a criterion of significance P=0.05 in two-tailed 
tests was adopted. 

Cases with single missing values (with doubtful result 
of measurement of single peaks) were excluded from 
tests including that value. 

RESULTS 

Psychometric data 

In the patient group the detection index was lower than 
in the control group (ID = 0.56 f 0.21 vs. 0.93 f 0.06, U = 
90.0, P<0.00005). The error index was much higher (IE 
= 0.47 f 0.21 vs. 0.08 f 0.07, U =  89.0, P<0.00005) and 
was mainly due to omissions (10 = 0.41 + 0.21 vs. 0.06 
f 0.06, U = 86.0, P<0.00005), whereas the commission 
indices in both groups were similar (Ic = 0.03 f 0.05 vs. 
0.02 f 0.03, NS). 

Reaction time was significantly longer in the patient 
group (582 ms f 70 vs. 518 ms f 73, U = 646.5, P = 
0.0001). In both groups there were no relationships be- 
tween reaction time and test indices. There were also no 
significant correlations between CAT results and age, 
duration of illness, PANNS score or doses of drugs. 

Electrophysiological data 

AMPLITUDES 

P1:the two-way MANOVA for P1 measured in four 
locations (01,  0 2 ,  T5, T6) revealed a significant group 
effect (F4,171 = 3.35, P=0.01 I), mainly due to left-sided 
amplitudes, i.e. P1 at 0 1  (F1,174 = 12.26, P=0.001) and 
at T5 (F1,174 = 4.05, P=0.046) as indicated by additional 
univariate two-way analyses (ANOVAs). Neither condi- 
tion effects nor group by condition interactions were ob- 
served. 

N1: two-way MANOVA for N1 at 0 1 , 0 2 ,  T5, T6 re- 
vealed a group effect (F4,167 = 5.75 P<0.0005), in which 
mainly posterotemporal (T5,T6) amplitudes contributed 
(F1,170=14.03, P<0.0005 and F1,170 = 11.25, P=0.001, 
respectively). There were no significant condition ef- 
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TABLE I 

Differences in potentials evoked by non-target stimuli in patients (S) and healthy subjects (C). Data concerning relevant com- 
ponents (i.e. indicated by preceding two-way MANOVAs) put to one-way MANOVAs are presented. Significant effects are 
followed by univariate analyses (UV) of data for individual locations significantly contributing in those effects, with corre- 
sponding mean values and standard deviations 

Components and locations D.F. F P Mean values of amplitudes 
or latencies in S vs. C groups 

amplitudes mean values of amplitudes (pV) 

P1 (01, 0 2 ,  T5, T6) 
u v :  P l ( 0 1 )  

N1 (01, 0 2 ,  T5, T6) 
UV: N1 (T5) 
UV: N1 (T6) 

P3a (Fz, Cz, Pz) 
UV: P3a (Fz) 
UV: P3a (Cz) 

0.017 
0.007 1.63 f 1.50 vs. 2.82 f 2.30 

0.001 
0.005 6.08 f 4.1 1 vs. 8.73 +_ 4.99 

<0.0005 6.55 f 3.36 vs. 9.93 f 4.69 

latencies mean values of latencies (ms) 
--- - 

P2 (01 ,02 ,  T5, T6, Pz) 5,72 4.93 0.001 
UV: P2 (02) 1,76 9.85 0.002 

N2 (Fz) 1,88 7.41 0.008 

P3a (Fz, Cz, Pz) 
UV: P3a (Fz) 

238 f 1 8 vs. 228 f 20 

295 f 36 vs. 276 + 34 

401 + 31 vs. 381 f39  

fects. However, a borderline group by condition interac- 
tion emerged (F4,167 = 2.65, P=0.049), mainly due to 
group by condition interactions indicated by two-way 
ANOVAs for N1 at locations T6 and 0 1  (F1,129 = 5.28, 
P=0.023 and F1,129 = 4.39, P=0.038, respectively), 
which dictated cautious treatment of the group main ef- 
fect until lower-order analysis could be performed (see 
below). 

P2: for P2 at 0 1 , 0 2 ,  T5, T6, Pz two-way MANOVA 
revealed no significant effects or interactions. 

N2: two-way ANOVA for the only considered loca- 
tion (Fz) revealed no significant results. 

P3a:for P3a at Fz, Cz and Pz the two-way MANOVA 
yielded a significant group effect (F3,168 = 4.47, P=0.005) 
as well as a condition effect (F3,168 = 5.49, P=0.001). 

