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Abstract This paper summarizes retrospective and cross-
sectional neurobehavioral studies of schizophrenic chil-
dren. Retrospective studies of schizophrenic children re-
veal that during early childhood, prior to the first onset of
schizophrenic symptoms, most schizophrenic children
showed delays in language acquisition and/or impafr-
ments and delays in visual-motor coordination. These im-
pairments appear to be developmental delays rather than
fixed neurobehavioral impairments, because cross-sec-
tional studies conducted when the children are at least 10
years of age, after the first onset of psychosis, fail to de-
tect the same deficits. The results of behavioral, cogni-
tive/neuropsychological studies as well as the study of
event-related potentials measured during performance of
cognitive tasks suggests that schizophrenic children suffer
from limitations in processing resources. It is argued that
the developmental delays observed in schizophrenic chil-
dren represent the greater time it takes them to automate
certain skills. The delay in automation may reflect their
limited information-processing capacity.

Introduction

There often appears to be a significant delay (more than 2
decades) between the hypothesized first onset of brain le-
sions and the initial appearance of positive symptoms of
schizophrenia. Postmortem studies suggest that brain le-
sions emerge very early (in many instances during fetal
development) and involve congenital, static pathology of
the limbic system and prefrontal cortex (Weinberger
1987). To explain the delay of symptom onset Weinberger
and colleagues (1987) have proposed that schizophrenia is
a “neurodevelopmental disorder in which a fixed brain le-
sion from early in life interacts with certain normal matu-
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rational events that occur much later” (Weinberger 1987),
p- 660). What is “pathophysiologically” distinct about
schizophrenia is neither the location nor the cause of the
“lesion,” but is, instead, the interaction between this “le-
sion” and the normal course of maturation of the neural
system affected by it (Weinberger 1987, p. 660). The le-
sion remains relatively silent until early adulthood when
the normal maturation of certain brain structures, notably
dorsolateral prefrontal cortex, occurs.

This neurodevelopmental model provides a useful
framework to begin to understand the complex pathways
from central nervous system (CNS) dysfunction to the
symptoms of schizophrenia. In this paper we present neu-
robehavioral data that can inform neurodevelopment
models of schizophrenia. These data are products of our
ongoing family genetic study of schizophrenic children.
Our research project’s working assumption is that schizo-
phrenia is a disorder involving impaired CNS functioning.
For many patients there may be a genetic basis for the
CNS disturbance. We are studying schizophrenic children
because prior research (for reviews see Fish 1977;
Asarnow 1995) suggests that they might represent a more
homogeneous and more severe form of schizophrenia in
which the CNS dysfunction is more readily discernable
than in adult-onset schizophrenia.

This paper summarizes and integrates two complimen-
tary sets of data that help elucidate the nature of the neu-
robehavioral impairment in schizophrenia. The first set of
data are the results of studies that retrospectively charac-
terize neurobehavioral development in schizophrenic chil-
dren. These studies reveal that prior to the onset of psy-
chotic symptoms there are certain neurobehavioral im-
pairments. The second set of data are the results of cross-
sectional studies that examine cognitive/neuropsychologi-
cal functioning, thought and language disorder, and event-
related potentials to delimit the cognitive processes im-
paired in schizophrenic children.



Subjects and methods

The children included in the studies summarized herein were as-
certained and diagnosed by the UCLA Childhood Schizophrenia
Research Program. A case registry maintained by the Los Angeles
County Department of Mental Health, containing demographic in-
formation and diagnostic data, was used to identify the agencies in
Los Angeles County that were most likely to treat schizophrenic
children. We then selected agencies from which to recruit subjects.

To be included in the study the children had to have an onset of
schizophrenic psychosis prior to 13 years of age. The best-in-
formed parent was first interviewed about the child’s history of
psychiatric symptoms; then the child was interviewed. Interviews
were conducted by an experienced clinician using a semistroctured
interview, the Kiddie-SADS-E (Orvaschel and Puig-Antich 1987)
supplemented by the psychosis and mood disorders sections of the
K-SADS-P to provide more detailed coverage of the severity of
psychotic and mood symptoms. In addition, hospital and school
records were reviewed. The clinician interviewing the parent and
child reviewed the diagnostic interviews as well as ancillary infor-
mation with a second clinician to arrive at a consensus diagnosis.
Only children who obtained consensus diagnoses of DSM-IIT-R
(1987) schizophrenia were included in the UCLA Childhood
Schizophrenia Research Program. Children were excluded if they
were retarded (Full Scale IQ < 70), had a history of CNS diseases
that could produce psychotic-like symptoms (e.g., temporal lobe
epilepsy), or had taken drugs that could produce psychotic symp-
toms. Normal children were drawn from local school districts that
have children who are demographically comparable to the schizo-
phrenic children.

Different subsets of our cohort of schizophrenic subjects are in-
cluded in the various studies summarized herein. To indicate the
demographic characteristics of this group of children, we have
sumrmnarized the demographic characteristics of the entire cohort in
Table 1.

