Schizophrenia: A Neurophysiological Evaluation of

Abnormal Information Processing

Abstract. Evoked potential indices of an early and late stage of attentional
processing were recorded from schizophrenic and normal subjects during dichotic
listening tasks. Despite slow and inaccurate detections, the schizophrenic subjects
were able to focus selectively to different ears but only at a fast stimulation rate,
showing integrity of the early selective stage. They showed an abnormal late stage,
indicating inefficiency in processing information from detected targets. Marked
deficits at a slow stimulation rate and during divided attention suggest that the
schizophrenic attention disorder is one of control and maintenance of a selective
processing strategy rather than of general slowness or absence of selectivity.

Impairment of selective attention is an
important aspect of the schizophrenic
thought disorder. Electrophysiological
studies have reported a general attenua-
tion of evoked potentials in schizophre-
nics in diverse perceptual tasks. It is not
clear how this amplitude attenuation can
be explained by the attentional deficit
(I). Broadbent has differentiated two lev-
els of attentional selectivity: stimulus
set—selecting a channel of information
characterized by some simple physical
attribute—and response set—selecting
those stimuli requiring a particular re-
sponse (2). Within this framework the
schizophrenic attentional disorder could
be due to either a stimulus-set or a
response-set deficiency (3) to a general
slowness of processing that is unable to
keep up with the demands for stimulus-
response association (4), or to a disorder
in the control mechanisms that create
and maintain the strategy of selective
information processing (5). Behavioral
measures have not clearly demonstrated
any of these theories (3). In this study,
neurophysiological results disconfirm
the first three theories and support the
hypothesis of disordered control mecha-
nisms in schizophrenia.

Two evoked potentials (N1 and P3)
reflect stimulus set and response set,
respectively, in dichotic listening tasks
in which the subject has to focus his
attention and detect occasional targets
among standard tones in one ear and
ignore all tones presented to the other
ear (6). The N1 potential (latency, 100 to
150 msec) is larger for all tones in the
attended ear, and P3 (latency, 300 to 600
msec) is larger only for the detected
targets. The relative amplitude differ-
ence between the responses to attended
and ignored tones provides the measure
of selective focusing on one auditory
channel (stimulus set) and between the
attended standard tones and targets, the
measure of response-set selection. In a
similar procedure, we recorded the audi-
tory evoked potentials of schizophrenic
subjects, adding a ‘‘divided’’ attention
task where subjects had to attend and
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detect all targets in both ears. Each
focused and divided attention task was
run at fast (250 to 750 msec) and slow
(500 to 1500 msec) randomized intervals
of stimulation. Task order was counter-
balanced within and across subjects.
Tones with a duration of 15 msec, a rise-
fall time of S msec, an intensity of 65 dB
peak sound pressure level (45-dB normal
hearing level) were presented dichotical-
ly through earphones. The ‘‘standard”
pitch in the left ear was 1000 Hz and in
the right ear 2000 Hz. A random 10
percent of the tones were targets with a
frequency of 1450 Hz regardless of the
ear stimulated. Subjects pressed a button
in response to targets in the task-relevant
ear. Detection accuracy was measured
as the percentage of correct responses
within 200 and 1000 msec after the target
was presented (7).

Schizophrenic (N = 20) and normal
subjects (N = 20) were selected accord-
ing to research diagnostic criteria (8) and
were group-matched for age (27 years),
sex (36 males and 4 females), and educa-
tional background (respectively, 13.8
and 15.1 school years). On the Bannis-
ter-Fransella test for thought disor-
ders (9), all patients scored above the
95th percentile relative to a normative
group of psychotics without thought dis-
orders.

Evoked potentials from Fz, Cz, and Pz
electrodes (right mastoid reference) and
vertical electro-oculograms were record-
ed on frequency modulation tape and
averaged off-line with sweep durations of
250 and 900 msec (/0). The N1 amplitude
was measured at 125 msec at Cz on the
250-msec sweep, and P3 amplitude on
the 900-msec sweep at the maximum
positivity between 250 and 900 msec at
Pz. Reaction time, detection accuracy,
and N1 and P3 amplitudes are summa-
rized in Table 1. They were analyzed by
three-way analyses of variance (subject
group by stimulus rate by attention in-
struction) for repeated measures. Signifi-
cant (P < .01) main effects and interac-
tions were further analyzed by the
Scheffé procedure (/7). Since all schizo-

