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Summary

Event-related potentials (ERPs) and reaction times (RTs)
during a 3-tone auditory detection task were recorded from schiz-
ophrenics with mild symptomatology and normals. The P3 component
latencies of single trials were assessed using an adaptive corre-
lating filter technique. Performance levels and P3 latencies were
almost identical in both groups. However, RTs in schizophrenics
occurred approximately 100 msec later than those recorded in
normals, Correlations between P3 latency and RT were lower in
schizophrenics than in normals. The slow RTs in schizophrenics
can be explained by a delay in the response process and decou-
pling between the stimlus and response processes originating from
a deficit in a higher organizing system,

I. Introduction

The slowness in response characteristics of schizophrenics
during reaction time (RT) tasks is one of the most common find-
ings that reflect their deficiency in information processingl).
Behavioral measures, however, have not yet clearly identified
specific stages in information processing responsible for slow
RTs in schizophrenics2-4),

It has been suggested that the P3 latency of event-related
potentials is associated with the time taken for situation-
evaluation or context-updating5‘6). Thus, the measurement of P3
latencies recorded during psychological tasks might provide a
useful tool for identifying specific deficits in the information-
processing of schizophrenics. Roth et a1.7), among other investi-
gators, reported that schizophrenics had prolonged P3 peak laten-
cies in averaged ERPs elicited by unexpected stimuli to which no
behavioral responses were required. However, determining peak
latencies from averaged ERPs is problematic because the variabil-
ity of component latency from trial to trial results in a peak
latency that may not be representative. This problem can be
solved by computing P3 latency for every trial. An examination of
the relationship between single-trial P3 latencies and RTs may be
fruitful for elucidating the mechanism producing slow RTs in
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schizophrenics. Since Kutas et al.8), many investigators9-14)
have employed the adaptive correlating filter (ACF)ls? technique
for measuring P3 latencies in single-trial ERPs recorded from
normal subjects. Recently, Pfefferbaum et al.16) reported that P3
latencies and RTs were prolonged in schizophrenics but single-
trial P3/RT correlations were not significantly reduced.

The purpose of the present study was to obtain information
about the mechanism responsible for slow RTs in schizophrenics by
comparing the relationship between P3 latency and RT for schizo-
phrenics with that for normal controls using P3 latencies measur-
ed in single-trials.

II. Method
II-1. Subjects

Male schizophrenics (N=9) and normal male volunteers (N=z=9)
in their twenties and thirties were subjects in this study. They
were group-matched for age (28.2 and 28.6 years, respectively)
and educational background (15.2 and 16.0 school years, respec-
tively). All subjects were judged as mixed (3 normals) or right
handed (the others) employing Kameyama et al.'s Questionnairel?),.
All schizophrenics met the diagnostic criteria for schizophrenic
disorders in DSM-III18), The subtypes of the schizophrenic disor-
ders of these subjects were as fcllows: residual type, 6; para-
noid type 2; disorganized type 1. The patients included in this
study were selected from a larger group on the basis of accurate
performance in a preliminary test using experimental paradigm to
be described. Total BPRSng scores of these patients ranged from
22 to 38 (means; 30.1), with their GAS20) scores being distribut-
ed as follows: 51-60, 2 patients; 61-70, 6; 71-80, 1. Eight pa-
tients had been treated on comparatively low doses of neurolep-
tics. The dosages were converted into equivalent dosages of
chlorpromazine according to Lehmann's conversion table2l), The
mean dosage for 8 patients was 222,5 ($+182.5) mg. One patient was
not treated on neuroleptics at the time of the investigation.
Thus, the symptomatology of the patients in this study is, on the
whole, comparatively mild.

11I-2. Procedure

A 3-tone auditory detection task was employed consisting of
a series of 300 tone bursts with 150 msec duration, delivered at
2 sec intervals. THe series included tones at 970Hz, 1000Hz and
1030Hz in random sequence. The 1000Hz tone occurred 4/6 of the
time (frequent), and each of the 970Hz and 1030Hz tones occurred
1/6 of the time (infrequent). Tones were delivered at 50 dBSL
binaurally through headphones. Subjects were required to detect
one of the two types of infrequent tones as the target in one
session, pressing a response lever upon detection of the targets.
Hence in total, each subject performed two sessions for the two
different targets. In sessions when the target was the 970Hz
tone, they were required to press the lever to the right, with
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the thumb and index fingers of the right hand; similarly to the
left for the 1030Hz targets. Speed as well as accuracy were
emphasized equally in the instructions. Data for the two sessions
were pooled and analyzed together.

