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Recent Studies of
Psychophysiology in
Schizophrenia
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by Philip S. Holzman Abstract

Eye movement dysfunctions have
been shown to be reliably associ-
ated with schizophrenia as a trait,
suggesting disorders of nonvolun-
tary attention in association with
those brain areas involved in
smooth pursuit and saccadic eye
movements. The familial distribu-
tions of the eye movement dysfunc-
tion and of schizophrenia, when
considered together, suggest the ex-
istence of a latent trait whose trans-
mission fits an autosomal dominant
transmission mode. Chronic schizo-
phrenic patients show diminished
variation and shorter latencies of
early components of somatosensory
brain related potentials, which re-
flect stimulus registration, and in-
vestigators have interpreted the
finding as indicating impaired
modulation of stimulus input,
which allows too much information
to reach higher brain centers. Later-
ality differences, in which the left
hemisphere may be less efficient
than the right, have also been re-
ported. Schizophrenic patients
show reduced amplitudes of later
component waves of event related
potentials, a finding that has been
interpreted as reflecting impaired
selective attention. The issue of
whether these deviations are state
or trait related has not yet been re-
solved. Directed attention in the
form of vigilance shows significant
performance impairment, as meas-
ured by the continuous per-
formance test and the span of ap-
prehension, not only in schizo-
phrenic patients but in some
populations at high risk for schizo-
phrenia. Studies of backward mask-
ing suggest that the time taken to
transfer a stimulus from the stage of
registration to short-term memory
may be slowed in schizophrenia, al-
though other interpretations are

possible. Skin resistance orienting
responses are absent in about 50
percent of adult schizophrenics,
and there is some evidence that this
absence may reflect a trait. Studies
should now test the trait status of
all these psychophysiological vari-
ables and probe into the signifi-
cance of the measures used. In
these efforts, both the testing of
first degree family members and
the standardization of testing tech-
niques are recommended.

Since the publication of the previous
update on the psychophysiology of
schizophrenia by Spohn and Patter-
son (1979), several authoritative re-
views have appeared. These reviews
provide details of the several areas
in which major progress has oc-
curred. Mirsky and Duncan (1986)
gave a broad overview of progress
with respect to etiological hypoth-
eses. Lipton et al. (1983) and Holz-
man (1985) reviewed the findings
about eye movements in schizo-
phrenia. Dawson and Nuechterlein
(1984) surveyed electrodermal and
evoked potential measures, as well
as information processing and atten-
tional functions in schizophrenia.
Erlenmeyer-Kimling (1986) critically
surveyed the putative biological
markers for liability to schizo-
phrenia. Gjerde (1983) reviewed the
literature on arousal, as did Prit-
chard (1986) for studies of the P300
wave, both with respect to schizo-
phrenia. All of those reviews are
useful source material from which to
launch further inquiry into the psy-
chophysiology of the schizo-
phrenias.

Reprint requests should be sent to Dr.
P.S. Holzman at Department of Psychol-
ogy, Harvard University, William James
Hall, 33 Kirkland St., Cambridge, MA
02138.
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The aforementioned reviews alone
run to 163 pages. It is therefore ob-
vious that the present update cannot
even pretend to be an exhaustive
compendium of psychophysiological
studies of schizophrenia during the
past 6 years. This review will focus
on what appear to be the sturdier
findings in this area.

There has been a noticeable turn
in the nature of psychophysiological
studies in psychopathology. Pre-
viously, investigators used methods
principally because of their avail-
ability rather than because of their
appropriateness for testing a hy-
pothesis about schizophrenia. And
subject groups consisted mostly of
the most severely ill patients. This
practice was, of course, a bootstrap
operation, perhaps a necessary one.
Investigators had to start some-
where, and why not use the most
available techniques on the most
available patients whether or not the
methods possessed relevance for the
pathology under consideration?
Some of the earlier work examined
bioelectric signals from the surface
of the body as an indicator of central
or peripheral nervous system integ-
rity. Other behavioral scientists have
tried to study aspects of perception
and cognition that might be in-
volved in schizophrenic disorders,
such as focused attention, inhibition
of distracting stimuli, perceptual dis-
tortion, and thinking peculiarities.
But many of the tests that have been
used to measure those processes
failed to isolate the specific compo-
nents of performance that are rele-
vant to schizophrenia. The yield of
these efforts has understandably
been disappointing because few of
the indicators studied could be de-
pended on to reflect the underlying
disease process.

An approach that systematically
works its way by degrees from be-
havior toward physiological, bio-

chemical, and genetic levels will be
most fertile. Great leaps from be-
havioral to biochemical events have
not worked in the past and are not
likely to work in the future. Most
putative markers studied in the
past, like monoamine oxidase or
7-aminobutyric acid, tried to bridge
the gap from mental state to mole-
cules in one jump, and it would
have been abiding good luck, never
yet a steady companion of schizo-
phrenia studies, to have found cor-
relations that bridged so great a
gulf.

Many of the studies reviewed
here reflect two simultaneous
emphases. They are anchored to the
psychology of schizophrenia and at
the same time related to processes in
the brain. Chief among these is the
work on eye movement dysfunc-
tions, which has explored the psy-
chology of schizophrenia with
respect to nonvoluntary attention
and the higher brain centers that are
known to be implicated in smooth
pursuit and saccadic eye move-
ments, and the genetic models sug-
gested by the family distribution of
eye movement dysfunctions. Be-
cause it represents a body of work
that has been sustained over about
15 years, and has produced new hy-
potheses about schizophrenia, I
have been requested to give major
attention to the studies of eye move-
ment dysfunctions in schizophrenia
in this overview. This review will
also consider, but in less detail,
early and late event related brain po-
tentials, tests of information proc-
essing such as the continuous
performance test, span of apprehen-
sion test, and backward masking,
and electrodermal measures. A sub-
sequent issue of the Schizophrenia
Bulletin will contain an article in
greater detail on the psycho-
physiological concomitants of
schizophrenic disorders.

Eye Movement Abnormalities

The study of eye movement dys-
functions in schizophrenic patients
has contributed both to the neuro-
psychological understanding of
schizophrenic disorders and to new
hypotheses about the genetic trans-
mission of the schizophrenias. In-
vestigations were at first confined to
smooth pursuit eye movements,
those that are made when following
a moving object. Later it became ap-
parent that the eye movement dys-
functions were detectable even
when the target was stationary. Al-
though this may appear puzzling, it
should be noted that when one fix-
ates on a stationary target, the same
eye movement apparatus and mech-
anisms are employed as when one is
fixating a moving object. Fixation is
thought to be a pursuit movement
with zero velocity.

The eye movement system under
consideration can be illustrated as
follows: Imagine a small spot of light
which begins to move to the right.
The eye is delayed by about 200 ms
in its pursuit of that target. When
the eye begins to move in the direc-
tion of the target, it has already
fallen behind the target by virtue of
its late start; a rapid eye movement,
or saccade, must then be executed to
put the eye on the target. That sac-
cade is also delayed by about 200
ms. Only after about 400 ms is the
eye on the target and able to con-
tinue to keep that target on the
fovea. If the light now abruptly
moves back again to the starting
point, the eye continues its pursuit
movement for yet another 200 ms,
and then a saccadic movement takes
the eye the distance the target
moved from its stopping point to its
final position at the center of the
screen. But once again, because of
the inherent refractory period, the
eye is off target and another saccadic
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movement is necessary to bring it on
target, a movement that also has a
200 ms latency. The process de-
scribed is a dual control, coordi-
nated system in which one process
is turned on while the other is
turned off, to place an object of
interest on the fovea and then to
keep it there. But for large numbers
of schizophrenic patients and almost
half of their first degree relatives,
when the pursuit system is engaged
in a following movement, the sac-
cadic system is only incompletely
turned off or, for some, not turned
off at all. That finding has generated
new hypotheses about schizo-
phrenic pathology and its transmis-
sion.

Using a high resolution reflected
infrared light technique to record
the nature of the eye movement dis-
ruptions in schizophrenic patients,
Levin et al. (1982b) were able to
show that schizophrenic patients
with irregular pursuit eye move-
ments also have a high prevalence
of saccadic intrusions and saccadic
tracking. In the latter, smooth pur-
suit is replaced by small saccadic
jumps. These instances of saccadic
tracking are generally compensatory
eye movements that correct for low
gain pursuit which causes the eye to
lag behind the target. In pursuit
with saccadic intrusions, however,
extraneous eye movements, those
that have no corrective function, in-
terrupt the pursuit movements.
These saccadic intrusions are of
various types, some of which have
been called "square wave jerks" or
paired saccades that range from less
than 0.5 degrees to 5 degrees in am-
plitude. Figure 1 illustrates some of
the types of pursuit disruptions
found in schizophrenics.

A study published in 1974 by
Holzman and his colleagues re-
ported that schizophrenic patients
and their first degree relatives ac-

Figure 1. Pursuit eye movements produced by a schizophrenic pa-
tient when tracking a constant velocity target moving at 0.33 and
0.10 Hz
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LE = left eye, RE = right eye, T = target. At 0.33 Hz the pursuit movements are mostly saccadic pur-

suit; the velocity pulses indicate rapid eye movements in the same direction as the target movement.

At 0.10 Hz the pursuit movements show many saccadic intrusions; the velocity pulses show rapid left

and right eye movements in succession but separated by short intervals of smooth pursuit eye move-

ments. The arrow indicates a blink. The panels illustrate the differences between saccadic tracking

and saccadic intrusions.

counted for over 80 percent of ab-
normal pursuit in a sample of over
200 subjects. About 45 percent of the
family members of schizophrenics
manifested qualitative disruptions of
pursuit, in contrast to about 10 per-
cent of the first degree relatives of
nonschizophrenic psychiatric pa-
tients. In addition, Holzman and
Levy (1977) reported that abnormal
pursuit in a schizophrenic proband
tended to be associated with poor
tracking in at least one of the two

clinically unaffected parents. These
findings raised the question of
whether eye movement dysfunc-
tions associated with psychosis are
genetically transmitted and, if so,
whether they indicate an inherited
predisposition to schizophrenia.

The general finding that a large
number of schizophrenic patients,
particularly chronic schizophrenics,
show eye tracking dysfunctions has
been confirmed in several independ-
ent studies (Shagass, Amadeo, and
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Overton 1974; Klein et al. 1976;
Brezinova and Kendell 1977;
Kuechenmeister et al. 1977; Pass et
al. 1978; Salzman, Klein and Strauss
1978; Cegalis and Sweeney 1979;
Karson 1979; May 1979; Mialet and
Pichot 1981; Tomer et al. 1981;
Iacono et al. 1982). There have been
no published reports of failures to
replicate.

The previous "update" of this
area of investigation (Spohn and
Patterson 1979) concluded that al-
though the appearance of eye track-
ing disruptions in schizophrenia
was a robust phenomenon, its speci-
ficity for that disorder had not yet
been established. That review also
called for studies that probed into
the nature of the phenomenon, par-
ticularly its relation to cognitive dys-
functions that involved attentional
deployment. In the intervening
years, it appears that specificity for
schizophrenia has indeed been dem-
onstrated, although the precise psy-
chological and neurological import
of the eye tracking dysfunctions for
schizophrenia has not yet been es-
tablished. Nevertheless, researchers
have already begun to use the dys-
function as a marker for schizo-
phrenia, and have constructed a
model for the genetic transmission
of schizophrenia based upon the
distribution of the dysfunction
within families.

At this point in the study of eye
movement dysfunctions in schizo-
phrenia, artifacts that could have in-
validated the finding have been
ruled out. These artifacts include the
effects of drug treatment, methods
of recording eye movements, and at-
tentional or motivational vicissi-
tudes.

With respect to drug effects, there
is sufficient evidence that the phe-
nothiazines, butyrophenones, and
thioxanthenes do not induce eye
movement dysfunctions. The evi-

dence emerges from several direct
and indirect assessments of the
effects of those neuroleptics on eye
tracking integrity. For example,
studies of single dosages of chlor-
promazine, secobarbital, ethanol,
and chloral hydrate produced sig-
nificant sedative effects on normal
volunteer subjects, but only secobar-
bital, ethanol, and chloral hydrate
produced pursuit disruptions (Holz-
man et al. 1975; Levy, Lipton, and
Holzman 1981). These studies estab-
lished that single doses of central
nervous system depressants disrupt
smooth pursuit eye movements in
normal volunteers, but neuroleptic
drugs do not. There are no reported
studies of the effects of tricyclic anti-
depressants, monoamine oxidase in-
hibitors, and lithium carbonate on
eye tracking performance of normal
subjects.

Several investigators failed to find
a relation between eye movement
dysfunctions and whether the pa-
tients were medicated or unmedi-
cated (Shagass, Amadeo, and
Overton 1974; Holzman et al. 1974;
David 1980; Mialet and Pichot 1981).
Withdrawing patients from neu-
roleptic drugs did not result in
change in pursuit movements (Holz-
man et al. 1974; Spohn 1981). Of
considerable interest are the several
reports of eye movement dysfunc-
tions that appeared decades before
the appearance of the antipsychotic
medications. These include the ini-
tial study by Diefendorf and Dodge
in 1908, and subsequent ones by
Couch and Fox (1934) and by White
(1938). All three of those studies re-
ported large numbers of schizo-
phrenic patients with eye movement
dysfunctions which, of course,
could not be attributed to neurolep-
tic medication. Levy et al. (1984)
found that tricyclic, bicyclic, and
tetracyclic antidepressants had no
effects on depressed patients' eye
movements.

Of decisive importance for con-
cluding that antipsychotic drugs do
not account for the eye movement
dysfunction in schizophrenic pa-
tients, however, is the appearance
of large numbers of unaffected first
degree relatives of schizophrenic pa-
tients who show impaired pursuit
movements. These people had
never been hospitalized or treated
for a mental illness (Holzman et al.
1974; Kuechenmeister et al. 1977).
The reports make it clear that the
eye movement dysfunctions can oc-
cur in the absence of treatment with
neuroleptic medication. The afore-
mentioned studies of patients and
normal volunteers established that
neuroleptic medication does not dis-
rupt eye movement. Two studies
demonstrated that neuroleptics do
not change eye tracking perform-
ance, even in the presence of im-
proved clinical condition (Spohn
1981; Levy et al. 1984).

The effect of lithium carbonate,
however, may be quite different
from that of the other antipsychotic
drugs. Levy et al. (1985) tested 15 in-
patients and 16 outpatients who had
bipolar affective disorder. The pa-
tients were tested serially. In eight
of the nine patients in whom pre-
lithium testing could be undertaken,
pursuit was normal. Following
lithium treatment, however, seven
of those eight showed abnormal
pursuit. All of the other inpatients
showed abnormal pursuit, as did 9
of the 16 outpatients in remission.
Iacono et al. (1982) reported similar
data, in that patients with major af-
fective disorders in remission who
were continuing to receive lithium
carbonate showed more pursuit dis-
ruption than did those patients in
remission who were not receiving
lithium. These two studies strongly
suggest that lithium carbonate inter-
feres with smooth pursuit eye move-
ments. This finding assumes
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importance for the question of the
specificity of these dysfunctions for
schizophrenia.

Recording Methods. There are
many ways to record eye move-
ments. Each has advantages and
disadvantages. The most widely
used methods are elecrrooculogra-
phy (EOG) and infrared reflectome-
try (IR). EOG requires the use of
skin electrodes which record, in ad-
dition to the corneo-retinal poten-
tial, other bioelectric signals whose
origins may be skin, muscle, retinal,
and cortical. The IR technique, while
somewhat more complex to manage,
in that careful calibrations are indis-
pensable, contains none of the bio-
electric intrusions characteristic of
the EOG. Both IR and EOG produce
very similar results with respect to
differences between schizophrenic
patients and control populations. It
is therefore unlikely that the ap-
pearance of eye tracking dysfunc-
tions is an artifact of method of
recording.

