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XVII-7

The Neuropsychology of Schizophrenia
L. Krabbendam and J. Jolles

INTRODUCTION

Schizophrenia is a major psychiatric disorder characterized by a
disruption in affective, cognitive and social domains, which results
in compromised ability to adapt to a changing environment and
to function adequately in the community. The point prevalence,
expressed as the number of cases per 1000 persons at risk, is
estimated at between 1.4 and 1.6, and the lifetime prevalence
ranges from 0.5% to 1.0% of the population (Jablensky, 1995). The
disorder usually manifests itself between the ages of 18 and 25, but
according to current neurodevelopmental models of schizophrenia
may already begin during prenatal development. More specifically,
it is hypothesized that a failure occurs during the period of cell
migration, leading to non-optimal connections between brain areas
(e.g., Weinberger, 1987). The onset of psychotic symptoms is so
much later, when the affected part of the brain matures and is
called ‘on line’ (Weinberger, 1987).

With respect to the neuropsychology of schizophrenia, the
notion of deterioration in cognitive and behavioural functions was
implicit in the initial conceptualization of the disorder. Kraepelin
(1919) labelled the disorder ‘dementia praecox’, defining it as
an irreversible deteriorative condition. In past decades, numerous
studies have yielded evidence for cognitive deficits in patients with
schizophrenia. In the 1960s, investigations into disrupted attentional
functions started with systematic experimental investigations of
reaction time parameters in the differentiation of schizophrenics
from non-psychiatric individuals. Clinical research in the same
period had shown that schizophrenic patients performed abnormally
on measures of general intellectual functioning (e.g., Heaton
and Crowley, 1981). Indeed, it turned out that when a group
of patients with schizophrenia are compared to healthy controls
on a neuropsychological test battery, performance of the patient
group was worse on almost all of the tests and comparable to
the performance of patients with known neurological damage.
However, a description of the symptoms, cognition and behaviour
of schizophrenics in terms of the dichotomy ‘organic’ versus
‘functional’ has not proved very fruitful. Nowadays, schizophrenia
is considered as a psychiatric disorder with neuropsychological
correlates. This more accurately characterizes the illness and
enables the investigation of specific brain–behaviour relationships
which underlie the variability of symptoms and neurobehavioural
systems which may be affected.

In this chapter we present the neuropsychological aspects of
schizophrenia, with an emphasis upon the major cognitive and
behavioural functions that are affected. We do not attempt to give an
elaborate overview of clinical neuropsychological research which
has shown, generally, deficits in performance of schizophrenic
subjects. Rather, we focus on neurocognitive processes involved
in the expression of the disease and elaborate on possibly relevant
modulatory factors, and on current models which attempt to
understand the behavioural expression of the disease. Attentional

functions, executive functioning and memory — notably working
memory — are described in relation to the various experimental
techniques used to measure neurocognitive processes. Important
notions are evaluated such as those regarding the processing of
context, theory of mind and monitoring. We will also consider
vulnerability factors such as genetic and environmental factors and
the relation with factors such as medication, cognitive therapy
and the course of deficits. Closing paragraphs are devoted to a
description of the functional significance of the neurocognitive
and behavioural changes to allow better understanding of the
symptoms and neurobehavioural profile of schizophrenics. The
chapter does not contain material concerning neurological or ‘brain
localizational’ aspects of schizophrenia, because Chapter XVII-8 in
this book is dedicated to that subject.

THE NATURE OF THE NEUROCOGNITIVE
DEFICITS IN SCHIZOPHRENIA

The range of deficits in schizophrenia is extremely broad. Roughly,
when a battery of neuropsychological tests is administered to a
group of patients with chronic schizophrenia, mean performance
of the group will be significantly below normal performance on
at least half of the tests. Reviewing all findings would be nearly
impossible, and would probably obscure the central issues in this
review. Therefore, this section summarizes research on three cog-
nitive domains: attention, memory and executive function. These
were chosen because impairments on these domains have been
consistently implicated in schizophrenia research, and sophisticated
paradigms have been developed to elucidate the nature of dysfunc-
tion in these domains.

Attentional Functions

Both clinical descriptions and subjective accounts of schizophrenia
emphasize attentional deficits. Attention is a multifactorial con-
struct, including the ability to maintain an alert state, to orient to
novel stimuli, to filter relevant information and to rapidly discrim-
inate stimuli for some duration of time. Two aspects of attention
that have received particular attention in schizophrenia research are
sustained and selective attention. Sustained attention refers to the
capacity to maintain a state of readiness to respond to small changes
in the environment. Selective attention is the capacity to focus while
ignoring irrelevant information.

Sustained Attention

A widely used test to assess sustained attention is the Continuous
Performance Test (CPT). In this test, stimuli, usually letters or
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digits, are presented briefly one at a time in a random order. The
subject has to respond when a certain target stimulus appears — in
some variants of the task only when preceded by a certain cue.
Patients with schizophrenia usually display reduced sensitivity on
the CPT (Addington and Addington, 1997; Nuechterlein et al.,
1994; Van den Bosch et al., 1996). This deficit is particularly
pronounced on versions with high processing loads; for example,
tasks with rapid stimulus presentation, stimulus degradation or
when the previous stimulus must be remembered to make the
current decision (Nelson et al., 1998; Nuechterlein et al., 1994).
Although impaired CPT performance is a robust finding, there is as
yet no consensus concerning the precise mechanism of the impaired
performance. Cohen and Servan-Schreiber (1993) have constructed
a computer simulation model of the CPT and other tasks to test
their hypothesis that the core cognitive deficit in schizophrenia is
‘an impairment in maintaining contextual information over time
and in using that information to inhibit inappropriate responses’.
They showed that a single disturbance to the module responsible
for representing and maintaining context yielded performance
impairments similar to those seen in schizophrenia. In a subsequent
study, a variant of the CPT designed to elicit deficits in the
processing of contextual information was administered to patients
with first-episode schizophrenia and patients later in the course
of their illness (Servan-Schreiber et al., 1996). Specifically, the
frequency of cue–target sequences (e.g., A–X) was increased, to
introduce a strong tendency to respond to the letter X. Thus, in the
non-cue followed by target condition (e.g., B–X), subjects had to
rely on the previous letter as a context to inhibit the response to
X. Two delay intervals between cue and target were used, namely
750 ms and 5 s. The prediction was that patients with schizophrenia
would perform worse in the long delay condition, particularly
with regard to the number of non-cue–target errors, because of
a reduced capacity to maintain context. Indeed, the performance of
unmedicated patients followed the pattern predicted by the context
hypothesis. The deficit was worse in unmedicated patients with a
longer course of the illness. The authors interpreted the results as
support for the view that a single deficit in the processing of context
may underlie the cognitive impairments in schizophrenia.

However, a recent study has called this explanation into ques-
tion and instead suggested that a problem in encoding is at the core
of deficits on this type of tasks. This study used variations of the
CPT to investigate possible mechanisms of impairment, including
stimulus–response mapping, use of context and working memory
(Elvevåg et al., 2000). The amount of stimulus–response mapping
that was required was varied by using two kinds of cue–target
pairs, namely with and without inherent instructions (e.g., ‘ready’
followed by ‘press’ versus ‘one’ followed by “nine”). As in the
study by Servan-Schreiber and colleagues (1996), the sensitivity
to context problems was manipulated by varying the frequency of
the target stimuli; to investigate the involvement of working mem-
ory, two delay intervals between the cue and the target were used
(namely, 1000 ms and 3000 ms). These tasks were administered to
20 inpatients with schizophrenia and 30 healthy volunteers. As
expected, the patients performed significantly worse on all tasks
than did the comparison subjects. Contrary to expectations, how-
ever, there was no differential impact of any of the task manipula-
tions on the speed of performance of the patients. The only effect of
the task manipulations was that patients made more errors at short
delay intervals. This pattern of results suggests difficulties in the
rapid encoding of information, leading to a differentially impaired
performance in short delay intervals between stimuli, where the
second stimulus interferes with constructing a representation of
the first. In sum, impairment on the CPT is a robust finding in
schizophrenia, but there might be more than one pathway to poor
performance. One explanation suggests a deficit in the processing
of context, but it has also been proposed that a dysfunction of rapid
encoding is at the core of impaired CPT performance.