Two-way ANOVAs indicated group effects for loca- 
tions Fz and Cz (F1,170 = 12.90, P<0.0005 and F1,170 = 
6.63, P=0.011, respectively) and condition effects for lo- 
cations Fz and Cz (F1,170 = 13.83, P<0.0005 and F1,170 

= 4.65, P=0.033, respectively). 
P3b:two-way ANOVA testing P3b component at Pz 

location revealed both group (F1,112 = 6.57, P=0.012) 
and condition effect ( F ~ J  12) = 26.39, P<0.0005) and no 
significant group by condition interaction. However, dif- 
ficulties in precise measurement of the component in the 
non-target condition appeared to be responsible for mis- 
sing values in many cases. 

In order to assess directions of those main effects and 
a mechanism of the interaction related to N1 component, 
additional lower-order analyses were performed. 



TABLE I1 

Differences in potentials evoked by target stimuli in patients (S) and healthy subjects (C). Data concerning relevant com- 
ponents (i.e. indicated by preceding two-way MANOVAs) put to one-way MANOVAs are presented. Significant effects are 
followed by univariate analyses (UV) of data for individual locations significantly contributing in those effects, with corre- 
sponding mean values and standard deviations 

Components and locations D.F. F P Mean values of amplitudes 
or latencies in S vs. C groups 

amplitudes mean values of amplitudes (pV) 

N1 (01, 02 ,  T5, T6) 4,8 1 2.7 1 0.036 
UV: N1 (T5) 1,84 6.02 0.016 -2.16 f 2.22 vs. -3.46 f 2.44 

P3a (Fz, Cz, Pz) 3,85 1.67 NS 

P3b (Pz) 1,83 6.39 0.012 8.25 f 4.48 vs. 11.19 f 5.22 

latencies mean values of latencies (ms) 

P3a (Fz, Cz, Pz) 
UV: P3a (Fz) 

3,71 2.76 0.048 
1,73 8.16 0.006 399 f 37 vs. 374 f 30 

Significant results of one-way MANOVAs exploring 
only group effects for each condition are presented in Ta- 
bles I (for non-target) and I1 (for target stimuli). The 
averaged response for non-target stimulus (c.f. Table I) 
in patients, as compared to healthy subjects, was charac- 
terized by lower amplitudes of components: P1 at left- 
sided occipital (01) derivation, N1 at posterotemporal 
leads bilaterally (T5,T6) and P3a at frontal and central 
midline locations. 

After target stimulus (as shown in Table 11) many of 
those between-group differences faded or disappeared, 
because of amplitude increases, present only in the pa- 
tient group (see below). However, univariate analysis re- 
vealed a maintenance of low N1 amplitude at left 
posterotemporal (T5) location. The P3b component, ex- 
cessive in the target condition at the midline parietal lo- 
cation, also had a lower amplitude in patients than in the 
control group. 

One-way MANOVAs exploring condition effects for 
amplitudes in each diagnostic group revealed no signifi- 
cant results for healthy subjects. Only univariate analysis 
for amplitude of component P3b at Pz location exposed 

its significantly higher value after target (compared to 
non-target) stimulus (5.60 + 3.22 vs. 11.60 _+ 5.79, F1,61 

= 20.49, P<0.0005). 
Contrary to results in the healthy subjects, in the pa- 

tient group (c.f. Table 111) significant results emerged for 
N1 and P3a component amplitudes, revealing their sig- 
nificant increase in target (compared to non-target) con- 
dition. The most notable condition effect on N1 
component occurred at derivations T6 and 0 1, while am- 
plitude of the P3a increased mainly at midline frontal 
(Fz) location. Additionally, like in the control group, a 
significant increase of P3b amplitude in response to target 
was observed, but it was not so distinct as in the healthy 
subjects. Figures 1 and 2 illustrate differences between 
averaged responses to non-target and target stimuli in the 
control and in the patient group, respectively. 

An increase of amplitude of P3a at Fz during detection 
of target in patients yielded a weak correlation with daily 
dose of neuroleptic medication (p=+0.34, P=0.02). No 
other correlations of ERP data with medication were 
found. There were no correlations of the data with age, 
duration of illness or PANSS score. 
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TABLE I11 

Differences in potentials evoked by non-target (N) and target (T) stimulus in the patient group. Data concerning relevant 
components (i.e. indicated by preceding two-way MANOVAs) put to one-way MANOVAs are presented. Significant effects 
are followed by univariate analyses (UV) of data for individual locations significantly contributing in those effects, with corre- 
sponding mean values and standard deviations 

Components and locations D.F. F P Mean values of amplitudes 
in the patient group for conditions N and T 

amplitudes mean values of amplitudes (pV) 

N1 (01, 0 2 ,  T5, T6) 
UV: N1 (T6) 

N l ( 0 1 )  

P3a (Fz, Cz, Pz) 
UV: P3a (Fz) 

P3a (Cz) 

3,81 4.46 0.0 15 
1,83 14.49 0.0005 5.86 f 3.91 vs. 9.50 + 4.40 
1,83 10.14 0.002 6.75 +_ 3.20 vs. 9.02 + 3.90 

P3b (Pz) 1,70 8.20 0.006 5.21 + 2.57 vs. 8.21 f 4.69 

LATENCIES 

P1 and N1: two-way MANOVA revealed no signifi- 
cant results. 