Psychological Implications. Almost
any investigation involving psy-
chotic patients raises questions
about patients' motivation, com-
prehension of the task require-
ments, and sustained attention
during the test period. Indeed, both
Kraepelin (1896/1919) and Bleuler
(1911/1950) postulated an underlying
disorder of attention in the schizo-
phrenias. But the term attention does
not refer to one process. There are
many different psychological proc-
esses that have merited the term at-
tention. For example Kraepelin
distinguished between the ap-
prehension and grasping of informa-
tion (Aujfassung, in German) and the
active, sustained, directed attention
(Aufmerksamkeit, in German). The
former, a more automatic, almost re-
flexive process, was believed to be

unimpaired, while the latter, a vol-
untary process, was asserted by
Kraepelin (1896/1919) to be almost
always impaired. Researchers have
been able to confirm that voluntary
attention is indeed impaired in
schizophrenic patients. It is there-
fore of importance to determine
whether schizophrenic patients
show impaired eye tracking because
they are simply not doing the task of
following the moving target, in
which case the findings of impaired
pursuit are trivial and reflect
nothing more than the usual inat-
tentiveness of schizophrenic and
other psychotic patients. Later in
this survey we shall return to the
topic of attention when we review
event related potentials and specific
tests of sustained and directed
attention.

Several studies have concluded
that inattention and lack of motiva-
tion are not involved in the findings
of pursuit abnormalities in schizo-
phrenic patients, and that if any at-
tentional quality is involved, it is the
automatic, nonvoluntary deploy-
ment of attention that seems defec-
tive. This conclusion emerges from
studies that manipulated the target
characteristics so as to make the tar-
get more salient and engaging.
These manipulations consisted of
placing arabic numerals on the tar-
get and requiring the subjects to
read them silently, changing the
shape or color of the target, or turn-
ing on and off a target within the
target. This enhancement of volun-
tary attention did not change the
quality of pursuit, although all sub-
jects, normal as well as psychotic,
tended to be somewhat more accu-
rate with respect to decreasing the
amount of overshooting and spo-
radic looks away from the target.
Differences between groups re-
mained, and the number of im-
paired tracking records within the
schizophrenic groups did not

change (Holzman, Levy, and Proc-
tor 1976; Shagass, Roemer, and
Amadeo 1976; Iacono and Lykken
1979; Cegalis and Sweeney 1979;
Iacono, Tuason, and Johnson 1981;
Levin, Lipton, and Holzman 1981).
It is quite relevant to the question of
the nature of the attentional involve-
ment that subjects were unaware of
the poor quality of their tracking or
of its improvement with the atten-
tional engagement, suggesting that
conscious motivational variables do
not explain the occurrence of abnor-
mal pursuit.

Another perspective on atten-
tional correlates of disrupted pursuit
is provided by attempts to interfere
with eye tracking performance in
normal subjects. Brezinova and Ken-
dell (1977) studied the effects of
stress, distraction, and fatigue in
nonpatients with normal tracking.
They found that in several experi-
mental conditions smooth pursuit
deteriorated only during the most
difficult of their tasks, which was se-
rially subtracting 13's from 200 while
following the target, and continu-
ously tracking the target for 60 min-
utes. They judged that the abnormal
pursuit movements produced in the
face of these manipulations were in-
distinguishable from those observed
in schizophrenics, and concluded
that impaired voluntary attention or
heightened disrractibility accounted
for deviant pursuit in schizo-
phrenics. A repetition of that experi-
ment by Lipton, Frost, and Holzman
(1980) showed that pursuit of nor-
mal subjects during the distraction
tasks used by Brezinova and Kendell
(1977) was characterized by large
amplitude saccades, in a setting of
otherwise intact pursuit, in contrast
to the continuous disruptions ob-
served in schizophrenics. With mini-
mal training, naive raters who were
unaware of the subjects' identities
and diagnoses were able to dis-
tinguish normal tracking from the
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disordered tracking of distracted
subjects, and both of the former
from the impaired pursuit of schizo-
phrenics. Thus, although distraction
and simple inattentiveness produce
tracking disruption, those disrup-
tions are not the ones that character-
ize the impaired tracking of
schizophrenics, which suggests that
different processes are involved in
the effects on pursuit eye move-
ments of distraction and of being
schizophrenic. In this respect,
Spohn (1981) studied 54 medicated
chronic schizophrenic patients, and
obtained correlations between a
quantitative measure of tracking in-
tegrity and several different meas-
ures of voluntary attention, which
included reaction time, short-term
memory, and size estimation. There
were no significant correlations be-
tween pursuit scores and any of the
voluntary attentional measures, nor
was there a correlation with severity
of illness.

Three studies have shown that
saccadic latency is normal in schizo-
phrenic subjects (Iacono, Tuason,
and Johnson 1981; Levin, Lipton,
and Holzman 1981; Levin et al.
1982a). These studies taxed the at-
tentional capacities of the subjects
much more than pursuit tasks did,
since they required patients to pay
close attention for 15 minutes at a
time and to respond rapidly to shifts
in target position. It is, therefore,
unparsimonious to attribute pursuit
dysfunctions to impaired voluntary
attention and yet to find normal sac-
cadic reaction time in experiments
that require prolonged sustained
voluntary attention. Furthermore,
the finding of impaired pursuit in so
many of the first degree relatives of
schizophrenic subjects strains the
explanations that posit distraction,
inattention, generalized deficit, and
motivation. At this point it is rea-
sonable to conclude that the reports

of eye movement dysfunctions in
psychotic patients are not artifacts of
drug treatment (except in the case of
lithium carbonate and central nerv-
ous system depressants), recording
and scoring errors, special charac-
teristics of targets, or inattention on
the part of subjects. The particular
stage of the illness does not seem to
be a factor in these reports since
schizophrenic patients, tested at ad-
mission to a hospital, at discharge,
and again at followup, show no
change in their eye tracking records
(Salzman, Klein, and Strauss 1978;
Levy et al. 1983). Nor do subtypes of
schizophrenia affect the results; par-
anoid and nonparanoid patients and
those with good and poor premor-
bid social adjustment showed the
same prevalence of eye tracking dys-
functions (Holzman et al. 1974;
Bartfai et al. 1985). There is,
however, a tendency for hospitals
that serve patients with long-time
chronic psychoses to show a higher
prevalence of eye tracking dysfunc-
tions than hospitals that serve as
treatment centers for more acute
cases. These parameters point to the
trait characteristics of eye movement
dysfunctions in schizophrenia.

Specificity of Eye Tracking Dys-
functions and the Family Transmis-
sion of Schizophrenia. Early reports
of eye tracking dysfunction in psy-
chotic patients indicated that these
abnormalities were more strongly
associated with schizophrenia than
with other psychiatric conditions
(Holzman, Proctor, and Hughes
1973; Holzman et al. 1974). Non-
schizophrenic psychotic patients ac-
counted for about 22 percent of the
eye tracking dysfunctions, and only
8 percent of normal subjects showed
pursuit disturbances. The variation
in prevalence from about 50 percent
to over 85 percent for schizophrenia
apparently reflected the hospital

from which the samples were
drawn, with the long-term chronic
patients in State hospitals showing
the highest prevalence. Shagass,
Amadeo, and Overton (1974),
however, reported a significant
amount of pursuit disruptions
among patients with major affective
disorders, and Lipton, Levin, and
Holzman (1980) reported that of the
patients meeting strict criteria for
schizophrenia and major affective
disorders, half of both groups
showed eye movement
abnormalities.

It is well known that pursuit ab-
normalities are associated with
many neurological disorders, such
as Parkinson's disease, multiple
sclerosis, and those following brain-
stem and hemispheric lesions.
Therefore, these dysfunctions do
not occur only in schizophrenic pa-
tients. No identified central nervous
system diseases have been reported
in association with the functionally
psychotic patients or their family
members who show eye tracking
disorders. The question of the speci-
ficity of eye tracking disorders in-
volves issues that extend beyond the
prevalence figures cited above. In
the central nervous system disor-
ders, for example, eye tracking dys-
function is a symptom of the disease
processes themselves. In the psy-
choses it is unclear whether the pur-
suit impairments are a trait variable
or whether in some conditions they
reflect a state-related impairment—
that is, a consequence of having the
disease or of having been treated for
it. The high prevalence of eye track-
ing disorders among the first degree
relatives of schizophrenic patients
argues for the trait status of those
tracking disorders. As has already
been noted, lithium carbonate is as-
sociated with pursuit eye disrup-
tions in significant numbers of
patients with major affective disor-
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ders (Iacono et al. 1982; Levy et al.
1985). The increased prevalence of
tracking impairments in patients
with major affective disorders may
be at least partly attributed to the
effects of lithium carbonate. In such
patients, therefore, the appearance
of eye tracking disorders may be
state related, an epiphenomenon of
the treatment.

Clarification of the trait and speci-
ficity status of eye tracking dysfunc-
tions in schizophrenia came with
more family prevalence data. In
1974, Holzman et al. reported that
45-50 percent of first degree rela-
tives of schizophrenics showed eye
tracking dysfunctions that were in-
distinguishable from those shown
by the schizophrenic patients. In
contrast, only 10 percent of the rela-
tives of nonschizophrenic psychi-
atric patients showed similar
dysfunctions. In a recent and more
systematic article in which newer di-
agnostic criteria were used, Holz-
man et al. (1984) reported that 34
percent of the parents (or 55 percent
of parental pairs) of schizophrenic
patients compared to 10 percent of
the parents (or 17 percent of pa-
rental pairs) of manic-depressive pa-
tients showed eye movement
dysfunctions. Parental eye move-
ment dysfunctions were signifi-
cantly related to the diagnosis of
schizophrenia in the patient, but not
to whether the patient's eye tracking
performance was normal or abnor-
mal. Almost identical family data
have been reported by Siegel et al.
(1984). Levy et al. (1983) also
showed that of 47 first-degree rela-
tives of 21 patients with bipolar af-
fective illness, only 13 percent
showed abnormal pursuit, a figure
that is not significantly different
from the normal population preva-
lence. When those relatives who
were receiving lithium were ex-
cluded, only 2 percent of the sample

showed impaired pursuit. These
data strengthen the claim that ab-
normal pursuit eye movements are
associated with schizophrenia and
tend to occur in families in which
there is a member with clinical
schizophrenia. The presence of ab-
normal pursuit, however, cannot be
assumed to be pathognomonic of
schizophrenia, since it can occur in
asymptomatic relatives of schizo-
phrenic patients as well as in some
central nervous system diseases. In
the absence of such diseases,
however, these eye tracking dys-
functions seem to represent familial
markers of schizophrenia. Demon-
stration of the genetic transmission
of these dysfunctions relied on the
outcome of several studies of twins.

An early twin study was men-
tioned in the last update (Spohn and
Patterson 1979). That study exam-
ined monozygotic (MZ) and dizygo-
tic (DZ) twins in Norway who were
clinically discordant for schizo-
phrenia. These twins had been pre-
viously identified and studied by
Kringlen (1967). In a study of a Nor-
wegian national sample of twins,
Kringlen had determined that the
clinical concordance of schizo-
phrenia was 25 percent for MZ
twins and 9 percent for DZ twins,
using a set of strict criteria for
schizophrenia. This pool of Nor-
wegian twins, then, provided the
sets of MZ and DZ twins discordant
for schizophrenia. A finding that
among those clinically discordant
twins, the eye tracking dysfunction
was twice as concordant among MZ
as among DZ twins would provide
encouraging, but not yet conclusive,
evidence of a trait marker for schizo-
phrenia that is genetically transmit-
ted. Such a result would provide
some evidence for a stable trait that
is associated with schizophrenia but
is not a symptom of the disorder it-
self. The trait should be present in

those who are predisposed to
schizophrenia, and the trait should
be present whether or not those sus-
ceptible people are actually clinically
ill. An example of such a trait
marker in general medicine is the
presence of hemoglobin X for sickle
cell anemia.

The first twin study (Holzman et
al. 1977, 1978) showed results that
were quite consistent with the ge-
netic transmission of the eye track-
ing dysfunction as a trait. But the
numbers of subjects (11 sets of MZ
and 15 sets of DZ twins) were too
low for statistically significant dif-
ferences to emerge. In addition, the
subjects were, on average, about 55
years old, and it is known that eye
tracking integrity tends to degrade
with age. Therefore, a second study
with younger discordant twins was
undertaken. The results of the sec-
ond study were almost identical
with those of the first (Holzman et
al. 1980).

These two twin studies showed
statistically that regardless of age,
clinically discordant MZ twin pairs
have greater eye tracking similarity
than do clinically discordant DZ
pairs, and that these concordance
rates for eye movement dysfunc-
tions are about 80 percent of the the-
oretically predicted values for a trait
under polygenic control. These
studies suggest that there is a sig-
nificant genetic contribution to eye
tracking efficiency. The studies,
however, do not unequivocally rule
out nongenetic mechanisms that
may be responsible for both psy-
chosis and eye tracking dysfunc-
tions, such as viral, toxic, and
prenatal influences. Nor do these
studies address the relation of eye
tracking dysfunctions to schizo-
phrenia, since the investigators did
not employ comparison groups con-
sisting of twins with other psy-
choses. The family studies do,
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however, support the view that eye
tracking dysfunctions are associated
with schizophrenia and tend to
occur within families in which
there is a member with clinical
schizophrenia.

There is one puzzling feature in
these data. A number of schizo-
phrenic patients with unimpaired
pursuit movements have parents
with eye tracking abnormalities.
Furthermore, in the two twin stud-
ies described above, there were five
sets of DZ twins in which the schiz-
ophrenic twin had good eye track-
ing, but the unaffected cotwin had
impaired eye tracking. Matthysse,
Holzman, and Lang (1986) sug-
gested a model to account for these
paradoxes. The model postulates a
latent trait that is transmitted in
quasi-mendelian fashion. That is, al-
though the presence of the latent
trait is determined by a single major
locus, the latent trait can occur with-
out the allele that is responsible for
it—as a phenocopy—and the allele
can be present without the trait—as
in partial penetrance. The model
further proposes that the central
nervous system disease process that
is the outcome of the latent trait pro-
duces clinical schizophrenia or bad
eye tracking or both, because it can
invade one or another region of the
brain independently or together; the
symptoms that arise reflect the brain
regions invaded.

The model assumes that the
smooth pursuit system is invaded
with higher probability than the sys-
tem that is involved in schizo-
phrenic psychosis—whatever that
system is. The model also assumes
that this disease process is at least
partially genetically determined.
This situation resembles that of type
I diabetes. The deficiency of insulin
is transmitted by a gene. Those who
have this gene are susceptible to the
disease, but the disease is not inevi-

table. Triggering events like viral in-
vasions or chemical injuries are
presumed to be necessary. And
some experiences can be protective;
a recent Scandinavian study indi-
cated that being breast fed longer
than 3 months may be such a pro-
tective factor. In the model, schizo-
phrenia with good tracking occurs
when the disease invades the less
probable area and spares the more
probable one. First degree relatives
will also be at risk for having the
same disease process, and that proc-
ess will cause eye movement dys-
functions with high probability, and
schizophrenia with low probability.

The disease process is, of course,
a hypothetical one and therefore it is
called a latent trait. Unlike schizo-
phrenia and eye tracking dysfunc-
tions, the trait is not observed,
although, in principle, it is capable
of being observed. When the neces-
sary tools for observing it become
available, we presume it will be
found. Matthysse, Holzman, and
Lang (1986) chose a single gene
model because it is the simplest one,
and they constructed an equation
for testing its fit to the data. The
equation includes the following vari-
ables: (a) the probabilities of the la-
tent trait giving rise to good and bad
tracking; (b) the probabilities of the
latent trait giving rise to schizo-
phrenia in the general population;
(c) the probabilities of the occur-
rence of phenocopies; (d) the pen-
etrance of the latent trait in hetero-
zygotes and (e) in homozygotes.
The equation is then used to search
for the probability of any family
member's having the latent trait. If
an individual has the latent trait, the
likelihood that he has schizophre-
nia, eye movement dysfunction, or
both can be computed. The mathe-
matics are those of maximum likeli-
hood estimates. The equation
permits one to test whether the eye

movement dysfunctions in schizo-
phrenia or in manic-depressive ill-
ness are an independent expression
of the latent disease process or an
epiphenomenon, that is, an out-
come of having the disease itself.

The results of the mathematical
test are that in schizophrenia the
data fit the latent trait model, but in
manic-depressive illness the data are
more easily explained as an epi-
phenomenon. That is, in manic-de-
pressive illness, poor eye tracking is
an outcome of the disease; in schizo-
phrenia, it is an outcome of familial
transmission. In schizophrenia, the
latent trait can lead to schizo-
phrenia, bad eye tracking, or both,
but eye tracking dysfunctions are
about 3.5 times more likely to occur
than schizophrenia. The prevalence
of the latent trait in the general pop-
ulation is calculated to be about 4.4
percent. Among schizophrenics—
83.6 percent have it, and so do 36.1
percent of bad trackers, which is 6.8
times more likely than the general
population. The model suggests that
about 16.4 percent of patients whose
condition is diagnosed as schizo-
phrenic by DSM-lll or ICD-9 criteria
have different pathogenic dynamics.
But the latent trait can be present
without the gene, as in a phe-
nocopy, although about all of those
who carry the latent trait have the
gene that the model postulates.