Selective Attention

Selective attention is often assessed using the Stroop Colour–Word
Test (SCWT; Stroop, 1935). The SCWT has an interference
component that requires the subject to inhibit an automated response
(word reading) in favour of a less salient aspect (colour naming).
A typical Stroop task consists of three conditions: (1) word
reading; (2) colour naming; and (3) interference (colour names
printed in conflicting colours). Several studies have demonstrated
impaired performance on the SCWT, particularly in the interference
condition (Barch and Carter, 1998; Krabbendam et al., 2000; Liddle
and Morris, 1991). Recently, investigators have begun to use single-
trial versions of the Stroop task, instead of lists of stimuli printed
on cards, and included a congruent condition in which the word
and the print colour are the same. Typically, reaction times are
shorter in congruent compared to neutral conditions, when there
is no relation between colour and semantic meaning (e.g., the
word chair printed in blue). This phenomenon is known as Stroop
facilitation. Studies using a single-trial Stroop task have yielded
evidence for an increased facilitation effect in schizophrenia (Carter
et al., 1992; Cohen et al., 1999). This effect was further examined
by Barch and colleagues (1999). Forty patients with schizophrenia
and 20 healthy controls were administered blocks of congruent,
incongruent and neutral trials. In each trial, a stimulus was presented
in one of four colours: red, blue, green or purple. The task was to
name the colour in which the stimulus was printed as quickly as
possible. The congruent trials consisted of colour names presented
in its own colour. The incongruent condition consisted of colour
names presented in one of the three remaining colours. The neutral
trials consisted of either words or squares, printed in one of
the four colours. Patients with schizophrenia showed increased
facilitation compared to normal controls in both word and non-
word neutral conditions. In the non-word condition, the stimulus
does not interfere with the (verbal) colour-naming response. Thus,
an increased facilitation effect in this condition means that part
of this effect can be attributed to a greater influence of the word
in the congruent condition. Apparently, patients are less able than
controls to ignore the word dimension in this condition, possibly
due to selective attention deficits.

Memory

Verbal Memory and Intentional Learning

Memory impairment in patients with schizophrenia has been
reported in several studies (Landrø, 1994; McKenna et al., 1990;
Saykin et al., 1991). Yet, poor memory may be the consequence of a
number of factors, including medication or psychopathology. To the
extent that this is true, these factors cannot completely account for
the memory deficit in schizophrenia. A recent meta-analysis of 70
studies documented a significant and wide-ranging deficit, which
was not due to potential confounding factors such as medication
status, age or severity of psychopathology (Aleman et al., 1999).
Verbal memory, including story recall and word list learning, seems
to be more severely affected than non-verbal memory (Saykin
et al., 1991), although this difference was not significant in the
meta-analysis by Aleman and colleagues (1999). Free recall is
particularly affected (Beatty et al., 1993; Paulsen et al., 1995),
indicating a deficit of retrieval of information. However, impaired
recognition is sometimes observed, at least in the more severely
disturbed patients (Clare et al., 1993; Landrø, 1994), which suggests
that consolidation of information may also be impaired. It has
been suggested that the memory deficit in schizophrenia is in
some respects analogous to the classical amnesic syndrome with
intact implicit memory, relative sparing of short-term recall, an
accelerated forgetting and poor long-term recall (McKenna et al.,
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1990). This view is not supported by the meta-analysis by Aleman
and colleagues, which yielded evidence for an impaired short-term
memory and a normal rate of forgetting (Aleman et al., 1999).
Nevertheless, a relative sparing of implicit learning and memory
has been reported in several studies (Clare et al., 1993; Kern
et al., 1997).

Working Memory

An aspect of memory that has received particular attention in
schizophrenia research is working memory. Working memory is
the type of memory that is active and relevant only for a short
period of time and is defined in content and duration by the action
it subserves (Baddeley and Hitch, 1974; Fuster, 1989). Working
memory accounts for the ability to guide behaviour by cognitive
representations in the face of varying degrees of distraction and thus
to base behaviour on thoughts and intentions rather than on direct
stimulation. The term is related to the notion of context introduced
in the previous section. According to Baddeley and Hitch, working
memory consists of a superordinate central executive system and
two slave systems for the transient storage of visuospatial and
verbal information (the visuospatial sketchpad and phonological
loop). Unfortunately, the term working memory is used in different
ways (Baddeley and Hitch, 1994; Perry et al., 2001). A major
source of confusion is that sometimes only involvement of the
slave systems is required to perform the working memory tasks, and
sometimes the central executive system as well. Perry et al. (2001)
propose to distinguish between transient ‘online’ storage, when only
storage and retrieval of information are required, and executive-
functioning working memory, when in addition to storage and
retrieval manipulation of the information is required. The distinction
between forward and backward digit spans may correspond roughly
to the distinction between transient storage and executive function
working memory. Another example of transient online storage is
the delayed response paradigm employed by Goldman-Rakic and
colleagues to investigate working memory in non-human primates
(Funahashi et al., 1989; Goldman and Rosvold, 1970). There
are numerous tasks that tap into executive-functioning working
memory, such as the Tower of London (Shallice, 1982) and the
Wisconsin Card Sorting Test (WCST; Berg, 1948; Heaton, 1981).
Although these tasks may not be designed specifically to assess
working memory, they do require to keep in mind instructions, goals
and concepts (Goldman-Rakic, 1994). Does the working memory
impairment in schizophrenia involve both transient ‘online’ storage
and executive functioning, or is the first aspect relatively intact?
In general, the findings point to an impairment of both functions,
although the picture is not entirely consistent. Several studies
have demonstrated impaired performance on transient storage tasks
in schizophrenia (e.g., Fleming et al., 1997; Park and Holzman,
1992; Spitzer, 1993; Pantelis et al., 1997). For example, Pantelis
et al. (1997), using tests from the Cambridge Neuropsychological
Test Automated battery (CANTAB), found evidence for impaired
performance on a task that required the subject to remember a
sequence of squares presented on a screen. Park and Holzman
(1992) also found evidence for impaired transient storage on
a spatial working memory task. However, in the same sample
auditory working memory assessed with digit span forward was
intact. Also, in a comparison of monozygotic twins discordant
for schizophrenia the affected twin performed worse than the
healthy twin in the backward but not in the forward condition
(Goldberg et al., 1990). However, most studies point to significant
impairments in both digit span tasks. This is also apparent from
the meta-analysis by Aleman et al. (1999). Data from 18 studies
on forward span and seven studies on backward span yielded no
significant difference in effect size between the two spans.

Semantic Memory

The term semantic memory refers to stored information that is
impersonal, and includes knowledge of words and their meanings,
knowledge about objects and their categorizations, and general
information about the world. The term was introduced by Tulving
to distinguish this form of memory from episodic memory, the
memory for personally experienced events (Tulving, 1983). Both
forms of memory are considered to be closely related and in
continuous interaction with each other. The notion of impaired
semantic knowledge in schizophrenia dates from several decades
ago. Cameron has suggested that the core feature of thought
disorders in schizophrenia was overinclusive thinking, a vagueness
of boundaries between concepts making them overextensive and
able to accommodate logical contradictions (Cameron, 1939).
Subsequent studies have provided support for this notion (Chen
et al., 1994; Cutting et al., 1987; Payne, 1973). The study by
Chen and colleagues used a task that required subjects to verify
words as members or non-members of a conceptual category.
The words differed in their degree of semantic relationship to the
category. Control subjects had the longest reaction time for items
at the borderline of the category (e.g., penguin in the category
of birds). In contrast, patients with schizophrenia took longest to
respond to items that were outside the category, but semantically
related to it (e.g., airplane in the category of birds). According
to the authors, this pattern of results suggests an outward shift
of semantic category boundaries in schizophrenia. Overinclusive
thinking may be explained in terms of an activated semantic
network, in which activation spreads faster than normal to other
related concepts and thereby crosses over the usual boundaries
of concepts (Spitzer, 1993). Such heightened activation has been
experimentally demonstrated using semantic priming paradigms.
Patients with schizophrenia show more semantic priming (Kwapil
et al., 1990; Maher et al., 1996), most notably when the prime and
the target are indirectly semantically related (e.g., lemon — sweet)
(Spitzer et al., 1993). Thus, semantic memory in schizophrenia may
be qualitatively different from semantic memory in healthy controls.

Executive Functions

The Wisconsin Card Sorting Test

The executive functions comprise capacities for volitional activity,
forward planning and self-regulation (Lezak, 1995). The most
widely used test of executive functions is the Wisconsin Card
Sorting Test (WCST). The WCST is a complex test involving
concept formation, working memory and cognitive flexibility.
A large amount of literature suggests impaired performance in
schizophrenia in terms of increased numbers of perseverative
errors and fewer categories achieved, when compared to healthy
controls (Goldberg et al., 1994; Haut et al., 1996; Morice, 1990;
Sullivan et al., 1993). However, performance on the WCST seems
to be heterogeneous (Braff et al., 1991) with poor performance
restricted to a subgroup of patients characterized by the presence
of other cognitive deficits (Bellini et al., 1991; Goldstein et al.,
1996), as well as negative symptoms and more hospitalizations
(Butler et al., 1992). Other authors have directed attention to
the unusual and strong relationship between performance on the
WCST and general intellectual ability, ageing and education,
which suggests that non-specific factors account for a substantial
proportion of WCST performance in schizophrenia (Heinrichs,
1990; Stratta et al., 1993; Heinrichs and Zakzanis, 1998). Given
the complexity of the WCST, several studies have attempted to
identify specific processes that underlie test performance. Gold
et al. (1997) have suggested that working memory, assessed by a
novel measure called ‘letter–number span’, is a critical determinant
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of WCST performance in schizophrenia. Yet, even this simpler
task involves functions other than working memory, for example,
aspects of executive functions. This measure involved the auditory
presentation of a mixed series of alternating numbers and letters, the
task being to respond by first saying the numbers in order from the
smallest to the largest, followed by saying the letters in alphabetical
order. In another study, a significant correlation between WCST
perseverative errors and time spent on the interference test of the
SCWT was observed and the authors concluded that these tests
have the involvement of mental control and cognitive flexibility
in common (Rossi et al., 1997a). In sum, the WCST is a widely
used measure of executive functions, but due to its complexity it is
unclear which cognitive processes underlie poor performance, while
several studies have indicated that part of the variance in WCST
performance is shared with general factors, such as intellectual
ability, ageing and number of hospitalizations.