Precursors of psychotic symptoms in schizophrenic children

To identify the precursors of psychotic symptoms in schizophrenic
children we (see Watkins et al. 1988 for details of this study) em-
ployed a follow-back design similar to that used in studies of adult
schizophrenia (Watt and Lubensky 1976) in which school, hospi-
tal, and other early records of a group of children who subsequently
developed schizophrenia were examined and objectively rated.
Two rating scales were used to characterize the children: a
DSM-III Symptom Rating Scale and the Achenbach Child Behav-
ior Checklist (CBCL; Achenbach and Edelbrock 1983). The DSM-
I Symptom Rating Scale was used to rate each symptom of schiz-
ophrenia, schizotypal personality disorder, childhood onset perva-
sive developmental disorder and infantile autism included in
DSM-III. The CBCL provided broad coverage of behavioral prob-
lems associated with a wide variety of child psychiatric distur-
bances that were not covered by the Symptom Rating Scale.

Table 1 Characteristics of schizophrenic children

Mean SD

Age in years (n = 47) 10.5 1.9
Peabody Picture Vocabulary Test-Revised 93.9 14.7

(7 = 47; Full-scale 1Q)
Gender (n = 47)

Males: 34

Females: 13
Handedness (n = 45)

Right: 40

Left: 5
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Symptoms were rated at each of four age ranges: 0-30 months, 31
months to 5 years 11 months, 6 years to 8 years 11 months, and 9
years to 11 years 11 months.

A symptom-rating database was developed by obtaining copies
of records from all hospitals, clinics, schools, physicians and other
relevant professionals seen by the children prior to entry in our
study. This symptom-rating database provided multiple contempo-
raneous accounts of each child’s behavior, medical status, and
school performance in each of the four age ranges.

The majority of schizophrenic children had significant devel-
opmental delays beginning in infancy. Gross deficits in language
development or no language prior to 30 months were reported in
72% of the schizophrenic children. Motor development problems
were also seen in schizophrenic children including delayed mile-
stones and poor coordination in 72% and hypotonia in 28%. Com-
parison across the four age ranges showed clearly that the fre-
quency of language deficits in the schizophrenic children gradually
decreased.

There appeared to be two somewhat different patterns of symp-
tom development prior to the onset of psychotic symptoms in these
children. The children with the most severe language problems had
a number of other autistic-like symptoms including peculiar
speech, pervasive lack of responsiveness, and self-mutilation. The
balance of the children tended to have less severe language prob-
lems and no autistic-like symptoms.

The children with the more severe language problems and
other autistic-like symptoms generally manifested schizophrenic
psychotic symptoms one age range earlier (during the 6 year to 8
years 11 months) than the balance of the children. During this age
range the schizophrenic symptoms consisted primarily of incoher-
ence, loosening of associations, other symptoms of formal thought
disorder, and flat or inappropriate affect in 71% of the children,
with only two showing diagnostically significant delusions or hal-
lucinations. By the 9 years to 11 years 11 months age range, how-
ever, 71% of these children developed diagnostically significant
delusions and hallucinations in addition to formal thought disorder
and flat or inappropriate affect. Differences in symptoms between
children with and without autistic-like symptoms faded with age as
rates of hallucinations and delusions increased for both groups in
the 9 years to 11 years 11 months age range.

The other group, schizophrenic children without autistic-like
symptoms, showed a gradual worsening of symptoms. Although
less disturbed during infancy than children with autistic-like symp-
toms, most of these children also had significant developmental
delays beginning in infancy. Most of the children without early
histories of autistic-like symptoms first manifesied schizophrenic
psychotic symptoms during the 9 years to 11 years 11 months age
range. During the age range immediately preceding the onset of
psychotic symptoms, 82% of these children were rated as borh so-
cially impaired and presenting with at least one of the following
prodromata of schizophrenia identified in prior research: excessive
anxiety and panic, constricted or inappropriate affect, magical
thinking, suspiciousness, and undue social anxiety and hypersensi-
tivity to criticism.

Interestingly, given other data suggesting that depressive
symptoms are associated with more positive outcomes, children
without autistic-like symptoms showed more depressive symptoms
on the CBCL at the time of the onset of the schizophrenic episode
when compared with children wizh autistic-like symptoms. Prior to
the first onset of psychotic symptoms, symptoms associated with
the hyperactive factor of the CBCL were observed in over 50% of
both groups of children including: speech problems, clumsy, acts
too young for age, poor school work, daydreams, cannot concen-
trate, impulsive, hyperactive, and confused.

Follow-back analyses conducted by J. Asarnow and colleagues
(Asarnow and Ben-Meir 1988; Asarnow et al. 1995) using a sam-
ple composed of schizophrenic children who had been psychiatric
inpatients (a small subset of whom were also in the Watkins et al.
1988 sample) revealed that schizophrenic children were likely to
have an insidious onset of disorder with only 1 of 21 schizophrenic
children presenting with an acute onset. When compared with a
group of child psychiatric inpatients with major depression, schiz-
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ophrenic children showed significantly poorer levels of overall
premorbid adjustment, as well as significantly poorer premorbid
functioning in the area of peer relationships, scholastic perfor-
mance, school adaptation, and interests. Schizophrenic children
did show variability in the level of premorbid adjustment, with the
subgroup of schizophrenic children with depressive symptoms
tending to show higher levels of premorbid adjustment.