P2:two-way MANOVA for five locations of the com- 
ponent revealed significant group effect (Fs.142 = 3.39, 
P=0.006), confirmed by two-way ANOVA for location 
0 2  (F1,146 = 9.86, P=0.002). Neither a significant con- 
dition effect nor group by condition interaction were ob- 
served. 

N2: the two-way ANOVA for the only point of mea- 
surement (Fz) revealed only a group effect (F1,168 = 10.45, 
P=0.002). 

P3a: two-way MANOVA indicated a significant 
group effect (F3,168 = 4.74, P<0.002) in which con- 
tributed mainly latency at Fz. 

P3b: as it was mentioned above, for this component 
measurement of latency was not performed. 

Lower-order MANOVAs exploring only group ef- 
fects on latencies for each condition are presented in 
Table I (for non-target) and I1 (for target stimuli). Laten- 
cies of components: P2 (especially at right occipital lo- 
cation 02)  and N2 in patients as compared to those in the 
control group were significantly longer following non- 
-target stimulus, while the latency of P3a at midline fron- 
tal lead Fz was significantly longer in patients in both 
conditions. Because of a lack of significant condition ef- 

fects revealed by two-way MANOVAs for latencies, 
the one-way MANOVAs considering condition ef- 
fects on latencies in each diagnostic group were not per- 
formed. 

Correlations between CAT results and ERP data 

Spearman rank correlation test revealed numerous 
correlations with indices of CAT performance in both 
groups. Many of these correlations, which are not direct- 
ly linked with the current topic, particularly those refer- 
ring to the healthy subjects, are not analysed here, but 
will be discussed in another paper (in preparation). 
Only correlations related to electrophysiological alter- 
ations observed in schizophrenic patients are presented 
here. 

First, there were no significant correlations between 
lower (compared to those in the control group) ampli- 
tudes of P1 or N1 component in patients and their CAT 
results. However, an increase of N1 component ampli- 
tude at occipital locations in response to target stimulus 
correlated with an index of errors (p=+0.40, P=0.009 at 
0 1  and p=+0.45, P=0.002 at 02).  In the long-latency 
range, lower P3a component amplitude in non-target 
condition, measured at Fz location, correlated with an 
index of CAT errors (p=-0.46, P=0.002), but its increase 
in response to target at that location correlated inversely 



Fig. 1. Grand averages of potentials evoked by non-target (thin line) and target (thick line) stimulus in the control group (n = 
50). An increase of the P3b in parietal location was the only change in amplitudes during detection of target. Significance of 
target effect is described by asterisks *** as P<0.0005. 

with reaction time (p=-0.37, P=0.018). Correlations be- component in non-target condition and P3a component 
tween longer latencies of later components and index of in target condition, both at Fz location (p=+0.37, 
errors were also observed, reaching significance for N2 P=0.016 and p=+0.41, P=0.006, respectively). 
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eye 1 

Fig. 2. Grand averages of potentials evoked by non-target (thin line) and target (thick line) stimulus in schizophrenic patient 
group (n = 50). Apart from an increase of the P3b at parietal location, the figure demonstrates increases of amplitudes of N1 
and P3a components as reaction to target. Significance of the target effects is described by asterisks (* as P<0.05, ** as P<O.Ol, 
*** as P<0.001). 
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DISCUSSION 

Apparently worse CAT results in the patient group, 
with a higher number of errors mainly contributed by 
omissions, are consistent with results obtained in 
numerous previous studies with the CPT (Wohlberg and 
Kornetzky 1973, Cornblatt et al. 1989, Nuechterlein 
199 1). Longer reaction time in patients has also been re- 
ported (i.e. Strandburg 1994b). Low index of commis- 
sions does not differentiate the groups and additionally 
confirms correct comprehension of the instruction by the 
patients as well as their good co-operation. 