Tower of London

Shallice (1982) introduced this test, derived from the Tower of
Hanoi puzzle. The task is to move a number of coloured beads
placed on three upright poles so as to reproduce a certain pattern.
The subject must look ahead and divide the task into a series of
subtasks, and carry these out in the right order to obtain the solu-
tion in a minimum number of moves. Pantelis et al. (1997) used an
automated version of this task, which is part of the CANTAB. This
allowed for the registration of planning and execution latencies. Per-
formance of hospitalized patients with schizophrenia (N = 36) was
compared to that of normal subjects and patients with neurological
disorders. The patients with schizophrenia were able to complete
the task, but made fewer solutions within the minimum number of
moves, and required more moves for completion compared to the
healthy volunteers. Also, time needed for completion was longer
for the patients with schizophrenia than for the healthy volunteers.
The patients with schizophrenia were not impaired in their ‘initial
thinking’ (planning) latencies, but had significantly prolonged ‘sub-
sequent thinking’ (execution) latencies. This pattern resembled that
of the group with frontal lobe lesions and contrasted with the pro-
longed ‘initial thinking’ time seen in Parkinson’s disease. However,
in a sample of 24 outpatients with schizophrenia, performance on
the Tower of London was normal, whereas on the WCST and the
Behavioural Assessment of the Dysexecutive Syndrome (BADS;
see next section) performance was impaired (Krabbendam et al.,
1999). Although this study did not record time needed for com-
pletion, the findings do suggest that the Tower of London is less
sensitive to deficits of planning than the other two tests.

The Behavioural Assessment of the Dysexecutive Syndrome

It has been difficult to develop satisfactory methods for demon-
strating and quantifying executive functions, because the structured
nature of most neuropsychological examinations gives the patient
insufficient opportunity to make use of these functions (Lezak,
1982). Moreover, the standard tests tend to focus on individual com-
ponents of executive functioning. Yet, what is impaired in patients
with impaired executive functions is the ability to initiate, integrate
and monitor the use of these components (Shallice and Burgess,
1991). Patients with gross difficulties in daily life may therefore
perform within normal limits on the standard executive tests. To
overcome these shortcomings, a test battery has been developed,
with the aim of being able to predict which everyday problems
would arise as a result of impaired executive functioning. The
Behavioural Assessment of the Dysexecutive Syndrome (BADS;
Wilson et al., 1996) presents the subject with a series of unstruc-
tured tasks that are designed to reflect daily life situations. For
example, in the subtest Modified Six Elements the subject is told

to do six tasks (dictation, simple arithmetic and picture naming,
each of which has two sections) in 10 minutes. It is impossible to
complete all tasks in 10 minutes, but the subject should do at least
something of all six sections, without breaking certain rules. Recent
findings suggested that the BADS can indeed identify executive
deficits in schizophrenia (Evans et al., 1997; Krabbendam et al.,
1999). Significant impairments on the BADS were even found in
a subgroup who displayed intact general intellectual functioning
(Evans et al., 1997).

General Intelligence

Global intellectual decline is a common finding in schizophrenia
(Braff et al., 1991; Blanchard and Neale, 1994; see Aylward
et al., 1984, for a review of earlier studies), even in first-episode
patients (e.g., Bilder et al., 2000; Mohamed et al., 1999). However,
a decline in intelligence quotient (IQ) may not be universal.
A cluster analysis of neurocognitive data of 104 patients with
chronic schizophrenia yielded a five-cluster solution, two being
characterized by average IQ and a normal cognitive profile, except
for motor impairments and slightly higher than normal recall
intrusion rates, respectively (Heinrichs and Awad, 1993; Heinrichs
et al., 1997). Only one cluster (24% of the patients) suggested
generalized impairment, the other two clusters comprising patients
with low-average IQ and a selective executive or executive-motor
dysfunction. In a sample of 117 consecutively admitted patients
with chronic schizophrenia, Weickert and colleagues (2000) found
a general intellectual decline of 10 points or more from premorbid
levels, estimated by means of reading scores, in 60 patients (51%).
The remaining patients showed no significant decline relative to
estimated premorbid IQ. Half of these patients (i.e., 25% of the total
sample) had impaired premorbid IQs and half displayed average
estimated premorbid intellectual levels. This latter group showed
cognitive profiles similar to normal, except for the presence of
executive function deficits and, possibly, attention and encoding.
This pattern of compromised executive functions in the presence
of normal intelligence has been described previously (Elliot et al.,
1995; Evans et al., 1997; Heinrichs and Awad, 1993; Shallice
et al., 1991).

The concept of intelligence encompasses a range of cognitive
functions and abilities. Therefore, intelligence tests are not well
suited to examine specific patterns of deficits, unless the findings
are considered in the context of detailed cognitive assessments.
Nonetheless, one advantage is associated with the use of intelli-
gence tests. That is, because intelligence tests are widely used in
schools, conscript cohorts and hospitals, large data sets are avail-
able. This allows for the possibility to investigate the course of
the intellectual impairment from premorbid to postmorbid state.
Findings based on these data will be discussed below in the
sections on course of the deficits and on cognitive vulnerability
indicators.

Integrative Approaches

Generalized Deficit

An issue that continues to raise considerable debate is whether the
cognitive deficit in schizophrenia can best be characterized in terms
of a generalized or a specific impairment. Given the broad range
of cognitive deficits, the most parsimonious explanation would
be that patients with schizophrenia have a generalized deficit and
perform poorly on all tests (Blanchard and Neale, 1994; Mohamed
et al., 1999). However, not all deficits fit such an explanation.
Some abnormalities of attention and information processing can
be demonstrated on tasks that require minimal effort, for example
defective sensory gating. Other deficits result in superior rather than
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deficient performance, for example on latent inhibition paradigms
(Braff, 1993; see also below). Moreover, within the context of this
generalized deficit, the question becomes whether patients perform
disproportionately worse on some tests (Green, 1998).

Several candidates for such a differential deficit have been
proposed, notably attention (Weickert et al., 2000), verbal learning
and memory (Bilder et al., 2000; McKenna et al., 1990; Saykin
et al., 1991) and executive functions (Evans et al., 1997; Riley
et al., 2000; Weickert et al., 2000). However, the findings of
a differential deficit should be interpreted in the context of
the psychometric limitations of the neuropsychological tests. As
Chapman and Chapman (1978) have pointed out, a differential
deficit in performance does not necessarily indicate a differential
deficit in ability. To measure differential deficit in ability, tests
must be matched on psychometric characteristics of test reliability
and test difficulty. In addition, differential discriminating power of
the various tasks may obscure any differential deficits in ability.
The study by Saykin and co-workers (1991) used standardized
residual scores (Chapman and Chapman, 1989) as an alternative
strategy for the elaborate procedures for matching tasks on their
psychometric properties. However, Blanchard and Neale (1994)
have argued that this method does not allow for inferences regarding
differential abilities, when used in the context of a generalized
performance deficit. Thus, given the psychometric limitations of
currently available cognitive tests, findings of generalized and
differential deficits must be interpreted with caution.

Processing of Context

In normal information processing, perception is dependent on an
interaction between the external stimuli and memories of regulari-
ties in previous input. When appropriate material from memory is
activated, this results in expectancies and response biases, so that
temporal and spatial redundancy is used to reduce information-
processing demands. Hemsley (1994, 1987) has proposed that the
rapid and automatic assessment of the significance of the sensory
input on the basis of past regularities is impaired in schizophrenia.
According to this model, it should be possible to develop tasks
at which patients with schizophrenia perform better than normal
controls, namely when the latter group forms expectancies which
are inappropriate to the stimulus presented. The latent inhibition
paradigm, derived from animal studies, is an example of a task
at which patients display superior performance (Hemsley, 1993;
Lubow and Gewirtz, 1995). In the first stage of the paradigm, a
stimulus is repeatedly presented to the subjects; in the second stage,
this pre-exposed stimulus is paired with reinforcement in a classical
or instrumental learning procedure. Pre-exposed subjects learn this
association much more slowly than subjects who did not receive
the first stage of pre-exposure. This effect is interpreted as a reduc-
tion in the deployment of attention to a stimulus that is redundant,
since it has no consequences according to the learned regularity.
Patients with acute schizophrenia perform better than normals in
the pre-exposure condition, apparently due to their continuing to
attend to the redundant stimulus (Baruch et al., 1988; Gray et al.,
1992). Patients with chronic schizophrenia and patients who have
been treated with antipsychotic medication for several weeks show
no differences in performance on latent inhibition tasks compared
to healthy individuals. The link between abnormal latent inhibition
and psychotic symptoms may be that, following a loosening of the
perceptual context, attention may be captured by incidental details
of the environment. These details would normally not reach aware-
ness, but the conscious registration initiates a search for the reasons
for its occurrence (Hemsley, 1994). According to the model, symp-
toms such as poverty of speech, social withdrawal and retardation
are learned over time to cope with the high levels of information

overloads. However, this model cannot easily account for the find-
ing that negative symptoms may be present at a very early stage of
the illness (Arndt et al., 1995).

