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Abstract

Working memory (WM) deficit is a cardinal cognitive symptom of schizophrenia
but the differences among the tasks and measures used to assess WM make it
difficult to compare across studies. We conducted a meta-analytic review to
address three major questions: 1) Do schizophrenia patients show WM deficits
across diverse methodology? 2) Is WM deficit supramodal? and 3) Does the WM
deficit worsen with longer delays? The results indicate that significant WM deficit
was present in schizophrenia patients in all modalities examined. Increasing the
delay beyond 1 second did not influence the performance difference between
normal and schizophrenic subjects in WM. These results suggest that WM deficit
in schizophrenia is modality-independent and that encoding and/or early part of

maintenance may be problematic.
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Schizophrenia is a complex brain disorder characterized by clinical heterogeneity
and deficits of cognitive functions such as distractibility, perseveration and inability to
inhibit irrelevant information or responses. Although much was already known about the
neuropsychological profile of schizophrenia patients in the 1980s, it was not until the
early 90s that researchers began to look towards the emerging field of cognitive
neuroscience for a conceptual vessel that could integrate the diverse and seemingly
heterogeneous neurocognitive deficits of schizophrenia with a focus on working memory.

Since the publication of the first article demonstrating the presence of working
memory deficit in schizophrenia (Park & Holzman, 1992), working memory research has
become central to studies of neurocognitive deficits in schizophrenia. Accumulating
evidence indicates that working memory deficit is a core feature of schizophrenia (Cohen
and Servan-Schreiber, 1992; Goldman-Rakic, 1994; Gold et al., 1997), but the source of
the deficit is not yet clearly elucidated.

Baddeley (Baddeley, 1986) originally defined ‘working memory’ as an active
short-term memory consisting of a central executive and modality-specific slave system.
Since then, the concept of working memory has evolved into different forms, depending
on the theoretical research framework. For example, Kieras, Meyer, Mueller, and
Seymour (1999) regarded working memory as an entire system of temporary stored
codes, human knowledge representation and procedures, whereas Ericsson and Delaney
(1999) conceptualized working memory as a component of long-term memory system
whose function is to maintain selective access to information that is needed to complete a
task with unlimited capacity. Engle and his colleagues (Engle et al., 1999) also

considered working memory as a system consisting of active long-term memory traces
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active above threshold plus controlled attention. In neurophysiology or behavioral
neuroscience literature, working memory is often defined as the system that maintains
task-relevant information ‘on-line’ for a short period of time (e.g., Goldman-Rakic,
1991). Therefore, depending on the theoretical and empirical framework adopted,
definitions, approaches and experimental paradigms concerning working memory in
schizophrenia vary significantly across different studies.

Although some investigators in schizophrenia research have adopted working
memory tasks developed in cognitive psychology or behavioral neuroscience, the more
dominant trend in psychiatric and clinical fields has been to use available
neuropsychological tasks that are hypothesized to tap working memory. However, most
of the available neuropsychological tasks were not developed to probe working memory
per se, and thus it is not so clear what function(s) they are testing. For example, the
Wisconsin Card Sorting Task (WCST) has been used in several studies to measure
working memory deficits in schizophrenia (Bertolino, Esposito, Callicott, Mattay, Van
Horn, Frank, Berman, & Weinberger, 2000; Schroder, Tittel, Stockert, & Karr, 1996).
Though working memory is important for successful performance in the WCST, there are
several other cognitive functions necessary to perform the WCST, such as deducing a
rule, planning, inhibition etc. Therefore, it is not easy to decide whether or not poor
performance of schizophrenia patients in the WCST results from working memory
deficits or other cognitive dysfunction. Considering diverse methodology and paradigms
used to study working memory in schizophrenia, it is not surprising to find studies that
have failed to show working memory deficits in schizophrenia. Yet, the field as whole

has accepted working memory deficit as a fact without definitive quantitative evidence.
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Therefore, it is necessary to investigate whether working memory deficits in
schizophrenia do exist across very heterogeneous and diverse approaches and paradigms.
The present study was designed to evaluate the consistency and strength of
working memory deficit in schizophrenia using quantitative meta-analytic review of
published studies. The main research question we were interested in answering was
whether schizophrenia patients show consistent working memory deficits. Two
important aspects of the present study regarding this question were: 1) the reason for a
quantitative review, and 2) how to refine the definition of working memory. Although it
is generally accepted that schizophrenic patients show working memory deficits, there is
no study that verifies the validity of this statement with a quantitative technique. Meta-
analysis is a powerful quantitative tool that allows us to test hypotheses across diverse
methods, techniques and paradigms (Cooper & Hedges, 1994). By focusing on the effect
size, the meta-analysis provides a technique for examining the magnitude and the
consistency of evidence (i.e., effect size d or r) across different studies instead of relying
on the significance test of the findings. Effect size analysis allows us to avoid the pitfalls
of null hypothesis-statistical significance testing, such as faulty conclusions about
hypothesis that are based on a count of significant and non-significant studies. Variability
of effect sizes across studies can be indexed by common statistics such as standard
deviations and confidence intervals as well as the homogeneity test statistics of effect size
estimates.

One pivotal aspect of our review concerns the concept of working memory. As
described above briefly, the definition of working memory depends on one’s theoretical

framework. However, it is of the utmost importance to define what working memory is
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for the purpose of this meta-analysis, because the definition of working memory directly
determines which studies are included or excluded. Miyake and Shah (1999) tackled
definition of working memory by comparing the existing 10 models of working memory
in terms of basic mechanisms and the nature of representations. These leading theories of
working memory indicate that the core part of working memory is the system or
procedure of maintaining mental representation for further processing of the
representation. In this paper, we focused on the definition of working memory as a

system or mechanism where information is represented, maintained, and updated for a

short period of time. This definition emphasizes the process of maintaining

representation active above threshold, so that the activation of information relevant to the
current task can be maintained under the focus of attention, particularly when individuals
experience interference from internal or external events. Maintaining the mental
representation under the focus of attention in the presence of distraction, internal or
external, also requires updating of the representation. This definition separates working
memory from ‘traditional’ short-term memory by emphasizing the maintenance of
representation the focus of attention. Short-term memory, which is closely related to
working memory, is a more passive system where items (either encoded or transferred
from long-term memory and activated) decay quickly, especially when interference is
present (i.e. Cowan, 1988). Indeed, short-term memory tasks such as forward digit and
spatial span tasks, despite their surface similarity to some working memory tasks do not
necessarily tap working memory (Engle, Tuholski, Laughlin, & Conway, 1999).

By choosing a more process-oriented definition, we can further focus on other yet

equally important questions of working memory deficits in schizophrenia: 1) whether
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schizophrenia patients show differential deficits in working memory task depending on
which kind of material, the modality of information (i.e. verbal, visuospatial), is primarily
required to be maintained in a specific task, and 2) to what extent the delay, the period
when representation should be kept in working memory, affects performance of
schizophrenia patients. A few previous studies implemented working memory tasks in
more than one modality (e. g., Park & Holzman, 1992; Spindler, Sullivan, Menon, Lim,
& Pfefferbaum, 1997; Barch et al., 2002; Fossati et al., 1999; Pukrop et al., 2003), but it
is not clear whether schizophrenia patients show differential deficits in tasks based on the
modality of information in working memory. For example, Pukrop et al. (2003) measured
verbal and visuo-spatial working memory by using letter number span and visuo-spatial
delayed response task, respectively, but they did not examine whether schizophrenia
patients showed more severe deficit in one modality compared to the other. This question
is also important for understanding the biological mechanism of working memory deficits
in schizophrenia, considering that different parts of the prefrontal cortex are involved
with each modality of representation in working memory (i.e. D’Esposito, Aguirre,
Zarahn, Ballard, Shin, & Lease, 1998; Goldman-Rakic, 1999). For example, Smith and
Jonides (1999) suggest that domain specificity in working memory may be reflected in
the lateralization of activation (e.g., language related information activates left frontal
lobe and spatial information activates right frontal lobe). Therefore, it is of interest to
examine whether modality-specific systems are differentially impaired in schizophrenia
to understand the role of working memory deficits in schizophrenia comprehensively and
bridge the gap between cognitive dysfunction and neurobiological abnormalities in