Overall, there were far more severe symptoms and far more so-
cial impairment prior to the onset of schizophrenia in these chil-
dren than is seen in the childhood histories of schizophrenic adults.
The gender differences found in our cohort of schizophrenic chil-
dren paralleled those reported in the early histories of adult schiz-
ophrenics, where males are more likely to show early signs of de-
viant development than females (Goldstein 1980; Mednick et al.
1978).

Early developmental delays and/or neurobehavioral impair-
ments similar to those described during the premorbid periods of
childhood-onset schizophrenics have also been observed among
children considered at risk for schizophrenia based on schizophre-
nia in their biological parents. These include transient delays in
gross motor and/or visual-motor development (see Fish et al. 1992
and Asarnow 1988 for reviews).

Neuropsychological functioning
in schizophrenic children

Survey of neuropsychological functions

This section summarizes some key findings from a series
of studies conducted in R. Asarnow’s laboratory that sur-
veyed a range of neuropsychological functions using per-
formance tasks shown to be sensitive to focal brain dam-
age in patients with neurological disease (see Asarnow et
al. 1995 for details). The tasks included in that survey are
described in Table 2. Table 3 summarizes the results of the
survey.

The goal of this survey was to identify the task de-
mands and/or experimental conditions that elicit the least
and most impairment in the performance of schizophrenic
children. This is a critical first step in delimiting the cog-
nitive processes that are impaired in schizophrenic chil-
dren. The studies used either well-validated clinical neu-

Table 3 Neuropsychological performance in schizophrenic and
normal children

Test Schizophrenic Normal children
children (n =15) (n=15)

Mean = SD Mean + SD
Benton Judgement of
Line Orientation
(number correct) 19.18 £ 7.17 21.29+ 4.40
Peabody Picture Vocabulary
Test (standard score) 93.6 *£12.73 98.07 £ 18.55
Purdue Peg Board
(standard score)
Dominant hand 78.00% 9.27 95.13 £ 12.71*
Nondominant hand 78.90 + 12.49 97.33 £ 13.50*
Both hands 7290+ 8.65 89.85 £ 15.03*
Rey’s Tangled Lines 4530 %+ 16.79 56.64 £ 16.62
(scaled score)
Seashore Rhythm 90.93 £ 14.74 110.92 £ 15.09%%*
(standard score)
Token Test 82.13 £ 13.60 99.07 £ 14.84%*
(standard score)
* P <0.05
*# P <0.005

ropsychological tasks or experimental versions of those
tasks.

The following sections focus on measures of language
and motor functioning, because early delays and impair-
ment were observed in these functions in our retrospective
studies. Do these impairments persist when the children
are between 10 and 13 years old and have already experi-
enced their first schizophrenic episode?

Language functioning

The schizophrenic children in these studies scored within
the normal range on the verbal comprehension factor of

Table 2 Functional domain and putative brain substrates for neuropsychological tests

Test

Functional domain

Putative brain substrate

Benton Visual

Form Discrimination Test (match)
Benton Visual Form

Discrimination Test {memory)

Benton Judgement of Line Orientation
Benton Visual Retention Test (copy)
Benton Visnal Retention Test (memory)

Block Design (modified)

Peabody Picture Vocabulary test, revised
Purdue Pegboard

Rey’s Tangled Lines Test

Seashore Rhythm Test

Token Test

Wisconsin Card Sorting Test

Visuoperceptual
Visuoperceptual + memory

Visuoperceptual
Visuoperceptual + graphomotor
Visuoperceptual +

graphomotor + memory
Visuoperceptual + graphomotor
Receptive vocabulary

Fine motor speed

Visual tracking

Auditory perception

Receptive langnage +memory
Shift of set + concept formation

Right hemisphere
Right hemisphere + left hemisphere?

Right hemisphere (posterior parietal)
Right hemisphere
Right hemisphere + left hemisphere?

Right hemisphere

Left hemisphere

Right and left hemisphere
Frontal

Right temporal

Left hemisphere

Frontal?




the WISC-R (Asarnow et al. 1987), which includes the In-
formation, Similarities, Vocabulary, and Comprehension
subtests. In addition, the schizophrenic children score
within the normal range on the Peabody Picture Vocabu-
lary Test — Revised (Dunn and Dunn 1981), a measure of
receptive vocabulary (Schneider and Asarnow 1987).

The schizophrenic children do show impairments,
however, on two other tasks that require the processing of
auditory stimuli and are sensitive to damage to the tempo-
ral lobe of the language-dominant hemisphere. Schizo-
phrenic and normal children were administered the Token
Test from the Multilingual Aphasia Examination (Benton
and Hamsher 1989). The Token Test screens for receptive
aphasia by requiring subjects to follow oral instructions of
increasing complexity. Inspection of Table 3 reveals that
schizophrenic children made significantly more errors
than normal controls on this test. Schizophrenic children
had particular difficulty understanding complex grammat-
ical transpositions or instructions that involved carrying
out sequences of behavior involving multiple steps (Wat-
kins et al. submitted).