Computational Models

Based on computer simulation models that specify mechanisms of
normal information processing underlying task performance, Cohen
and Servan-Schreiber (1992; see also above) have also empha-
sized the role of context information. According to their model,
a single mechanism that is responsible for the representation and
maintenance of context information may account for the perva-
sive cognitive impairment in schizophrenia. Given the similarities
between definitions of context and working memory, this view
is in line with the proposal by other authors that a reduction of
working memory capacity is the core dysfunction in schizophre-
nia (Fleming et al., 1994; Goldman-Rakic, 1994). Processing of
context information may be relevant to almost all cognitive tasks,
although it is particularly important in tasks that require to main-
tain information over time and to inhibit habitual responses. Cohen
and Servan-Schreiber have constructed computer simulation mod-
els of three tasks: the SCWT, the Continuous Performance Test
and a lexical disambiguation task (Cohen et al., 1999; Cohen and
Servan-Schreiber, 1992). Each model consisted of an input module
for representing externally presented stimuli, an output module for
producing a response, an associative module for relating stimuli
to appropriate responses, and a context module that can regulate
the flow of information through the associative module. Reciprocal
connections between the associative module and the context mod-
ule allowed stimuli presented to the network to help establish the
context, which in turn can influence the processing of subsequent
stimuli. The context module carried out both the maintenance of
information and the inhibition of irrelevant information, indicating
that both memory and inhibition reflect the operation of a single
mechanism. When this context module was disturbed, the model
predicted changes in performance similar to the actual performance
deficits of patients with schizophrenia. This was the case for each
of the three computer models.

Course of the Deficits

Two contrasting hypotheses have been postulated concerning the
natural course of the cognitive deficits in schizophrenia. According
to the first, the cognitive deficits follow a course analogous to
progressive dementia, consistent with the view that schizophrenia
involves a neurodegenerative process. In the second view, the
cognitive deficits are considered relatively stable, in accordance
with a neurodevelopmental model of schizophrenia. During recent
decades, both longitudinal and cross-sectional studies of cognitive
deficits have mainly supported the neurodevelopmental hypothesis
(Goldberg et al., 1993b; Rund, 1998). Mild cognitive deficits may
be present premorbidly, as indicated by studies following large
samples of children of parents with schizophrenia from childhood
into the age of risk, like the Israeli High-Risk Study (Mirsky et al.,
1995b) and the New York High-Risk Project (Cornblatt et al.,
1999). Prospective studies of large birth cohorts have supported
the association between cognitive deficits in childhood and adult
psychosis (Cannon et al., 1999; Jones et al., 1994a, 1994b; Kremen
et al., 1998). Also, there is evidence that subgroups of patients with
schizophrenia show lower estimates of premorbid IQ than controls
on the basis of reading scores (Crawford et al., 1992; Gilvarry
et al., 2000).

Following the onset of the first psychotic episode, most patients
experience a substantial decline in cognitive functions compared
to their premorbid level (Goldberg et al., 1993b; Weickert et al.,
2000). That onset of the psychotic symptoms and the cognitive
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decline do not occur in childhood but so much later may be
because only then does the affected part of the brain mature and is
called ‘on line’ (Weinberger, 1987). Most cognitive deficits persist
during clinical remission (Cantor Graae et al., 1995; Goldberg
et al., 1993b; Nopoulos et al., 1994; Nuechterlein et al., 1994).
Once established early in the course of the disorder, the deficits
seem to be relatively stable over the years (Goldberg et al., 1993b;
Rund, 1998). Thus, cross-sectional studies of first-episode patients
have shown patterns of deficits similar to patients later in the
course of their illness (Bilder et al., 2000; Heaton et al., 1994;
Mohamed et al., 1999; Saykin et al., 1994). Furthermore, cross-
sectional studies across a wide age range have suggested stable
cognitive impairments (Eyler Zorrilla et al., 2000). Most recent
longitudinal studies also point to a stability of cognitive functioning
(Censits et al., 1997; Gold et al., 1999), early in the course of the
disorder (Hoff et al., 1999; Nopoulos et al., 1994) but also in older
patients (Harvey et al., 1995). Yet, the time between baseline and
follow-up was 1 or 2 years in most studies, except for the study by
Gold et al. (5 years) and Hoff et al. (5 years), indicating the need
for studies of longer duration.

However, the neurodevelopmental model cannot account for all
findings. A subgroup of geriatric patients with chronic schizophre-
nia displays severe cognitive and functional impairments that impli-
cate decline at some time point after the onset of illness (Friedman
et al., 1999a; Harvey et al., 1999a, 1999b). Also, it has been sug-
gested that progressive age-related deterioration in schizophrenia
occurs in specific cognitive functions, notably abstraction ability
(Fucetola et al., 2000) or processing resources (Granholm et al.,
2000). This is in line with the view recently put forward by Lieber-
man (1999), that it is premature to reject a role for neurodegener-
ative processes in the pathophysiology of schizophrenia.

SYMPTOMS OF SCHIZOPHRENIA
AND COGNITIVE DEFICITS

Positive and Negative Syndromes

Attempts to link the cognitive deficits to symptoms of schizophre-
nia have mainly focused on the relation with positive and negative
syndromes (see Strauss, 1993, for a review of earlier studies).
The main approach has been to correlate the degree of cognitive
deficits to the severity of symptoms of both dimensions. Nega-
tive symptoms have been found to be associated with deficits in
verbal and visual memory, visual/motor processing and impaired
executive functions (Berman et al., 1997; Capleton, 1996; O’Leary
et al., 2000; Rossi et al., 1997b). Positive symptoms have been
found to co-occur with impaired auditory attention and verbal
memory (Berman et al., 1997; Green and Walker, 1986), but the
evidence is more in favour of independence between positive
symptoms and neuropsychological deficits (O’Leary et al., 2000;
Voruganti et al., 1997). In accordance with this, several studies
have shown that the paranoid subtype, characterized by delu-
sions and hallucinations, is associated with better performance in
memory, attention and executive functions, compared to the other
subtypes (Seltzer et al., 1997; see Zalewski et al., 1998, for a
review).

Liddle (1987) has proposed that the symptoms of disorganization
can best be seen as a separate cluster within the positive dimension,
which has been confirmed by subsequent factor analyses (Johnstone
and Frith, 1996). The dimension of disorganization might be
associated with impaired cognitive functions, notably impaired
selective attention and inhibition (Liddle and Morris, 1991; Van der
Does et al., 1996); low verbal IQ and impaired concept attainment
(O’Leary et al., 2000); and impaired visual and auditory attention
(Brekke et al., 1995).

However, correlations between symptoms and deficits are gener-
ally quite modest. It seems that most of the variance of symptoms
must be attributed to factors other than neurocognition. In fact,
several studies have found that symptoms and neurocognition are
independent. This is particularly the case for the positive symp-
tom cluster (Brekke et al., 1995; O’Leary et al., 2000; Voruganti
et al., 1997), but similar results have been found for negative symp-
toms as well (Seaton et al., 1999; Suslow et al., 1998). Further, a
major drawback of this correlational approach is that it is descrip-
tive instead of explanatory, which means that it offers no insight
into the reason for the association (Green, 1998). An alternative
approach has been to take individual symptoms of psychosis as
the starting point and examine possible cognitive mechanisms that
may underlie them. In the next section, two cognitive accounts of
psychotic symptoms will be discussed, namely theory of mind and
self-monitoring.

Theory of Mind

Theory of mind refers to the ability to explain the behaviour of
others in terms of their mental states (Premack and Woodruff,
1978). In normal children, this ability emerges in the pre-school
years, manifested for example in the use of mental state expressions
in their language and the understanding of the consequences of
false belief, (e.g., understanding the actions of characters within
stories that are a result of their false beliefs about the state of the
world) (Leslie, 1987). In recent decades, most research on theory
of mind, in humans has focused on children with autism. There is
evidence that autistic children have a specific deficit in theory of
mind that is apparent, for example, from deficits in pretend play and
difficulties in the understanding of false belief (Baron-Cohen et al.,
1985). In schizophrenia, interest in theory of mind abilities has
been less explicit, although several studies of social competence
in schizophrenia did refer to the ability to infer mental states
in others (e.g., Cutting and Murphy, 1990; Diamond, 1956). For
example, Diamond (1956) presented evidence to support the notion
that patients with schizophrenia are unable adequately to internalize
the point of view of others. Frith (1992) has applied the concept
of theory of mind to specific symptoms of schizophrenia, namely
delusions of reference, misidentification and persecution, as well as
third-person hallucinations. According to Frith, these experiences
are by their very nature characterized by a misinterpretation of
another person’s behaviour or intentions. Whereas autistic children
may never develop mentalizing ability, patients with schizophrenia
may lose an ability they once had (Frith and Corcoran, 1996).