schizophrenia.
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In addition to examining the effect of modality, we examined how the duration of
delay may affect working memory deficits of schizophrenia patients. The delay periods
vary widely across the studies of working memory and may have differential effects on
schizophrenic patients compared with normal controls. Lengthier delays may result in
greater working memory deficits in schizophrenic patients because the likelihood of
disrupting mental representation or being distracted by internal or external events (e.g.,
hallucination or noise) may increase with time especially if they are disproportionately
vulnerable to interference. It is also possible that there is temporal gradient of
vulnerability to disruptions during the delay. The time course of vulnerability to
distraction may change such that disruptions may be more detrimental at the beginning of
the delay period where the mental representation is not yet fully consolidated (Vogel,
Woodman, & Luck, in press; Woodman & Vogel, in press). However, it is also possible
that increasing the delay may have no incremental effect on working memory errors in
schizophrenia patients. If internal representations are not formed during the encoding
stage, then there will be a working memory error regardless of the duration of the delay
Similarly, if a wrong stimulus is encoded, the result would be an error no matter how
short or long the delay period may be. Finally, even if longer delays increase errors in
schizophrenic patients, normal subjects may also be equally vulnerable such that the
group difference (i.e., the extent of the deficit) may remain stable. We examined the
effects of the length of the delay on working memory in schizophrenia patients across
studies in our review in order to further elucidate the nature of working memory deficits

in schizophrenia.
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In summary, this meta-analysis study intended to quantify the general, qualitative
statement of working memory deficits in schizophrenia. By choosing the process-oriented
definition of working memory, we tried to untangle confusion over diverse methodology
in the field. Three main questions we addressed were: 1) are working memory deficits in
schizophrenia consistent cross studies? 2) if so, do working memory deficits in
schizophrenia vary depending on the modality of the task used in studies or are they
independent of the modality of working memory task? And 3) do schizophrenia patients

show differential deficits in working memory task depending on the length of delay?

Method

Literature Search

To identify relevant articles, literature searches were conducted with searches of
computerized database including PsychInfo and Medline and manual searches of the
bibliographies of recent review (Park & Lee, 2002). Since the main question of the
present article is whether the qualitative statement of working memory deficits in
schizophrenia can be held through a meta-analysis, the terms for the literature search
were selected to include the maximum number of articles of working memory and
schizophrenia. In this study, working memory is considered as a system or mechanism
where information is represented, maintained, and updated for a short period of time. The
tasks that are thought to measure working memory are the followings: the delayed-
response task, the delayed-matching-to-sample-task, the n-back task, the ‘span’ task
(digit and spatial backward span tests, reading span, speaking span, letter-number span

and mathematical span), AX-continuous performance test with a delay, and spatial
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working memory task from the Cambridge Neuropsychological Test Automated Battery
(CANTAB). Based on these tasks, the followings terms were used to locate relevant

articles in the computerized search: working memory and schizophrenia, verbal span and

schizophrenia, spatial span and schizophrenia, and continuous performance task (or test)

and schizophrenia. The articles located by the computer and manual search were limited

to peer-reviewed articles written in English.

Among nearly 600 studies found with two methods, the following criteria were
applied to select articles for this review: First, studies must be published between 1980
and September 2004. The year 1980 was chosen as a year of publication criterion because
it corresponded roughly to the introduction and use of more systematic and reliable

diagnostic criteria for schizophrenia such as the Diagnostic and Statistical Manual of

Mental Disorders (DSM, 3™ edition, American Psychiatric Association, 1980). The year

2004 was chosen as an upper limit to ensure maximal coverage of the literature by the
computer-based journal database. Studies must also have a research design with a control
group comprising healthy participants and an experimental group consisting of patients
with schizophrenia. Schizophrenic patients must meet diagnostic criteria for either the
DSM (3" or 4™ edition, American Psychiatric Association, 1980, 1994) or the
International Classification of Disease (ICD-9 or 10, World Health Organization, 1978,
1992) and have satisfied these criteria on the basis of a structured clinical interview or the
diagnosis of psychiatrists. Additionally, studies must include one of the working memory
tasks listed above. The studies were further specified based on which modality of
representation is required to perform the task: verbal and visuo-spatial. And finally,

studies must include statistics convertible to effect size r (e.g., mean, standard deviation,
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F, t or the significance value). If studies met the previous three criteria, but did not
present statistics, a direct contact to author(s) via e-mail was conducted to request
statistics'. Among articles found through the search of computerized databases and the

manual search, 124 studies were selected for this review after applying these criteria®.

Coding of Study Characteristics

Recorded variables for every article used in meta-analyses included the journal
name, author(s), and the date of publication of the articles, the number of subjects in each
group (schizophrenia group and healthy control group), working memory tasks used in

studies, and the statistics that are convertible to effect size.

Calculation of Effect sizes and Data Analysis

Effect size (r) was calculated based on reported statistics (Rosenthal, 1991).
When means and standard deviations in each group were reported, Cohen’s d was
calculated with these statistics first and Cohen’s d was converted to effect sizer. If
studies did not report means and standard deviations, effect size r was calculated with
reported t, F statistics or the significance values.

A number of studies included in this review used several measures to examine
working memory in schizophrenia, and therefore it was possible to calculate more than
one effect size estimates for one study. In addition the same research team may conduct a
series of studies included in this review so the participants may be overlapped across

studies. Because the measures of each subject are correlated, the effect size estimates

! Studies where we were not able to contact the authors and/or access their data were excluded from this
review.
2 124 studies included in this review were indicated with an asterisk in a reference section.
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from these studies are likely to be correlated within studies or among studies. There are
several approaches to resolve dependencies among effect size estimates (i.e., Gleser &
Olkin, 1994). If the estimates of the covariance structure among the correlated effect
sizes are known, a multivariate method can be applied to produce the most precise effect
size among the estimated effect sizes (Gleser & Olkin, 1994). However, none of the
studies included in the review provided the covariance structure of correlated effect sizes,
nor were published covariance structure among several measures of working memory
tasks available. Therefore, when several effect size estimates were computed within
studies, two decisions were made based on the research question of interest. To examine
the general working memory deficits and the effect of stimulus modality on working
memory deficits in schizophrenia, the median of all possible effect size estimates was
selected in each modality of working memory task within individual studies. However,
no correction was applied to potentially correlated effect size estimates from studies that
were conducted by same research groups (therefore possibly using overlapping set of
subjects) because of lack of available information on covariance structure. For the
relationship between the length of the delay and working memory deficits in
schizophrenia, the median effect size estimate was chosen for each delay (if more than
one delay was used) per each study.

An unweighted average effect size estimate and corresponding 95% and 99%
confidence intervals (CI), the coefficient of robustness (CR), and a measure of effect size
homogeneity, the Q statistic, were calculated across studies (Rosenthal, 1991, 1995;
Shadish & Haddock, 1994). CI’s that excluded zero were considered significant. CR, the

mean effect size divided by the standard deviation, provides an index of the stability and
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replicability of the average effect size. The Q statistic has a chi-square distribution with
(k-1) degrees of freedom, where k is the number of effect sizes being combined. The

critical alpha for the Q statistic was set at .05.

Insert Table 1

Result

Effect Sizes, Significance Testing and the Effect of Modality

124 studies published between 1980 and 2004 were included in the present study
and 129 effect size estimates were computed based on statistics reported in studies (Table
1). Table 2 contains a stem and leaf display of the effect size of the studies in the meta-
analysis. Table 3 contains additional information about central tendency, variability,

significant tests, and confidence intervals.

Insert Table 2

Insert Table 3
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All results showed a positive effect size for the working memory impairment in
schizophrenia. The unweighted mean effect size from all working memory tasks was
452, and the result of t-test for mean effect size was significant. This significant t-test of
effect size estimates indicates that schizophrenic patients showed deficits in working
memory. The 95% confidence interval suggests the likely range of effect sizes to be from
.106 to .798. The Q statistic showed the heterogeneity among effect size estimates
included in this review.

To investigate whether schizophrenia patients show differential deficits depending
on the modality of working memory tasks, studies were classified and compared. These
categories and their respective results are displayed in Table 4. Z test was performed to
find whether differences in modality of working memory task would lead to disparate
results. The contrast analysis (visuospatial WM vs. verbal WM, Z=. 011) showed no
significant difference among modalities of working memory tasks. The size of the
coefficient of robustness, however, suggests that there are more consistent impairments in
visuospatial working memory tasks than in verbal working memory task in schizophrenia

patients.

Table 4

The Length of the Delay and Working Memory Deficit
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To examine whether increasing the duration of the delay period may increase
working memory deficits in schizophrenia, 65 effect size estimates from studies, which
specified the delay component, were included in this analysis. When several working
memory tasks were used in a study, the median value of effect size estimates was chosen
for each specific delay period. Correlation analysis showed that increasing the delay did
not increase working memory deficits in schizophrenia beyond one second, which was

the shortest delay duration reported in these studies (see Figure 1.)

Figure 1

File Drawer Analysis

It is likely that studies with non-significant results would be less published. Due
to this ‘file drawer problem’, studies included in this meta-analysis are not likely to be a
random sample of all studies actually conducted on working memory and schizophrenia.
For the probability for this meta-analysis to become non-significant (p>.05), there would
have to be 1560 studies with mean probability of .05 remaining squirreled away in the

file drawer (Rosenthal, 1991).