I1-3. Data recording and analysis

EEGs derived from the Pz region referred to 1linked earlobe
electrodes (time constant, 0.3 sec) were recorded on FM analog
tapes. EEG data without artifacts were then digitized off-line
with a sampling frequency of 500Hz., Digitized data for each type
of stimulus, from 128 msec preceding stimulus-onset to 8%6 msec
post-stimulus, were edited separately. These data were smoothed
with a digital filter (moving average method; width of data win-
dow, 50 points) to minimize any alpha activity in the record. As
the first step to obtaining single-trial ERPs, conventional
stimulus-synchronized average (SSA) ERPs were obtained. 1In the
second step, single-trial P3 latencies for the targets were de-
termined using the ACF technigue. The initial template was ob-
tained from the SSA waveform for the targets, by taking 125 msec
of activity before and after the P3 peak to give a total template
duration of 250 msec. The template was moved in 2 msec increments
across a 400 msec segment of data from each trial, beginning at a
time corresponding to 200 msec before P3 peak latency in the SSA
waveform. Cross-correlation coefficients between the template and
single-trial data were calculated at each position. The latency
at which the maximum correlation coefficient occurred was consid-
ered to be the latency of P3 for that single-trial. The single-
trial EEG data were then reaveraged by aligning each trial at its
P3 latency (latency synchronized average, LSA), This LSA waveform
served as the new template, and the point-by-point cross-correla-
tion procedure was repeated. In the third step, estimated P3 la-
tencies for trials in which the maximum correlation coefficient
with the template was below 0.8, were excluded. Data acquisition
and analysis were performed by a DEC VAX-11/780 computer. Details
of ACF employed in this study have been described elsewhere??2),

ITI. Results

Table 1 shows the behavioral data for both groups. Omission
error rates in schizophrenics tended to be greater than those of
normals [t=1.95, p=0.06 (two-tailed)]; however, commission error
rates as well as total error rates did not differ significantly
between the groups.

The percentage of single-trials in which the target was cor-
rectly detected and which also had a maximum correlation coeffi-
cinet above 0.8 (referred to as correct single-trials) was 79.0%
in the schizophrenics and 90.3% in the normal controls. Thus, the
schizophrenic group produced significantly more trials, in which
a P3 compoment was not clearly identifiable ([t=4.49, p<0,001
(two-tailed)], even though they performed the tasks correctly.

Means and standard deviations of P3 latencies for correct
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single-trials were almost equal in both groups (Table 2). That
is, P3 latencies were neither delayed nor distributed more widely
in schizophrenics as compared with the normal controls.

However, the mean RT in schizophrenics was greater than that
of normal controls [t=13.14, p<0.001 (two-tailed)]. RTs exceeded

P3 latencies by approximately 100 msec in the normals, and 200
msec in the schizophrenics.

Fig. 1 shows the correlation coefficients between RTs and P3
latencies for all correct trials in each subject of both groups.
The mean correlation coefficients for each group are also shown
in Fig. 1. Both groups showed low but significant positive cor-
relations (r=0.35, in the normal controls; r=0.24, in the schizo-
phrenics). The correlation coefficient in the normal controls was
greater than that of the schizophrenics [t=2.17, p<0.04 (two-
tailed)]. When broken down into each subject, 7 out of 9 normal
controls showed significant correlations, while only 4 out of 9
schizophrenics displayed significant correlations.

N
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Fig. 1. Pearson's correlation coefficients
between the P300 latencies and the reactijon
times for all normal controls and schizo-
phrenics, Mean coefficient values are re-
presented by © for the normal controls,
and @ for the schizophrenics. * p<0.05.
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iV. Discussion

The schizophrenic subjects employed in the present study
seemed to have performed the required tasks as accurately as the
normal controls. However, schizophrenics produced more trials in
which a P3 was not clearly identified, even though they performed
the tasks correctly. Possible explanations for this difference
are that either schizophrenics had failed more frequently to
fully evaluate stimulus characteristics, or schizophrenics had
been unsuccessful more freguently in context-updating after full
evaluations compared with normal controls. In any case, the ab-
sence of P3 from a greater proportion of trials than normals may
be one of the reasons for the common finding that schizophrenics
display smaller P3 amplitudes in SSA waveforms.

The P3 latency for correct single-trials was not delayed in
schizophrenics, but the RT in schizophrenics was more prolonged
than that of normals., Furtermore, single-trial P3/RT correlations
were reduced in schizophrenics.