Schizophrenic children also performed significantly
worse than normals (Watkins et al. submitted) on the
Seashore Rhythm Test (Seashore et al. 1960; see Table 3).
This test measures the processing of nonlinguistic, aundi-
tory stimuli by requiring subjects to reproduce a rhythym
by tapping on a table rhythms that are presented aurally.

The schizophrenic children’s pattern of performance
on the Seashore Rhythm and Token tests does not indicate
central impairments in the primary processing of auditory
stimuli. Rather, it appears that the errors made by schizo-
phrenic children on these two tasks (one using linguistic
and the other nonlinguistic stimuli) may reflect impair-
ments in attention and/or memory, because both tasks re-
quire subjects to sustain attention and to remember se-
quences of verbal instructions (on the Token Test), and to
attend, remember, and reproduce sequences of nonverbal
auditory stimuli (on the Seashore Rhythm Test).

Fine motor functioning

Visual motor coordination and fine motor speed were ex-
amined (Watkins et al. submitted) in schizophrenic chil-
dren using the Purdue Pegboard (Tiffin 1968). The Purdue
Pegboard requires subjects to place small metal pegs into
a line of small holes as rapidly as possible. Schizophrenic
children performed significantly worse than normal con-
trol children and the standardization sample on the Purdue
Pegboard using the dominant hand, nondominant hand, or
both hands. Impairments in visual motor coordination
have also been observed in the children of schizophrenic
parents (Fish 1977; Fish et al. 1992; Marcus et al. 1985;
Waiker and Emory 1983) as well as schizophrenic adults
(Manschreck 1983). That schizophrenic children are im-
paired bilaterally on the task is not consistent with models
that schizophrenic patients suffer from dysfunctions con-
fined to only one hemisphere.
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Perceptual functioning

Schizophrenic children obtained normal scores on the per-
ceptual organization factor of the WISC-R (Asarnow et al.
1987). The subtests included in the perceptual organiza-
tion factor are Picture Arrangement, Picture Completion,
Object Assembly, and Block Design. In addition, schizo-
phrenic children perform within normal limits (Schneider
and Asarnow 1987) on the Benton Judgement of Line Ori-
entation Task (Benton et al. 1975), a task that requires
subjects to discriminate among lines that differ only in an-
gular orientation.

Watkins et al. (submitted) recently examined in some
detail a more circumscribed aspect of visual perception,
form discrimination abilities, using two tests. One task,
the Visual Retention Test (Benton 1974) assesses form
discrimination abilities by requiring subjects to draw de-
signs. A second task, the Visual Form Discrimination Test
(Benton et al. 1977), assesses form discrimination abili-
ties by requiring subjects to pick one of four comparison
designs that match a sample design placed above the com-
parison stimuli. This makes much fewer demands on
graphomotor functions than the Visual Retention Test.
Figure 1 presents the results of this study. Schizophrenic
and mental-age-matched normal children did not differ in
their ability to discriminate between simultaneously pre-
sented designs (Visual Form Discrimination Test) or to re-
produce a design by copying (Visual Retention Test).

When memory demands were added to both tasks,
however, schizophrenic children showed impairments rel-
ative to normal control children (Fig. 1). A 15-s delay was
interposed between the presentation of the design and
when the subject was allowed to begin drawing the design
on the Visual Retention Test. On the Visual Form Dis-
crimination Test, after a 10-s presentation, the sample was
removed so that the subject matched the comparison stim-
uli to their memory of the standard stimulus. The schizo-
phrenic children performed significantly worse than the
matched normal controls on both tests in which subjects
were required to hold the sample stimulus in short-term
memory before responding.

100
K Normal
80 3 Schizophrenic
3
5 60+
O
=
8 40
[
[~
20
0 - .
Copy Copy from Maiching  Matching from
Memory Memory

Fig.1 Visual Retention Test and Visual Form Discrimination
Test: Mean scores for schizophrenic and normal control children
when subjects copy or discriminate between designs in conditions
with and without memory demands. (Reprinted with permission of
Schizophr Bull)
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The two Benton tests arc sensitive measures of the
kinds of visual-spatial impairments found in patients with
focal lesions involving the right posterior cortex (Lezak
1983). The normal performance of schizophrenic children
on the Visual Retention and Visual Form Discrimination
tests indicates that they do not suffer from the types of vi-
sual-spatial impairments typically found in patients with
focal lesions confined to the right posterior lobe. In con-
trast, adding a memory demand to these tests elicited im-
paired performance in schizophrenic children regardless
of whether they responded by simple pointing or by copy-
ing a design.

Conclusions

It appears that rote language skills and simple perceptual
functions are not impaired in schizophrenic children. In
contrast, schizophrenic children perform poorly on a
number of tasks that tap fine motor speed and/or place ex-
tensive demands on attention and/or short-term memory.