Conclusion and Discussion
To our knowledge, this is the first quantitative meta-analytic study of working

memory deficits in schizophrenia. The result of the meta-analysis showed that working
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memory deficits in schizophrenia are reliably found across very diverse methods and
approaches. Furthermore, the present study indicates that working memory deficit is
present in schizophrenia independent of the specific modality of the task. This suggests
that common cognitive process necessary to perform working memory tasks may be
abnormal in schizophrenia in addition to any problems that may be specific to the
modality-specific systems. Although there was no significant difference in the effect sizes
in relation to the modality of working memory, visuo-spatial working memory deficit in
schizophrenia seems to be more consistent and robust than deficits found in verbal
working memory, as observed in the size of the coefficient of robustness. Finally,
increasing the duration of the delay beyond 1 second did not result in greater working
memory deficit in schizophrenia patients compared with normal controls.

The consistent finding of working memory deficits across 124 studies strongly
supports the important role of working memory deficits in unraveling the mystery of
schizophrenia. This study clearly showed that working memory deficit is not an artifact
of specific characteristic of a task. That is, working memory deficits were present
regardless of specific stimulus modality of tasks or the duration of the delay periods. In
addition, working memory deficits have been found in biological relatives of
schizophrenia patients (Park et al, 1995a; Myles-Worsley & Park, 2002; Conklin et al.,
2000) and healthy individuals with schizophrenia characteristics (Park et al., 1995b; Park
& McTigue, 1997; Tallent & Gooding, 1999). These studies as well as the results of the
present study suggest that working memory deficit is a strong candidate of

endophenotype marker of schizophrenia patients.
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Furthermore, the consistency of working memory deficit in schizophrenia across
the stimulus modality of the tasks suggests a potentially fruitful strategy for disentangling
the etiology of this impairment. Rather than focusing on the modality-specific
subsystems as described by Baddeley, it may be much more useful to parse cognitive
process necessary for successful performance in working memory task into dissociable,
temporal components. To perform a working memory task successfully, one has to
‘encode’ the target, internally represent the target, maintain the mental representation of
the target while inhibiting irrelevant information, and retrieve the mental representation at
the right moment. Dysfunction in one of these sub-processes may result in impaired
performance. Recently several studies reported that poor encoding may contribute to the
working memory deficits of schizophrenia patients. Tek et al. (2002) showed that
impaired perceptual processing in schizophrenia patients mediates their visuo-spatial
working memory deficits. In addition, Hartman and his colleagues (2002) showed that
increasing stimulus presentation duration improved the performance of schizophrenia
patients in visuo-spatial working memory task. We also found a facilitation of working
memory in schizophrenia patients when we increased the attentional salience of the
targets (Park et al., 2001; Lee et al., 2002). Thus, inefficient encoding seems to be partly
responsible for visuo-spatial working memory deficits in schizophrenia. Similar analysis
of components of verbal working memory suggests an equally important role of
imprecise encoding in verbal working memory deficits in schizophrenia. Future studies
are needed to test this hypothesis in detail. As to what factors cause imprecise encoding,
there are several possibilities. Schizophrenia patients may just simply need more time to

form a mental representation as suggested by Hartman et al (2002). In addition,
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schizophrenia patients may have imprecise encoding because they have difficulties in
selecting relevant information or they are unable to deploy attention to the relevant
feature efficiently (e.g., Braver et al., 1999; Adler et al., 1998). Such difficulties may
result in imprecise encoding as well as encoding wrong stimuli. To understand what
causes poor encoding, it is necessary to specify how impairments in perceptual and
attentional processes may contribute to working memory deficits. However, it is also
important to note that degraded or imprecise encoding alone cannot fully account for
working memory deficits in schizophrenia because as Tek et al (2002) point out, even
when encoding is optimized, they still observed spatial working memory deficits. In other
words, working memory maintenance and retrieval also present significant problems in
schizophrenia patients and future studies are necessary to specify the roles of each
component in working memory deficits of schizophrenia patients.

This study showed that increasing the length of the delay was not associated with
the effect-sizes of working memory deficit. That is, after 1 second delay, increasing the
duration of the delay did not increase the working memory deficit further. This result
suggests perhaps the importance of encoding and the early part of the delay in
maintaining mental representation. If schizophrenia patients have difficulties forming
mental representation that is impervious to disruptions in the first place, they may be
more vulnerable to interference especially at the early stages of the delay. However, if
they can maintain the representation for the crucial few seconds at the beginning, then the
neural circuits that support the maintenance may have enough signal strength to continue.
In other words, it may be possible that even partially consolidated images from poor

encoding could be remembered. Unfortunately, merely comparing the effects of different
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delay intervals does not allow us to fully investigate the temporal dynamics of working
memory process. These possibilities can be explored empirically in future studies by
comparing the effect of delay with optimized encoding (stable representation) versus
poor encoding (degraded representation).

The length of delay did not affect the effect sizes of working memory deficit in
schizophrenia. First, it is important to note that this result does not imply maintenance is
unimpaired in schizophrenia. This finding shows that the group differences in working
memory performance, as indexed by the effect size estimates of working memory deficit,
remained stable across different delay durations. In other words, it means that
schizophrenic patients make more working memory errors than normal controls at all
delays but the size of this deficit is fairly stable regardless of the length of the delay.
Second, there were not enough studies with variable delays in the current database to
perform a comprehensive delay-related meta-analysis so this finding may not be
generalized. Third, most studies included in the meta-analysis of the effect of a delay
included a delay of less than 10 seconds and many of the experiments, including the N-
back tasks, used delays of 1 second (Figure 1). The restricted range of the delays may
contribute to the statistically insignificant relationship between the length of a delay and
the magnitude of effect size estimates. A future meta-analytic study that includes various
ranges of delays in working memory tasks is needed to test this hypothesis.

Our results render support for the growing view that cognitive and perceptual
abnormalities may be just as important as clinical symptoms in schizophrenia.
Neurocognitive deficits have been the better predictor of the social function and outcome

of schizophrenia (e.g. Green, 1996) and at present, remediation of cognitive deficits is a
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major goal of treatment of atypical antipsychotic drugs. Heinrichs (2001) demonstrated
the strength and consistency of cognitive deficits in schizophrenia in a comprehensive
and integrated synthesis of neurobiological and psychological studies of schizophrenia
using meta-analytic methods. In his review, the most powerful and consistent findings in
schizophrenia research were cognitive and perceptual differences between schizophrenia
patients and healthy people, such as learning, reasoning, visual or auditory attention, and
expressive language. Working memory is a key component of many of the tests that he
included in his meta-analysis, and we augment his finding by providing the presence of
working memory deficit in schizophrenia patient independent of the stimulus modality.
Heinrich’s findings and our finding emphasize the importance of understanding the
nature of cognitive abnormalities in solving the riddle of schizophrenia.

While we interpret the results of the meta-analysis as providing evidence for the
important role of working memory deficit in schizophrenia, others may argue that this
result is an indicative of a generalized deficit. Many of the studies, especially those from
cognitive neuroscience tradition, included control tasks to rule out other cognitive,
perceptual and motor deficits that are not inherent components of working memory.
These studies demonstrate that working memory deficits are present in schizophrenia
patients even when other cognitive and perceptual functions are intact. In addition,
working memory deficit was still found even when schizophrenic patients and the
controls were matched on IQ and education (e.g., Park & Holzman, 1992). Of course, it
can still be argued that the fact that schizophrenic patients perform normally on control
tasks does not rule out the possibility of generalized deficit since some control tasks may

not have comparable discriminating power (Strauss, 2001) but this argument seems
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weakened when we consider the fact that psychometric schizotypal undergraduates show
specific working memory deficits (e.g., Park et al., 1995; Park & McTigue, 1997; Tallent
& Gooding, 1999), because these undergraduate students had normal or above normal IQ,
showed intact performance on other neuropsychological tests, and were enrolled and
taking courses at highly competitive universities (e.g., Northwestern, Cornell,
Wisconsin), which suggests that they did not have generalized cognitive deficits. In other
words, in individuals who carry latent liability for schizophrenia, working memory deficit
is found without generalized deficits and this working memory deficit seems to be
correlated with schizotypal personality traits. While this argument does not rule out the
possibility of a generalized deficit as a primary cause of working memory deficits in
schizophrenia and schziotypy, it suggests that it is possible to have pockets of working
memory deficits without having deficits in all aspects of cognition. It seems that further
work is needed to determine whether working memory deficit in schizophrenia is a
differential deficit or a generalized deficit. To do so, it will be useful to focus on
theoretically constrained models of cognitive deficits and parse them into testable
components.