In a series of experiments, Frith and his co-workers were able
to demonstrate impaired theory of mind in subgroups of patients
with schizophrenia on a number of newly devised tasks (Corcoran
et al., 1995, 1997; Doody et al., 1998; Frith and Corcoran, 1996).
Patients with behavioural signs (i.e., negative symptoms and
disorganization) and those with paranoid delusions had problems
on a hinting task that requires the ability to infer intentions behind
indirect speech, in contrast to patients with passivity experiences
and patients in remission, who performed normally (Corcoran et al.,
1995). A similar pattern of results was found in a subsequent study
using stories that involved false beliefs, so that to understand the
stories subjects had to infer the mental states of the characters
(Frith and Corcoran, 1996). Again, patients with behavioural signs
and those with paranoid delusions were impaired on this task,
while patients with passivity experiences and those in remission
did not differ from normal controls. There were no differences in
IQ score between the patients with paranoid delusions and those
with passivity experiences or remitted patients, making it unlikely
that the observed differences in theory of mind ability could be
ascribed to general cognitive impairment. In contrast, the poor
performance of patients with behavioural signs was mediated by
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their poor general cognitive abilities. Another study indicated that
impaired performance on theory of mind tasks is found in patients
with schizophrenia, but not in patients with affective disorders
with psychotic symptoms (Doody et al., 1998). Although these
studies confirmed the initial hypothesis that impaired theory of
mind is associated with specific symptoms, evidence from other
studies is mixed. Using a series of comic strips, Sarfati and
colleagues found that only patients with thought disorganization
had difficulties interpreting the behaviour of the characters (Sarfati
and Hardy Bayle, 1999; Sarfati et al., 1997), independent of the
mode of presentation, verbal or pictorial (Sarfati et al., 1999).
A study by another group included three groups: patients with
schizophrenia, patients with depression and deluded patients with
psychotic disorders other than schizophrenia (Drury et al., 1998).
Patients were investigated during the acute phase and following
recovery. In line with the hypothesis, patients with schizophrenia
displayed impaired theory of mind abilities compared to non-
schizophrenia patients, during psychosis but not following recovery.
However, more subtle theory of mind tasks, like the interpretation
of irony, failed to distinguish between the groups, which is difficult
to reconcile with Frith’s account. Furthermore, there were no
differences in performance between patients with delusions of
reference and persecution, and non-deluded patients, a finding not
in line with the notion that impaired theory of mind is the critical
mechanism underlying these delusions.

Taken together, the findings indicate that patients with schizoph-
renia certainly have difficulties performing theory of mind tasks.
These difficulties are state rather than trait variables. The impair-
ments seem to be particularly pronounced in patients with negative
symptoms or positive behavioural signs, while the predicted asso-
ciation with delusions has been found in some studies. General
cognitive abilities seem to mediate only part of the associations
between symptoms of schizophrenia and theory of mind abilities.

Source Monitoring

Source monitoring refers to the processes involved in making attri-
butions about the origin of memories, knowledge and beliefs (John-
son et al., 1993). This decision-making process can apply to various
types of distinctions, namely between memories of internally gen-
erated information and externally derived information, for example
memories for imagination versus memories for perceived events
(‘reality monitoring’), or between different external sources (‘exter-
nal source monitoring’) or between internally generated sources,
for example memories of what one said versus memories of what
one thought (‘internal source monitoring’) (Johnson et al., 1993).
The notion of reality monitoring may be particularly relevant to
psychosis. The nature of several symptoms of psychosis suggests
that patients with this disorder are unable to monitor the genera-
tion of their own thoughts and actions, which then results in their
conclusion that these thoughts or actions came from an external
source (Bentall, 1990; Frith, 1992). This may apply to hallucina-
tions, thought insertion, made feelings and other experiences of
alien control (Frith, 1992).

Action Monitoring

A number of studies have applied source-monitoring paradigms
to schizophrenia. These paradigms have mainly focused on verbal
monitoring (for example, (Bentall et al., 1991; Brébion et al., 1997;
Johns et al., 2001), whereas some have investigated the monitoring
of actions (Franck et al., 2001; Frith and Done, 1989; Mlakar
et al., 1994; Stirling et al., 1998). Studies of action monitoring
performance have mainly used tasks that require subjects to keep
track of the actions they had just performed in the absence of
visual feedback (Frith and Done, 1989; Mlakar et al., 1994; Stirling

et al., 1998). The results of these three studies have supported
the hypothesis that patients with experiences of alien control have
difficulties monitoring their actions internally, particularly when the
actions are self-generated rather than being directed by external
stimuli. In the study by Franck et al. (2001) visual feedback was not
absent but distorted. The image of a virtual hand was superimposed
on a subject’s real hand holding a joystick, so that the subject only
saw the virtual hand. Subjects executed discrete movements, while
angular biases and temporal delays were randomly introduced in
some trials. The task was to decide immediately after each trial
whether the movement they saw corresponded exactly to the one
they made with there own hand. In the trials with angular biases
patients with delusions of influence made more errors than controls
and non-influenced patients with schizophrenia. This result suggests
that a difficulty in keeping track of one’s own actions is a critical
mechanism underlying delusions of influence.

Verbal Monitoring

In the verbal monitoring paradigm developed by Johnson et al.
(1981), subjects are required to generate answers to clues, consisting
of a category and a letter, and to listen to paired associates
consisting of a category and a particular. To manipulate the amount
of cognitive effort involved, half of the items were easy clues or
high-probability associations (e.g., ‘Think of a type of dwelling
beginning with H. . .’, ‘A type of footwear — shoe’) and half were
difficult clues or low-probability associations (e.g., ‘Think of a
fruit beginning with T. . .’, ‘A country — Norway’). In normals,
confusion between memories of perceived and imagined events
increases with decreases in the amount of cognitive effort that
is associated with the self-generated event (Johnson et al., 1981).
After 1 week, subjects are presented a list in which their answers
to the clues are mixed with the associates and with words not
previously presented. Their task was to identify the source of each
item on the list. Bentall et al. (1991) used this task to compare
performance between three groups: patients with schizophrenia
who were currently hallucinating, patients with delusions but
no history of hallucinations, diagnosed with schizophrenia or
delusional disorder, and normal controls. Both patient groups were
less accurate on the source-monitoring task compared to controls.
A specific bias was present in the patients with hallucinations: they
more often misattributed self-generated answers to the experimenter
than either the psychiatric or the healthy controls, a difference that
was significant for the items that required high cognitive effort.
Using a similar paradigm, another study also reported a bias toward
attributing self-generated items to an external source (Brébion
et al., 1997). Keefe et al. applied multinomial modelling analysis
to source-monitoring data, a method that yields separate and
independent measures of recognizing information, remembering its
source and response biases (Keefe et al., 1999a). This analysis
indicated that patients were impaired in reality monitoring, as well
as internal and external monitoring. In case of ambiguity, when
someone did not remember the source of the information, patients
with schizophrenia showed a stronger bias than controls to report
that it came from an external source.

Online Monitoring

The tasks used in the studies described so far require subjects to
identify the source of events some time after they had been pre-
sented or generated. Johns et al. (2001) developed a paradigm that
involves immediate monitoring, which might be more relevant to
the mechanisms underlying the psychotic symptoms. Participants
read single words aloud while they received feedback of their own
voice or alien feedback (someone else’s voice). In some trials, the
acoustic characteristics of the speech were distorted. Immediately
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after reading aloud the words, subjects had to identify the source
of the speech they heard. Both patients with hallucinations and
delusions and patients with delusions but no hallucinations made
more errors than the control group when reading aloud with dis-
torted feedback of their own voice. The patients with hallucinations
had the strongest tendency to misattribute their distorted voice to
someone else, particularly when the words presented had a negative
emotional content.

Bentall (1990) has argued that the misattribution may be influ-
enced by top-down processes, such as beliefs and expectations
about the self and the world. This cognitive bias may operate in
addition to deficits in discriminating between external and internal
events. The bias may be reinforced by the anxiety reduction that is
associated with attributing negative thoughts to an external source.
The results reported by Morrison and Haddock (1997) supported
the role of a cognitive bias. Subjects rated their response on a word
association task in terms of how much a self-generated thought was
their own. Patients with hallucinations had lower internality rating
than both the psychiatric and the normal control group, particularly
with emotional material. A subsequent study indicated that these
internality ratings were associated with metacognitive beliefs about
uncontrollability and danger (Baker and Morrison, 1998).

In sum, a number of studies have documented robust deficits
of reality monitoring in schizophrenia, with a tendency to attribute
events to an external source in case of ambiguity. Other forms of
source monitoring, namely internal and external monitoring, may
be impaired as well. The results of different studies are not entirely
consistent regarding the associations with specific symptoms of
psychosis. In general, if a relation between impaired source
monitoring and symptoms is found, it is mainly with symptoms
of alien control rather than hallucinations per se. However, the
presence of an external attribution bias may be specifically involved
in hallucinations.