The study of people who have the
underlying disease process without
the obvious symptoms of the dis-
ease is an extremely valuable under-
taking because those people are free
of the biological, social, and psycho-
logical complications of the disease.
The picture of schizophrenia that
emerges from this work is not
unique in the annals of medicine. A
similar model of transmission is rep-
resented by neurofibromatosis (Von
Recklinghausen's disease), the gene
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for which is an autosomal dominant,
but with variable expressivity. Thus,
the full syndrome occurs much more
rarely than one or two indicators of
it. Tumors of peripheral and cranial
nerves, subnormal intelligence, cafe-
au-lait spots, and areas of depig-
mentation as well as skeletal abnor-
malities are among the numerous
manifestations of the disease. As in
schizophrenia, it is not unusual that
a family history of neurofibro-
matosis may be well hidden or un-
noticed in the case of a proband
with the full syndrome. Further-
more, family members with the dis-
ease may be overlooked because
they manifest only the mildest of
symptoms.

Neuroophthalmologic Considera-
tions. As outlined earlier in this re-
port, the pursuit system may be
regarded as an outcome of a dual
control system in which position
and velocity errors are separately
regulated and controlled; the pursuit
system corrects velocity errors and
the saccadic system corrects position
errors. This view permits the sepa-
rate examination of the saccadic and
pursuit systems, their integrity, and
their central nervous system control.
A series of studies strongly suggests
that the dysfunction observed in the
smooth pursuit of psychotic patients
and in the relatives of schizo-
phrenics is localizable higher in the
central nervous system than the
brainstem. For example, Lipton,
Levin, and Holzman (1980) showed
that every patient with impaired
horizontal pursuit had disrupted
vertical pursuit. Since it is known
that vertical and horizontal eye
movements are regulated separately
at the level of the brainstem, they
concluded, reasonably, that the con-
gruence they found is attributable to
a single process that is common to

both vertical and horizontal tracking
tasks, and that this process must be
localized above the brainstem. Lip-
ton, Levin, and Holzman (1980) also
found that 96 percent of their sub-
jects showed a normal oculocephalic
reflex—that is, eye movements that
are triggered by the movement of
the head and not by the movement
of a target. The oculocephalic reflex
requires an intact brainstem and
vestibular system; smooth pursuit
that is generated by following a
moving target requires an intact cor-
tex as well. In addition, Levin et al.
(1982b) showed that compensatory
eye movements made while fixating
a target with both head and eyes,
called the vestibuloocular reflex,
were entirely normal in a group of
schizophrenic patients with abnor-
mal smooth pursuit in response to
tracking a moving target with their
head and eyes. The refixations at-
tendant upon the vestibuloocular re-
flex occur in the context of
vestibularly generated signals,
whereas head and eye tracking of an
external target implicates the cortex
as well.

Levy, Holzman, and Proctor
(1978) examined vestibularly gener-
ated nystagmus in schizophrenic pa-
tients, using caloric irrigation. They
reported normal latency, duration,
slow phase eye speed, and symme-
try of responses, although many of
the responses were dysrhythmic.
Latham et al. (1981) found that full
field optokinetic nystagmus (OKN)
in schizophrenic patients was nor-
mal, whereas partial field OKN was
abnormal in those patients who
demonstrated abnormal smooth
pursuit. Since full field OKN is regu-
lated in the paramedian pontine re-
ticular formation of the brainstem
and partial field OKN is essentially
cortical in its pathways, Latham et
al. (1981) concluded that the pursuit
abnormalities seen in schizophrenic
patients reflect cortical dysfunctions,

a conclusion supported by the study
of Levy, Holzman, and Proctor
(1978).

There is, furthermore, evidence
that the saccadic system functions
essentially normally in schizo-
phrenic patients. Levin et al. (1981),
Levin, Lipton, and Holzman (1982),
and Iacono, Tuason, and Johnson
(1981) reported that saccadic laten-
cies were normal in schizophrenics
whether or not the patients had im-
paired smooth pursuit. These results
were obtained in responses to un-
complicated saccadic refixations.
When more complicated refixations
were required, as in a choice para-
digm, Done and Frith (1984) re-
ported increased saccadic latencies.
The findings of normal saccadic eye
movements occurring without the
complication of a superimposed cog-
nitive choice make it unlikely that
the pursuit dysfunctions are lo-
calized at the horizontal gaze center
in the paramedian pontine reticular
formation (PPRF) in the brainstem,
since the subcortical control center
of saccadic movements and of hori-
zontal pursuit meet at the PPRF.

Although the above-mentioned
studies suggest the need for further
neuroophthalmologic investigations,
there are no further data about the
locus of the dysfunctions. Nor is
there any greater clarity about the
relation of eye tracking dysfunctions
to the symptoms of schizophrenia or
to structural brain patterns. The ab-
normality that manifests itself as
saccadic intrusions—the saccadic
system, which should be turned off
during pursuit, is not—seems to be
essentially a disinhibitory phe-
nomenon. These tracking impair-
ments point to nonmotivational
processes in attention that involve
higher cortical functions but appear
to be nonvoluntary (Holzman et al.
1974; Holzman, Levy, and Proctor
1978).
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Levin (1984a, 1984b) has suggested
that frontal lobe dysfunctions play a
role in these impairments. Arguing
from neuroanatomical circuitry, she
observed that the frontal eye fields
exert an inhibitory effect on the su-
perior colliculus, and their inhibitory
function may be mediated by other
eye movement centers such as the
substantia nigra. Further, the frontal
eye fields project to the caudate nu-
cleus, which in turn projects to the
substantia nigra pars reticulata.
These cells send inhibitory
7-aminobutyric acid (GABA) projec-
tions to the superior colliculus, and
these inhibitory neurons exert a
tonic restraining effect on saccadic
movements (Hikosaka and Wurtz
1981). When the effect of the sub-
stantia nigra is blocked by GABA
antagonists (e.g., by muscimol), as
in a recent experiment in monkeys
(Hikosawa and Wurtz 1983; Wurtz
and Hikosawa 1984), the result is
eye movements very much like
those seen in schizophrenic patients
and their first degree relatives: the
presence of square wave jerks and
saccadic tracking. Of course, it is
possible that the disinhibitory proc-
ess simply implicates the frontal
lobes, but does not originate there.
It is, however, of great interest that
these neuroanatomical speculations
are consistent with other psycho-
physiological and cognitive work, to
which we now turn.

Event-Related Potentials

Present a flash of light, or a tone, or
a very mild electrical stimulus to a
subject and monitor the ensuing
effects in the electrical activity from
the cortex. The electroencephalo-
graphic signals from those events
assume typical wave forms that can
be recognized with great reliability.
When recorded with reference to
sensory stimuli, the term "sensory

evoked potentials" is used; when re-
corded relative to motor events, the
term "motor potentials" is used;
when recorded in response to touch
or pain stimuli, the term
"somatosensory potentials" is used.
Event-related potentials (ERPs)
embrace the broad spectrum of brain
electrical activity related to sensory,
motor, and cognitive processes.
These electroencephalographic sig-
nals are of low voltage when com-
pared with the spontaneous
electrical activity of the brain (EEG).
Detecting those signals, therefore,
requires a process that eliminates
the random activity of the EEG and
enhances the specific activity associ-
ated with the eliciting stimulus. This
process relies upon an averaging
technique which calls for a number
of repetitions of the stimulus pres-
entation. The ensuing wave forms
are then averaged, and in this proc-
ess, the background, spontaneous,
and essentially random EEG activity
is reduced to a uniform level which
permits the time-locked responses to
the stimulus to assume prominence.
Because these changes in electrical
potentials reflect the neural activity
associated with perceptual and cog-
nitive processes, they promise to be
noninvasive probes into brain func-
tion in health as well as in disease.

A large literature exists describing
ERPs elicited by a variety of experi-
mental paradigms in a number of
neurologic and psychiatric disor-
ders. At first, scientific scrutiny
focused on the relatively early
waves, defined as those occurring
before 250 ms after stimulus onset,
and sometimes referred to as the ex-
ogenous components. The term in-
dicates that these early components
vary with the physical properties
(such as intensity) of the evoking
stimulus. These components found
clinical applications in neurology,
for example, in the diagnosis of mul-
tiple sclerosis.

In contrast with the exogenous
potentials, Sutton et al. (1965) dem-
onstrated a component that reflects
the cognitive work done on the
stimulus by the subject, and not
merely the physical characteristics of
the stimulus. This late component is
generally referred to as the P-^,
which designates its electrical polar-
ity as a positive wave and its time of
occurrence at approximately 300 ms
after the stimulus. The components
believed to reflect the subject's cog-
nitive processes are sometimes re-
ferred to as the endogenous
corrfponents.

As data on the P^, accumulated, it
became apparent that this later com-
ponent is complex, probably consist-
ing of several electrical potential
changes. Consequently there are
two other designations of these later
events: P3, which refers to the third
major positive aspect after stimulus
presentation, and "late positive
component" (or LPC). Both the ex-
ogenous and endogenous compo-
nents of the ERP have been studied
in schizophrenic patients.

As was already mentioned, the
early components have generally
been interpreted as indicators of
stimulus registration. The N]oo wave
appears in the presence of stimuli
that a subject is instructed to attend
to, as, for example, in a dichotic lis-
tening task when a subject is told to
listen for tones of a specified pitch in
the left ear (Hillyard et al. 1973). All
stimuli presented to the selected ear
elicit an augmented Nloo wave. In
contrast, the P ^ is enhanced in re-
sponse to low probability, task-rele-
vant, attended-to, and consciously
apprehended stimuli. It is therefore
possible to interpret the Nlno as an
indicator of selective attention.

Shagass et al. (1979) have reported
that chronic schizophrenics show
less variation and higher amplitudes
in the early somatosensory evoked po-
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tentials than do normal subjects.
The authors interpreted these re-
sults as reflecting impaired reticular
filtering or subcortical modulating,
which results in abnormal amounts
of information reaching higher brain
centers. Buchsbaum et al. (1986) re-
ported that somatosensory re-
sponses (to mild shocks to the right
forearm) from the left hemisphere in
normal subjects were highly lo-
calized in the sensorimotor and par-
ietal areas of the brain, as noted
from topographic mapping. Schizo-
phrenic patients, however, showed
responses that were diffused rather
than localized. The authors inter-
preted this relative absence of local-
ization as a deficit in sensory
control. Shorter latencies of the au-
ditory ?x in chronic schizophrenics,
and particularly those with thought
disorder (Saletu, Itil, and Saletu
1971), suggest a similar interpreta-
tion. Laterality differences have also
been noted to the extent that in
chronic schizophrenics the left hemi-
sphere appears to be functioning
less efficiently than the right, or the
balance between the hemispheres is
altered with relatively less activity
on the left than on the right. While
there is need to study the specificity
of these findings, the laterality shift
has been found by Morstyn, Duffy,
and McCarley (1983) with respect to
the P3oo wave, a study that will be
discussed below.

Shagass, Roemer, and Straumanis
(1982) confirmed earlier reports of
higher somatosensory amplitudes
before 100 ms in chronic schizo-
phrenics as well as in nonpsychotic
psychiatric patients. They noted,
however, that the chronic schizo-
phrenics showed greater than nor-
mal posterior amplitude, which was
exaggerated in the hemisphere ip-
silateral to the stimulation. This
finding suggested to them that nor-
mal inhibitory processes that limit

ipsilateral hemispheric discharge
may be impaired in schizophrenia.
These findings are quite consistent
with the interpretation of failures of
inhibitory mechanisms at an early
stage of information processing in
schizophrenic patients. Similar sug-
gestions about failures of inhibitory
mechanisms in schizophrenia have
been offered to explain the eye
movement dysfunctions and the
thought disorders (Holzman 1978).

In an important experiment, Bar-
ibeau-Braun, Picton, and Gosselin
(1983) presented auditory stimuli to
schizophrenic patients, using two
different intervals between presenta-
tion, one fast (between 250 and 750
ms) and one relatively slow (be-
tween 500 and 1500 ms). Schizo-
phrenics showed a lower Nloo

amplitude than normal subjects, a
result others had previously re-
ported (e.g., Shagass et al. 1977,
1978; Roth et al. 1981). Of interest,
moreover, is the finding that control
subjects showed the expected Nloo

increase for both the slow and fast
rates of presentation, but the schizo-
phrenics showed it only for the
faster rate. The authors interpreted
their results as indicating a break-
down of sustained selective atten-
tion during the slow intervals. They
also assessed later occurring waves,
around 300 ms, which are related to
the amount of information the sub-
ject processes from a target. The P ^
wave was attenuated in schizo-
phrenics even when targets were
accurately detected, suggesting that
these patients had difficulty in ex-
tracting information from the stim-
ulus. The P300 attenuation in the
schizophrenics was not related to
the rate of stimulus presentation, as
was the case with the N10O wave; nor
was it an effect of stimulus inter-
ference. This phenomenon has been
confirmed by Saitoh et al. (1984).

The study of Baribeau-Brown, Pic-
ton, and Gosselin (1983) indicates

that in schizophrenia there is both a
stimulus input and a cognitive proc-
essing abnormality, with the former
detectable principally during slow
rates of stimulus presentation or
during conditions of divided atten-
tion, and the latter probably more or
less continually present. Schizo-
phrenics can indeed direct their at-
tention appropriately and can
apprehend stimuli, but at normal
rates of speed.

The conclusion that attentional
processes in schizophrenics tend to
break down when long intervals are
required for maintaining attention is
consistent with findings from other
experimental paradigms that manip-
ulate attentional deployment. For
example, the reaction time crossover
effect (see review in Nuechterlein
1977) tends to occur in schizo-
phrenics when about 5 to 7 seconds
separate the preparatory interval
from the onset of the imperative
stimulus. But a similar effect takes
place in normals much later, at
about 20 seconds.

There is evidence to suggest that
the N100 component, like the later
components, is a composite wave. It
is composed of a stimulus-provoked
component and a subject-related
component. The latter is related to
the deployment of attention during
the processing of the target stimulus
(Hillyard et al. 1973). The latter has
been referred to as "processing
negativity" by Naatanen, Gaillard,
and Mantysato (1978) and as "Nd,"
for "negative displacement," by De-
becker and Desmedt (1971). Thus,
components as early as 50 ms can be
influenced by the attentional set the
subject adopts. Naatanen (1982) has
offered a theory of selective atten-
tion based on the processing nega-
tivity, which involves comparison of
target features with internal repre-
sentations. None of the studies
employing schizophrenic patients
have distinguished the Nloo from
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processing negativity.
Very few studies of the early com-

ponents have included non-
schizophrenic psychotic subjects as
comparisons, and therefore the is-
sue of specificity has not been ade-
quately addressed. Studies of
patients with major affective disor-
ders are called for, and in this re-
gard, as with the eye movement
studies, there is evidence that
lithium carbonate alters the ERPs in
all three modalities. Lithium carbon-
ate augments the positive waves, re-
duces the negative waves, but has
little effect on latency shifts. Similar
to the data on lithium-induced pur-
suit dysfunctions, these changes are
correlated with plasma and red
blood cell lithium levels and not
with therapeutic response, and
therefore seem to be a phar-
macological effect of lithium salts
and not an effect of clinical condi-
tion. Antipsychotic drugs, such as
the phenothiazines, butyrophe-
nones, and thioxanthenes, and the
antidepressant agents produce rela-
tively small changes in ERPs, in the
direction of normalizing the re-
sponse (Shagass, Straumanis, and
Roemer 1982).

The later components of the ERPs
have been examined by many inves-
tigators. Since Sutton et al. (1965)
first described the P ,̂,,, it has been
interpreted as a reflection of cogni-
tive activity that accompanies a
search for a specific target. Regard-
less of sensory modality, the
amplitude of the PM varies inversely
with stimulus probability. Its latency
also varies as a function of the com-
plexity of the stimulus. Conse-
quently, the P^Q has been assumed
to provide a measure of state-related
selective attention, which is affected
by the complexity, redundancy, and
relevance of the stimulus and which
may be quite independent of a more
abiding general attentiveness.