Although the results of our meta-analysis are clear, there are some caveats. First,
in this review, we applied theoretically constrained and stringent inclusion criteria for
working memory tasks. The concept of working memory in this study emphasizes the
role of actively maintaining mental representation “on-line” while inhibiting interference
or distraction. These criteria may be regarded as limited by other investigators; however,
our reasons for using these strict inclusion/exclusion criteria are explicit and therefore we

do not intend to generalize our finding beyond the scope of this particular analysis.
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Secondly, a vast majority of the studies included in this meta-analysis examined
medicated patients. Working memory deficit in schizophrenia is probably not a mere
artifact of antipsychotic medication, as some studies included in this review examined
unmedicated patients and still found working memory deficits (i.e. Carter, Robertson,
Nordahl, Chaderjian, Kraft, & O’Shora-Celaya, 1996). Furthermore, there is also a report
of beneficial effects of atypical antipsychotics on verbal working memory in
schizophrenia (Green et al., 1997). However, we cannot entirely rule out the possible
effects of antipsychotic medication on working memory over time. In the future, it may
be possible to examine the results from studies that include only unmedicated patients to
examine whether effect sizes of working memory deficit are related to medication status
but at present, we do not have enough data. Third, consistent working memory deficits
across diverse methods suggest working memory deficit as a possible endophenotype of
schizophrenia. Several studies showed working memory deficits in healthy, unmedicated
relatives of schizophrenia patients (Park et al., 1995a; Myles-Worsley & Park, 2002;
Conklin et al., 2000) and healthy psychometric schizotypals (Park et al., 1995b; Park &
McTigue, 1997; Tallent & Gooding, 1999). However, it was not possible to conduct a
meta-analysis for those studies because there are not yet enough studies on individuals
who may carry latent liability for schizophrenia. Further studies of relatives of
schizophrenia patients and healthy schizotypals are necessary.

To summarize, a meta-analysis of the 124 studies on working memory deficit in
schizophrenia suggests that working memory deficit in schizophrenia is robust and

modality-independent. Our results support the idea that working memory deficit in
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schizophrenia is consistent across different tasks and paradigms, and suggest that

working memory is an integral part of the schizophrenia endophenotype.



Working Memory and Schizophrenia 24

Reference

Abi-Dargham, A., Mawlawi, O., Lombardo, 1., Gil, R., Martinez, D., Huang, Y., Hwang,
D. R, Keilp, J., Kochan, L., Van Heertum, R., Gorman, J. M., & Laruelle, M.
(2002)*. Prefrontal dopamine D1 receptors and working memory in

schizophrenia. Journal of Neuroscience, 22(9), 3708-3719.

Adler, L. E., Olincy, A., Waldo, M., Harris, J. G., Griffith, J., Stevens, K., Flach, K.,
Nagamoto, H., Bickford, P., Leonard, S., & Freedman, R. (1998). Schizophrenia,

sensory gating, and nicotinic receptors. Schizophrenia Bulletin, 24(2), 189-202.

American Psychiatric Association (1980). Diagnostic and Statistical Manual of Mental

Disorder (3" edition). Washington, DC: Author.

American Psychiatric Association (1994). Diagnostic and Statistical Manual of Mental

Disorder (4™ edition). Washington, DC: Author.

Anil, A. E., Kivircik, B. B., Batur, S., Kabakeci, E., Kitis, A., Giiven, E., Basar, K.,
Turgut, T. I., & Arkar, H. (2003)*. The Turkish version of the Auditory
Consonant Trigram Test as a measure of working memory: A normative study.

Clinical Neuropsychologist, 17(2), 159-169.

Baddeley, A. (1986). Working memory. New York: Oxford University Press.
Bagner, D. M., Melinder, M. R., & Barch, D. M. (2003)*. Language comprehension and
working memory language comprehension and working memory deficits in

patients with schizophrenia. Schizophrenia Research, 60(2-3), 299-309.

Barch, D. M., Carter, C. S., Braver, T. S., Sabb, F. W., MacDonald, A., 3rd, Noll, D. C.,

& Cohen, J. D. (2001)*. Selective deficits in prefrontal cortex function in



Working Memory and Schizophrenia 25

medication-naive patients with schizophrenia. Archives of General Psychiatry,

58(3), 280-288.
Barch, D. M., Carter, C. S., MacDonald, A. W., 3rd, Braver, T. S., & Cohen, J. D.
(2003A)*. Context-processing deficits in schizophrenia: diagnostic specificity, 4-

week course, and relationship to clinical symptoms. Journal of Abnormal

Psychology, 112(1), 132-143.

Barch, D. M., Csernansky, J. G., Conturo, T., & Snyder, A. Z. (2002)*. Working and
long-term memory deficits in schizophrenia: is there a common prefrontal

mechanism? Journal of Abnormal Psychology, 111(3), 478-494.

Barch, D. M., Sheline, Y. 1., Csernansky, J. G., & Snyder, A. Z. (2003B)*. Working

memory and prefrontal cortex dysfunction: specificity to schizophrenia compared

with major depression. Biological Psychiatry, 53(5), 376-384.
Bertolino, A., Esposito, G., Callicott, J. H., Mattay, V. S., Van Horn, J. D., Frank, J. A.,
Berman, K. F., & Weinberger, D. R. (2000). Specific relationship between

prefrontal neuronal N-acetylaspartate and activation of the working memory

cortical network in schizophrenia. American Journal of Psychiatry, 157(1), 26-33.
Bertolino, A., Sciota, D., Brudaglio, F., Altamura, M., Blasi, G., Bellomo, A., Antonucci,

N., Callicott, J. H., Goldberg, T. E., Scarabino, T., Weinberger, D. R., & Nardini,

M. (2003)*. Working memory deficits and levels of N-acetylaspartate in patients

with schizophreniform disorder. American Journal of Psychiatry, 160(3), 483-

489.
Bollini, A. M., Arnold, M. C., & Keefe, R. S. (2000)*. Test-retest reliability of the dot

test of visuospatial working memory in patients with schizophrenia and controls.



Working Memory and Schizophrenia 26

Schizophrenia Research, 45(1-2), 169-173.

Braver, T. S., Barch, D. M., & Cohen, J. D. (1999). Cognition and control in
schizophrenia: a computational model of dopamine and prefrontal function.

Biological Psychiatry, 46(3), 312-328.

Brebion, G., Amador, X., Smith, M. J., & Gorman, J. M. (1998)*. Memory impairment

and schizophrenia: the role of processing speed. Schizophrenia Research, 30(1),

31-39.
Bruder, G. E., Wexler, B. E., Sage, M. M., Gil, R. B., & Gorman, J. M. (2004)*. Verbal
memory in schizophrenia: additional evidence of subtypes having different

cognitive deficits. Schizophrenia Research, 68(2-3), 137-147.

Burglen, F., Marczewski, P., Mitchell, K. J., van der Linden, M., Johnson, M. K., Danion,
J. M., & Salame, P. (2004)*. Impaired performance in a working memory binding

task in patients with schizophrenia. Psychiatry Research, 125(3), 247-255.

Cadenhead, K. S., Perry, W., Shafer, K., & Braff, D. L. (1999)*. Cognitive functions in

schizotypal personality disorder. Schizophrenia Research, 37(2), 123-132.

Callicott, J. H., Bertolino, A., Mattay, V. S., Langheim, F. J., Duyn, J., Coppola, R.,
Goldberg, T. E., & Weinberger, D. R. (2000)*. Physiological dysfunction of the

dorsolateral prefrontal cortex in schizophrenia revisited. Cerebral Cortex, 10(11),

1078-1092.
Callicott, J. H., Mattay, V. S., Verchinski, B. A., Marenco, S., Egan, M. F., &
Weinberger, D. R. (2003)*. Complexity of prefrontal cortical dysfunction in

schizophrenia: more than up or down. American Journal of Psychiatry, 160(12),

2209-2215.



Working Memory and Schizophrenia 27

Callicott, J. H., Ramsey, N. F., Tallent, K., Bertolino, A., Knable, M. B., Coppola, R.,
Goldberg, T., van Gelderen, P., Mattay, V. S., Frank, J. A., Moonen, C. T., &
Weinberger, D. R. (1998)*. Functional magnetic resonance imaging brain
mapping in psychiatry: methodological issues illustrated in a study of working

memory in schizophrenia. Neuropsychopharmacology, 18(3), 186-196.