Cognitive/neuropsychological tasks tap multiple cog-
nitive processes. Which of those processes is responsible
for the impaired performance shown by schizophrenic
children? In the next section we briefly review a series of
studies examining visual attention, which attempt to iso-
late the cognitive processes that are impaired in schizo-
phrenic children. :

Studies of visual information processing

This section summarizes a series of studies (see Asarnow
and Sherman 1984 and Asarnow et al. in press for details)
designed to further delimit the cognitive processes that are
impaired in schizophrenic patients. We attempted to ac-
complish this by determining which of the multiple cogni-
tive processes tapped by a forced choice, span of appre-
hension task, is impaired in schizophrenic children. The
span of apprehension task was originally developed by
Estes and Taylor (1964) to provide an index of the rate of
visual information processing. This task detects dysfunc-
tion not only in actively psychotic schizophrenic patients,
but also in individuals vulnerable to schizophrenia, in-
cluding schizophrenic adults in clinical remission and the
unaffecied first-degree relatives of schizophrenic probands
(see Asarnow et al. 1991 for a review).

Our attempts to isolate the cognitive processes im-
paired by schizophrenia are guided by information-pro-
cessing models. Information-processing models describe
“the structures and processes by which individuals regis-
ter, encode, select, maintain, transform, store and retrieve
information” (Nuechterlein and Asarnow 1989). Early in-
formation-processing models emphasized the role of
structural limitations on cognitive functions. Modern in-
formation-processing models, in contrast, acknowledge
the role of processing resources (capacity) in setting lim-
its on the information processing that can be carried out in
a fixed unit of time. Processing resources are broadly con-

ceptualized as the limited fuels, processes, and skills that
are available at a given moment to enable performance of
cognitive tasks (Hirst and Kalmar 1987).

In Experiment T (Asarnow et al., submitted), schizo-
phrenic, mental-age-matched normal children, and a
group of younger normal children were administered the
same span of apprehension task used in studies af adult
schizophrenics and their relatives. Subjects were told that
either a “T” or “F” would be flashed briefly (for 50 ms) on
a backward projection screen along with other letters.
They were instructed to report after each trial which of the
two target letters had been presented. The target stimulus
was embedded in arrays containing either 0, 2, 4, or 9
nontarget letters. Subjects received four scores, which
were the number of correct detections of the target stimuli
for each array size. Schizophrenic children showed im-
paired performance relative to mental-age-matched nor-
mals on the five- and ten-letter arrays of the span task, but
not on the one- and three-letter arrays.

The results from Experiment I suggest that all groups
of subjects were engaged in serial search when perform-
ing on the partial-report span task. Serial processing de-
mands focal attention. It is characterized by directing at-
tention “serially to different locations, to integrate the fea-
tures within the same spatio-temporal ‘spotlight’ into a
unitary percept” (Treisman and Gelade 1980). One of the
defining characteristics of a serial mode of processing is
that there is an incremental cost (increased reaction time
or errors) when subjects are required to detect targets in
displays with increasing numbers of distractors. This is
exactly what happened on the Estes and Taylor span task
in Experiment 1. As the number of distractors increased
from 0 to 2 to 4 to 9, the target detection rates for all
groups decreased. The fact that the schizophrenic children
and the younger normals showed a greater “cost” with in-
creased number of distractors than mental-age-matched
normal suggests that their serial search is either initiated
more slowly or employed less efficiently than that of the
older normal group.

A convergent result emerged from Experiment I1 of
Asarnow and Sherman (1984). Visual scan paths were
studied by modifying the stimulus matrix so that each tar-
get stimulus appeared eight times in each quadrant. When
the target is in the upper guadrants, as opposed to the
lower quadrants, both the schizophrenics and the mental-
age-matched normals showed a significantly greater prob-
ability of correctly detecting the target. This suggests that
both the schizophrenic and older normal children consis-
tently began their serial search in the upper quadrants, and
that their iconic image of the stimulus display faded be-
fore they could adequately process the lower quadrants.

The results of Experiments I and II suggest that both
schizophrenic and normal children use serial search to de-
tect the target on partial-report span tasks. Schizophrenic
children appeared to be delayed in the initiation of serial
search and/or carry out serial search more slowly than
normal children (see Sherman and Asarnow 1985). Serial
search requires effort, and, therefore, makes extensive de-
mands on processing resources.



In contrast, on another version of the span task (a full-
report task) that makes considerably less demands on pro-
cessing resources, schizophrenic children reported as
many letters as mental-age-matched normals (Asarnow
and Sherman 1984, Experiment III). The full-report span
task makes greater demands on iconic memory (a large
capacity visual memory store that stores information for
200-400 ms) and immediate memory and less demands
on serial search than partial-report span tasks.

Cognitive processes impaired
in schizophrenic children

Our survey of neuropsychological functions and detailed ‘

studies of visual attention generally yielded converging
results. The tasks that elicit impaired performance in
schizophrenic children tap a wide diversity of computa-
tional functions across sensory modalities. A key charac-
teristic that differentiates the tasks that elicit impaired per-
formance in schizophrenic children from those that do not
is that they make more extensive demands on processing
resources. This is consistent with the hypothesis devel-
oped in earlier reviews of cognitive/neuropsychological
studies of schizophrenic children (Sherman and Asarnow
1985; Asarnow et al. 1986; Asarnow et al. in press) and
adults (Nuechterlein and Dawson 1984) that schizo-
phrenic individuals have subtle limitations in processing
capacity.