Although most ERPs have been

assessed from passive responses to
uncomplicated stimuli, there have
been a number of studies that have
manipulated task requirements for
selective attention, with quite simi-
lar results. These tasks have in-
cluded (a) dichotic listening, in
which the subject has to attend to
one channel, perhaps to detect some
infrequently occurring stimulus, and
simultaneously to ignore the other
channel; (b) the simple recognition
of one set of stimuli embedded in a
larger series; (c) an anticipation or
guess about which stimulus will oc-
cur next in a series; (d) attentional
selectivity in the presence of
distractors.

Data with respect to the latency of
the P̂ x, in schizophrenics are ambig-
uous. Pfefferbaum (in press) sug-
gests that in spite of the inconsistent
data about latency of the P ^ in
schizophrenics, there may be a small
but significant delay in latency in
schizophrenics that has been
overlooked.

In an interesting study, Morstyn,
Duffy, and McCarley (1983) studied
P^) responses using brain topo-
graphic mapping. The normal sub-
jects showed an auditory PTO with
symmetrical topographic distribu-
tion around the centroparietal area.
The schizophrenic subjects, on the
other hand, showed a P^, maximum
response that was displaced to the
right of and anterior to that of the
normal group's responses. This
topographic shift in the schizo-
phrenic subjects suggested to the
authors a deficiency of response ac-
tivity in the left and posterior tem-
poral areas. These data were
replicated in a separate and better
controlled study (Faux et al., sub-
mitted), although neither the effects
of medication nor other psychotic
groups without schizophrenia were
studied. Nevertheless, the finding is
quite consistent with morphometric

studies that show a structural anom-
aly in the left temporal and frontal
areas for some schizophrenics
(Brown et al. 1986). This lateral shift
occurred in the experimental condi-
tion that requires no voluntary at-
tention, and thus implicates a
dysfunction in the automatic proc-
essing of information.

Strandburg et al. (1984) compared
schizophrenic children (mean age
11.5) with a group of age-matched
controls. They reported a small and
slowly developing contingent nega-
tive variation (CNV) (to be discussed
below) to a warning tone, and di-
minished amplitudes for the N, (the
first negative wave after stimulus
presentation) and P3 components of
the ERP. These investigators found
a right lateral shift in N, activity
over the right parietotemporal cortex
for the normal children. The schizo-
phrenic children, on the other hand,
produced no such lateralization of
this epoch. The schizophrenic chil-
dren, however, did produce very
asymmetrical activity in the P-, com-
ponent, with less activity in all of
the electrode sites except that at the
right hemisphere, a finding that is
similar to that of Morstyn, Duffy,
and McCarley (1983) with respect to
adult schizophrenics.

The results with schizophrenic pa-
tients, regardless of task require-
ments, are quite consistent:
Schizophrenic patients, compared to
normal subjects, show reduced am-
plitudes of P^o waves. The effect of
severity of illness is not so clear-cut.
Some investigators report that am-
plitude of the P^o varies inversely
with clinical condition (e.g., Roth et
al. 1979, 1980; Josiassen et al. 1981).
But Roth et al. (1981) failed to find
this effect in a later study. In this re-
spect, Duncan, Perlstein, and Mor-
ihisa (in press) report that PTO

increased substantially (that is,
tended to normalize) following the
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administration of neuroleptics, an
effect that occurred in both the audi-
tory and visual modalities, and re-
lated directly to the degree of clinical
response. One patient who showed
no clinical amelioration by antipsy-
chotic medication showed no
change in the P^,,, whereas the pa-
tient with the greatest clinical re-
sponse showed the greatest increase
in the P ^ . These data must be rec-
onciled with those of Brecher and
Begleiter (1983), Josiassen et al.
(1981), and Roth et al. (1980), who
reported essentially no effects of
neuroleptic medication. The study
by Duncan, Perlstein, and Morihisa,
although based on very few pa-
tients, was a repeated measures de-
sign which gives it greater cogency
than a cross-sectional design. If rep-
licated on larger numbers of sub-
jects, it suggests that the P ^
attenuation seen in schizophrenic
subjects may be a state rather than a
trait marker.

State or Trait. Friedman, Vaughan,
and Erlenmeyer-Kimling (1982) re-
ported that PJOO was reduced in the
offspring of parents who had once
been schizophrenic patients. Saitoh
et al. (1984) tested the well siblings
of schizophrenic patients and, in
contrast to findings in normal con-
trols, found attenuation of the late
ERP. A later reanalysis of the data of
Friedman, Vaughan, and Erlen-
meyer-Kimling, however, using
more stringent diagnostic criteria
(the RDC) in addition to the inclu-
sion of offspring of patients with af-
fective disorders as an additional
comparison group, failed to substan-
tiate a difference between the off-
spring of schizophrenic parents and
those with affective disorders.

Pritchard (1986) suggests that the
discrepancy between the studies of
Friedman, Vaughn, and Erlen-
meyer-Kimling (1982) and Saitoh et
al. (1984) hinges on the complexity

of the tasks performed by the sub-
jects. In the Saitoh et al. (1984)
study, the task demands were
greater than in the study of Fried-
man, Vaughn, and Erlenmeyer-Kim-
ling (1982), and for clinically well
subjects, the processing load may
have to be at a greater level than for
patients before differences between
family members of patients can be
detected. Such a strategy, as will be
described, has been adopted by
Nuechterlein and colleagues with re-
spect to cognitive performance, with
promising results.

Late positive somatosensory ERPs
were tested in college students who
had high scores on Chapman's
Physical Anhedonia Scale. Their
ERPs were significantly lower than
those of a matched control group
and did not differ from those of a
schizophrenic group (Josiassen et al.
1985). Simons (1981, 1982) had pre-
viously found similar results.

These studies of relatives of schiz-
ophrenics compare group dif-
ferences in amplitude of ERP. That
method may actually underestimate
the degree of family transmission of
the ERP dysfunctions. It would be of
interest to count the number of first
degree family members whose ERP
amplitudes fall beyond a threshold
that has been previously established
on the basis of normative data.

Specificity is perhaps suggested
by studies reporting differences be-
tween depressed patients and schiz-
ophrenics, with the former showing
PJOO levels close to those of normal
subjects (Shagass et al. 1979; Roth et
al. 1981; Steinhauer and Zubin 1982;
Pfefferbaum et al. 1984). Neverthe-
less, it is noteworthy that P ^ and,
in general, P3 attenuation occurs in
many clinical conditions, such as de-
menting diseases (Goodin, Squires,
and Starr 1978; Josiassen et al. 1984),
infantile autism (Novick et al. 1980;
Courchesne et al. 1985), states of fa-
tigue, and as a result of some drugs

which can dampen as well as nor-
malize the late occurring ERP.

The lack of specificity in the schiz-
ophrenic patients should not be
taken as evidence for the triviality of
the findings on the ERPs. Studies of
the nonpsychotic relatives of pa-
tients, as in the studies of eye move-
ments, offer a powerful strategy for
testing the robustness and the gen-
erality of the findings. And, as Dun-
can (in press) has remarked, the
extent to which reduction in P ^ am-
plitude represents general organis-
mic impairment regardless of clinical
diagnosis, or represents processes
that are specific to a clinical condi-
tion or diagnosis has not yet been
determined. In this regard, she rec-
ommends two strategies. The first is
to use the P ^ to identify specific
stages of information processing
that are responsible for deficit per-
formance. Simultaneous recordings
of ERPs and behavior would provide
valuable data for this desideratum.
A second paradigm would use the
P^o to study brain processes pre-
sumed to underlie schizophrenic
disorganization, and in this regard
to study thoeffects of certain cen-
trally acting drugs that affect par-
ticular brain areas implicated in
schizophrenia.

In a heuristically important series
of experiments, a conditioning-test-
ing paradigm with ERPs was
employed. The paradigm presented
two auditory stimuli successively.
The first, called the conditioning
stimulus, and the second, called the
test stimulus, produce cortically reg-
istered responses. The response to
the test stimulus is often smaller in
magnitude than that to the condi-
tioning stimulus. The phenomenon
may be considered a species of the
orienting response. When expressed
as a ratio of test response to condi-
tioning response, a higher ratio (or
percentage, when multiplied by 100)

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/s
c
h
iz

o
p
h
re

n
ia

b
u
lle

tin
/a

rtic
le

/1
3
/1

/4
9
/1

8
5
4
8
8
7
 b

y
 g

u
e
s
t o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



SCHIZOPHRENIA BULLETIN

may indicate a weak sensory gating
or inhibition. Adler et al. (1982) re-
ported that when 500 ms separated
test and conditioning stimuli, the
ratio, expressed as a percentage, for
the Pw component of the ERP was
13.9 percent for normal subjects,
compared with 90 percent for un-
medicated, acutely psychotic schizo-
phrenic patients. Treatment with
neuroleptic drugs did not change
these ratios (Freedman et al. 1983).
It is important to note that the am-
plitude and latency of the P^ re-
sponses to the first stimulus, the
conditioning stimulus, were signifi-
cantly smaller in the unmedicated
schizophrenics, but in the medicated
patients they were of normal magni-
tudes. Similar effects of medication
were observed by Shagass,
Straumanis, and Roemer (1982).
Thus, in unmedicated schizophrenic
patients, there seems to be inade-
quate registration of the response to
the first stimulus, possibly because
of neuronal hyperexcitability, a phe-
nomenon noted also by Patterson et
al. (1986); this failure of adequate
registration is perhaps partially cor-
rected by drugs that block cate-
cholamine transmission.

In a third experiment by Freed-
man's group (Siegel et al. 1984), 44
first degree relatives of 15 schizo-
phrenic patients and 35 normal
controls were tested in the condi-
tioning-test paradigm. The schizo-
phrenic patients again showed the
expected abnormally high ratios—
that is, a relative failure to show di-
minished P ,̂ amplitude to the sec-
ond stimulus. The normal controls
showed the expected low ratios, or
high inhibition of response to the
test stimulus. The first degree family-
members, however, fell into a bimo-
dal distribution with respect to the
conditioning-test ratios, although
the PS1 amplitudes and latencies
themselves did not differ from those
of the normal controls. The abnor-

mal ratios were found in at least one
of the two parents of 14 of 15 fam-
ilies studied. The investigators also
reported that 61.5 percent of the
schizophrenics and 39 percent of
their first degree relatives showed
abnormal smooth pursuit eye move-
ments, similar to the prevalence of
34 percent in first degree relatives
reported by Holzman et al. (1984). If
a schizophrenic patient had an ab-
normal conditioning-test ratio, he or
she also had abnormal smooth pur-
suit eye movements. Although the
two abnormalities are associated
quite closely in schizophrenic pa-
tients, they tend not to be so closely
associated in their first degree rela-
tives. Twenty-three percent of the
relatives had both defects, compared
to 61.5 percent of the patients.

Like smooth pursuit eye move-
ment dysfunctions, the inhibitory
deficit appears to be a strong candi-
date for a biological marker of schiz-
ophrenic disorders. It is not
correlated with clinical state, and it
occurs in unaffected members of the
families of schizophrenic patients.
Although similar ratios are found in
patients with major affective disor-
der, these ratios tend to normalize
when the patients become euthymic
(Franks et al. 1983). It would be im-
portant to see if, in another sample
of first degree relatives of schizo-
phrenic patients, the inhibitory defi-
cit and smooth pursuit eye
movement abnormality again segre-
gate separately, which they ought
not to do if they are part of the same
latent structure hypothesized for eye
movement dysfunctions and schizo-
phrenia. Several independent rep-
lications are now called for.

Contingent Negative Variation. The
contingent negative variation (CNV)
is a negative voltage that builds
slowly in response to a warning
about the imminence of a target. It
has been interpreted as an indicator

of arousal or anticipation. Data with
respect to the CNV have been re-
viewed in the previous update
(Spohn and Patterson 1979). The
general conclusion was and remains
that the CNV is reduced in ampli-
tude in schizophrenics, but that this
is not a finding specific to schizo-
phrenia. Nevertheless, the findings
of low CNV amplitude are obtained
even after the schizophrenic patients
are in clinical remission (Rizzo et al.
1983). In patients with affective dis-
order, however, the CNV amplitude
returns to normal when patients are
in clinical remission (e.g., Knott et
al. 1976). It is thus possible that the
CNV may be a measure of a trait
variable. The interested reader is re-
ferred to reviews in Tecce (1972) and
Callaway (1975).

Because event-related potentials
objectively record the neural activity
associated with perceptual and cog-
nitive processes, these procedures
possess enormous face validity in
the study of diseases such as schizo-
phrenia. To realize their full poten-
tial in the study of psychiatric
disorders, however, additional fun-
damental studies are required.
These studies include efforts to re-
late ERP components to their neu-
roanatomical and neurophysi-
ological substrates on the one hand
and to psychological processes on
the other. When these data become
available, it will be possible to use
ERPs to probe psychological and
physiological derangements in
schizophrenia. Until then, the in-
triguing ERP differences that have
been described cannot be fully inte-
grated with psychological and bio-
logical theories of schizophrenia.

Attention and
Information Processing

Focused Attention. In 1956, Ros-

vold et al. reported on the use of a
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test, the continuous performance
test (CPT), to detect impaired sus-
tained alertness in subjects with di-
agnosable brain damage. The CPT is
essentially a test of vigilance. It re-
quires a subject to detect a particular
letter—for example, an "X"—in a se-
ries of letters presented one at a
time for brief periods, from 40 ms to
200 ms, and separated by brief inter-
vals, from 100 ms to 1500 ms. The
subject indicates detection of the tar-
get letter by pressing a button. The
task can be made incrementally
more difficult by complicating the
selection of the target. For example,
the task can be to detect an "X" only
when it is preceded by a vowel.

The CPT has been used in studies
of schizophrenic patients, par-
ticularly in investigations of the
effects of antipsychotic medication
(e.g., Kornetsky et al. 1959; Kor-
netsky and Orzack 1964; Kornetsky
and Mirsky 1966). Sustained, volun-
tary, committed deployment of at-
tention has, of course, been cited as
a fundamental symptom of schizo-
phrenic psychopathology. But "at-
tention" is not a simple, unitary
process. As cited earlier in this arti-
cle, Kraepelin distinguished be-
tween the automatic grasping or
intake of a stimulus (Auffassung) and
the voluntary turning of one's notice
to a stimulus (Aufmersamkeit). The
former, he thought, was unimpaired
in schizophrenia, while the latter
showed obvious breakdown.

Both qualities imply that attention
is available in limited quantities and
that attention can be deployed either
automatically or effortfully. This
conception of attention as a limited
reservoir of "energy" was one pro-
posed by Freud (1900, Chapter 7) to
account for consciousness as an ex-
perience. Freud assumed that for
something to become conscious, it
must depend on drawing to itself a
quantity of an unspecified type of
energy, attention, which he as-

sumed to be available in limited
amounts. People differ in this atten-
tional capacity, he believed, and in-
dividual organismic differences also
affected the availability of this quan-
tity. Thoughts or percepts that failed
to attract sufficient attention
"cathexis" were simply deprived of
consciousness, but not of their fur-
ther processing and storage in mem-
ory. Freud's cognitive theory had no
experimental tradition to provide for
testing and revision, and as a conse-
quence, it failed to influence cogni-
tive science.

A theory quite similar to Freud's,
but one that is nourished by lively
experimentation, was proposed by
Kahneman (1973). The theory may
be paraphrased as follows: Cogni-
tive activities vary in the amount of
attentional effort they require. At
the early stage of information proc-
essing, that of registration and re-
ception, smaller amounts of
attention are required than at the la-
ter response stages. Shiffrin and
Schneider (1977) have characterized
these two processing requirements
as automatic and controlled. Posner
and Snyder (1975) and Posner (1978)
have made an equivalent distinc-
tion. Impaired attentional capacity
can be manifested in either,auto-
matic or controlled processing, or
both, but the demands on a limited
attentional capacity apparatus, such
as that under consideration here,
would be detected when higher
processing loads are levied as task
requirements. The effects of im-
paired attentional capacity or de-
ployment would be hard to discern
in the performance of automatic
processes because those processes
are presumed to occur effortlessly,
with the recruitment of overlearned
or habitual organizing modes, and
are generally refractory to the effects
of organismic variations such as
states of arousal.