Cameron, A. M., Geffen, G. M., Kavanagh, D. J., Wright, M. J., McGrath, J. J., &

Geffen, L. B. (2003)*. Event-related potential correlates of impaired visuospatial

working memory in schizophrenia. Psychophysiology, 40(5), 702-715.
Carter, C. S., MacDonald, A. W., 3rd, Ross, L. L., & Stenger, V. A. (2001)*. Anterior
cingulated cortex activity and impaired self-monitoring of performance in patients

with schizophrenia: an event-related fMRI study. American Journal of Psychiatry,

158(9), 1423-1428.
Carter, C. S., Perlstein, W., Ganguli, R., Brar, J., Mintun, M., & Cohen, J. D. (1998)*.
Functional hypofrontality and working memory dysfunction in schizophrenia.

American Journal of Psychiatry, 155(9), 1285-1287.

Carter, C., Robertson, L., Nordahl, T., Chaderjian, M., Kraft, L., & O'Shora-Celaya, L.
(1996)*. Spatial working memory deficits and their relationship to negative

symptoms in unmedicated schizophrenia patients. Biological Psychiatry, 40(9),

930-932.
Chen, Y. L., Chen, Y. H., & Lieh-Mak, F. (2000)*. Semantic verbal fluency deficit as a

familial trait marker in schizophrenia. Psychiatry Research, 95(2), 133-148.

Chey, J.,, Lee, J., Kim, Y. S., Kwon, S. M., & Shin, Y. M. (2002)*. Spatial working

memory span, delayed response and executive function in schizophrenia.



Working Memory and Schizophrenia 28

Psychiatry Research, 110(3), 259-271.

Cohen, J. D., & Servan-Schreiber, D. (1992). Context, cortex, and dopamine: A
connectionist approach to behavior and biology in schizophrenia. Psychological

Review. 99(1), 45-77.

Cohen, J. D., Barch, D. M., Carter, C. S., & Servan-Schreiber, D. (1999)*. Context-
processing deficits in schizophrenia: converging evidence from three theoretically

motivated cognitive tasks. Journal of Abnormal Psychology, 108(1), 120-133.

Coleman, M. J., Cook, S., Matthysse, S., Barnard, J., Lo, Y., Levy, D. L., Rubin, D. B., &
Holzman, P. S. (2002)*. Spatial and object working memory impairments in
schizophrenia patients: a Bayesian item-response theory analysis. Journal of

Abnormal Psychology, 111(3), 425-435.

Condray, R., Steinhauer, S. R., van Kammen, D. P., & Kasparek, A. (1996)*. Working
memory capacity predicts language comprehension in schizophrenic patients.

Schizophrenia Research, 20(1-2), 1-13.

Conklin, H. M., Curtis, C. E., Katsanis, J., & Tacono, W. G. (2000)*. Verbal working
memory impairment in schizophrenia patients and their first-degree relatives:

evidence from the digit span task. American Journal of Psychiatry, 157(2), 275-

277.

Cooper, H., & Hedges, L. V. (1994). The handbook of research synthesis. New York,

NY: Russell Sage Foundation.
Cowan, N. (1988). Evolving conceptions of memory storage, selective attention, and their

mutual constraints within the human information-processing system.

Psychological Bulletin, 104(2), 163-191.




Working Memory and Schizophrenia 29

Danion, J. M., Meulemans, T., Kauffmann-Muller, F., & Vermaat, H. (2001)*. Intact

implicit learning in schizophrenia. American Journal of Psychiatry, 158(6), 944-

948.
D'Esposito, M., Aguirre, G. K., Zarahn, E., Ballard, D., Shin, R. K., & Lease, J. (1998).
Functional MRI studies of spatial and nonspatial working memory. Brain

Research: Cognitive Brain Research, 7(1), 1-13.

Dolan, S. L., Sacco, K. A., Termine, A., Seyal, A. A., Dudas, M. M., Vessicchio, J. C.,
Wexler, B. E., & George, T. P. (2004)*. Neuropsychological deficits are
associated with smoking cessation treatment failure in patients with

schizophrenia. Schizophrenia Research, 70(2-3), 263-275.

Dreher, J. C., Banquet, J. P., Allilaire, J. F., Paillere-Martinot, M. L., Dubois, B., &
Burnod, Y. (2001)*. Temporal order and spatial memory in schizophrenia: a

parametric study. Schizophrenia Research, 51(2-3), 137-147.

Egeland, J., Sundet, K., Rund, B. R., Asbjornsen, A., Hugdahl, K., Landro, N. I., Lund,
A., Roness, A., & Stordal, K. I. (2003)*. Sensitivity and specificity of memory
dysfunction in schizophrenia: a comparison with major depression. Journal of

Clinical and Experimental Neuropsychology, 25(1), 79-93.

Elliott, R., McKenna, P. J., Robbins, T. W., & Sahakian, B. 1. (1998)*. Specific
neuropsychological deficits in schizophrenia patients with preserved intellectual

function. Cognitive Neuropsychiatry, 3(1), 45-70.

Engle, R. W., Kane, M. J., & Tuholski, S. W. (1999). Individual differences in working
memory capacity and what they tell us about controlled attention, general fluid

intelligence, and functions of the prefrontal cortex. In A. Miyake, & P. Shah



Working Memory and Schizophrenia 30

(Eds.), Models of Working Memory: Mechanisms of Active Maintenance and

Executive Control. New York, NY: Cambridge University Press.

Engle, R. W., Tuholski, S. W., Laughlin, J. E., & Conway, A. R. A. (1999). Working
memory, short-term memory, and general fluid intelligence: A latent-variable

approach. Journal of Experimental Psychology: General, 128(3), 309-331.

Ericsson, K. A., & Delaney, P. F. (1999). Long-term working memory as an alternative to

capacity models of working memory in everyday skilled performance. In A.

Miyake, & P. Shah (Eds.), Models of Working Memory: Mechanisms of Active

Maintenance and Executive Control. New York, NY: Cambridge University

Press.
Fallgatter, A. J., Bartsch, A. J., Zielasek, J., & Herrmann, M. J. (2003)*. Brain electrical
dysfunction of the anterior cingulate in schizophrenic patients. Psychiatry

Research, 124(1), 37-48.

Fleming, K., Goldberg, T. E., Binks, S., Randolph, C., Gold, J. M., & Weinberger, D. R.
(1997)*. Visuospatial working memory in patients with schizophrenia. Biological
Psychiatry, 41(1), 43-49.

Fleming, K., Goldberg, T. E., Gold, J. M., & Weinberger, D. R. (1995)*. Verbal working
memory dysfunction in schizophrenia: use of a Brown-Peterson paradigm.

Psychiatry Research, 56(2), 155-161.

Fossati, P., Amar, G., Raoux, N., Ergis, A. M., & Allilaire, J. F. (1999)*. Executive
functioning and verbal memory in young patients with unipolar depression and

schizophrenia. Psychiatry Research, 89(3), 171-187.




Working Memory and Schizophrenia 31

Fraser, D., Park, S., Clark, G., Yohanna, D., & Houk, J. C. (2004)*. Spatial serial order

processing in schizophrenia. Schizophrenia Research, 70(2-3), 203-213.

George, T. P., Vessicchio, J. C., Termine, A., Sahady, D. M., Head, C. A., Pepper, W. T.,
Kosten, T. R., & Wexler, B. E. (2002)*. Effects of smoking abstinence on
visuospatial working memory function in schizophrenia.

Neuropsychopharmacology, 26(1), 75-85.

Glahn, D. C., Cannon, T. D., Gur, R. E., Ragland, J. D., & Gur, R. C. (2000)*. Working

memory constrains abstraction in schizophrenia. Biological Psychiatry, 47(1), 34-

42,
Glahn, D. C., Therman, S., Manninen, M., Huttunen, M., Kaprio, J., Loennqvist, J., &
Cannon, T. D. (2003)*. Spatial working memory as an endophenotype for

schizophrenia. Biological Psychiatry, 53(7), 624-626.

Gleser, L. J., & Olkin, 1. (1994). Stochastically dependent effect sizes. In H. Cooper &

L.-V. Hedges (Eds.), The Handbook of Research Synthesis (pp. 339-356). New

York, NY: Russell Sage Foundation.
Gold, J. M., Carpenter, C., Randolph, C., Goldberg, T. E., & Weinberger, D. R. (1997)*.

Auditory working memory and Wisconsin Card Sorting Test performance in

schizophrenia. Archives of General Psychiatry, 54(2), 159-165.
Gold, J. M., Wilk, C. M., McMahon, R. P., Buchanan, R. W., & Luck, S. J. (2003)*.

Working memory for visual features and conjunctions in schizophrenia. Journal

of Abnormal Psychology, 112(1), 61-71.
Goldberg, T. E., Aloia, M. S., Gourovitch, M. L., Missar, D., Pickar, D., & Weinberger,

D. R. (1998A)*. Cognitive substrates of thought disorder, I: the semantic system.



Working Memory and Schizophrenia 32

American Journal of Psychiatry, 155(12), 1671-1676.