It is less probable, that inferior CAT results in the schi- 
zophrenic group are due to concurrent neuroleptic medi- 
cation. First, similarly to our previous probes with CAT 
(Kasperska et al. 1996), there was no direct correlations 
between psychometric data and doses of drugs. Second, 
studies with the CPT revealed negligible detriment, or 
even an improving effect, of phenothiazines on the test 
performance (Spohn et al. 1977, Harvey et al. 1990). In 
the study by Kasperska et al. (1996) CAT distinguishes 
schizophrenic patients among the others, hence, despite 
the lack of a non-schizophrenic control group in the pres- 
ent study, it is also less likely that the results are in- 
fluenced by general effects of a psychiatric illness. As 
described by Nuechterlein (1991) and Bergman et al. 
(1992), there is also no correlation between the test re- 
sults and duration of illness. Independence of CAT re- 
sults of PANSS score in clinically stable, remitted 
patients confirms a high sensitivity of the CAT for dis- 
turbances of attention in schizophrenia even at their sub- 
clinical expression. 

As revealed by the material presented above, schizo- 
phrenic patients initially (i.e., in response to the non-tar- 
get stimulus) have low amplitudes in exogenous (PI, 
N1) as well as endogenous (P3a) components as com- 
pared to healthy subjects. However, when the target 
stimulus is introduced, the majority of those between- 
-group differences usually disappear due to the increase 
of amplitude of components N1 and P3a, which is ob- 
served only in the schizophrenic group. 

The low left-sided PI amplitude in the group of pa- 
tients, following non-target stimuli, may be difficult for 
unequivocal interpretation because of lack of relevant 
correlations. Strandburg et al. (1994a) likewise reported 
asymmetry (right-side dominance) of PI following vis- 
ual stimuli. Romani et al. (1986) and Matsuoka et al. 
(1996) reported its lower amplitude bilaterally. Low am- 
plitude of a component may be due either to unstable 

latency or to decreased arousability of relevant neurone 
groups. However, alternatively, it may be aresult of their 
unsynchronized activity, caused by sensory hypersensi- 
tivity and chaotic, continual arousal by numerous back- 
ground stimuli. A similar mechanism has been 
postulated by Freedman et al. (1983) for the auditory 
P50, which is also diminished in schizophrenia patients. 
On the other hand, there were the reports of an influence 
of attentional processes onto the baseline level of arousal 
of PI component generators (Gomez Gonzalez et al. 
1994, Heinze andMangun 1995). In these studies, higher 
PI over the hemisphere corresponding to attended visual 
area was observed. In the present study, where stimuli 
are presented in the centre of the visual field, bilateral 
influence of spatial attention is expected and an asym- 
metry of PI component may also suggest diminished 
susceptibility of the left hemisphere for central regu- 
lation. 

Support for the suggested hypersensitivity at the level 
of automatic stimulus analysis may be found in the in- 
crease of basically diminished N1 amplitude in response 
to the target, not found in the healthy subjects. Within the 
exogenous component range, after a stimulus which is a 
repetition of a previous one and with an interstimulus in- 
terval of 1 - 2 5 ,  gating or habituation would be more ex- 
pected (Nagamoto et al. 1989, Freedman and Mirsky 
199 1). Although a facilitation effect during visual stimu- 
lation was already evidenced in healthy subjects, it was 
observed at an interstimulus interval of 100-120 ms 
(Shagass and Schwartz 1963, Nagamoto et al. 1989) and 
was diminished in schizophrenic patients (Szelenberger 
1989). Quasi-increase of N1 amplitude, due to the over- 
lap of processing negativity (Naatanen 1982) is less 
probable: processing negativity is a result of a signal se- 
lection based on its physical properties, which in the 
present study are the same for either non-target or target 
stimuli and each stimulus must be consciously pro- 
cessed. Moreover, processing negativity has been shown 
to be diminished in schizophrenia (Baribeau-Braun et al. 
1983, Michie et al. 1990). Also the alternative possibility 
of an arousing effect of attention-related processes onto 
N1 (Jerger et al. 1992, Gomez Gonzales et al. 1994, 
Wagner et al. 1996) may be excluded, because the in- 
crease of N1 amplitudes during target detection corre- 
lates with the error index and worsening of detection. 
This seems to confirm a pathological mechanism of that 
feature. Although an influence of medication on ERP 
data cannot be excluded, the target effect onto N1 com- 
ponent does not correlate with doses of neuroleptic 
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drugs. Furthermore, as is mentioned below, the only 
ERP finding that correlates with doses of drugs was also 
the only finding that correlates with better CAT perfor- 
mance. This may lead to a conclusion analogous to those 
by Spohn et al. (1977) or Harvey et al. (1990), that medi- 
cation has a negligible or even slightly improving effect 
on test results and is not responsible for ERP findings re- 
lated to poorer detection. 