Using a simple version of the

CPT, Kornetsky and Orzack (1978)
found that about 40 percent of schiz-
ophrenic patients showed deficit
performance. They also found it in
some schizophrenic patients who
were in remission. But CPT deficits
are not as prevalent among patients
receiving antipsychotic medication.
No nonschizophrenic psychotic pa-
tients were compared in these early
studies. No CPT deficits—using the
simple version of the test—were
found in populations considered to
be at risk for schizophrenia (e.g.,
Asarnow et al. 1978; Nuechterlein
1983; Cornblatt and Erlenmeyer-
Kimling 1984). Populations at risk
for schizophrenia do show clear def-
icit performance on the CPT,
however, when, processing load is
increased. The processing load is in-
creased by requiring two simul-
taneous judgments or by degrading
the images of the targets, that is, by
throwing the letters somewhat out
of focus. The critical score used in
these risk studies is perceptual sen-
sitivity as assessed from signal-to-
noise discriminations (d'). Other in-
dependent studies of children of
schizophrenic parents also reported
impaired perceptual sensitivity in
the degraded stimulus CPT (Erlen-
meyer-Kimling and Cornblatt 1978;
Nuechterlein 1983; Rutschmann,
Cornblatt, and Erlenmeyer-Kimling,
in press), supporting the finding
that when processing load is in-
creased, sustained attention is im-
paired in asymptomatic persons
who are related to a schizophrenic
patient. Furthermore, Nuechterlein
demonstrated similar d' deficits in a
group of asymptomatic young
adults who had a 2-7-8 profile on the
Minnesota Multiphasic Personality
Inventory (MMPI), which has been
implicated in schizophrenic disor-
ders (Nuechterlein, Edell, and West,
submitted for publication). In still
another probe of the generality of
vigilance impairments, when the d'
score was used as the independent
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variable, it was associated, in other-
wise asymptomatic adults, with
high scores on the MMPI schizo-
phrenia scale, the Physical
Anhedonia Scale of Chapman,
Chapman, and Raulin (1976), and
the Schizophrenism Scale of Nielsen
and Petersen (1976).

Nuechterlein (1983) reports that
lower d' scores also occur in chil-
dren of nonpsychotic, psychi-
atrically disordered mothers and in
hyperactive children, although not
to the same degree as in the off-
spring of schizophrenic parents.
This apparent absence of specificity
is not necessarily inconsistent with
the status of poor CPT performance
as a risk variable. Yet the non-
specificity raises some question
about its status as a biological
marker. Erlenmeyer-Kimling et al.
(1984a, 1984b) studied 80 children
who have one or two parents with a
schizophrenic disorder. Of the 15
children from that group who ap-
peared to be clinically deviant, five
have been hospitalized with schizo-
phrenic conditions. All five showed
impaired CPT performance. Seven
of the remaining 10 clinically deviant
children also showed impaired CPT,
including a lower d' than a normal
group.

There is also evidence that the d'
deficit found in response to the
"high processing load" version of
the CPT (as well as with a span of
apprehension task, to be discussed
later) may be associated with "nega-
tive" symptoms of schizophrenia
and with both total amount of
thought disorder and with certain
forms of thought disorder, par-
ticularly "fluid thinking," and to
some extent "confused thinking," as
assessed from the Thought Disorder
Index (Johnston and Holzman 1979).
Although the correlations are mod-
erate, and they emerge only when
the patients are in relative remis-

sion, it is noteworthy that the rela-
tion between CPT d' and qualities of
thought disorder emerge only for
those thought disorder categories
that are characteristic of schizo-
phrenic conditions and not of manic
conditions (Nuechterlein et al., in
press).

The CPT is a complex measure of
performance. In both the simple and
high-processing versions of the
CPT, the subjects are required to
marshall many cognitive functions—
among which vigilance may be the
most prominent—to respond appro-
priately. Because the CPT is not a
pure task, the specific component
processes responsible for deficit per-
formance in each of the pathological
groups are not apparent. Probably
the CPT does tap some specific dys-
function in schizophrenia. Yet the
analysis of the specificity should
now transcend the CPT in order to
search for the specific component
process involved in the deficit
performance.

The results of a set of studies of
"span of apprehension" are similar
to those found with the CPT. The
task, adapted from a procedure de-
veloped by Estes and Taylor (1964),
requires subjects to detect whether a
"T" or an "F" is flashed on the
screen directly in front of them. The
letters are exposed for very brief pe-
riods, generally 50 to 70 ms. At
times, the target letters appear alone
and at other times embedded in 2, 4,
9, or more different letters. Ob-
viously, the greater the number of
irrelevant letters that appear with
the target letter, the greater the
processing load becomes, and the
more difficult the task. Subjects are
required to guess even if they are
unsure. The test, then, like the de-
graded stimulus CPT, imposes suc-
cessively greater loads on the
grasping of information presented
for very short intervals.

Asarnow and MacCrimmon (1978)
showed that schizophrenics, both
inpatients and outpatients in partial
remission, detected significantly
fewer target stimuli in a 10-letter
condition than normal subjects did.
In a later study, Asarnow and Mac-
Crimmon (1981) showed that schizo-
phrenic outpatients detected fewer
targets correctly than did manic-de-
pressive patients on both a 5- and
10-letter condition. A longitudinal
study showed that schizophrenics
who were in partial remission dis-
played the same level of deficit per-
formance on a 10-letter paradigm as
they did when they had been hospi-
talized 3 months earlier. The test-
retest correlation for the schizo-
phrenics over 12 weeks was 0.72, in-
dicating that the span of
apprehension measure is quite sta-
ble, at least for 3 months (Asarnow
and MacCrimmon 1982).

Subjects with no history of psychi-
atric disturbance were tested on the
span of apprehension test and were
divided into good and poor per-
formers. Those with poor perform-
ance had higher scores than the
remainder of the group on the
schizophrenia scale (Sc) of the
MMPI and on three other indices of
schizoptypic behavior and thinking
(Asarnow, Nuechterlein, and Mar-
der 1983). Another study reported a
correlation of .55 between the span
of apprehension scores of young
adult schizophrenics and those of
their mothers (Wagener et al. 1986).
An early study showed that foster
children who had been born to a
schizophrenic mother showed low
scores on the span of apprehension
test comparable to those of acute
and remitted schizophrenics, es-
pecially when tested in a 10-letter
display (Asarnow et al. 1977, 1978).

There is, thus, strong evidence
that the span of apprehension test,
like the degraded CPT, shows that
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processing load elicits or accentuates
deficit performance in schizo-
phrenics, remitted schizophrenics,
those who are at biological risk for
schizophrenia, and normals with
some nonsymptomatic schizo-
phrenic characteristics. Yet, span of
apprehension performance is im-
proved by neuroleptic drug treat-
ment, and those patients who show
the least change in span of ap-
prehension after the introduction of
neuroleptic treatment also show the
least reduction in thought disorder
(Marder, Asarnow, and Van Putten
1984). For the span of apprehension
performance to have the status of a
trait, it should be, generally speak-
ing, unaffected by medication that
affects the symptoms of the disease.

The span of apprehension test
and the CPT show similar patterns
of relations with several clinical vari-
ables, such as thought disorder and
subscales of the Brief Psychiatric
Rating Scale (Nuechterlein et al.
1986), suggesting that both instru-
ments are measuring similar proc-
esses that are probably involved in
the deployment of controlled atten-
tion (Callaway and Naghdi 1982). A
necessary task now is to search for
the unitary process that is disor-
dered and to trace its relation to
brain-related potentials that are pre-
sumed to measure the effectiveness
with which information is processed
at particularly demarcated times af-
ter stimulus reception.

Backward Masking

The psychophysiological investiga-
tion of schizophrenia has been pro-
foundly influenced by contemporary
cognitive theory and experimenta-
tion. Common to most of these the-
ories is the assumption that
information is processed automat-
ically in a predetermined sequence
that, in the simplest of terms, begins
with sensory registration and pro-

ceeds to short-term memory and
then to long-term memory. The
process can presumably be inter-
rupted at any point in the sequence.
Each phase has its minimal time for
activation and for operation. For ex-
ample, the registration of sensory
information, sometimes referred to
as iconic storage, can be retained for
about 250 ms before it dissipates, or
transfers its information, or is re-
placed by more recent incoming in-
formation. Short-term memory,
which has a limited storage capacity,
can retain the information passed on
to it from iconic storage for about
500 ms, unless a quantity of atten-
tion is focused on its contents.
Long-term memory, which has a
comparatively unlimited storage ca-
pacity, receives information from
both short-term memory and stim-
ulus registration (Atkinson and
Shiifrin 1968).

A technique that has been widely
used in the study of the early phase
of the information processing se-
quence is called "backward mask-
ing." Several investigators have
used this experimental paradigm to
study whether the early stage of in-
formation processing is disordered
in schizophrenic conditions. In this
paradigm, the experimenter ascer-
tains a subject's recognition thresh-
old, say, for perceiving the letter T.
After determining the time the T
must be exposed for that subject to
recognize it unequivocally as a T,
the experimenter follows exposure
of the T with a patterned mask, per-
haps a pattern of X's. If the mask of
X's follows the T by 120 ms, the sub-
ject reports seeing only the X's but
not the T. If, however, the X's fol-
low the T by 500 ms, the subject re-
ports seeing both the T and the X's
in rapid succession. The second tar-
get, when presented 120 ms after
the first target, obstructs the experi-
ence of having seen the first target.
That is, the presentation of the X's

at a critical time period after the T
was flashed on the screen interferes
with the identification of the T.

An inference made from this para-
digm is that it takes time for a stim-
ulus to be moved from the stage of
stimulus reception to the stage of
short-term memory. This time
period can be measured by varying
the interval between the presenta-
tion of the target stimulus, the T in
the example above, and the back-
ward mask, the X's in the example.

In a series of studies using the
backward masking paradigm, Braff
and Saccuzzo have shown that
schizophrenic patients, compared
with normals and depressed inpa-
tients (e.g., Braff and Saccuzzo
1985), show more profound effects
of the backward mask. The dif-
ferences between the groups are sta-
tistically significant when up to 500
ms separate the presentations of tar-
get and mask. After 500 ms, group
differences disappear. That is,
whereas the backward mask ceases
to obscure the target stimulus after
about 200 ms in normal subjects, it
begins to lose its effectiveness after
500 ms in schizophrenic patients.
The probability that medication
effects account for the differences is
low, inasmuch as antipsychotic
medication has been shown to
speed up rather than slow informa-
tion processing (Braff and Saccuzzo
1982). Nor does generalized impair-
ment that accompanies a disor-
ganized clinical state account for the
slowness of information processing,
since Miller, Saccuzzo, and Braff
(1979) and Braff (1981) found that
schizophrenic patients in remission
and unmedicated schizotypal pa-
tients also show similar patterns of
slowness, and Braff and Saccuzzo
(1985) showed that the differences
obtained between schizophrenics
and depressed patients were not re-
lated to gross psychopathology as
measured by the Brief Psychiatric
Rating Scale (BPRS) or the Global
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Assessment Scale (GAS). Green and
Walker (1986) present some evi-
dence that a greater effect of the
backward mask tends to be associ-
ated with symptoms of withdrawal,
sometimes referred to as "negative
symptoms."

The generally favored interpreta-
tion of these data emphasizes that
schizophrenics transfer information
from iconic storage to short-term
memory more slowly than un-
affected people do. It is also pos-
sible, however, that for schizophre-
nics, the T is registered appropri-
ately enough, but it persists too long
in iconic storage after the actual tar-
get has been shut off. The first inter-
pretation emphasizing slowed
information processing would reflect
higher level neural events, analo-
gous to those implicated in the P ^
studies; the interpretation that em-
phasizes prolonged visual per-
sistence of the target would reflect
peripheral sensory events, perhaps
analogous to those implicated in the
very early epochs of the ERPs.

It would be of interest to study
the schizophrenic subjects' "sensory
memory" of a target—that is, the
length of time a person maintains
the visual image of a stimulus after
it disappears. There are experimen-
tal methods for determining that
parameter. For example, the experi-
menter can display two brief pulses
of light separated by a dark interval.
The experimenter can adjust the
dark interval until the subject sees
two flashes rather than a single
flash. The persistence of the first
flash bridges the dark interval and
results in the experience of the two
light pulses seen as a single one.
This time interval, which would in-
dicate the visual persistence of a tar-
get, can be precisely measured.
Another explanation for the dif-
ferences between schizophrenics
and others emphasizes the pos-
sibility that the mask degrades the

clarity of the target, and thus is like
the degraded CPT (Nuechterlein
1983). This explanation may be
weakened by an experiment which
used forward masking and in which
schizophrenics showed normal per-
formance (Saccuzzo and Braff 1981).

At this point, the use of backward
masking is promising enough to test
the unaffected first degree relatives
and other subjects considered to be
at genetic risk. It would also be im-
portant to test systematically the
effects of medication on the back-
ward mask. In addition, standardi-
zation of the following also seem to
be desiderata for discerning consis-
tency in results from different labo-
ratories: (1) The types of masks, the
effect of which varies with the de-
gree of patterning, as Knight, Elliott,
and Freedman (1985) have shown;
(2) the procedure for establishing
thresholds; (3) establishing (a) the
length of the interstimulus interval,
(b) the duration of the mask, (c) the
visual angle for viewing the targets,
and (d) whether contralateral mask-
ing was used (cf. Fein and Brown, in
press).

Electrodermal Responses

The electrodermal response system
has been assumed to represent
activity of the sympathetic nervous
system and, in particular, the
changes in arousal that accompany
responsiveness to incoming stimuli.
Tonic skin conductance level (SCL)
and response (SCR) are two meas-
ures of electrodermal responses that
are frequently studied in schizo-
phrenic patients. With respect to
SCRs, there are several quantitative
scores, including (1) the frequency
of SCRs, which is a relatively stable
characteristic of a person; and
(2) the skin conductance orienting
response (SCOR), which occurs
in the presence of a novel stimulus

that bids for the person's attention.
The separate components of the
SCOR—its latency, its time to peak
response, and its habituation—
have been extensively studied in
normal subjects as part of the psy-
chology and psychophysiology
of attentional process (Sokolov
1963). Spohn and Patterson (1979)
reviewed the then current findings
with respect to skin conductance,
and in particular the SCOR, and
schizophrenia. Dawson and Nuech-
terlein (1984) have provided a more
recent review.

The basic finding with respect to
the SCOR is that many adult schizo-
phrenics do not produce SCORs.
Whereas from 40 to 50 percent of
adult schizophrenics do not show an
SCOR (e.g., Gruzelier and Venables
1972; Patterson and Venables 1978;
Bernstein et al. 1981), only 5-10 per-
cent of normals fail to show an
SCOR (Simons et al. 1983). The
failure to elicit the SCOR in this sub-
stantial proportion of schizophrenics
can be reversed, however, by in-
creasing the intensity of the novel
stimulus, indicating that the absence
of the SCOR represents a raised
threshold for the orienting response.
In that case, it is quite possible that
the data do not describe a bimodal
distribution of responders and non-
responders to novel stimuli, as
seems to be the case for schizo-
phrenics with eye tracking dysfunc-
tions, but a continuum. It is
important to note, however, that
large numbers of SCOR nonre-
sponders have been reported among
patients with major affective disor-
ders, both unipolar and bipolar
(Dawson, Schell, and Catania 1977;
lacono 1982).

In their original study, Gruzelier
and Venables (1972) reported that
the SCOR failed to habituate in the
schizophrenic subjects who did
show an SCOR. This failure to habit-

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/s
c
h
iz

o
p
h
re

n
ia

b
u
lle

tin
/a

rtic
le

/1
3
/1

/4
9
/1

8
5
4
8
8
7
 b

y
 g

u
e
s
t o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



V0L13.N0.1,1987 67

uate, however, has proved difficult
to replicate, even by those who at
times have found it. A particularly
thoughtful review of this area is
provided by Ohman (1981).

The SCOR nonresponders tend
to be more withdrawn and disor-
ganized than the responders, who
tend to show excited, dramatic,
obvious, schizophrenic symptoms
(Straube 1979; Bernstein et al. 1981).
The nonresponders tend to have
lower tonic SC levels (interpreted
as lowered arousal levels) than the
responders (Gruzelier and Venables
1972, 1975), and in that sense resem-
ble those with an attenuated P^.
But the P ^ and SCOR probably rep-
resent different aspects of informa-
tion-processing sequences, as
suggested by a finding of small P ^
amplitudes in schizophrenic patients
whether or not they were SCOR
responders (Cohen, Sommer, and
Hermanutz 1981).