Goldberg, T. E., Egan, M. F., Gscheidle, T., Coppola, R., Weickert, T., Kolachana, B. S.,
Goldman, D., & Weinberger, D. R. (2003)*. Executive subprocesses in working
memory: relationship to catechol-O-methyltransferase Vall58Met genotype and

schizophrenia. Archives of General Psychiatry, 60(9), 889-896.

Goldberg, T. E., Patterson, K. J., Taqqu, Y., & Wilder, K. (1998B)*. Capacity limitations
in short-term memory in schizophrenia: tests of competing hypotheses.

Psychological Medicine, 28(3), 665-673.

Goldman-Rakic, P. S. (1991). Prefrontal cortical dysfunction in schizophrenia: the

relevance of working memory. In B. Carroll (Ed.), Psychopathology and the

Brain. New York: Raven Press.
Goldman-Rakic, P. S. (1994). Working memory dysfunction in schizophrenia. Journal of

Neuropsychiatry and Clinical Neuroscience, 6(4), 348-357.

Goldman-Rakic, P. S. (1999). The physiological approach: functional architecture of
working memory and disordered cognition in schizophrenia. Biological
Psychiatry, 46(5), 650-661.

Gooding, D. C., & Tallent, K. A. (2001)*. The association between antisaccade task and
working memory task performance in schizophrenia and bipolar disorder. Journal

of Nervous and Mental Disorders, 189(1), 8-16.

Gooding, D. C., & Tallent, K. A. (2002)*. Spatial working memory performance in
patients with schizoaffective psychosis versus schizophrenia: a tale of two

disorders? Schizophrenia Research, 53(3), 209-218.




Working Memory and Schizophrenia 33

Gooding, D. C., & Tallent, K. A. (2004)*. Nonverbal working memory deficits in
schizophrenia patients: evidence of a supramodal executive processing deficit.
Schizophrenia Research, 68(2-3), 189-201.

Granholm, E., Morris, S. K., Sarkin, A. J., Asarnow, R. F., & Jeste, D. V. (1997)*.
Pupillary responses index overload of working memory resources in

schizophrenia. Journal of Abnormal Psychology, 106(3), 458-467.

Green, M. F. (1996). What are the functional consequences of neurocognitive deficits in

schizophrenia? American Journal of Psychiatry, 153(3), 321-330.

Green, M. F., Marshall, B. D., Jr., Wirshing, W. C., Ames, D., Marder, S. R., McGurk,
S., Kern, R. S., & Mintz, J. (1997). Does risperidone improve verbal working

memory in treatment-resistant schizophrenia? American Journal of Psychiatry,

154(6), 799-804.
Hartman, M., Steketee, M. C., Silva, S., Lanning, K., & McCann, H. (2002)*. Working
memory and schizophrenia: Evidence for slowed encoding. Schizophrenia

Research, 59(2-3), 99-113.

Heinrichs, R. W. (2001). In search of madness: Schizophrenia and neuroscience. New
York, NY: Oxford University Press.

Honey, G. D., Bullmore, E. T., & Sharma, T. (2002)*. De-coupling of cognitive
performance and cerebral functional response during working memory in

schizophrenia. Schizophrenia Research, 53(1-2), 45-56.

Honey, G. D., Bullmore, E. T., Soni, W., Varatheesan, M., Williams, S. C., & Sharma, T.
(1999)*. Differences in frontal cortical activation by a working memory task after

substitution of risperidone for typical antipsychotic drugs in patients with



Working Memory and Schizophrenia 34

schizophrenia. Proceedings of National Academic Sciences in U S A, 96(23),

13432-13437.
Honey, G. D., Sharma, T., Suckling, J., Giampietro, V., Soni, W., Williams, S. C., &
Bullmore, E. T. (2003)*. The functional neuroanatomy of schizophrenic

subsyndromes. Psychological Medicine, 33(6), 1007-1018.

Huguelet, P., Zanello, A., & Nicastro, R. (2000)*. A study of visual and auditory verbal
working memory in schizophrenic patients compared to healthy subjects.

European Archives of Psychiatry and Clinical Neuroscience, 250(2), 79-85.

Hutton, S. B., Huddy, V., Barnes, T. R., Robbins, T. W., Crawford, T. J., Kennard, C., &
Joyce, E. M. (2004)*. The relationship between antisaccades, smooth pursuit, and

executive dysfunction in first-episode schizophrenia. Biological Psychiatry, 56(8),

553-5509.
Hutton, S. B., Puri, B. K., Duncan, L. J., Robbins, T. W., Barnes, T. R., & Joyce, E. M.
(1998)*. Executive function in first-episode schizophrenia. Psychological

Medicine, 28(2), 463-473.

Jacobsen, L. K., D'Souza, D. C., Mencl, W. E., Pugh, K. R., Skudlarski, P., & Krystal, J.
H. (2004)*. Nicotine effects on brain function and functional connectivity in

schizophrenia. Biological Psychiatry, 55(8), 850-858.

Jansma, J. M., Ramsey, N. F., van der Wee, N. J., & Kahn, R. S. (2004)*. Working
memory capacity in schizophrenia: a parametric fMRI study. Schizophrenia

Research, 68(2-3), 159-171.

Javitt, D. C., Strous, R. D., Grochowski, S., Ritter, W., & Cowan, N. (1997)*. Impaired

precision, but normal retention, of auditory sensory ("echoic") memory



Working Memory and Schizophrenia 35

information in schizophrenia. Journal of Abnormal Psychology, 106(2), 315-324.

Joyce, E., Hutton, S., Mutsatsa, S., Gibbins, H., Webb, E., Paul, S., Robbins, T., &
Barnes, T. (2002)*. Executive dysfunction in first-episode schizophrenia and
relationship to duration of untreated psychosis: the West London Study. British

Journal of Psychiatry Supplement, 43, s38-44.

Keefe, R. S., Lees-Roitman, S. E., & Dupre, R. L. (1997)*. Performance of patients with

schizophrenia on a pen and paper visuospatial working memory task with short

delay. Schizophrenia Research, 26(1), 9-14.
Keefe, R. S., Roitman, S. E., Harvey, P. D., Blum, C. S., DuPre, R. L., Prieto, D. M.,
Davidson, M., & Davis, K. L. (1995)*. A pen-and-paper human analogue of a

monkey prefrontal cortex activation task: spatial working memory in patients with

schizophrenia. Schizophrenia Research, 17(1), 25-33.
Kiefer, M., Apel, A., & Weisbrod, M. (2002)*. Arithmetic fact retrieval and working

memory in schizophrenia. Schizophrenia Research, 53(3), 219-227.

Kieras, D. E., Meyer, D. E., Mueller, S., & Seymour, T. (1999). Insights into working
memory from the perspective of the EPIC architecture for modeling skilled
perceptual-motor and cognitive human performance. In A. Miyake, & P. Shah

(Eds.), Models of Working Memory: Mechanisms of Active Maintenance and

Executive Control. New York, NY: Cambridge University Press.

Kim, J. J., Kwon, J. S., Park, H. J., Youn, T., Kang, D. H., Kim, M. S., Lee, D. S., & Lee,
M. C. (2003)*. Functional disconnection between the prefrontal and parietal
cortices during working memory processing in schizophrenia: A [-sup-1-sup-

50]H-sub-20 PET study. American Journal of Psychiatry, 160(5), 919-923.




Working Memory and Schizophrenia 36

Kim, J., Glahn, D. C., Nuechterlein, K. H., & Cannon, T. D. (2004)*. Maintenance and
manipulation of information in schizophrenia: further evidence for impairment in

the central executive component of working memory. Schizophrenia Research,

68(2-3), 173-187.
Kindermann, S. S., Brown, G. G., Zorrilla, L. E., Olsen, R. K., & Jeste, D. V. (2004)*.
Spatial working memory among middle-aged and older patients with

schizophrenia and volunteers using fMRI. Schizophrenia Research, 68(2-3), 203-

216.
Kravariti, E., Morris, R. G., Rabe-Hesketh, S., Murray, R. M., & Frangou, S. (2003)*.
The Maudsley Early-Onset Schizophrenia Study: cognitive function in

adolescent-onset schizophrenia. Schizophrenia Research, 65(2-3), 95-103.

Landro, N. L., Pape-Ellefsen, E., Hagland, K. O., & Odland, T. (2001)*. Memory deficits
in young schizophrenics with normal general intellectual function. Scandinavian

Journal of Psychology, 42(5), 459-466.

Lee, J., & Park, S. (2002). The role of stimulus-driven attention in spatial working

memory in schizophrenia. Schizophrenia Research, 53 (3, supplement 1), 131.

Leiderman, E. A., & Strejilevich, S. A. (2004)*. Visuospatial deficits in schizophrenia:

central executive and memory subsystems impairments. Schizophrenia Research,

68(2-3), 217-223.