COGNITIVE DEFICITS AS VULNERABILITY FACTORS

Deficits in specific functions, like source monitoring and theory of
mind, are most likely state-dependent variables. However, this is
certainly not the case for all cognitive deficits in schizophrenia.
Strong evidence for trait-like deficits comes from studies involving
non-psychotic individuals with a genetically mediated vulnerability
to schizophrenia. According to the vulnerability/stress model,
some individuals have a predisposition to schizophrenia that is
largely determined by genetic and neurodevelopmental factors
(Nuechterlein and Dawson, 1984; Zubin and Spring, 1977). Many
studies have attempted to find markers of this vulnerability in
first-degree adult relatives of patients with schizophrenia and in
individuals with a higher risk of developing schizophrenia than the
general population.

Cognitive Deficits in Non-Psychotic Relatives

Adult Relatives

Several studies have suggested that adult relatives of patients with
schizophrenia have mild cognitive impairments (Faraone et al.,
1995, 1999; Krabbendam et al., 2001; see Kremen et al., 1994, for a
review). The study by Krabbendam et al. (2001) suggested that the
pattern of deficits in relatives is similar, albeit milder, to that found
in patients. They found that for both patients and relatives attention,
verbal memory and working memory independently discriminated
from control performance, with a similar pattern in the order of
the effects. A 4-year follow-up study by Faraone and colleagues
indicated that the neuropsychological deficits in the non-psychotic
relatives are stable over time (Faraone et al., 1995, 1999). In a

subsequent study, these authors demonstrated that non-psychotic
individuals with two first-degree relatives with schizophrenia have
lower estimated intelligence and worse performance on visual
and verbal memory, compared to persons with only one first-
degree relative with schizophrenia. Thus, the cognitive deficits
in the relatives reflect their degree of genetic predisposition to
schizophrenia.

A likely explanation for the cognitive deficits in non-psychotic
adult relatives is that the deficits are transmitted within families of
patients with schizophrenia, as markers of genetic risk. If this is
the case, specific cognitive deficits may possibly be used as inter-
mediate phenotypes to facilitate genetic studies of schizophrenia
(Egan et al., 2000; Tsuang, 1993). The advantage of this approach
compared to using the schizophrenia diagnosis as the phenotype is
that it may be possible to identify subgroups that are genetically
more homogeneous. Further, the intermediate phenotypes may have
a simpler genetic architecture. To assess whether cognitive deficits
are useful as phenotypes for genetic studies, one needs to exam-
ine heritability estimates. Only few studies have done this. Chen
et al. (1998) found very high relative risk for sustained attention in a
Taiwanese cohort, which suggests that this phenotype is highly her-
itable. In the study by Egan and colleagues, relative risk of impaired
sustained attention was in the moderate range (Egan et al., 2000).
Although it is too early to conclude that cognitive deficits can be
used as phenotypic markers, these findings at least suggest that it
would be useful to explore this possibility further.

This, however, does not mean that cognitive deficits in
schizophrenia cannot be due to environmental mechanisms. Specifi-
cally, obstetric complications may be associated with schizophrenia
(Dalman et al., 1999) as well as with compromised intellectual
development (Aylward et al., 1989). In the study reported by
Gilvarry and colleagues (2000, 2001), relatives of patients who have
been exposed to obstetric complications performed significantly bet-
ter on measures of IQ and verbal fluency than did relatives of
patients not exposed to obstetric complications. This suggests that
impaired IQ and verbal fluency were not transmitted in the families
of the patients with a history of obstetric complications, but were
a consequence of the patient’s exposure to obstetric complications.

Children of Patients with Schizophrenia

The high-risk research typically involves children of a parent
with schizophrenia, assessed during childhood and adolescence.
A number of studies have suggested that offspring of patients
with schizophrenia may display impairments in attention skills
(Hans et al., 1999; Mirsky et al., 1995a), executive functions,
memory and intellectual function (Byrne et al., 1999). Unlike the
adult relatives, children of patients with schizophrenia form a
heterogeneous group, because some of the children will eventually
develop schizophrenia themselves and others will not. Long periods
of follow-up have been performed to identify the factors that are
associated with later development of schizophrenia (Erlenmeyer-
Kimling et al., 1993; Mirsky et al., 1995b). The NIMH–Israeli
High-Risk Study conducted a long-term follow-up of children
having a parent with schizophrenia (Mirsky et al., 1995b). One
hundred children were originally included, 50 of them having
a parent with schizophrenia, and 50 control children. Cognitive
assessments were conducted at ages 11, 17, 26 and 32. Sixty-three
subjects could be included in the last assessment. The children who
eventually developed schizophrenia spectrum disorders, including
schizophrenia, were identifiable by attentional deficits at age
11. Results of the New York High-Risk Project have indicated
that childhood deficits in attention, verbal memory and gross
motor skills distinguish children who develop schizophrenia-related
psychoses in adulthood from children at risk for schizophrenia
who did not develop schizophrenia-related psychoses in adulthood
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(Cornblatt et al., 1999; Erlenmeyer-Kimling et al., 2000). In this
project, the offspring of patients with schizophrenia were tested
neuropsychologically and behaviourally at 7–12 years of age and
assessed again in mid-adulthood for psychiatric diagnoses. In sum,
several cognitive abnormalities, notably attentional deficits, are
present in offspring of patients with schizophrenia, particularly
in those children who eventually develop schizophrenia spectrum
disorders themselves.

Several population-based studies of IQ and later development of
schizophrenia have been conducted (e.g., David et al., 1997; Jones
et al., 1994a, 1994b). These studies have indicated that low IQ
in childhood or young adolescence is a risk factor for subsequent
development of schizophrenia. Based on a 19-year longitudinal
study of a community sample, Kremen and colleagues have reported
that an unexpected drop in IQ between the ages of 4 and 7
was strongly and independently associated with later psychotic
symptoms (Kremen et al., 1998). Two possible mechanisms may
account for the relation between childhood IQ and schizophrenia. IQ
could be indirectly associated with schizophrenia, with any factors
causing lower IQ, such as genetic predisposition or abnormal brain
development, increasing the risk for schizophrenia. Alternatively,
the association could be causal, with low IQ reducing the capacity
to cope with stressors or leading to false beliefs and perceptions.

Cognitive Deficits in Schizotypy

An alternative approach to identify factors associated with schizoph-
renia liability has been to study schizotypic subjects, either indi-
viduals diagnosed with DSM-IV schizotypal personality disorder,
or individuals who display deviance on psychometric tests for
schizotypy (‘psychosis proneness’). This approach starts from the
assumption that schizophrenia is the extreme end of a continuum
that ranges from mild to severe, with schizotypy being part of this
continuum (Claridge, 1994). Family studies have reported elevated
rates of schizotypy in relatives of patients with schizophrenia, indi-
cating that schizotypy shares a common genetic vulnerability to
schizophrenia (Kendler et al., 1993, 1994). To the extent that this
is the case, schizotypal subjects may have the same pattern of cog-
nitive deficits as individuals with schizophrenia, albeit to a lesser
degree.

Based on studies involving either subjects with schizotypal per-
sonality disorder (Cadenhead et al., 1999; Diforio et al., 2000;
Trestman et al., 1995; Voglmaier et al., 1997, 2000) or psychometri-
cally identified ‘psychosis-prone’ subjects (Lenzenweger and Gold,
2000; Lenzenweger and Korfine, 1994; Park et al., 1995), findings
have indeed supported the notion of a shared cognitive liability.
Cadenhead and co-workers (1999) reported widespread deficits in
20 subjects with schizotypal personality disorder, including deficits
of attention, verbal working memory, abstract reasoning and gen-
eral intellectual functioning. The deficits were of lesser magnitude
than those observed in the patients with schizophrenia. Deficits
of executive functions were found in adolescents with schizoty-
pal personality disorder, particularly in individuals with negative
symptoms (Diforio et al., 2000). However, the deficits were only
apparent on one test of executive function, the Modified WCST,
and not on the Tower of London or verbal fluency tests, which
may reflect that these tests may not be sensitive enough to detect
the mild cognitive impairments in schizotypal personality disor-
der. In a comparison of undergraduate students who scored high
and low, respectively, on the Perceptual Aberration Scale (Chap-
man et al., 1978), high scores were associated with deficits of
visuospatial working memory (Park et al., 1995), but not auditory
working memory (Lenzenweger and Gold, 2000). This latter finding
was somewhat unexpected, given that auditory working memory is
impaired in patients with schizophrenia (Aleman et al., 1999; Gold
et al., 1997) and that the modal finding in schizotypy research is

that the cognitive profile of schizotypic individuals resembles that
of patients, although in attenuated form. According to the authors,
one possible explanation for this result could be that the task used
to assess auditory working memory (namely, letter–number span)
involved discrete trials and so did not require subjects to hold online
the information over a delay period, in contrast to the task used to
assess visuospatial working memory.

Some studies have explored the notion of reduced cognitive
inhibition in schizotypy (Beech et al., 1991; Moritz and Mass,
1997; Peters et al., 1994; Williams, 1995). Cognitive inhibition
refers to the active suppression of irrelevant information, one of
the functions of the context module in the computational model by
Cohen and Servan-Schreiber described above (Cohen et al., 1999;
Cohen and Servan-Schreiber, 1992). These studies have used a
negative priming paradigm (Tipper, 1985), which typically consists
of a target word presented subsequently to a semantically related,
or identical, ignored distractor word. Negative priming refers to
the longer reaction times following the ignored distractor word,
a phenomenon that is thought to reflect reduced inhibition. The
findings converge on the point that every study reported increased
negative priming, particularly in those subjects who scored high on
the scales for positive schizotypal symptoms.