Lower amplitude of P3a component in non-target con- 
dition in patients is also associated with inferior test 
scores. However, contrary to analogous target effect on 
N1, its increase in response to the target stimulus is ac- 
companied by relatively better test performance. Hence, 
it may be a sign of compensation by an increased invol- 
vement of structures responsible for conscious informa- 
tion processing. Similar conclusions, though based on 
slightly different premises (higher P3a component in 
schizophrenic patients as compared to healthy controls), 
have been suggested by Rockstroh et al. (1994) and 
Strandburg et al. (1994a). That compensatory effect may 
be in part due to the medication, because of weak corre- 
lation of a change of an amplitude of P3a with doses of 
neuroleptic drugs. An increase of a P3a amplitude in re- 
sponse to visual target stimulus in schizophrenia patients 
was also reported by Shelley et al. (1996), but in CPT- 
AX version of the CPT. 

The low P3b amplitude following target stimulus in 
schizophrenic patients has been widely reported 
(Brecher and Begleiter 1983, Pfefferbaum et al. 1984, 
Mirsky and Duncan 1986, Pritchard 1986, Pfefferbaum 
et al. 1989, Michie et al. 1990, Strandburg et al. 1990, 
Friedman 1991), but relatively rarely after visual stimuli 
(Pass et al. 1980, Szelenberger et al. 1991). However, 
that feature is not specific for schizophrenia, as reported 
in many psychiatric disorders associated with intellec- 
tual deterioration, only functional as well as those due to 
degenerative processes (Diner et al. 1985, Frank et al. 
1994, Polich et al. 1994, Schroeder et al. 1994, Karayanidis 
et al. 1995, Kemner et al. 1995). Taking into account that 
in healthy subjects an inverse correlation between an am- 
plitude of P3b component and difficulty of task was de- 
scribed (Polich 1987), lower P3b amplitude in 
schizophrenic patients may indicate relatively higher le- 
vels of CAT difficulty for them as compared to the 
healthy people. 

Discussing inter-group differences in P3 latency 
range, in particular those related to detection of target, it 
is necessary to remember that ERPs following a correct- 
ly identified target must be influenced by the readiness 

potential (BP - Bereitschaftpotential) with further com- 
ponents preceding a motor reaction: pre-motion positiv- 
ity (PMP) and motor potential (MP) (Deecke and 
Kornhuber 1977). Moreover, one might say that an al- 
tered electrophysiological pattern of target detection ob- 
served in patients, in part relating to the P3a, might be 
rather a result of alterations in those movement poten- 
tials. Hence, it is necessary to consider how the se- 
quence: BP-PMP-MP, which typically reveals a slow 
(although not strictly monotonous) development to- 
wards negative values and reaches the peak with an onset 
at 60-50 ms before a movement, may influence the result 
on the P3a, which consists of an amplitude increase in 
patients and lack of amplitude changes in the control 
group. If we consider group mean values of reaction 
time, such an influence is possible under an assumption 
that an increase of P3a amplitude in response to target oc- 
curs in both groups, but in control subjects it is compen- 
sated by concurrently developing negative potential, 
while in patients is not. Two reasons are then to be sus- 
pected in patients: (1) lower amplitude of the BP or (2) 
weakened influence of the BP onto the P3a, caused by 
more distinct time-separation between their peaks, 
which results from longer reaction time. In the latter 
case, however, an increase of P3a amplitude should be 
linked with longer reaction time, while in the current 
study an inverse correlation occurred. This means that 
the more a separation between latency of P3a and time 
of reaction in patients is similar to the small separation 
observed in the healthy subjects, the more inter-group 
differences are visible. It is also doubtful that the first 
considered reason, i.e., diminished amplitude of the 
BP in patients, would give a benefit, which is shorter 
reaction time. Hence, the inter-group differences in 
electrophysiological pattern of target detection in 
range of P3a seem not to be an artifact due to inter- 
ference with overlapping potentials related to a move- 
ment. 

Discussing target effect onto P3a component in schi- 
zophrenic patients we must also consider the reports of 
positive shift of potential evoked by repeated visual 
stimuli in healthy subjects (Rugg et al. 1988). However, 
in their study not graphic but verbal stimuli were applied, 
and the authors conclude that repetition effect is a result 
of attenuation of endogenous negativity observed after 
unrepeated stimuli. Furthermore, in a study involving 
graphical stimuli (Zhang et al. 1997) an inverse effect of 
stimulus repetition onto amplitude of late positive com- 
ponents in healthy subjects was reported. 