Lencz, T., Bilder, R. M., Turkel, E., Goldman, R. S., Robinson, D., Kane, J. M., &
Lieberman, J. A. (2003)*. Impairments in perceptual competency and
maintenance on a visual delayed match-to-sample test in first-episode

schizophrenia. Archives of General Psychiatry, 60(3), 238-243.




Working Memory and Schizophrenia 37

Leudar, 1., Thomas, P., & Johnston, M. (1992)*. Self-repair in dialogues of
schizophrenics: effects of hallucinations and negative symptoms. Brain and
Language, 43(3), 487-511.

Low, A., Rockstroh, B., Harsch, S., Berg, P., & Cohen, R. (2000)*. Event-related
potentials in a working-memory task in schizophrenics and controls.

Schizophrenia Research, 46(2-3), 175-186.

Manoach, D. S., Gollub, R. L., Benson, E. S., Searl, M. M., Goff, D. C., Halpern, E.,
Saper, C. B., & Rauch, S. L. (2000)*. Schizophrenic subjects show aberrant fMRI
activation of dorsolateral prefrontal cortex and basal ganglia during working

memory performance. Biological Psychiatry. 48(2), 99-109.

Manoach, D. S., Press, D. Z., Thangaraj, V., Searl, M. M., Goff, D. C., Halpern, E.,
Saper, C. B., & Warach, S. (1999)*. Schizophrenic subjects activate dorsolateral

prefrontal cortex during a working memory task, as measured by fMRI.

Biological Psychiatry, 45(9), 1128-1137.

McGrath, J., Chapple, B., & Wright, M. (2001)*. Working memory in schizophrenia and
mania: correlation with symptoms during the acute and subacute phases. Acta

Psychiatrica Scandinaviaca, 103(3), 181-188.

Mendrek, A., Laurens, K. R., Kiehl, K. A., Ngan, E. T., Stip, E., & Liddle, P. F. (2004)*.

Changes in distributed neural circuitry function in patients with first-episode

schizophrenia. British Journal of Psychiatry, 185, 205-214.
Menon, V., Anagnoson, R. T., Mathalon, D. H., Glover, G. H., & Pfefferbaum, A.
(2001)*. Functional neuroanatomy of auditory working memory in schizophrenia:

relation to positive and negative symptoms. Neuroimage, 13(3), 433-446.




Working Memory and Schizophrenia 38

Meyer-Lindenberg, A., Poline, J. B., Kohn, P. D., Holt, J. L., Egan, M. F., Weinberger,
D. R., & Berman, K. F. (2001)*. Evidence for abnormal cortical functional

connectivity during working memory in schizophrenia. American Journal of

Psychiatry, 158(11), 1809-1817.

Miyake, A., & Shah, P. (1999). Models of Working Memory: Mechanisms of Active

Maintenance and Executive Control. New York, NY: Cambridge University

Press.
Morice, R., & Delahunty, A. (1996)*. Frontal/executive impairments in schizophrenia.

Schizophrenia Bulletin, 22(1), 125-137.

Moritz, S., Birkner, C., Kloss, M., Jahn, H., Hand, 1., Haasen, C., & Krausz, M. (2002)*.

Executive functioning in obsessive-compulsive disorder, unipolar depression, and

schizophrenia. Archives of Clinical Neuropsychology, 17(5), 477-483.
Morris, S. K., Granholm, E., Sarkin, A. J., & Jeste, D. V. (1997)*. Effects of
schizophrenia and aging on pupillographic measures of working memory.

Schizophrenia Research, 27(2-3), 119-128.

Myles-Worsley, M., & Park, S. (2002)*. Spatial working memory deficits in
schizophrenia patients and their first degree relatives from Palau, Micronesia.

American Journal of Medical Genetics, 114(6), 609-615.

Nienow, T. M., & Docherty, N. M. (2004)*. Internal source monitoring and thought

disorder in schizophrenia. Journal of Nervous and Mental Disease, 192(10), 696-

700.
Oie, M., Sunde, K., & Rund, B. R. (1999)*. Contrasts in memory functions between

adolescents with schizophrenia or ADHD. Neuropsychologia, 37(12), 1351-1358.




Working Memory and Schizophrenia 39

Okada, A. (2002)*. Deficits of spatial working memory in chronic schizophrenia.

Schizophrenia Research, 53(1-2), 75-82.

Pantelis, C., Barnes, T. R., Nelson, H. E., Tanner, S., Weatherley, L., Owen, A. M., &
Robbins, T. W. (1997)*. Frontal-striatal cognitive deficits in patients with chronic

schizophrenia. Brain, 120 ( Pt 10), 1823-1843.

Park, S. (1997)*. Association of an oculomotor delayed response task and the Wisconsin

Card Sort Test in schizophrenic patients. International Journal of

Psychophysiology, 27(2), 147-151.

Park, S. (1999)*. Hemispheric asymmetry of spatial working memory deficit in

schizophrenia. International Journal of Psychophysiology, 34(3), 313-322.

Park, S., & Holzman, P. S. (1992)*. Schizophrenics show spatial working memory

deficits. Archives of General Psychiatry, 49(12), 975-982.

Park, S., & Holzman, P. S. (1993)*. Association of working memory deficit and eye

tracking dysfunction in schizophrenia. Schizophrenia Research, 11(1), 55-61.

Park, S., & Lee, J. (2002). Spatial working memory function in schizophrenia. In M. F.

Lenzenweger & J. M. Hooley (Eds.), Principles of Experimental

Psychopathology: Essays in honor of Brendan A. Maher. Washington, DC:

American Psychological Association.
Park, S., & McTigue, K. (1997). Working memory and the syndromes of schizotypal

personality. Schizophrenia Research, 26(2-3), 213-220.

Park, S., Holzman, P. S., & Goldman-Rakic, P. S. (1995A)*. Spatial working memory

deficits in the relatives of schizophrenic patients. Archives of General Psychiatry,

52(10), 821-828.



Working Memory and Schizophrenia 40

Park, S., Holzman, P. S., & Lenzenweger, M. F. (1995B). Individual differences in

spatial working memory in relation to schizotypy. Journal of Abnormal

Psychology. 104(2), 355-363.

Park, S., Puschel, J., Sauter, B. H., Rentsch, M., & Hell, D. (1999)*. Spatial working
memory deficits and clinical symptoms in schizophrenia: a 4-month follow-up

study. Biological Psychiatry, 46(3), 392-400.

Park, S., Puschel, J., Sauter, B. H., Rentsch, M., & Hell, D. (2003)*. Visual object
working memory function and clinical symptoms in schizophrenia. Schizophrenia

Research, 59(2-3), 261-268.

Park, S., Swisher, T., & Knurek, E. (2001). Affect facilitates prefrontal function in
schizophrenia: “What” modulates working memory for “Where.” Schizophrenia
Research, 49(1), 118.

Perlstein, W. M., Carter, C. S., Noll, D. C., & Cohen, J. D. (2001)*. Relation of
prefrontal cortex dysfunction to working memory and symptoms in schizophrenia.

American Journal of Psychiatry, 158(7), 1105-1113.

Perlstein, W. M., Dixit, N. K., Carter, C. S., Noll, D. C., & Cohen, J. D. (2003)*.
Prefrontal cortex dysfunction mediates deficits in working memory and prepotent

responding in schizophrenia. Biological Psychiatry, 53(1), 25-38.

Perry, W., Heaton, R. K., Potterat, E., Roebuck, T., Minassian, A., & Braff, D. L.
(2001)*. Working memory in schizophrenia: transient "online" storage versus

executive functioning. Schizophrenia Bulletin, 27(1), 157-176.

Pukrop, R., Matuschek, E., Ruhrmann, S., Brockhaus Dumke, A., Tendolkar, I., Bertsch,

A., & Klosterkoetter, J. (2003)*. Dimensions of working memory dysfunction in



Working Memory and Schizophrenia 41

schizophrenia. Schizophrenia Research, 62(3), 259-268.

Quintana, J., Davidson, T., Kovalik, E., Marder, S. R., & Mazziotta, J. C. (2001)*. A
compensatory mirror cortical mechanism for facial affect processing in

schizophrenia. Neuropsychopharmacology, 25(6), 915-924.

Quintana, J., Wong, T., Ortiz-Portillo, E., Kovalik, E., Davidson, T., Marder, S. R., &
Mazziotta, J. C. (2003)*. Prefrontal-posterior parietal networks in schizophrenia:

primary dysfunctions and secondary compensations. Biological Psychiatry, 53(1),

12-24.

Rosenthal, R. (1991). Meta-Analytic Procedures for Social Research. Thousand Oaks,

CA: SAGE Publications, Inc.