phrenics were being treated with pheno-
thiazines, a preliminary analysis of vari-
ance within the schizophrenic sample
was performed between those treated
with high and low dosage, subdividing
the two subgroups at the midpoint of the
dosage scale. There was no significant
difference between the two subgroups on
P3, reaction time, and detection accura-
cy, except for N1 amplitude. Thus, dos-
age does not affect any measures except
NI (/2). The only way to assess schizo-
phrenic abnormalities relative to normal
responses, while taking into account the
difference in medication between the two
groups, was to include all subjects of
both groups into one single analysis of
covariance, thereby subtracting the vari-
ance due to medication levels (13).

The schizophrenics performed the
tasks more slowly and less accurately
than the controls. Stimulus rate affected
reaction time in all subjects: average
reaction times at fast and slow stimulus
rates were 449 and 498 msec for the
controls and 536 and 586 msec for the
schizophrenics. Analyses of detection
accuracy showed significant effects of
subject group and attention instruction,
no effect of stimulus rate, and a signifi-
cant interaction between subject group
and attention instruction. This interac-
tion occurred because the schizophren-
ics performed particularly poorly during
divided attention (57 percent) relative to
focused attention (82 percent), while the
normals performed equally well (90 to 94
percent) in both tasks.

The N1 potential was significantly
larger for the controls than for the
schizophrenics, for the slow than for the
fast rate of stimulation, and for the at-
tended than for the ignored stimuli (Fig.
1). The interaction effect between
groups, attention instruction, and rate
was a result of the schizophrenics’ show-
ing no effect of focused and divided
attention at the slow rate, no effect of
divided attention at the fast rate, and a
significant effect of focused attention at
the fast rate. The analysis of covariance
removed the absolute amplitude differ-
ence between subject groups, leaving
significant the effects of attention in-
struction and stimulus rate, and there-
fore showing that in the schizophrenics,
N1 amplitude was significantly modulat-
ed by attention only at the fast stimula-
tion rate independently of drug dosage
(I14). These results demonstrate that
schizophrenics are able to focus selec-
tively to different channels of auditory
stimuli.

Despite this selectivity of stimulus set,
the schizophrenics still performed poorly
on the target-detection task. The per-
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Table 1. Mean amplitude (*+ standard deviations) of evoked potentials and performance measures for all attention conditions at fast and slow
rates of stimulation for the normal and schizophrenic groups.

Evoked potentials (V)

Correct Reaction time
N1 P3 (%) (msec)

Group ;

Fo- Divided Inat- Fo- Divided Inat- Fo- Divided Fo- Divided

cused attention tention cused attention  tention cused attention cused attention

Normal
Fast -27+15 =-25=x15 —-1.7x13 7.1*x44 55+41 29+22 934+ 6.1 90.1 £ 7.2 456.5 +93.3 441.2 + 734
Slow ~40+1.8 —-49=*27 -27*x17 83=%x45 61+36 31+x23 953+ 40 914+ 6.3 487.8 +78.9 508.0+ 72.4
Schizophrenic

Fast -20x15 —-1.7x16 —-12=%x12 54+31 32=*x22 2118 81.9+17.4 56.1 +12.8 519.2 +95.1 552.6 + 99.9
Slow -23+x19 -23x1.7 -22=*x15 58+34 35+23 2119 745+20.6 587 +250 5850+ 90.3 586.1 + 98.7

formance deficit in schizophrenia thus
occurred independently of N1 and of any
disturbance of the selectivity of stimu-
lus-set attention. However, part of the
cognitive deficit may result in an abnor-
mality in organizing or maintaining the
processes of stimulus-set selection. Ac-
cording to Broadbent’s stimulus-set
model (2), this pattern of results indi-
cates that schizophrenics have difficulty
in broadening the scope of stimulus-set
selection during divided attention and in
sustaining channel selectivity at slower
rates of stimulus presentation (/5).