If we then return to the proposed resolution, that a tar- 
get effect onto basically diminished amplitude of the P3a 
in the remitted patients is an expression of compensatory 
features emerging in the frontal region of the brain, we 
must state that such a compensation improves only the 
time of reaction. Lack of its influence on index of errors 
confirms that the high number of errors (in fact: omis- 
sions) during CAT performance might be a trait marker 
of schizophrenia. In contrast, the other ERP feature con- 
tributing an altered electrophysiological pattern of target 
detection in patients, i.e., an increase of amplitude of the 
N1 component, is apparently correlated with that unre- 
coverable index of errors. Hence, target effect onto an 
amplitude of the N1 component might be an ERP trait 
marker of primary underlying pathology, consisting in 
hypersensitivity on the earlier, automatic stage of visual 
signal processing. Such a conclusion resembles those in- 
spired by the researchers on gating of an auditory P50 
(Siege1 et al. 1984) and may affirm the concept of pri- 
mary sensory overload predisposing to and underlying 
schizophrenia (McGhie and Chapman 196 1, Venables 
1964). 

ACKNOWLEDGEMENTS 

The author would like to thank Prof. Waldemar 
Szelenberger for inspiration and support during the 
course of the study.The study was supported by the grant 
KBN 4 P05B 04612. ERPrecording was performed with 
equipment donated by the AJUS and KAJUS Founda- 
tion in memory of Prof. Andrzej Jus, M.D., the pioneer 
in Polish Clinical EEG and the first to introduce poly- 
graphic studies of sleep in Poland. 

REFERENCES 

Baribeau-Braun J., Picton T.W., Gosselin J.Y. (1983) Schizo- 
phrenia: a neurophysiological evaluation of abnormal in- 
formation processing. Science 219: 874-876. 

Bergman A., Osgood G., Pathak A,, Keefe R., Cornblatt B. 
(1992) Attention and the progression of psychosis. Biol. 
Psychiatry 3 1: 115A. 

Brecher M., Begleiter H. (1983) Event-related potentials to 
high-incentive stimuli in unmedicated schizophrenic pa- 
tients. Biol. Psychiatry 18: 661-674. 

Cornblatt B.A., Erlenmeyer-Kimling E. (1985) Global atten- 
tion deviance as a marker of the risk of schizophrenia: spe- 
cificity and predictive validity. J. Abnorm. Psychol. 94: 
470-486. 

Cornblatt B.A., Lezenzweger M.A., Erlenmeyer-Kimling E. 
(1989) The Continuous Performance Test, identical pairs 
version: 11. Contrasting attentional profiles in schizo- 
phrenic and depressed patients. Psychiatry Res. 29: 65- 
85. 

Cornblatt B.A., Keilp J.G. (1994) Impaired attention, gene- 
tics, and the pathophysiology of schizophrenia. Schizophr. 
Bull. 20: 3 1-46. 

Deecke L., K0rnhuberH.H. (1977) Cerebral potentials and the 
initiation of voluntary movement. In: Attention, voluntary 
contraction and event-related cerebral potentials (Ed. J.E. 
Desmedt). Karger, Basel, p. 132- 150. 

DinerB.C., HolcombP.J., DykmanR.A. (1985) P300inmajor 
depressive disorder. Psychiatry Res. 15: 175-184. 

Frank Y., Seiden J.A., Napolitano B. (1994) Event-related 
potentials to an "oddball" auditory paradigm in children 
with learning disabilities with or without attention deficit 
hyperactivity disorder. Clin. Electroencephalogr. 25: 136- 
141. 

Freedman R., Adler L.E., Waldo M.C., Pachtman E., Franks 
R.D. (1983) Neurophysiological evidence for a defect in 
inhibitory pathways in schizophrenia: comparison of 
medicated and drug-free patients. Biol. Psychiatry 18: 
537-55 1. 

Freedman R., Mirsky A.F. (1991) Event-related potentials: 
exogenous components. In: Handbook of schizophrenia. 
Neuropsychology, psychophysiology and informationpro- 
cessing (Eds. S.R. Steinhauser, J.H. Gruzelier and J. 
Zubin). Vol. 5. Elsevier, New York, p. 71-88. 

Friedman D. (1991) Endogenous scalp-recorded brain poten- 
tials in schizophrenics: a methodological review. In: 
Handbook of schizophrenia. Neuropsychology, psycho- 
physiology and information processing (Eds. S.R. Steinhauer, 
J.H. Gruzelier and J. Zubin). Vo1.5. Elsevier, New York, p. 
91-127. 

Gomez Gonzales C.M., Clark W.P., Fan S., Luck S.J., Hilly- 
ard S.A. (1994) Sources of attention - sensitive visual event 
related potentials. Brain Topogr. 7: 41-51; 

Grove W.M., Lebow B .S., Clemenz B .A., Cerri A., Medus C., 
Iacono W.G. (1991) Familial prevalence and co-aggrega- 
tion of schizotypy indicators: a multi-trait family study. J. 
Abnorm. Psychol. 100: 1 15-121. 