Psychophysiological studies of the processes involved
in the mobilization and allocation of processing resources
are important complements to our behavioral studies.

ERP indices of processing deficits in schizophrenia

We have recently completed a series of studies of ERPs
recorded while schizophrenic children performed infor-
mation-processing tasks such as the span of apprehension
task (Span; Strandburg et al. 1984, 1991, 1994 a) and the
continuous performance task (CPT, Strandburg et al.
1990, 1994b). Several decades of studies of mental
chronometry using ERPs has yielded a lexicon of ERP
components with fairly well-established neurocognitive
correlates (Donchin et al. 1978; Hillyard and Kutas 1983).
These components can be used to parse the sequence of
neurocognitive events in such a way as to determine more
precisely the nature of information-processing deficits in
schizophrenic children and adults.

ERP components studied

In our ERP studies we have focused primarily on four
components: contingent negative variation (CNV), hemi-
spheric asymmetry in the amplitude of the P1/N1 compo-
nent complex, processing negativity (Np), and a late pos-
itive component (P300). The CNV provides a measure of
orienting, preparation and readiness to respond to an ex-
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pected stimulus. Most authors acknowledge that there are
at least two separate generators of the CNV: an early
frontal component believed to be an orienting response to
warning stimuli, and a later central component associated
with preparedness for stimulus-processing and response
(Rohrbaugh et al. 1986). In the Span task the CNV is ap-
parent as a slowly developing frontal negative wave be-
tween the warning and Span stimuli. In the CPT task a
CNV-like process develops frontally just prior to each of
the continuously repeating stimuli.

Normal individuals typically have larger visual P1/N1
components over the right cerebral hemisphere. We have
compared hemispheric laterality between normal and
schizophrenic individuals in many of our studies. Differ-
ences in this lateralization during visual information-pro-
cessing tasks could reflect either differences in the strate-
gic utilization of processing capacity of the hemispheres
or a lateralized neural deficit.

The Np is a family of negative components that occur
within the first 400 ms after the onset of a stimulus, indi-
cating the degree to which attentional and perceptual re-
sources have been allocated to stimulus processing. Be-
cause the Np waves occur contemporaneously with other
components (P1, N1, and P2), they can best be seen in dif-
ference potentials resulting from the subtraction of nonat-
tend ERPs from attend ERPs (Hillyard and Hansen 1986;
Naatanan 1982).

Finally, the P300 1s a frequently studied index of the
recognifion of stimulus significance in relation to task de-
mands. The P300 is a positive wave occurring as early as
300 ms after a task-relevant stimulus. In the case of tasks
as complex as the Span or CPT, the P300 is seen between
400 and 500 ms poststimulus.

Consistent ERP results in schizophrenia

Table 4 summarizes by component the ERP results from
six studies of schizophrenic children or adults undertaken
in our laboratory. We review the components in the order
that they appear. All of the studies summarized in this
table resulted in rather large and robust performance dif-
ferences between groups in both the accuracy and reaction
times of signal detection responses. Thus, the behavioral
paradigms were successful in eliciting information-pro-
cessing deficits in these patients. Of interest were the ERP
differences that are associated with the behavioral
deficits.

The CNV differences between normals and schizo-
phrenics were not consistently found across our various
studies. In the Span task (which includes a warning inter-
val) all possible results have been obtained (normals >
schizophrenics; normals = schizophrenics; and normals <
schizophrenics). For the CNV-like negative wave occur-
ring in the CPT task, no group differences were found in
either experiment. Because our warning interval was short
and the wave was largest frontally, the CNVs in both tasks
were most likely the early wave related to orienting. Thus,
differences in prestimulus orienting do not seem to reli-



76

Table 4 Information-processing tasks in schizophrenic children and adults: summary of evoked-potential studies. CPT continuous per-
formance task; CNV contingent negative variation; Np processing negativity; P300 late positive component

P1/N1
asymmetry

Np

P300

Norm > schiz
Norm > schiz
Norm > schiz
Norm > schiz
Norm > schiz

Norm > schizb
Norm > schiz
Norm > schiz
Norm > schiz

Norm > schiz
Norm > schiz
Norm > schiz
Norm > schiz®
Norm > schiz

Paper® Task Group tested CNV

1984 Span Schizophrenic children .Norm > schiz
1990 CPT Schizophrenic children Norm = schiz
1991 Span Schizophrenic children Norm = schiz
1994 a Span Schizophrenic adults Schiz > norm
1994b CPT Schizophrenic children Norm = schiz
In pre- Jdiom Schizophrenic adults Norm > schiz

paration

a Authors of all papers are Strandburg et al.
b Larger task-difficulty increase in N1 amplitude in normals than
schizophrenics

ably account for the poor performance of schizophrenics
on these tasks.