It is noteworthy that SCOR nonre-
sponders are significantly prevalent
among schizophrenics in remission
(Zahn, Carpenter, and McGlashan
1981; Iacono 1982), suggesting that
in this subgroup the SCOR non-
responsiveness may represent a
trait. In this regard, Simons (1981)
reported that SCOR nonresponders
were a majority of subjects who,
although clinically unaffected,
scored high on the Chapman
Anhedonia Scale, a measure of a
personality trait assumed to be asso-
ciated with schizophrenia.

The data, however, are quite
ambiguous with respect to non-
affected first degree relatives of
schizophrenics. Mednick and
Schulsinger (1968) reported that 20
high-risk subjects who later showed
serious psychological symptoms
demonstrated larger SCRs to nox-
ious stimuli than did 20 matched
high-risk subjects who seemed
clinically well. The separation of
the groups was particularly strong

when SCR recovery time was the
variable. The subjects who later
showed clinical symptoms had
shorter latencies and faster recovery
time for the SCR. In testing 7- and
10-year-old boys who had a schizo-
phrenic mother, however, Prentky,
Salzman, and Klein (1981) failed
to find differences in recovery time,
although they did report larger
SCRs to noxious stimuli, as in the
Mednick and Schulsinger data.
Van Dyke, Rosenthal, and Rasmus-
sen (1974), too, had earlier reported
large SCRs to mild tones on the
part of adopted children born of
a schizophrenic mother. Erlen-
meyer-Kimling et al. (1984b) also
failed to find differences in SCR
recovery time between children at
genetic risk for schizophrenia and
those not at risk.

While it may appear trite to call
for more research on this issue,
such a call is required to determine
the source of the ambiguity. Drug
effects must be carefully controlled,
since tonic arousal levels are affected
by neuroleptics. Longitudinal stud-
ies should replace cross-sectional
studies to determine if there is sta-
bility in SCRs and SCORs in dif-
ferent clinical states. First degree
relatives of the probands should
be tested to chart the familial pattern
of electrodermal responses. This
last recommendation is particularly
necessary in view of the fact that
SCOR nonresponders are found in
patients with major affective dis-
orders, even in remission.

Overview and Future Needs

During the past 6 years, investiga-
tors have shown that several psy-
chophysiological indices have a
robust relation to schizophrenic ill-
ness. Eye movement dysfunctions,
early and late components of ERPs,
tests of attentional deployment,
backward masking, and some as-

pects of electrodermal response all
to some extent indicate that schizo-
phrenic patients manifest dysfunc-
tions of both automatic and
controlled deployment of attention.
The problems in automatic attention
deployment are presumably re-
flected in eye movement dysfunc-
tions, absence of SCORs, and early
components of ERPs. Problems in
controlled attention are presumably
reflected in late epoch ERPs and
tests such as the CPT and the span
of apprehension task. Schizo-
phrenics show a more enduring
effect of backward masks, a finding
that has been interpreted as sluggish
transfer of information from the
stage of registration to short-term
memory. Although there is much
evidence for these dysfunctions in
patients with manifest schizophrenic
symptoms, the evidence is not so
clear with respect to their first de-
gree relatives.

At this time, several lines of inves-
tigation seem to recommend
themselves.

1. The meaning of most of the
psychophysiological procedures
requires refinement. Although much
work has been accomplished on
ERPs, and several reviews indicate
the intricacy and subtlety of these
waves (e.g., Pritchard 1986;
Naatanen 1982), there is a need
to study further the meaning of the
separate components of the ERPs,
inasmuch as veteran investigators
do not fully agree on the meaning
of the separate components.

The eye movement dysfunctions
have been characterized as con-
sisting in saccadic tracking, saccadic
intrusions, and low gain pursuit.
There is a need to establish whether
the impairment resides in the sac-
cadic system, pursuit system, or
both, and then to establish the func-
tional significance of the
abnormalities.
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The meaning of absent SCORs
in up to 50 percent of schizophrenics
also requires exploration, par-
ticularly to see if it is an expression
of a failure to gate incoming stimuli
which could lead to stimulus
flooding, an experience of many
psychotic schizophrenic patients.

The above considerations hold
also for studies using the CPT and
the span of apprehension test. Both
tests have an obvious rationale that
emphasizes sustained attention
and vigilance, but they are com-
posed of many tasks performed
almost simultaneously. Investigators
have established that both tests
discriminate schizophrenics from
other patients, and studies are
showing sturdy familial prevalence
of dysfunctions. Investigators
should begin to scrutinize the crucial
aspects of the tests that produce
the performance decrements.

These psychophysiological and
cognitive measures are not pursued
only in their own right in studies
of schizophrenia. Rather, they can
also be regarded as temporary vehi-
cles to convey us closer to the basic
etiology and pathogenesis of the
schizophrenias. When these tasks
have brought us as close as they
can to the basic disease processes,
investigators should change vehicles
for more appropriate ones. It is not
the test that is "the thing," but
the processes and mechanisms rep-
resented by the test.

2. The strategy of testing first
degree relatives should be pursued
as a matter of course. The study
of chronically ill patients can take
us only a limited way toward under-
standing schizophrenia. Investiga-
tors should therefore study the
apparently unaffected first degree
relatives and people considered
to be at risk for the disorder. This
strategy has been followed mainly
for eye movement studies and the
attentional tests with energizing

results. It remains to be exploited
for ERPs and backward masking,
and requires more vigorous applica-
tion in electrodermal measures.

In this reviewer's opinion, the
most useful model for that strategy
is the latent trait model, described
by Matthysse, Holzman, and Lange
(1986) and Matthysse and Holzman
(in press). The model emphasizes
the value of studying mildly affected
and clinically asymptomatic mem-
bers of the families of schizophrenic
probands. These people have been a
neglected resource for psycho-
physiological investigations. Most
investigators seek to study the sick-
est patients and the families with
the highest concentration of illness.
But families with a high density
of schizophrenia are not only rare;
they are often uncooperative. And
the social withdrawal, suspicious-
ness, and interpersonal incompe-
tence that are parts of the schizo-
phrenic syndrome make these inter-
esting families the hardest to reach.
The technique suggested here places
an emphasis not on finding families
of a particular type, but on a thor-
ough study of each of the relatives,
including those who seem well.

The term "generalized deficit"
was introduced by Chapman and
Chapman (1973) to refer to the many
impairments of schizophrenic pa-
tients on most psychological tasks.
Indeed, all severe disorders, as
they progress, gradually become
secondary etiological factors in their
own right, causing general systemic
collapse that may have little to do
with the original causes of the dis-
ease. This process is characteristic
of chronic physical as well as mental
disorders. When such patients die,
the cause of their death is generally
not the disease that began their
decline, but a myriad of systemic
failures that become quite similar

among patients whose disease proc-
esses started quite differently. Gen-
eralized deficit has made the task
of identifying specific and etiolog-
ically relevant abnormalities in
schizophrenia difficult, and much
effort has been needlessly spent
studying deficits that are only sec-
ondary consequences of the disease.
If the biological factors leading to
schizophrenia can manifest them-
selves in subclinical or functionally
unremarkable forms as well as in
pathological forms, then the oppor-
tunity presents itself for studying
those factors without the inter-
ference of the formidable dysfunc-
tions in attention and motivation
that characterize all forms of
schizophrenia.

3. There is a need to standardize
procedures and scores. When inves-
tigators deviate from those standard
procedures, they could state so
clearly. Standardization, to some
extent, seems desirable to help rec-
oncile apparent discrepancies in
experimental results. For example,
in backward-masking studies, it
is necessary to know if a patterned
or a plain mask was used, how
the recognition thresholds were
obtained, the length of the inter-
stimulus interval, and the duration
of the mask, since those procedures
will affect the effectiveness of the
mask. In ERPs there should be a
way to quantify the degree of
attenuation of a wave, a procedure
that would permit one to judge
the extent of the abnormality. A
related point: studies generally
report mean differences between
groups, and usually without any in-
dication of effect size. To look for
familial patterns, investigators
should be able to classify perform-
ance as defective or normal, even
though the variable under consid-
eration is a continuous one. That
procedure is followed in general
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medicine—for example, in assess-
ments of blood pressure or glucose
tolerance. Perhaps a cutoff of two
standard deviations beyond the
mean of a representative normal
sample would be helpful, in order
to study the functional meaning
of deviant scores.

In physical medicine there are
more or less standardized levels for
judging deviation from the norm
of such measures as sedimentation
rates, blood pressure levels, or
white blood counts. The same
standards should be sought for psy-
chophysiological measurement.
We need to know how much at-
tenuation of the P30Q wave, how
much reduction of gain of pursuit
eye movements, and what levels
of d' are to be considered patholog-
ical. Within-group differences can
be used to explore the heterogeneity
of the schizophrenia category.

References

Adler, L.B.; Pachtman, E.; Franks,
R.D.; Pecevich, M.; Waldo, N.C.;
and Freedman, R. Neurophysiologi-
cal evidence for defect in neuronal
mechanisms involved in sensory
gating in schizophrenia. Biological
Psychiatry, 17:639-654, 1982.

Asarnow, R.F., and MacCrimmon,
D.J. Residual performance deficit in
clinically remitted schizophrenics: A
marker of schizophrenia? Journal of
Abnormal Psychology, 87:597-608,
1978.

Asarnow, R.F., and MacCrimmon,
D.J. Span of apprehension deficits
during postpsychotic stages of
schizophrenia: A replication and ex-
tension. Archives of General Psychia-

try, 38:1006-1011, 1981.

Asarnow, R.F., and MacCrimmon,
D.J. Attention, information process-
ing, neuropsychological functioning,
and thought disorder during the

acute and partial recovery phase of
schizophrenia: A longitudinal study.
Psychiatry Research, 7:309-319, 1982.

Asarnow, R.F.; Nuechterlein, K.H.;
and Marder, S.R. Span of apprehen-
sion performance, neuropsycholog-
ical functioning, and indices of
psychosis-proneness. Journal of Nerv-
ous and Mental Disease, 171:662-669,
1983.

Asarnow, R.F.; Steffy, R.; Cleghorn,
J.M.; and MacCrimmon, D.J. An at-
tentional assessment of foster chil-
dren at risk for schizophrenia.
Journal of Abnormal Psychology,

86:267-275, 1977.

Asamow, R.F.; Steffy, R.A.; Mac-
Crimmon, D.J.; and Cleghorn, J.M.
An attentional assessment of foster
children at risk for schizophrenia.
In: Wynne, L.C.; Cromwell, R.L.;
and Matthysse, S., eds. The Nature of
Schizophrenia: New Approaches to Re-

search and Treatment. New York: John

Wiley & Sons, 1978. pp. 339-358.

Atkinson, R.C., and Shiffrin, R.G.
Human memory: A proposed sys-
tem and its control processes. In:
Spence, K.W., and Spence, J.T.,
eds. Advances in the Psychology of

Learning and Motivation: Research and

Theory. Vol. 2. New York: Academic
Press, 1968. pp. 89-195.
Baribeau-Brown, ].; Picton, T.W.;
and Gosselin, J.Y. Schizophrenia: A
neurophysiological evaluation of ab-
normal information processing. Sci-
ence, 219: 874-876, 1983.

Bartfai, A.; Levander, S.E.; Nyback,
H.; Berggren, B.M.; and Schalling,
D. Smooth pursuit eye tracking,
neuropsychological test perform-
ance, and computed tomography in
schizophrenia. Psychiatry Research,
15:49-62, 1985.

Bernstein, A.S.; Taylor, K.W.; Star-
key, P.; Juni, S.; Lubowsky, J.; and
Paley, H. Bilateral skin conductance,
finger pulse volume, and EEG ori-

enting response to tones of differing
intensities in chronic schizophrenics
and controls. Journal of Nervous and

Mental Disease, 169:513-528, 1981.

Bleuler, E. Dementia Praecox or the

Group of Schizophrenias. (1911) Trans-

lated by H. Zinkin. New York: Inter-
national Universities Press, 1950.

Braff, D.L. Impaired speed of infor-
mation processing in nonmedicated
schizotypal patients. Schizophrenia
Bulletin, 7:499-508, 1981.

Braff, D.L., and Saccuzzo, D.P.
Effect of antipsychotic medication
on speed of information processing
in schizophrenic patients. American
Journal of Psychiatry, 139:1127-1130,
1982.

Braff, D.L., and Saccuzzo, D.P. The
time course of information-process-
ing deficits in schizophrenia. Ameri-
can Journal of Psychiatry, 142:170-174,
1985.

Brecher, M., and Begleiter, H. Event
related potentials to high incentive
stimuli in unmedicated schizo-
phrenic patients. Biological Psychia-
try, 18:661-673, 1983.

Brezinova, V., and Kendell, R.E.
Smooth pursuit eye movements of
schizophrenics and normal people
under stress. British Journal of Psychi-
atry, 130:59-63, 1977.

Brown, R.; Colter, N.; Corsellis,
J.A.N.; Crow, T.J.; Frith, CD.;
Jagoe, R.; Johnstone, E.C.; and
Marsh, L. Postmortem evidence of
structural brain changes in schizo-
phrenia: Differences in brain weight,
temporal horn area, and parahip-
pocampal gyrus compared with af-
fective disorder. Archives of General
Psychiatry, 43:36-42, 1986.

Buchsbaum, M.S.; Awsare, S.V.;
Holcomb, H.G.; DeLisi, L.E.;
Hazlett, E.; Carpenter, W.T., Jr.;
Pickar, D.; and Morihisa, J.M. Topo-
graphic differences between normals
and schizophrenics: The N120 evoked

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/s
c
h
iz

o
p
h
re

n
ia

b
u
lle

tin
/a

rtic
le

/1
3
/1

/4
9
/1

8
5
4
8
8
7
 b

y
 g

u
e
s
t o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



70 SCHIZOPHRENIA BULLETIN

potential component. Neuropsycho-
biology, 15:1-6, 1986.

Callaway, E. Brain Electrical Potentials

and Individual Psychological Dif-

ferences. New York: Grune & Strat-
ton, Inc., 1975.

Callaway, E., and Naghdi, S. An in-
formation processing model for
schizophrenia. Archives of General
Psychiatry, 39:339-347, 1982.

Cegalis, J.A., and Sweeney, J.A. Eye
movements in schizophrenia: A
quantitative analysis. Biological Psy-
chiatry, 14:13-26, 1979.

Chapman, L.J., and Chapman, J.P.
Disordered Thought in Schizophrenia.

New York: Appleton-Century-
Crofts, 1973.

Chapman, L.J.; Chapman, J.P.; and
Raulin, ML. Body image aberration
in schizophrenia. Journal of Abnormal
Psychology, 87:399-407, 1978.

Cohen, R.; Sommer, W.; and Her-
manutz, M. Auditory event-related
potentials in chronic schizophrenics:
Effects of electrodermal response
type and demands on selective at-
tention. In: Penis, C ; Kemali, D.;
and Vacca, L., eds. Electrophysiology

and Psychopathology Advances in Bio-

logical Psychiatry. Vol. 6. Basel,

Switzerland: S. Karger AG, 1981.
pp. 180-185.

Cornblatt, B., and Erlenmeyer-Kim-
ling, L. Early attentional predictors
of adolescent behavioral disturb-
ances in children at risk for schizo-
phrenia. In: Watt, N.F.; Anthony,
E.J.; Wynne, L.C.; and Rolf, J.E.,
eds. Children at Risk for Schizophrenia:

A Longitudinal Perspective. New York:

Cambridge University Press, 1984.
pp. 198-211.

Couch, F.H., and Fox, J.C. Pho-
tographic study of ocular move-
ments in mental disease. Archives of
Neurology and Psychiatry, 34:556-578,
1934.

Courchesne, E.; Lincoln, A.J.;

Kilman, B.A.; and Galambos, R.
Event-related potential correlates of
the processing of novel visual and
auditory information in autism. Jour-
nal of Autism and Developmental Disor-

ders, 15:55-76, 1985.

David, I. Disorders of smooth pur-
suit eye movements in schizo-
phrenia and the effect of
neuroleptics in therapeutic doses.
Activitas Nervosa Superior, 22:115-
156, 1980.