FUNCTIONAL CONSEQUENCES
AND TREATMENT ISSUES

Impact of Cognitive Deficits on Daily Functioning

Given the scope of the cognitive impairment in schizophrenia, an
important question is in what way this impairment affects daily
functioning. Despite its clinical relevance, this question has been
largely ignored until roughly a decade ago. Nevertheless, some
trends emerge from the available empirical data.

In a review of 17 studies, Green (1996) divided the literature
into three areas of functional outcome, namely community out-
come, social problem solving and skill acquisition. Measures of
community outcome included assessments of occupational function-
ing, quality of social networks and degree of independent living.
Although there were large differences between studies with regard
to cognitive as well as outcome measures, a replicated finding
was that baseline verbal episodic memory and executive func-
tions, assessed with the WCST, predicted community functioning
at follow-up (Green, 1996; Velligan et al., 2000). Social problem
solving is considered to be a component of community functioning.
Most studies have assessed social problem solving using labora-
tory measures that presents the subjects with videotaped vignettes
depicting an interpersonal problem (e.g., a waitress writing down an
order incorrectly; Donahoe et al., 1990). The task of the subject is to
describe the problem, to derive a solution and to enact this solution
in a role-played simulation. Despite some variety between studies
in the selection of the outcome measures, a consistent finding was
that both verbal memory and vigilance, or sustained attention, were
related to social problem solving, whereas executive functions were
not (Green, 1996). The majority of the studies in the review were
cross-sectional. Subsequent 2-year longitudinal studies of cogni-
tive functioning and social problem solving have reported that both
predictive ability of baseline cognitive functions (Addington and
Addington, 2000) and the level of social functioning (Dickerson
et al., 1999) are stable over time.

Acquisition of psychosocial skills is another determinant of
community functioning. Rehabilitation programmes involve skill
acquisition, as these programmes instruct patients with regard to
interpersonal skills, leisure activities and vocational skills. Studies
that have investigated the relation between cognitive functions and
skill acquisition have generally assessed cognition at baseline and
progress of psychosocial skills during the course of a rehabilitation
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programme (Green, 1996). Verbal memory was associated with
skill acquisition, as it was with community functioning and social
problem solving. Also, verbal working memory and vigilance
were associated with skill acquisition. Executive functions did not
consistently predict success of rehabilitation programmes.

This summary of findings suggests some specificity in the
associations between cognitive functions and outcome. Some of the
observed relations have clear face validity, for example, the finding
that verbal memory predicts skill acquisition. Yet, it should be noted
that the absence of relations between other cognitive functions and
outcome might as well have resulted from lack of power due to
small sample sizes. In fact, Velligan and colleagues (2000) found
evidence for many other associations between cognitive functions
and community functions. According to these authors, the multitude
of associations may be due to the fact that both cognitive test
performance and functional skills do not involve isolated abilities,
but instead are determined by several cognitive abilities.

Eight studies that were included in the review by Green
(1996) evaluated the relationship between psychotic symptoms and
functional outcome. None of them reported a significant relation.
However, these studies used composite measures of psychotic
symptoms, and so the possibility remains that negative effects of
single symptoms, for example thought disorder, were obscured.
Negative symptoms showed replicated links with social problem
solving, but not with skill acquisition, whereas relations with
community functioning were inconsistent. According to the path
model by Velligan and colleagues (1997; see also Green, 1998), the
pattern of associations between symptoms, cognitive functions and
functional outcome suggests that cognitive functions mediate the
relation between negative symptoms and outcome. That is, when
cognitive impairment is used to predict functional outcome, the
contribution of negative symptoms to the prediction is very much
reduced. This emphasizes the necessity of addressing cognitive
impairments in pharmaceutical or psychosocial interventions.

Effect of Medication on Cognitive Functions

Conventional Antipsychotics

The therapeutic effects of conventional antipsychotic drugs are
largely confined to the positive symptoms. These drugs were not
designed to improve cognitive functions. Given their impact on
several neurotransmitter systems that are implicated in arousal,
attention as well as other cognitive functions, it is likely that
they do influence cognition, either positively or negatively. Studies
involving healthy volunteers have yielded evidence for negative
effects, particularly for medication with sedating effects, such
as thioridazine (Hindmarch and Tiplady, 1994; King, 1994). In
patients, investigating the effects of antipsychotic medication on
cognition is hindered by methodological and ethical concerns. For
example, discontinuation or delay of drug treatment to study the
course of cognitive functioning is often not advisable. Nevertheless,
several reviews have concluded that the deleterious effects of
antipsychotic medication on cognitive functioning in patients are
only minor (Medalia et al., 1988; Spohn and Strauss, 1989). For
example, neuroleptically naive patients with schizophrenia had a
similar pattern of cognitive deficits as did previously treated patients
(Saykin et al., 1994). In another study, a substantial dose reduction
of conventional antipsychotic medication did not have marked
effects on cognitive functioning (Seidman et al., 1993). There may
even be a slight beneficial effect of antipsychotic medication on
cognition (Spohn and Strauss, 1989; Verdoux et al., 1995).

There is one possible exception to this, namely the effect of
anticholinergic medication or of the anticholinergic properties of
antipsychotic drugs. Anticholinergics are known to impair memory
and it seems plausible that this effect could contribute to the

memory impairment seen in patients with schizophrenia (Goldberg
et al., 1993a; King, 1990; Spohn and Strauss, 1989) or to the failure
of conventional antipsychotics to improve memory performance in
schizophrenia (Mortimer, 1997).

Atypical Antipsychotics

With the development of atypical antipsychotic medication, such
as clozapine, risperidone and olanzapine, the treatment of cognitive
dysfunctions has become an important focus. Do these drugs really
improve cognition? Keefe et al. (1999b) have recently performed
a quantitative analysis of 15 efficacy studies, studying the effects
of clozapine (10), risperidone (4), zotepine (1), ziprasidone (1) and
aripiprazole (1). The authors first developed methodological stan-
dards against which studies in these area may be judged. None
of the included study met all methodological requirements; for
example, only three studies were double-blind whereas 12 studies
were open-label studies. Despite these methodological concerns,
the authors felt sufficiently confident to conclude that atypical
antipsychotic drugs improve cognitive functioning in schizophre-
nia, when compared to conventional antipsychotics. Verbal fluency,
digit–symbol substitution, fine motor function and executive func-
tions were the strongest responders to the novel antipsychotics. Yet,
even on these tests, performance of the patients with schizophrenia
did not reach normal levels in any of the studies reviewed. This
emphasizes the necessity to investigate the usefulness of cognition-
enhancing drugs in schizophrenia, such as those that activate certain
dopaminergic receptors or cholinomimetic drugs that increase cor-
tical cholinergic activity (Friedman et al., 1999b).

Cognitive Remediation

Until a few years ago, there had been little research on cognitive
remediation in schizophrenia, despite the fact that it has been
established for decades that cognitive deficits persist even after the
psychosis subsides. However, the cognitive deficits are now viewed
as having direct implications for treatment and findings in the area
of neuropsychological interventions are emerging rapidly (Green
and Nuechterlein, 1999).

The interventions can take many forms, but generally involve
laboratory-based exercises that are related to the cognitive process
being trained. Some training programmes use cognitive rehabilita-
tion software. For example, Medalia et al. used a software program
entitled ‘Where in the USA is Carmen Sandiego?’ to remedi-
ate problem-solving skills in patients with schizophrenia (Medalia
et al., 2001). The purpose of this task was to solve a simulated
detective case by interpreting information given to identify the sus-
pect in order to make an arrest. Some studies focus on single tasks,
for example, the WCST, to investigate whether performance can be
enhanced by inducing specific task modifications, such as reinforce-
ment or feedback (Goldberg and Weinberger, 1994; Green et al.,
1992; Hellman et al., 1998). There are large differences between
training programmes regarding the intensity and duration of the
training. For example, Bell and colleagues (2001) applied neurocog-
nitive enhancement therapy, in which every participant receives
feedback about his or her cognitive functioning on a biweekly
schedule, as well as cognitive exercises for up to 5 hours each week
for 26 weeks and a weekly social processing group. In contrast, the
computer-aided training by Medalia et al. (2000, 2001) consisted
of 10 sessions of 25 minutes, twice weekly for 5 weeks.

Despite the growing literature, there is a paucity of controlled
studies. In a recent systematic review by the Cochrane group, only
three studies could be included that used a randomized design
in which the impact of cognitive rehabilitation on people with
schizophrenia was compared to a placebo intervention, another
intervention or standard treatment (Hayes and McGrath, 2000).
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This review did not include comparisons of different types of
cognitive rehabilitation. Suslow and colleagues (2001) identified
nine peer-reviewed studies of attention training in schizophrenia,
which incorporated a control group and used external measures
of outcome. Both reviews concluded that data are inconclusive
and provide no evidence for or against cognitive remediation
or attention training in schizophrenia. An important issue is
the generalizability of the improvement. Performance on the
training task can often be improved (Green et al., 1992; Hellman
et al., 1998) but it is doubtful whether these effects generalize
meaningfully (Bellack et al., 1996).