The literature from CNV experiments on schizophre-
nia from other labs has also been somewhat checkered, al-
though the preponderance of studies seem to favor a
smaller CNV in schizophrenics (see review by Pritchard
1986). It may be that a longer warning interval than used
in our experiments (500 ms in the Span and 1250 ms ISI
in the CNV) and the consequent clicitation of a later CNV
process is necessary for observation of preparatory abnor-
malities in schizophrenics.

In every study summarized in Table 4 where process-
ing negativities have been measured, Nps have been
found to be smaller in schizophrenics. This deficit has
been seen in both children (Strandburg et al. 1984, 1991,
1994 b) and adults (Strandburg et al. 1994 a), and in both
the Span (Strandburg et al. 1984, 1991, 1994 a) and CPT
(Strandburg et al. 1994b) tasks. By way of contrast, we
recently studied a group of attention-deficit hyperactivity-
disorder (ADHD) children on the CPT task and found no
evidence of smaller Np in ADHD children. Thus, a di-
minished Np amplitude is the earliest consistent ERP in-
dex of schizophrenic information-processing deficit in our
research. These results suggest impaired allocation of at-
tentional and perceptual resources.

There is general consensus from studies of processing
negativities in channel selective attention tasks (Nd) that
adult schizophrenics produce less attention-related en-
dogenous negative activity than do normals (see reviews
by Cohen 1990 and Pritchard 1986). Our resulis comple-
ment this finding in adults using a discriminative process-
ing task and extend these findings to childhood-onset
schizophrenia. Both Michie et al. (1990) and Baribeau-
Braun et al. (1983) have argued that reductions in the am-
plitude of processing negativity in schizophrenics results
from impairments in executive functions responsible for
the maintenance of an attentional trace. For example,
Baribeau-Braun (1983) observed normal Nd activity with
rapid stimulus presentation rates, but reduced amplitudes
with slower rates, suggesting that the neural substrates of
Nd are intact, but improperly regulated. Knight et al.
(1981) have demonstrated that individuals with frontal

¢ Normals had larger P300 than schizophrenics for targets in the
single-target CPT task

lobe lesions resemble schizophrenics in this regard, in that
both groups do not show increased processing negativity
to attended stimuli in auditory selective attention tasks.

Reduced amplitude P300 in schizophrenic adults has
been found in a large number of studies in a wide variety
of experimental paradigms (reviewed by Pritchard 1986).
As can be seen in Table 4, we have also consistently ob-
served smaller P300 amplitude in studies of both schizo-
phrenic children and adults, in the Span, CPT and idiom
recognition tasks. P300 latency was also measured in two
of these studies. Although prolonged P300 latency was
found in one study (Strandburg et al. 1994b), no differ-
ences were found in another (Strandburg et al. 1994 a).
The majority of ERP studies have reported normal P300
latency in schizophrenics (Pritchard 1986).

Absence of right-lateralized P1/N1 amplitude in visual
ERPs has been a consistent finding in all five of our stud-
ies using the CPT and Span tasks. Thus, our data demon-
strate that abnormally lateralized electrophysiological re-
sponses, related either to lateralized dysfunction in schi-
zophrenics or a pathology-related difference in informa-
tion-processing strategy, is a consistent aspect of both
adult- and childhood-onset schizophrenia. These results
are perhaps consistent with the results of others suggest-
ing abnormal patterns of hemispheric laterality in schizo-
phrenics (e.g., Tucker and Williamson 1984).

Summary

Our ERP studies of schizophrenic adults and children per-
forming discriminative processing tasks suggest that the
earliest reliable electrophysiological correlate of impaired
discriminative processing in schizophrenics is observable
in the Np component. Thus, it appears that schizophrenics
are deficient in the allocation of the attentional resources
necessary for efficient and accurate discriminative pro-
cessing. Although diminished amplitude processing nega-
tivities have been observed in ADHD in auditory para-
digms (Satterfield et al. 1990; Loiselle et al, 1980), Np
was found to be normal in ADHD children during our vi-
sual CPT task (Strandburg et al. submitted). Thus, the di-



minished Np in visual processing may be specific to
schizophrenic pathology. Later ERP abnormalities in schizo-
phrenics (e.g., diminished amplitude P300) may be a
“downstream” product of the uncertainty in stimulus
recognition created by previous discriminative difficul-
ties, or may be additional neurocognitive deficits. Abnor-
malities in later ERP components are not specific to schi-
zophrenia, having been reported in studies of ADHD chil-
dren (reviewed by Klorman 1991).

Finally, although the absence of P1/N1 asymmetry in
the visual ERPs of schizophrenics is contemporaneous
with the diminished Np, the fact the Np amplitude varies
with the processing demands of the task, whereas P1/N1
asymmetry does not, suggests that it is the Np deficit that
plays a greater role in the information-processing deficits
manifested by schizophrenic children.