Dawson, M.E., and Nuechterlein,
K.H. Psychophysiological dys-
functions in the developmental
course of schizophrenic disorders.
Schizophrenia Bulletin, 10:204-232,
1984.

Dawson, M.E.; Schell, A.M.; and
Catania, J.J. Autonomic correlates of
depression and clinical improve-
ment following electroconvulsive
shock therapy. Psychophysiology,
14:569-578,1977.

Debecker,}., and Desmedt, J.E. Cer-
ebral evoked potential correlates in
forced-paced tasks. Nature; New Biol-
ogy, 234:118-120, 1971.

Diefendorf, A.R., and Dodge, R. An
experimental study of the ocular re-
actions of the insane from pho-
tographic records. Brain, 31:451-489,
1908.

Done, D.J., and Frith, CD. Auto-
matic and strategic control of eye
movements in schizophrenia. In:
Gale, A.G., and Johnson, F., eds.
Theoretical and Applied Aspects of Eye

Movement Research. Amsterdam:

North-Holland Publishing Com-
pany, 1984. pp. 481^187.

Duncan, C.C. P ^ applications to
research on schizophrenia.
Electrocephalography and Clinical

Neurophysiology, in press.

Duncan, C.C; Perlstein, W.M.; and
Morihisa, J.M. Probability and
modality effects on brain potentials
in schizophrenia: Preliminary find-

ings. In: Rohrbaugh, J.W.; Johnson,
R.; and Perasuramers, R., eds.
Eighth International Conference on

Event-Related Potentials of the Brain:

Research Reports, in press.

Erlenmeyer-Kimling, L. "Biological
Markers for the Liability to Schizo-
phrenia." Presented at the Dahlem
Workshop on Biological Perspectives
in Schizophrenia, Berlin, October
1986.

Erlenmeyer-Kimling, L., and Corn-
blatt, B. Attentional measures in a
study of children at high risk for
schizophrenia. In: Wynne, L.C;
Cromwell, R.L.; and Matthysse, S.,
eds. The Nature of Schizophrenia: New

Approaches to Research and Treatment.

New York: John Wiley & Sons, 1978.
pp. 359-365.

Erlenmeyer-Kimling, L.; Kesten-
baum, C; Bird, H.; and Hilldorf, U.
Assessment of the New York high
risk project subjects in sample A
who are now clinically deviant. In:
Watt, N.F.; Anthony, J.J.; Wynne,
L.C; and Rolf, J.E., eds. Children at
Risk for Schizophrenia: A Longitudinal

Perspective. New York: Cambridge
University Press, 1984a. pp. 227-
239.

Erlenmeyer-Kimling, L.; Marcus, Y.;
Cornblatt, B.; Friedman, D.; Rainer,
J.D.; and Rutschmann, J. The New
York high-risk project. In: Watt,
N.F.; Anthony, J.J.; Wynne, L.C;
and Rolf, J.E., eds. Children at Risk
for Schizophrenia: A Longitudinal Per-

spective. New York: Cambridge Uni-
versity Press, 1984b. pp. 169-189.

Estes, W.K., and Taylor, H.A. A de-
tection method and probabilistic
models for assessing information
processing from brief visual dis-
plays. Proceedings of the National

Academy of Sciences of the United States

of America, 52:446-454, 1964.

Faux, S.F.; Torello, M.; McCarley,

R.W.; Shenton, M.E.; and Duffy,

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/s
c
h
iz

o
p
h
re

n
ia

b
u
lle

tin
/a

rtic
le

/1
3
/1

/4
9
/1

8
5
4
8
8
7
 b

y
 g

u
e
s
t o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



VOL. 13, NO. 1.1987

F.H. I: Temporal region deficit in
P300 topography in schizophrenia:
Confirmation and statistical valida-
tion. Submitted for publication.

Fein, G., and Brown, F.F. Con-
tralateral masking may be an ar-
tifact. Journal of Clinical and
Experimental Neuropsychology, in
press.

Franks, R.; Adler, L.; Waldo, M.; Al-
pert, J.; and Freedman, R. Neu-
rophysiological studies of sensory
gating in mania: Comparison with
schizophrenia. Biological Psychiatry,
18:989-1005, 1983.

Freedman, R.; Adler, L.E.; Waldo,
M.C.; Pachtman, E.; and Franks,
R.D. Neurophysiological evidence
for a defect in inhibitory pathways
in schizophrenia: Comparison of
medicated and drug-free patients.
Biological Psychiatry, 18:537-551,
1983.

Freud, S. The interpretation of
dreams. (1900) In: Srrachey, J., ed.
The Complete Psychological Works of
Sigmund Freud. Vol. IV. Chapter VII.
London: Hogarth Press, 1953.

Friedman, D.; Vaughan, H.G.; and
Erlenmeyer-Kimling, L. Cognitive
brain potentials in children at risk
for schizophrenia: Preliminary find-
ings. Schizophrenia Bulletin, 8:514-
531, 1982.

Gjerde, P.F. Attentional capacity
dysfunction and arousal in schizo-
phrenia. Psychological Bulletin, 93:57-
72, 1983.

Goodin, D.; Squires, K.C.; and
Starr, A. Long latency event-related
components of the auditory evoked
potential in dementia. Brain,
101:635-648, 1978.

Green, M., and Walker, E. Symp-
tom correlates of vulnerability to
backward masking in schizophrenia.
American Journal of Psychiatry, 143:
181-186, 1986.

Gruzelier, J.H., and Venables, P.H.
Skin conductance orienting activity
in a heterogeneous sample of
schizophrenics: Possible evidence of
limbic dysfunction. Journal of Nerv-
ous and Mental Disease, 155:277-287,
1972.

Gruzelier, J.H., and Venables, P.H.
Evidence of high and low levels of
physiological arousal in schizo-
phrenics. Psychophysiology, 12:55-73,
1975.

Hikosaka, O., and Wurtz, R.H. The
role of substantia nigra in the initia-
tion of saccadic eye movements. In:
Fuchs, A.F., and Becker, W., eds.
Progress in Oculomotor Research.
Amsterdam: Elsevier/North-Holland
Publishing Company, 1981. pp. 145-
152.

Hikosaka, O., and Wurtz, R.H. Vis-
ual and oculomotor functions of
monkey substantia nigra pars re-
ticulata—IV. Relation of substantia
nigra to superior colliculus. Journal of
Neurophysiology, 49:1285, 1983.

Hillyard, S.A.; Hink, R.F.; Schwent,
V.L.; and Picton, T.W. Electrical
signs of selective attention in the hu-
man brain. Science, 182:177-180,
1973.

Holzman, P.S. Cognitive impair-
ment and cognitive stability: Toward
a theory of thought disorder. In:
Serban, G., ed. Cognitive Defects in
the Development of Mental Illness.
New York: Brunner/Mazel, 1978. pp.
361-376.

Holzman, P.S. Eye movement dys-
functions and psychosis. Interna-
tional Review ofNeurobiology, 27:179-
205, 1985.

Holzman, P.S.; Kringlen, E.; Levy,
D.L.; and Haberman, S. Deviant eye
tracking in twins discordant for psy-
chosis: A replication. Archives of Gen-
eral Psychiatry, 37:627-631, 1980.

Holzman, P.S.; Kringlen, E.; Levy,
D.L.; Proctor, L.R.; and Haberman,

S. Smooth pursuit eye movements
in twins discordant for schizo-
phrenia. Journal of Psychiatric Re-
search, 14:111-122, 1978.

Holzman, P.S.; Kringlen, E.; Levy,
D.L.; Proctor, L.R.; Haberman, S.;
and Ysasillo, N.J. Abnormal pursuit
eye movements in schizophrenia:
Evidence for a genetic marker. Ar-
chives of General Psychiatry, 34:802-
805, 1975.

Holzman, P.S., and Levy, D.L.
Smooth-pursuit eye movements and
functional psychoses: A review.
Schizophrenia Bulletin, 3:15-27, 1977.

Holzman, P.S.; Levy, D.L.; and
Proctor, L.R. Smooth pursuit eye
movements, attention and schizo-
phrenia. Archives of General Psychia-
try, 33:1415-1420, 1976.

Holzman, P.S.; Levy, D.L.; and
Proctor, L.R. The several qualities of
attention in schizophrenia. Journal of
Psychiatric Research, 14:99-110, 1978.

Holzman, P.S.; Levy, D.L.;
Uhlenhuth, E.H.; Proctor, L.R.; and
Freedman, D.X. Smooth-pursuit eye
movements and diazepam, CPZ,
and secobarbital. Psychophar-
macologia, 44:111-115, 1975.

Holzman, P.S.; Proctor, L.R.; and
Hughes, D.W. Eye-tracking patterns
in schizophrenia. Science, 181:179-
180, 1973.

Holzman, P.S.; Proctor, L.R.; Levy,
D.L.; Yasillo, N.J.; Meltzer, H.Y.;
and Hurt, S.W. Eye-tracking dys-
functions and schizophrenic patients
and their relatives. Archives of Gen-
eral Psychiatry, 31:143-151, 1974.

Holzman, P.S.; Solomon, CM.;
Levin, S.; and Waternaux, C.S. Pur-
suit eye movement dysfunctions in
schizophrenia: Family evidence for
specificity. Archives of General Psychi-
atry, 41:136-139, 1984.

Iacono, Y/.G. Bilateral electrodermal
habituation-dishabituation and rest-
ing EEG in remitted schizophrenics.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/s
c
h
iz

o
p
h
re

n
ia

b
u
lle

tin
/a

rtic
le

/1
3
/1

/4
9
/1

8
5
4
8
8
7
 b

y
 g

u
e
s
t o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



72 SCHIZOPHRENIA BULLETIN

journal of Nervous and Mental Disease,
170:91-101, 1982.

lacono, W.G., and Lykken, D.T. Eye
tracking and psychopathology. Ar-
chives of General Psychiatry, 36:1361-
1369, 1979.

lacono, W.G.; Pelequin, L.J.;
Lumry, A.E.; Valentine, R.H.; and
Tuason, V.B. Eye tracking in pa-
tients with unipolar and bipolar af-
fective disorders in remission.
journal of Abnormal Psychology, 91:35-
44, 1982.

lacono, W.G.; Tuason, V.B.; and
Johnson, R.A. Dissociation of
smooth pursuit and saccadic eye
tracking in remitted schizophrenics.
Archives of General Psychiatry, 38:991-
996, 1981.

Johnston, M.H., and Holzman, P.S.
Assessing Schizophrenic Thinking. San
Francisco: Jossey-Bass, 1979.

Josiassen, R.C.; Shagass, C ; Man-
cell, E.L.; and Roemer, R.A. Audi-
tory and visual evoked potentials in
Huntington's disease. Electroen-
cephalography and Clinical Neu-
rophysiology, 57:113-118, 1984.

Josiassen, R.C.; Shagass, C ;
Roemer, R.A.; and Straumanis, J.J.
The attention-related somatosensory
evoked potential late positive wave
in psychiatric patients. Psychiatry Re-
search, 5:147-155, 1981.

Josiassen, R.C.; Shagass, C ;
Roemer, R.A.; and Straumanis, J.J.
Attention-related effects on
somatosensory evoked potentials in
college students at high risk for psy-
chopathology. journal of Abnormal
Psychology, 94:507-518, 1985.

Kahneman, D. Attention and Effort.
Englewood Cliffs, NJ: Prentice-Hall,
Inc., 1973.

Karson, C.N. Oculomotor signs in a
psychiatric population: A prelimi-
nary report. American journal of Psy-
chiatry, 136:1057-1060, 1979.

Klein, R.H.; Salzman, L.F.; Jones,
F.; and Ritzier, B. Eye-tracking in
psychiatric patients and their off-
spring. Psychophysiology, 13:186,
1976.

Knight, R.A.; Elliott, D.S.; and
Freedman, E.G. Short-term visual
memory in schizophrenics, journal of
Abnormal Psychology, 94:427-442,
1985.

Knott, J.R.; Peters, J.F.; Robinson,
M.D.; Smith, A.; and Andreasen,
N.C. The contingent negative varia-
tion in schizophrenic and depressed
patients. Electroencephalography and
Clinical Neurophysiology, 40:329-330,
1976.

Kornetsky, C , and Mirsky, A. On
certain psychopharmacological and
physiological differences between
schizophrenic and normal persons.
Psychopharmacologia, 8:309-318, 1966.

Kornetsky, C , and Orzack, M.H. A
research note on some of the critical
factors in the dissimilar effects of
chlorpromazine and secobarbitol on
the digit symbol substitution and
continuous performance tests. Psy-
chopharmacologia, 6:79-86, 1964.

Kornetsky, C , and Orzack, M.H.
Psychological and behavioral corre-
lates of attention dysfunction in
schizophrenic patients. In: Wynne,
L.C.; Cromwell, R.L.; and Mat-
thysse, S., eds. The Nature of Schizo-
phrenia: New Approaches to Research
and Treatment. New York: John
Wiley & Sons, 1978. pp. 196-204.

Kornetsky, C; Petrit, M.; Wynne,
R.; and Evarts, E.V. A comparison
of the psychological effects of acute
and chronic administration of chlor-
promazine and secobarbital
(quinalbarbitone) in schizophrenic
patients, journal of Mental Science,
105:190-198, 1959.

Kraepelin, E. Dementia Praecox and
Paraphrenia. (1896) Translated by
R.M. Barclay. Chicago: Chicago

Medical Book, 1919.

Kringlen, E. Heredity and Environ-
ment in the Functional Psychoses. Oslo:
Universitetsforlaget, 1967.

Kuechenmeister, C.A.; Linton, P.H.;
Mueller, T.V.; and White, H.B. Eye
tracking in relation to age, sex, and
illness. Archives of General Psychiatry,
34:578-599, 1977.

Latham, C; Holzman, P.S.; Man-
schrek, T.; and Tole, J. Optokinetic
nystagmus and pursuit eye move-
ments in schizophrenia. Archives of
General Psychiatry, 38:997-1003, 1981.

Levin, S. Frontal lobe dysfunctions
in schizophrenia—I. Eye movement
impairments. Journal of Psychiatric
Research, 18:27-55, 1984a.

Levin, S. Frontal lobe dysfunctions
in schizophrenia—II. Impairments
of psychological and brain func-
tions, journal of Psychiatric Research,
18:57-72, 1984b.

Levin, S.; Holzman, P.S.; Rothen-
berg, S.J.; and Lipton, R.B. Saccadic
eye movements in psychotic pa-
tients. Psychiatry Research, 5:47-58,
1981.

Levin, S.; Jones, A.; Stark, L.; Mer-
rin, E.L.; and Holzman, P.S. Identi-
fication of abnormal patterns in eye
movements of schizophrenic pa-
tients. Archives of General Psychiatry,
39:1125-1130, 1982a.

Levin, S.; Jones, A.; Stark, L.; Mer-
rin, E.L.; and Holzman, P.S. Sac-
cadic eye movements of schizo-
phrenic patients measured by re-
flected light technique. Biological
Psychiatry, 17:1277-1287, 1982/;.

Levin, S.; Lipton, R.B.; and Holz-
man, P.S. Pursuit eye movements in
psychopathology: Effects of target
characteristics. Biological Psychiatry,
16:255-267, 1981.

Levy, D.L.; Dorus, E.; Shaughnessy,
R.; Yasillo, N.J.; Pandey, G.N.; Jan-
icak, P.G.; Gibbons, R.D.; Gaviria,

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/s
c
h
iz

o
p
h
re

n
ia

b
u
lle

tin
/a

rtic
le

/1
3
/1

/4
9
/1

8
5
4
8
8
7
 b

y
 g

u
e
s
t o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



VOL. 13, NO. 1,1987 73

M.; and Davis, J.M. Pharmacologic
evidence for specificity of pursuit
dysfunction to schizophrenia:
Lithium carbonate associated abnor-
mal pursuit. Archives of General Psy-

chiatry, 42:335-341, 1985.

Levy, D.L.; Holzman, P.S.; and
Proctor, L.R. Vestibular responses in
schizophrenia. Archives of General

Psychiatry, 35:972-981, 1978.

Levy, D.L.; Lipton, R.B.; and Holz-
man, P.S. Smooth pursuit eye
movement: Effects of alcohol and
chloral hydrate. Journal of Psychiatric
Research, 16:1-11, 1981.

Levy, D.L.; Lipton, R.B.; Holzman,
P.S.; and Davis, J.M. Eye tracking
dysfunction unrelated to clinical
state and treatment with haloperi-
dol. Biological Psychiatry, 18:813-«19,
1983.