Heinze H.J., Mangun G.R. (1995) Electrophysiological signs 
of sustained and transient attention to spatial locations. 
Neuropsychologia 33: 889-908. 

Harvey P., Winters K., Wintraub S., Neale J.M. (1981) Dis- 
tractibility in children vulnerable to psychopathology. J. 
Abnorm. Psychol. 90: 298-304. 

Jerger K., Biggins C., Fein G. (1992) P50 suppression is not 
affected by attentional manipulation. Biol. Psychiatry 3 1: 
365-372; 

Judd L.L., McAdams L., Budnick B., Braff D.L. (1992) Sen- 
sory gating deficits in schizophrenia: new results. Am. J. 
Psychiatry 149: 488-493; 



Altered pattern of detection 219 

Karayanidis F., Andrews S., Ward P.B., Michie P.T. (1995) 
ERP indices of auditory selective attention in aging and 
Parkinson's disease. Psychophysiology 32: 335-350. 

Kasperska E., Chaba P., Szelenberger W., Wilczak H. (1996) 
Disturbances of continuous attention in schizophrenia pa- 
tients (in Polish). Psychiatria Pol. 30: 459-470. 

Kay S.R., Opler L.A., Fiszbein A. (1992) Positive and nega- 
tive syndrome scale. Multi-health systems, Inc., New York, 
p. 25-59. 

Kemner C., Verbaten M.N., Cupems J.M., Camfferman G., 
van Engeland H. (1995) Auditory event-related brain 
potentials in autistic children and three different control 
groups. Biol. Psychiatry 38: 150- 165. 

Matsuoka H., Saito H., Takashi U., Saito M. (1996) Altered 
endogenous negativities of the visual event-related poten- 
tial in remitted schizophrenia. Electroencephalogr. Clin. 
Neurophysiol. 100: 18-24. 

McGhie A., Chapman J. (1961) Disorders of attention andper- 
ception in early schizophrenia. Br. J. Med. Psychol. 34: 
103-115. 

Michie P.T., Fox A.M., Ward P.B., Catts S.V., McConaghy N. 
(1990) Event-related potential indices of selective attention 
and cortical lateralization in schizophrenia. Psychophysio- 
logy 27: 209-227. 

Mirsky A.F., Duncan, C.C. (1986) Etiology and expression of 
schizophrenia: neurobiological and psychosocial factors. 
Ann. Rev. Psychol. 37: 291-319. 

Naatanen R. (1982) Processing negativity: an evoked poten- 
tial reflection of selective attention. Psychol. Bull. 92: 602- 
640. 

NagamotoH.T., AdlerL.E., WaldoM.C., FreedmanR. (1989) 
Sensory gating in schizophrenics and normal controls: ef- 
fects of changing stimulation interval. Biol. Psychiatry 25: 
549-56 1. 

Nomsis M.J. (1990) SPSS/PC+ Advanced Statistics 4.0. for 
the IBM PC/XT/AT and PS/2. SPSS Inc., Chicago. 

Nuechterlein K.H. (199 1) Vigilance in schizophrenia and re- 
lated disorders. In: Handbook of schizophrenia. Neuropsy- 
chology, psychophysiology and information processing 
(Eds. S.R. Steinhauer, J.H. Gruzelier and J. Zubin). Vol. 5. 
Elsevier, New York, p. 397-435. 

Pass H.L., Klorman R., Salzman R., Klein H., Kaskey G.B. 
(1980) The late positive component of the evoked response 
in acute schizophrenics during a test of sustained attention. 
Biol. Psychiatry 15: 9-20. 

Pfefferbaum A., Ford J.M., Roth W.T., Wenegrat B. (1984) 
Clinical application of the P3 component of event-re- 
lated potentials. 11. Dementia, depression and schizo- 
phrenia. Electroencephalogr. Clin. Neurophysiol. 59: 
104-124. 

Pfefferbaum A,, Ford J.M., White P.M., Roth W.T. (1989) P3 
in schizophrenia is affected by stimulus modality, response 
requirements, medication status, and negative symptoms. 
Arch. Gen. Psychiatry 46: 1035-1044. 

Pigache R.M. (1976) Comparison of scoring methods for tests 
of attention, including an error index for use with schizo- 
phrenic patients. Percept. Mot. Skills 42: 243-253; 

Polich J. (1987) Task difficulty, probability, and inter-stimu- 
lus interval as determinants of P300 from auditory stimuli. 
Electroencephalogr. Clin. Neurophysiol. 68: 31 1-320. 

Polich J., Pollock V.E., Bloom P.E. (1994) Meta-analysis of 
P300 amplitude from males at high risk for alcoholism. 
Psychol. Bull. 115: 55-73. 