The P3 amplitude was significantly
larger for the normal subjects than for
the schizophrenics, for slow than for fast
stimulus rates, for the attended than for
the ignored targets, and for focused than
for divided attention (Fig. 1) (/6). Part of
the difference in amplitude between
groups may have been related to their
different detection performances. The
schizophrenics missed significantly more
detections and had significantly longer
and more variable reaction times. We
therefore decided to examine the evoked

potentials when the behavioral response .

was both accurate and rapid—between
200 and 500 msec. The effects were es-
sentially the same. The schizophrenics
had a significantly smaller P3 (X =
—4.5 = 3.3) than normal subjects
(X = —7.7 = 3.7) throughout the ex-
perimental manipulations (/7). This dif-
ference also persisted in the analysis of
covariance and was thus not related to
medication (/4). The P3 amplitude at
reaction times longer than 500 msec was
smaller for the schizophrenics, but this
difference was not significant.

The results demonstrate a general
schizophrenic abnormality of the cere-
bral processes underlying the P3 compo-
nent of the evoked potential. A similar
reduction in P3 amplitude has been re-
ported in schizophrenics in other studies
in which attention effects on N1 were not
assessed (/). Our experiment indicates
that the P3 abnormality is not secondary
to any lack of stimulus-set attention or
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motivation on the part of the schizo-
phrenics since it occurs when they are
selectively attending the stimuli of the
relevant ear (as demonstrated by NIl
modulation between conditions). In in-
formation theory, P3 amplitude has been
related to the amount of unequivocal
task-relevant information processed
from a signal (/8). The fact that P3
remained abnormally small even when
targets were detected accurately there-
fore suggests that schizophrenics suffer
from a general inefficiency in obtaining
information from significant stimuli. This
deficit is not related to arousal effects,
since the abnormality is no more severe
at rapid stimulus rates. Furthermore, the
absence of any P3 to the target stimuli in
the unattended ear makes it difficult to
attribute the cognitive disorder in schizo-
phrenia to response interference (3).
This experiment demonstrates that

Normal
Fast

Slow

schizophrenics manifest abnormalities of
both stimulus-set and response-set atten-
tion. Neither of these abnormalities can
be due to the other because they occur
under different conditions. The stimulus-
set abnormality occurs only at slow stim-
ulus rates or under conditions of divided
attention (/9). A response-set abnormali-
ty occurs at all times provided the re-
sponse selection is reasonably rapid.
This combination of findings suggests
that the schizophrenic subject has diffi-
culty in sustaining channel selectivity at
slow rates of stimulus presentation and
in adapting such selectivity for divided
attention. He or she is unable to organize
and maintain an effective strategy for
processing information. The slowness
and inefficiency of schizophrenic infor-
mation processing could result from an
inability to organize the processes in an
optimal manner. This concept of disor-
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Fig. 1. Evoked potentials for one schizophrenic and one normal subject in the two speed
conditions of the dichotic tasks: during focused attention to one ear (solid line), during
inattention to the corresponding ear (dotted line), and during divided attention to two ears
(dashed line). For N1, tracings were recorded for standard tones at Cz. For P3, recorded at Pz,
averaging was restricted to targets to which responses occurred within 200 to 500 msec.
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deted control is sirhilar to that originally
formulated by Bleuler to describe the
disintegration of psychic processes in
schizophrenia that renders them ‘‘inca-
pable of holding the train of thought in
the proper channel’’ (20).
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Shift Work Among Dual-Earner Couples with Children

Abstract. In a 1980 sample of U.S. nonfarm households with children and with
both spouses employed full time, one-third of the couples included at least one
spouse who worked other than a regular day shift. In about one-tenth of the couples
the spouses worked entirely different shifts with no overlap in hours. These findings
are linked to an earlier study which showed a high prevalence of child care by
employed fathers whose wives were employed in certain occupations.

A decade ago, the employment of
women was called ‘‘one of America’s
best-kept national secrets’ (/). By now
it is more widely recognized that women
are a major component of the U.S. labor
force; as of 1981 they constituted over 43
percent (2). The most rapidly growing
segment of the labor force is married
women. Hence there has been a rise in
the prevalence of ‘‘dual-earner’’ families
(both spouses employed); by 1981, they
made up 52 percent of all married-couple
families (with and without children).

Couples in which the husband was the
only earning spouse constituted 30 per-
cent; in the remaining 18 percent the wife
was the only earning spouse or neither
spouse was an earner (2).

Over half the dual-earner couples have
children. An apparently unnoticed phe-
nomenon of these couples is the high
prevalence of ‘‘shift workers’’—individ-
uals who work on other than a regular
day shift. In more than one-third of the
couples with children in which both
spouses work full time, at least one
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