Levy, D.L.; Lipton, R.B.; Yasillo,
N.J.; Peterson, J.; Pandey, G.N.;
and Davis, J.M. Psychotropic drug
effects on smooth pursuit eye move-
ments: A summary of recent find-
ings. In: Gale, A.G., and Johnston,
F., eds. Theoretical and Applied As-

pects of Eye Movement Research.

Amsterdam: North-Holland Publish-
ing Company, 1984. pp. 497-505.

Levy, D.L.; Yasillo, N.J.; Dorus, E.;
Shaughnessy, R.; Gibbons, R.D.; Pe-
terson, J.; Janicak, P.G.; Gaviria, M.;
and Davis, J.M. Relatives of unipo-
lar and bipolar patients have normal
pursuit. Psychiatry Research, 10:285-

293, 1983.

Lipton, R.B.; Frost, L.A.; and Holz-
man, P.S. Smooth pursuit eye
movements, schizophrenia, and dis-
traction. Perceptual and Motor Skills,

50:159-167, 1980.

Lipton, R.B.; Levin, S.; and Holz-
man, P.S. Horizontal and vertical
pursuit movements, the oculoceph-
alic reflex, and the functional psy-
choses. Psychiatry Research, 3:193-
203,1980.

Lipton, R.B.; Levy, D.L.; Holzman,
P.S.; and Levin, S. Eye movement
dysfunctions in psychiatric patients:
A review. Schizophrenia Bulletin,

9:13-32,1983.

Marder, S.R.; Asamow, R.F.; and
Van Putten, T. Information process-
ing and neuroleptic response in
acute and stabilized schizophrenic
patients. Psychiatry Research, 13:41-

49, 1984.

Matthysse, S., and Holzman, P.S.
Genetic latent structure models: Im-
plications for research in schizo-
phrenia. Psychological Medicine, in

press.

Matthysse, S.; Holzman, P.S.; and
Lange, K. The genetic transmission
of schizophrenia: Application of
Mendelian latent structure analysis
to eye tracking dysfunctions in
schizophrenia and affective disor-
der. Journal of Psychiatric Research,

20:57-65, 1986.

May, H.J. Oculomotor pursuit in
schizophrenia. Archives of General
Psychiatry, 36:827, 1979.

Mednick, S.A., and Schulsinger, F.
Some premorbid characteristics re-
lated to breakdown in children with
schizophrenic mothers. In: Rosen-
thai, D., and Kety, S.S., eds. Trans-
mission of Schizophrenia. New York:

Pergamon Press, 1968. pp. 267-291.

Mialet, J.P., and Pichot, P. Eye-
tracking patterns in schizophrenia:
An analysis based on incidence of
saccades. Archives of General Psychia-

try, 38:183-186, 1981.

Miller, S.; Saccuzzo, D.; and Braff,
D. Information processing deficits in
remitted schizophrenics. Journal of
Abnormal Psychology, 88:446-449,
1979.

Mirsky, A.F., and Duncan, C.C.
Etiology and expression of schizo-
phrenia: Neurobiological and psy-
chosocial factors. Annual Review of
Psychology, 37:291-319, 1986.

Morsryn, R.; Duffy, F.H.; and Mc-
Carley, R.W. Altered P^ topogra-
phy in schizophrenics. Archives of
General Psychiatry, 40:729-734, 1983.

Naatanen, R. Processing negativity:
An evoked-potential reflection of se-
lective attention. Psychological Bul-
letin, 92:605-640, 1982.

Naatanen, R.; Gaillard, A.; and
Mantysato, S. The Nl effect of selec-
tive attention reinterpreted. Acta
Psychologia, 42:313-329, 1978.

Nielsen, T.C., and Petersen, K.E.
Electrodermal correlates of extraver-
sion, trait anxiety, and schizophre-
nism. Scandinavian Journal of

Psychology, 17:73-80, 1976.

Novick, B.; Vaughan, H.G., Jr.;
Kurtzberg, D.; and Simson, R. An
electrophysiologic indication of au-
ditory processing deficits in autism.
Psychiatry Research, 3:107-114, 1980.

Nuechterlein, K.H. Reaction time
and attention in schizophrenia: A
critical evaluation of the data and
the theories. Schizophrenia Bulletin,

3:373-128, 1977.

Nuechterlein, K.H. Signal detection
in vigilance tasks and behavioral at-
tributes among offspring of schizo-
phrenic mothers and among
hyperactive children. Journal of Ab-
normal Psychology, 92:4-28, 1983.

Nuechterlein, K.H.; Edell, W.S.;
Norris, M.; and Dawson, M.E. At-
tentional vulnerability indicators,
thought disorder, and negative
symptoms. Schizophrenia Bulletin,

12:408-426,1986.

Nuechterlein, K.H.; Edell, W.S.; and
West, A.P. Signal detection during
vigilance and span of apprehension
in nonpsychotic schizotypal individ-
uals. Submitted for publication.

Ohman, A. Electrodermal activity in

schizophrenia: A review. Biological

Psychology, 12:87-145, 1981.

Pass, H.L.; Salzman, L.F.; Klorman,

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/s
c
h
iz

o
p
h
re

n
ia

b
u
lle

tin
/a

rtic
le

/1
3
/1

/4
9
/1

8
5
4
8
8
7
 b

y
 g

u
e
s
t o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



SCHIZOPHRENIA BULLETIN

R.; Kaskey, G.B.; and Klein, R.B.
The effects of distraction on acute
schizophrenics' visual tracking. Bio-
logical Psychiatry, 13:587-593, 1978.

Patterson, T.; Spohn, H.E.; Bogia,
D.P.; and Hayes, D. Thought disor-
der in schizophrenia. Schizophrenia
Bulletin, 12:460-472, 1986.

Patterson, T., and Venables, P.H.
Bilateral skin conductance and skin
potential in schizophrenics and nor-
mal subjects: The identification of
the fast habituator group of schizo-
phrenics. Psycho-physiology, 15: 556-
560, 1978.

Pfefferbaum, A. P3 latency and am-
plitude abnormalities in mental dis-
orders. Electroencephalography and
Clinical Neurophysiology, in press.

Pfefferbaum, A.; Roth, W.T.;
Wenegrat, B.; Ford, J.M.; and
Kopell, B.S. Clinical applications of
the P3 component of the event-re-
lated potential: II. Dementia, de-
pression, and schizophrenia.
Electroencephalography and Clinical
Neurophysiology, 59:104-124, 1984.

Posner, M.I. Chronometric Explora-
tions of Mind. Hillside, NJ: Lawrence
Erlbaum Associates, 1978.

Posner, M.I., and Snyder, C.R.R.
Attention and cognitive control. In:
Salso, R.L., ed. Information Processing
and Cognition: The Loyola Symposium.
Hillside, NJ: Lawrence Erlbaum As-
sociates, 1975. pp. 55-85.

Prentky, R.A.; Salzman, L.F.; and
Klein, R.H. Habituation and condi-
tioning of skin conductance re-
sponses in children at risk.
Schizophrenia Bulletin, 7:281-291,
1981.

Pritchard, W.S. Cognitive event-re-
lated potential correlates of schizo-
phrenia. Psychological Bulletin,
100:43-66, 1986.

Rizzo, P. A.; Albani, G.F.; Spadaro,
M.; and Morocutti, C. Brain slow

potentials (CNV), prolacrin, and
schizophrenia. Biological Psychiatry,
18:175-334, 1983.

Rosvold, H.E.; Mirsky, A.F.;
Sarason, I.; Bransome, E.D.; and
Beck, L.H. A continuous perform-
ance test of brain damage. Journal of
Consulting Psychology, 20:343-350,
1956.

Roth, W.T.; Horvath, T.B.; Pfeffer-
baum, A.; Tinklenberg, J.P.; Mezich,
].; and Kopell, B.S. Late event-re-
lated potential and schizophrenia.
In: Begleiter, H., ed. Evoked Brain Re-
lated Potentials and Schizophrenia.
New York: Plenum Press, 1979. pp.
499-515.

Roth, W.T.; Pfefferbaum, A.; Hor-
vath, T.; Berger, P. A.; and Kopell,
B.S. P3 reduction in auditory evoked
potentials in schizophrenics.
Electroencephalography and Clinical
Neurophysiology, 49:497-505, 1980.

Roth, W.T.; Pfefferbaum, A.; Kelly,
A.F.; Berger, P.A.; and Kopell, B.S.
Auditory event-related potentials in
schizophrenia and depression. Psy-
chiatry Research, 4:199-212, 1981.

Rutschmann, ].; Cornblatt, B.; and
Erlenmeyer-Kimling, L. Sustained
attention in children at risk for
schizophrenia: Findings with two
visual continuous performance tests
in a new sample. Journal of Abnormal
Child Psychology, in press.

Saccuzzo, D.P., and Braff, D.L.
Early information processing deficit
in schizophrenia: New findings
using RDC schizophrenic subgroups
and manic controls. Archives of Gen-
eral Psychiatry, 38:175-179, 1981.

Saitoh, O.; Niwa, S.; Hiramatsu, K.;
Kameyama, T.; Rymar, K.; and Itoh,
K. Abnormalities in late positive
components of event-related poten-
tials may reflect a genetic pre-
disposition to schizophrenia.
Biological Psychiatry, 19:293-303,
1984.

Saletu, B.; Itil, T.M.; and Saletu, M.
Auditory evoked response, EEG,
and thought processes in schizo-
phrenics. American Journal of Psychia-
try, 128:336-349, 1971.

Salzman, L.F.; Klein, R.H.; and
Strauss, J.S. Pendulum eye tracking
in remitted psychiatric patients.
Journal of Psychiatric Research, 14:121-
126, 1978.

Shagass, C; Amadeo, M.; and
Overton, D.A. Eye-tracking per-
formance in psychiatric patients. Bi-
ological Psychiatry, 9:245-260, 1974.

Shagass, C ; Roemer, R.A.; and
Amadeo, M. Eye tracking perform-
ance and engagement of attention.
Archives of General Psychiatry, 33:121-
125, 1976.

Shagass, C; Roemer, R.A.; and
Straumanis, J.J. Psychiatric diagnos-
tic correlates of evoked potential
topographic factors. In: Mendlewicz,
]., and van Praag, H.M., eds. Ad-
vances in Biological Psychiatry, Vol. 9.
Basel: S. Karger, 1982. pp. 44-49.

Shagass, C; Roemer, R.A.;
Straumanis, J.J.; and Amadeo, M.
Temporal variability of somatosen-
sory, visual, and auditory evoked
potentials in schizophrenia. Archives
of General Psychiatry, 36:1341-1351,
1979.

Shagass, C; Straumanis, J.J.; and
Roemer, R.A. Psychotropic drugs
and evoked potentials. In: Buser,
P.A.; Cobb, W.A.; and Okema, T.,
eds. Kyoto Symposium. (EEG Supple-
ment No. 36) Amsterdam: Elsevier
Biomedical Press, 1982. pp. 538-548.

Shagass, C; Straumanis, J.J.;
Roemer, R.A.; and Amadeo, M.
Evoked potentials in several sensory
modalities. Biological Psychiatry,
12:221-235, 1977.

Shagass, C; Roemer, R.A.;
Straumanis, J.J.; and Amadeo, M.
Evoked potential correlates in psy-

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/s
c
h
iz

o
p
h
re

n
ia

b
u
lle

tin
/a

rtic
le

/1
3
/1

/4
9
/1

8
5
4
8
8
7
 b

y
 g

u
e
s
t o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



VOL. 13.N0.1,1987 75

chosis. Biological Psychiatry, 13:163-
184, 1978.

Shiffrin, R.M., and Schneider, W.
Controlled and automatic human in-
formation processing: n. Perceptual
learning, automatic attending, and a
general theory. Psychological Review,
84:177-190, 1977.

Siegel, C; Waldo, M.; Miznor, G.;
Adler, L.E.; and Freedman, R. Defi-
cits in sensory gating in schizo-
phrenic patients and their relatives.
Archives of General Psychiatry, 41:607-
612, 1984.

Simons, R.F. Electrodermal and car-
diac orienting in psychometrically
defined high risk subjects. Psychiatry
Research, 4:347-356, 1981.

Simons, R.F. Physical anhedonia
and future psychopathology: An
electrodermal continuity? Psycho-
physiology, 19:433-441, 1982.

Simons, R.F.; Losito, B.D.; Rose,
J.C.; and MacMillan, F.W.
Electrodermal nonresponding
among college undergraduates:
Temporal stability, situational speci-
ficity, and relation to heart rate
change. Psychophysiology, 20:498-
506, 1983.

Sokolov, E.N. Perception and the Con-
ditioned Reflex. New York: Mac-
Millan, 1963.

Spohn, H.E. "Correlates of Eye
Tracking in Schizophrenic Patients."
Presented at Eye Tracking Meth-
odology Conference, Boston, 1981.

Spohn, H.E., and Patterson, T. Re-
cent studies of psychophysiology in
schizophrenia. Schizophrenia Bulletin,
5:581-611, 1979.

Steinhauer, S., and Zubin, J. Vul-
nerability to schizophrenia: Informa-
tion processing in the pupil and
event-related potential. In: Hanin,
I., and Usdin, E., eds. Biological
Markers in Psychiatry and Neurology.
Oxford: Pergamon Press, 1982. pp.
371-385.

Strandberg, R.J.; Marsh, J.T.;
Brown, W.W.; Asarnow, R.F.; and
Guthrie, D. Event-related potential
concomitants of information proc-
essing dysfunction in schizophrenic
children. Electroencephalography and
Clinical Neurophysiology, 57:236-253,
1984.

Srraube, E.R. On the meaning of
electrodermal nonresponding in
schizophrenia. Journal of Nervous and
Mental Disease, 167:604-611, 1979.

Sutton, S.; Braren, M.; Zubin, J.;
and John, E.R. Evoked potential cor-
relates of stimulus uncertainty. Sci-
ence, 150:187-188, 1965.

Tecce, J.J. Contingent negative vari-
ation (CNV) and psychological proc-
esses in man. Psychological Bulletin,
77:73-108, 1972.

Tomer, R.; Mintz, M.; Levy, A.; and
Myslobodsky, M. Smooth-pursuit
pattern in schizophrenic patients
during cognitive task. Biological Psy-
chiatry, 16:131-144, 1981.

Van Dyke, J.L.; Rosenthal, D.; and
Rasmussen, P.V. Electrodermal
functioning in adopted away off-
spring of schizophrenics. Journal of
Psychiatric Research, 10:199-215, 1974.

Wagener, D.K.; Hogarty, G.E.;
Goldstein, M.J.; Asamow, R.F.; and
Browne, A. Information processing

and communication disorders in
schizophrenic patients and their
mothers. Psychiatry Research, 18:365-
377, 1986.

White, H.R. Ocular pursuit in nor-
mal and psychopathological sub-
jects. Journal of Experimental
Psychology, 22:17-31, 1938.

Wurtz, R.H., and Hikosaka, O. Def-
icits in eye movements after injec-
tion of GABA-related drugs in
monkey superior colliculus. Neuro-
science Abstracts, No. 220.6:750, 1984.

Zahn, T.P.; Carpenter, W.T., Jr.;
and McGlashan, T.H. Autonomic
nervous system activity in acute
schizophrenia: II. Relationship to
short-term prognosis and clinical
state. Archives of General Psychiatry,
38:260-266,1981.

Acknowledgment

Preparation of this manuscript was
supported by grants MH-31340 and
MH-31154 from the United States
Public Health Service. The author
thanks Smadar Levin, Deborah
Levy, Terry Patterson, and Herbert
Spohn for helpful comments.

The Author

Philip S. Holzman, Ph.D., is Esther
and Sidney R. Rabb Professor of
Psychology, Department of Psychol-
ogy, Harvard University,
Cambridge, MA.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/s
c
h
iz

o
p
h
re

n
ia

b
u
lle

tin
/a

rtic
le

/1
3
/1

/4
9
/1

8
5
4
8
8
7
 b

y
 g

u
e
s
t o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/s
c
h
iz

o
p
h
re

n
ia

b
u
lle

tin
/a

rtic
le

/1
3
/1

/4
9
/1

8
5
4
8
8
7
 b

y
 g

u
e
s
t o

n
 1

6
 A

u
g
u
s
t 2

0
2
2