Pritchard W.S. (1986) Cognitive event-related potential corre- 
lates of schizophrenia. Psychol. Bull. 100: 43-66. 

Rockstroh B., Mueller M., Wagner M., Cohen R., Elbert T. 
(1994) Event-related and motor responses to a forewarned 
reaction time task in schizophrenic patients. Schizophr. 
Res. 13: 23-34. 

Romani A., Zerbi F., Mariotti G., Callieco R., Cosi V. (1986) 
Computed tomography and pattern reversal visual evoked 
potentials in chronic schizophrenic patients. Acta Psy- 
chiatr. Scand. 73: 566-573. 

Rugg M., Furda J., Lorist M. (1988) The effect of task on the 
modulation of event-related potentials by word repetition. 
Psychophysiology 25: 55-63. 

Shagass C. (1976) An electrophysiological view of schizo- 
phrenia. Biol. Psychiatry 11: 3-30. 

Shagass C., Schwartz M. (1963) Psychiatric correlates of 
evoked cerebral cortical potentials. Am. J. Psychiatry 119: 
1055-1061. 

Shelley A.M., Grochowski S., Lieberman J.A., Javitt D.C. 
(1996) Premature disinhibition of P3 generation in schizo- 
phrenia. Biol. Psychiatry 39: 714-719. 

Shroeder M.M., Handelsman L., Torres L., Dorfman D., 
Rinaldi P., Jacobson J., Wiener J., Ritter W. (1994) Early 
and late cognitive event-related potentials mark stages of 
HIV-1 infection in the drug-user risk group. Biol. Psy- 
chiatry 35: 54-69. 

Siege1 C., Waldo M., Mizner G., Adler L.E., Freedman R. 
(1984) Deficits in sensory gating in schizophrenic patients 
and their relatives. Arch. Gen. Psychiatry 41: 607-612. 

Spohn H.E., Lacoursiere R.B., Thompson K., Coyne L. (1977) 
Phenotiazine effects on psychological and psychophysio- 
logical dysfunction in chronic schizophrenics. Arch. Gen. 
Psychiatry 34: 633-644. 

Strandburg R.J., Marsh J.T., Brown W.T., Asarnow R.F., 
Guthrie D., Higa J. (1990) Event-related potential corre- 
lates of impaired attention in schizophrenic children. Biol. 
Psychiatry 27: 1103-1 115. 

Strandburg R.J., Marsh J.T., Brown W.T., Asarnow R.F., 
Guthrie D., Higa J., Yee-bradbury C.M., Nuechterlein 
K.H. (1994a) Reduced attention-related negative potentials 
in schizophrenic adults. Psychophysiology 3 1: 272-28 1. 

StrandburgR.J., Marsh J.T., Brown W.T., Asarnow R.F., Higa 
J., Guthrie D. (1994b) Continuous-processing related 
ERPS in schizophrenic and normal children. Biol. Psy- 
chiatry 35: 525-538. 



220 A. Basidska 

Szelenberger W. (1979) Visual evoked response modified 
recovery cycle and personality dimensions in healthy 
and schizophrenic subjects. Biol. Psychiatry 14: 141- 
153. 

Szelenberger W., Skubis K., Skalski M., Zak N. (1991) Field 
distribution of P300 in schizophrenic patients. Brain To- 
pogr. 3: 467. 

Tiplady B. (1992) Continuous attention: rationale and dis- 
criminant validation of a test designed for use in psycho- 
pharmacology. Behav. Res. Methods Instrument. Comp. 
24: 16-21. 

Venables P. (1964) Input dysfunction in schizophrenia. In: 
Progress in experimental personality research (Ed. B. 
Maher). Academic Press, New York, p. 1-47. 

Wagner M., Rendtorff N., Kathmann N., Engel R.R. (1996) 
CNV, PINV and probe-evoked potentials in schizophrenia. 
Electroencephalogr. Clin. Neurophysiol. 98: 130-143. 

Winters L., Cornblatt B.A., Erlenmeyer-Kimling E. (1991) 
The prediction of psychiatric disorders in late adolescence. 
In: A life-course developmental perspective (Ed. E. Wal- 
ker). Academic Press, New York, p. 123- 137. 

Wohlberg G.W., Kornetzky C. (1973) Sustained attention in re- 
mitted schizophrenics. Arch. Gen. Psychiatry 28: 533-537. 

Zhang X.L., Begleiter H., Porjesz B., Litke A. (1997) Visual 
object priming differs from visual word priming: an ERP study. 
Electroencephalogr. Clin. Neurophysiol. 102: 200-2 15. 

Received 29 January 1998, accepted 10 July 1998 