Among the few methodologically adequate studies are the
study by Wykes and colleagues (1999) and the one by Medalia
and colleagues (2000, 2001). The study by Wykes et al. (1999)
investigated the effects of an intensive cognitive rehabilitation
programme. The intervention was targetted at deficits of executive
functions, based on procedural learning and the principles of
errorless learning, targetted reinforcement and massed practice. It
consisted of individual daily sessions of 1 hour for up to 3 months.
The control therapy was occupational therapy, matched for length
of treatment and therapist contact. Seventeen patients received
the cognitive treatment and 16 received occupational therapy.
Some improvement in cognition followed both therapies, but the
cognitive intervention was superior to the occupational therapy
with regard to tests of cognitive flexibility and memory. There
were no systematic changes in symptoms or social functioning in
either group, with one exception: patients in the cognitive treatment
showed a significant increase in self-esteem. The study by Medalia
et al. (2000, 2001) applied computer-aided training programmes to
remediate memory and problem-solving deficits. A sample of 54
patients with schizophrenia were randomly assigned to a memory-
training group, a problem-solving group or a control group. Both
training groups received 10 sessions of computer training. The
control group participated in routine unit activities. The memory-
training group improved on the training tasks during the course
of the training, but they did not make greater gains on external
outcome measures of memory. The subjects failed to apply the
mnemonic strategies that they learned successfully within training
tasks to other general measures of memory and learning. In contrast,
the problem-solving group showed a significant improvement on the
outcome measure that assessed problem-solving skills required for
independent living, an effect that was not present in the other two
groups. The authors concluded that patients with schizophrenia are
responsive to problem-solving training techniques.

THE CONTRIBUTION OF CLINICAL
NEUROPSYCHOLOGY

The cognitive profile in schizophrenia is characterized by a broad
range of deficits. However, there is no single deficit with suffi-
cient specificity to be useful as a diagnostic instrument. Deficits of
attention, memory and executive functions may also be present in
other psychiatric conditions, such as unipolar or bipolar depression,
although in schizophrenia deficits are generally more severe com-
pared to other psychiatric disorders (Martinez Aran et al., 2000;
Zakzanis et al., 1999). Furthermore, test results of a patient with
schizophrenia may be indistinguishable from those obtained in
neurological disorders, such as mild traumatic brain injury (Zakza-
nis et al., 1999). Therefore, the clinical neuropsychologist cannot
rely on quantitative neuropsychological profiles to differentiate
schizophrenia and a neurological condition. At the same time,
no single test completely discriminates patients with schizophre-
nia from healthy controls. According to the quantitative review
by Zakzanis et al. (1999), the effects of the cognitive variables
are associated with a 30–40% overlap between schizophrenia and
control distributions. Indeed, substantial numbers of patients with

schizophrenia have normal neuropsychological profiles (Palmer
et al., 1997). Thus, cognitive deficit is not an inclusive feature of the
illness. In sum, neuropsychological test profiles are of limited use
in differential diagnosis and can only be interpreted in the context
of qualitative aspects of the assessment as well as information about
psychopathology, course of the deficits and premorbid functioning.

Same performance on a test does not necessarily point to
the same underlying dysfunction (Keefe, 1995). Patients with
schizophrenia may perform poorly for reasons that involve other
cognitive and brain processes than patients with neurological
disorder. Moreover, clinical neuropsychological tests were designed
to be sensitive to the type of dysfunction seen with brain lesions.
These tests are sensitive to a range of cognitive deficits in
schizophrenia as well, but they do not tell us much about the origins
of the characteristic symptoms of this disorder. Perhaps the current
neuropsychological instrumentarium should be supplemented with
tests that fit the psychopathology in schizophrenia, for example tests
involving source monitoring or theory of mind. This may give clues
to the cognitive mechanisms that may be involved in vulnerability
for psychosis.

Clinical neuropsychological assessment does contribute to indi-
vidual health care, but this contribution most likely concerns treat-
ment and prognosis rather than psychiatric diagnosis. Deficits of
attention, memory and executive functions predict functional out-
come, possibly even more so than the psychotic symptoms do
(Green, 1996; Velligan et al., 2000; see ‘Impact of cognitive deficits
on daily functioning’, above). Thus, the cognitive assessment can
be used to adjust the rehabilitation programme to the strengths and
weaknesses of the individual patient.

CONCLUDING REMARKS

The cognitive profile in schizophrenia is characterized by deficits
across several domains, notably attention, memory and executive
functions. The attentional deficits include sustained attention, the
capacity to maintain a state of readiness to respond to small
changes in the environment, as well as selective attention: the
capacity to focus while ignoring irrelevant information. Memory
functions that are particularly affected include verbal memory and
learning, working memory and semantic memory. The aspects of
executive functions that are compromised in schizophrenia are
the capacities for volitional activity, forward planning and self-
regulation. Regarding the course of the deficits, the evidence is
mostly in favour of a relatively stable course, with no further
deterioration once the deficits have been established during the first
few years following the onset of the first psychotic episode.

An issue that continues to raise considerable debate is whether
the cognitive deficit in schizophrenia can best be characterized in
terms of a generalized or a specific impairment. Studies that attempt
to resolve this issue have to deal with the methodological problems
associated with measuring a differential deficit against a background
of general impairment, that is, a deficit that is more pronounced than
any other cognitive deficit. Given the psychometric limitations of
the currently availably cognitive tests, findings of both generalized
and specific deficits must be interpreted with caution.

A related issue is whether a single mechanism can be found
that can account for the range of deficits in schizophrenia. An
influential hypothesis is that a single deficit in the processing
of context is sufficient to produce all cognitive deficits as well
as certain symptoms of schizophrenia. Strong support for this
hypothesis has come from computer models. It appeared from these
models that the pervasive deficit seen in schizophrenia could be
simulated by disturbance of a single context module that carried
out the maintenance of information and the inhibition of irrelevant
information.
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The psychopathology in schizophrenia is notoriously diverse.
Several classifications have been proposed, either categorical or
dimensional, and numerous studies have tried to identify distinct
cognitive profiles associated with these subtypings. This correla-
tional approach has yielded some interesting results, although typ-
ically associations between symptoms and neurocognitive deficits
are only modest. An alternative approach to the relation between
symptoms and cognition has been to test cognitive models of indi-
vidual symptoms. Two paradigms that have received substantial
empirical support are theory of mind and reality monitoring, in
relation to delusions and hallucinations respectively. Impairments
of theory of mind seem to be particularly pronounced in patients
with negative symptoms or positive behavioural signs, while the
predicted association with delusions has been found in some stud-
ies. A number of studies have documented robust deficits of reality
monitoring in schizophrenia, with a tendency to attribute events to
an external source in case of ambiguity. Other forms of monitoring
may also be impaired. In general, if a relationship between impaired
reality monitoring and symptoms is found, it is mainly with symp-
toms of alien control rather than hallucinations per se. However, the
presence of an external attribution bias may be specifically involved
in hallucinations.

While the symptom approach tries to identify those cognitive
abnormalities that may underlie specific symptoms of psychosis,
the focus of the vulnerability approach is on cognitive deficits that
have a trait character, independent of the symptoms. According
to the vulnerability/stress model, some individuals have a predis-
position to schizophrenia that is largely determined by genetic and
neurodevelopmental factors. Studies have attempted to find markers
of this vulnerability in first-degree adult relatives of patients with
schizophrenia and in individuals with a higher risk of developing
schizophrenia than the general population. It appeared from this
research that cognitive deficits are robust markers of schizophrenia
vulnerability, although further research should investigate whether
they are useful as alternative phenotypes in genetic studies.

Although the functional relevance of the cognitive deficits in
schizophrenia has not received much attention, the available data
suggest that deficits of verbal episodic memory, vigilance and
executive functions influence functional outcome. Deficits in these,
and presumably other domains of cognitive functioning restrict
the possibilities for functional recovery, possibly even more so
than do the symptoms of psychosis. This indicates that successful
treatment goes beyond the reduction of the symptoms of psychosis.
Cognitive deficits should be a target for intervention, whether
pharmaceutically or psychologically. The therapeutic effects of
conventional antipsychotic medication on cognition are generally
considered to be minor. There is some evidence that atypical
antipsychotic drugs improve cognitive functioning in schizophrenia,
when compared to conventional antipsychotics. Yet, in none of the
empirical studies does performance of patients with schizophrenia
reach normal levels. This emphasizes the necessity to investigate
the usefulness of cognition-enhancing drugs in schizophrenia. Few
studies have been conducted that examine the effects of cognitive
remediation on cognitive and daily functioning in schizophrenia
in a controlled design. Therefore, there is as yet no evidence for
or against cognitive remediation as a treatment in schizophrenia.
However, given the impact of cognitive deficits on functioning in
schizophrenia, the field invites exploration.
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