Implications for neurodevelopmental model

Our retrospective studies of the neurobehavioral an-
tecedents of psychotic symptoms in schizophrenic chil-
dren, cross-sectional studies of neurobehavioral function-
ing, and ERPs provide findings that can inform neurode-
velopmental models of schizophrenia. Our retrospective
studies of neurobehavioral development in schizophrenic
children indicate that well in advance of the first onset of
psychotic symptoms, schizophrenic children manifest cer-
tain peurobehavioral impairments. During infancy and
carly childhood their language acquisition is slow (partic-
ularly for expressive language), and gross motor function-
ing is impaired. Somewhat later there are impairments in
fine motor coordination. These neurobehavioral impair-
ments may be early manifestations of the brain lesions
posited by neurodevelopmental models. As noted above,
in the neurodevelopmental model, these brain lesions are
thought to be silent. The results of our studies, as well as
studies of children at risk for schizophrenia, suggest that
the lesions are silent only in the sense that they do not im-
mediately produce active psychotic symptoms. It is worth
noting that the expressive language and motor skills are
subserved by structures in the frontal lobes. It is these ar-
eas where many of the early brain lesions are also found
(Weinberger 1987).

There is an interesting disparity between the results of
our detailed cross-sectional neurobehavioral assessments
and the results of the retrospective studies of neurobehav-
ioral development prior to the onset of psychotic symp-
toms. As noted herein a great majority of schizophrenic
children were slow to acquire expressive language. For
example, the children were delayed in speaking in two-
and three-word phrases. Curiously, the results of the neu-
ropsychological evaluations conducted when the children
were 9 years of age revealed that simple expressive and
receptive language skills were among the least impaired
functions in these children. It appears that the early im-
pairments in language function were delays, not static
neuropsychological deficits. On the other hand, when
schizophrenic children had to process complex verbal and
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nonverbal information (e.g., by holding it in short-term
memory while they executed a sequence of actions), their
performance was impaired. A parallel] situation obtains in
regard to motor functioning. There were delays in motor
functioning involving gross motor coordination. At age 9
years schizophrenic children did not show impairments in
gross motor functioning. They did, however, show im-
pairments on the Purdue Pegboard, a measure of speeded
motor performance that places extensive demands on fine
motor speed and motor coordination. Placing cognitive
systems under time pressure (e.g., increasing the amount
of information that must be processed in a fixed unit of
time) makes greater demands on processing resources
(Kahneman 1973). This constellation of findings indicat-
ing a delay in the acquisition of certain skills yet residual

“problems when the skills have to be performed under con-

ditions involving more effortful processing, may offer
some important insights into the neurobehavioral impair-
ments in schizophrenia.

What mechanisms could produce this constellation of
delayed acquisition of skills, which even once acquired
are not necessarily deployed as efficiently? Impairments
can still be revealed by putting the system under time
pressure, for example. The developmental delays might
be an analog of a delay of automatization of skills. Re-
search examining the ontogeny of skilled motor perfor-
mance and perceptual discrimination learning may pro-
vide a useful framework for elucidating the mechanisms
underlying the developmental delays observed in schizo-
phrenic children.

It appears to be the case that schizophrenic children are
most likely to be delayed in acquiring those skills (e.g.,
speaking in two- and three-word utterances) that are at the
cusp of development (i.e., emerging skills that are just
coming on-line developmentally). It is not the case that
schizophrenic children are unable to speak in two- and
three-word utterances; rather, they are delayed in the ac-
quisition of the skill because some months later they can
speak in two- und three-word utterances.

Developmental delays may be analogous to a delay in
learning a skill. Why should schizophrenic children show
delays in learning skills? An intriguing answer to this
problem emerges from our previous hypothesis that schiz-
ophrenic children have a reduced processing capacity.
Controlled processes are used when an individual is first
attempting to learn a skill. For example, on tasks such as
the span of apprehension controlled processes modify
long-term memory and are used to search the arrays and
decide responses. As practice proceeds these responses
become automated, i.e., they make less demands on pro-
cessing resources. In this way the limited controlled pro-
cessing system lays down the “stepping stones” of auto-
matic processing (Schneider et al. 1984). Reduced pro-
cessing resources can lead to deficient development of an-
tomatic operations. It can particularly lead to a delay in
the time taken to make a task automated (i.e., make it re-
source-free). Perhaps the developmental delays we have
observed in schizophrenic children represent in a broader
time scale the greater time it takes schizophrenic individ-
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uals to automate certain information-processing tasks in
the laboratory. There is a reciprocal relationship between
automatic and controlled processes. Reduced availability
of processing resources leads to greater limitations on
controlled processes, which in turn leads to slow develop-
ment of automatic processes. Subsequently, reduced uti-
lization of automatic operations requires that resources
demanding controlled processes be used for more compo-
nents of the task, which further reduces the amounts of
available resources. The reduced amplitude of the NP ERP
component which is consistently observed in both child and
adult onset schizophrenic patients is consisient with the
hypothesis that processing resources are reduced in schizo-
phrenia. “It is this cascading system of interactions be-
tween automatic and controlled processes, which allows a
limited capacity central processor to carry out very com-
plex cognitive tasks in normal persons, that appears to be
somehow disrupted in patients with schizophrenia” (Gran-
holm et al. 1991).
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