Kutas 8) and other investigators 9-14) who measured single-
trial P3 latency in normals employing ACF technigue reported that
" the P3 latency provides an estimate of stimulus evaluation time,
independent of response processing time. Thus, it is suggested
that the stimulus processing time represented by P3 latency is
neither delayed nor widely distributed in the schizophrenics used
in the present study.

No prolongation of P3 latency in schizophrenics is inconsis-
tent with the result of Pfefferbaum et al. 16). This may be due to
differences in experimental paradigm and the sample bias. Schizo-
phrenic patients in the present study were outpatients with mild
symptomatology, while Pfefferbaum et al.'s schizophrenic patients
were inpatients with impaired performance on the MMS (mini mental
state) examination; almost half of their patients would have been
classified as 'demented' by the MMS criterion. The auditory stim-
uli wused in the Pfefferbaum et al.'s study were 1000 Hz (fre-
quent), 500 Hz and 2000 Hz (infrequent). Thus, 3-tone paradigm of
30 Hz discrimination in the present study was more difficult than
that of their study. However, if this difference in experimental
paradigm would be the main source for the discrepancy of P3
latency between the two studies, it could not be well explainable
that schizophrenics displayed the prolongation of P3 latency in
the easier paradigm with no prolongation in the more difficult
paradigm. Thus, the sample bias seems the main source for the
discrepancy betweeen the two studies. That is, Pfefferbaum et
al.' patients seem to be more 'cognitively impaired', so that
they displayed the prolongation of P3 in contrast to our patients
with mild symptomatology.

In spite of no prolongation of P3 1latency, schizophrenics
displayed slow RTs and low correlations between P3 latencies and
RTs. This suggests that slow reaction times for the schizophren-
ics in the present study are not due to a delay in the stimulus
process but due to a delay in the response process, and that the
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stimulus and response processes are more loosely coupled in
schizophrenics than in normal controls.

What is an appropriate explanation for the delay in the
response process as well as the decoupling between the stimulus
process and response process in schizophrenics? The delay in RTs
of schizophrenics are not thought as result of effects of neuro-
leptics administered to the schizophrenic subjects; the reasons
for this being, 1) no significant correlation was found between
RTs and neuroleptic dosages in the schizophrenics, 2) neuro-

leptics have been reported not to prolong RTs in schizophren-
ic523—24 .

We measured schizophrenics' RTs employing a 2-tone discrimi-
nation paradigm in another study25), there was no significant
difference 1in RTs between schizophrenics and normal controls.
Therefore, schizophrenics do not necessarily display a delay in
the response process. As the stimulus difficulty in the 2-tone
discrimination paradigm was less than that of the present study,
with the response difficulty being equal, it seems possible that
the coupling between the stimulus and response processes becomes
looser in schizophrenics as the stimulus difficulty increases,
thus producing a delay in the response process.

As for normal subjects, Pfefferbaum et al.l4) have suggested
that, in difficult and unfamiliar sensory discrimination tasks,
subjects may be less confident, with some doubts remaining after
the full evaluation of a stimulus, leading to hesitation before
pressing a button, thereby decoupling P3 latencies from RTs.
According to this suggestion, the schizophrenics in the present
study are considered to have hesitated more than the normal con-
trols. This hesitation seems consistent with the tendency for
schizophrenics to make more omission errors. While, Baribeau-
Braun et al.26) have discussed, based upon their study on ERPs of
schizophrenics, that the slowness and inefficiency of schizo-
phrenic information-processing could result from an inability to
organize the processes, that is the stimulus-set as well as
response-set as defined by Broadbent, in an optimal manner. As
far as normal psychological processes are concerned, "hesitation”
fits the explanation of the decoupling; however, in the case of
schizophrenics, some deficits in allocation of processing re-
sources should also be taken into account, as Baribeau-Braun et
al. have suggested. In other words, a possible organizing system
which effectively controls the stimulus process and response
process may be disturbed to a greater extent in schizophrenics as
stimulus discrimination become more difficult. This decoupling
between the stimulus process and the response process may be the
reponsible factor for slow RTs in schizophrenics, at least in
those with such a mild symptomatology as displayed by the pa-
tients in the present study. Such a functional "splitting"
between different processes that are coupled in normal conditions
might be suggested as a common cerebral basis for "splitting of
the mind".
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This study was presented at the 6th Meeting of the Japanese
Society of Biological Psychiatry (March 23-24, 1984)27),
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