Rosenthal, R. (1995). Writing meta-analytic reviews. Psychological Bulletin, 118(2),

183-192.
Ross, R. G., Harris, J. G., Olincy, A., & Radant, A. (2000)*. Eye movement task
measures inhibition and spatial working memory in adults with schizophrenia,

ADHD, and a normal comparison group. Psychiatry Research, 95(1), 35-42.

Sabri, O., Owega, A., Schreckenberger, M., Sturz, L., Fimm, B., Kunert, P., Meyer, P. T.,
Sander, D., & Klingelhofer, J. (2003)*. A truly simultaneous combination of
functional transcranial Doppler sonography and H(2)(15)O PET adds fundamental
new information on differences in cognitive activation between schizophrenics

and healthy control subjects. Journal of Nuclear Medicine, 44(5), 671-81.

Salgado-Pineda, P., Junque, C., Vendrell, P., Baeza, 1., Bargallo, N., Falcon, C., &

Bernardo, M. (2004)*. Decreased cerebral activation during CPT performance:



Working Memory and Schizophrenia 42

structural and functional deficits in schizophrenic patients. Neuroimage, 21(3),

840-847.

Schldsser, R., Gesierich, T., Kaufmann, B., Vucurevic, G., Hunsche, S., Gawehn, J., &
Stoeter, P. (2003)*. Altered effective connectivity during working memory
performance in schizophrenia: a study with fMRI and structural equation

modeling. Neuroimage, 19, 751-763.

Schroder, J., Tittel, A., Stockert, A., & Karr, M. (1996). Memory deficits in

subsyndromes of chronic schizophrenia. Schizophrenia Research, 21(1), 19-26.

Schwartz, B. L., Howard, D. V., Howard, J. H. Jr., Hovaguimian, A., & Deutsch, S. L.
(2003)*. Implicit learning of visuospatial sequences in schizophrenia.

Neuropsychology, 17(3), 517-533.

Servan-Schreiber, D., Cohen, J. D., & Steingard, S. (1996)*. Schizophrenic deficits in the

processing of context: A test of a theoretical model. Archives of General

Psychiatry, 53(12), 1105-1112.

Shadish, W. S., & Haddock, C. K. (1994). Combining estimates of effect size. In H.

Cooper & L. V. Hedger (Eds.), The Handbook of Research Synthesis (pp. 261-

281). New York, NY: Russell Sage Foundation.
Shelley, A. M., Grochowski, S., Lieberman, J. A., & Javitt, D. C. (1996)*. Premature

disinhibition of P3 generation in schizophrenia. Biological Psychiatry, 39(8), 714-

719.
Silver, H., Feldman, P., Bilker, W., & Gur, R. C. (2003)*. Working memory deficit as a

core neuropsychological dysfunction in schizophrenia. American Journal of

Psychiatry, 160(10), 1809-1816.




Working Memory and Schizophrenia 43

Smith, E. E., & Jonides, J. (1999). Storage and executive processes in the frontal lobes.

Science, 283(5408), 1657-1661.

Snitz, B. E., Curtis, C. E., Zald, D. H., Katsanis, J., & Tacono, W. G. (1999)*.
Neuropsychological and oculomotor correlates of spatial working memory

performance in schizophrenia patients and controls. Schizophrenia Research,

38(1), 37-50.
Spindler, K. A., Sullivan, E. V., Menon, V., Lim, K. O., & Pfefferbaum, A. (1997)*.

Deficits in multiple systems of working memory in schizophrenia. Schizophrenia

Research, 27(1), 1-10.

Spitzer, M. (1993)*. The psychopathology, neuropsychology, and neurobiology of

associative and working memory in schizophrenia. European Archives of

Psychiatry and Clinical Neuroscience, 243(2), 57-70.

Stevens, A. A., Goldman-Rakic, P. S., Gore, J. C., Fulbright, R. K., & Wexler, B. E.
(1998)*. Cortical dysfunction in schizophrenia during auditory word and tone
working memory demonstrated by functional magnetic resonance imaging.

Archives of General Psychiatry, 55(12), 1097-1103.

Stone, M., Gabrieli, J. D., Stebbins, G. T., & Sullivan, E. V. (1998)*. Working and

strategic memory deficits in schizophrenia. Neuropsychology, 12(2), 278-288.

Stratta, P., Daneluzzo, E., Prosperini, P., Bustini, M., Marinangeli, M. G., & Rossi, A.
(1999)*. Spatial working memory assessment by a visual-manual delayed

response task: a controlled study in schizophrenia. Neuroscience Letter, 275(1), 9-

12.

Stratta, P., Daneluzzo, E., Prosperini, P., Bustini, M., Mattei, P., & Rossi, A. (1997)*. Is



Working Memory and Schizophrenia 44

Wisconsin Card Sorting Test performance related to 'working memory' capacity?

Schizophrenia Research, 27(1), 11-19.

Stratta, P., Prosperini, P., Daneluzzo, E., Bustini, M., & Rossi, A. (2001)*. Educational
level and age influence spatial working memory and Wisconsin Card Sorting Test
performance differently: a controlled study in schizophrenic patients. Psychiatry

Research, 102(1), 39-48.

Straube, E. R., Bischoff, N., Nisch, C., Sauer, H., & Volz, H. P. (2002)*. Input
dysfunction and beyond--an evaluation of CPT components. Schizophrenia

Research, 54(1-2), 131-139.

Strauss, M. E. (2001). Demonstrating specific cognitive deficits: A psychometric

perspective. Journal of Abnormal Psychology, 110(1), 6-14.

Suwa, H., Matsushima, E., Ohta, K., & Mori, K. (2004)*. Attention disorders in

schizophrenia. Psychiatry and Clinical Neuroscience, 58(3), 249-256.

Tallent, K. A., & Gooding, D. C. (1999). Working memory and Wisconsin Card Sorting
Test performance in schizotypic individuals: a replication and extension.

Psychiatry Research, 89(3), 161-170.

Tek, C., Gold, J., Blaxton, T., Wilk, C., McMahon, R. P., & Buchanan, R. W. (2002)*.
Visual perceptual and working memory impairments in schizophrenia. Archives

of General Psychiatry, 59(2), 146-153.

Thoma, R. J., Hanlon, F. M., Moses, S. N., Edgar, J. C., Huang, M., Weisend, M. P.,
Irwin, J., Sherwood, A., Paulson, K., Bustillo, J., Adler, L. E., Miller, G. A., &
Canive, J. M. (2003)*. Lateralization of auditory sensory gating and

neuropsychological dysfunction in schizophrenia. American Journal of




Working Memory and Schizophrenia 45

Psychiatry, 160(9), 1595-1605.

Toulopoulou, T., Morris, R. G., Rabe-Hesketh, S., & Murray, R. M. (2003)*. Selectivity
of verbal memory deficit in schizophrenic patients and their relatives. American

Journal of Medicine and Genetics, 116B(1), 1-7.

Ueland, T., M, O. I, Inge Landro, N., & Rund, B. R. (2004)*. Cognitive functioning in

adolescents with schizophrenia spectrum disorders. Psychiatry Research, 126(3),

229-239.
Vogel, E. K., Woodman, G. F., & Luck, S. J. (in press). The time course of consolidation

in visual working memory. Journal of Experimental Psychology: Human Perception

and Performance.

Woodman, G. F., & Vogel, E. K. (in press). Fractionating working memory: Encoding

and maintenance are independent processes. Psychological Science.

World Health Organization (1978). Mental disorders glossary and guide to their

classification in accordance with ninth revision of the International Classification

of Diseases. Geneva: World Health Organization.

World Health Organization (1992). The ICD-10 Classification of Mental and Behavioral

Disorders: Clinical Descriptions and Diagnostic Guidelines, Tenth Revision.

Geneva: World Health Organization.
Zuffante, P., Leonard, C. M., Kuldau, J. M., Bauer, R. M., Doty, E. G., & Bilder, R. M.
(2001)*. Working memory deficits in schizophrenia are not necessarily specific or

associated with MRI-based estimates of area 46 volumes. Psychiatry Research,

108(3), 187-209.



Table 1. Summary Table of Studies
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Studies Modality SZ (N) Normal (N) r Zr
Abi-Dargham et al.2002 verbal 16 16 0.496 0.543
Anil et al.2003 verbal 53 236 0.414  0.440
Bagner et al.2003 verbal 27 28 0.223  0.227
Barch et al.2001 verbal 14 12 0.568 0.645
Barch et al.2002 verbal 38 48 0.316  0.327
Barch et al.2002 visuospatial 38 48 0.329 0.341
Barch et al.2003A verbal 72 49 0.545 0.612
Barch et al.2003B verbal 38 49 0.316  0.327
Barch et al.2003B visuospatial 38 48 0.313 0.324
Bertolino et al.2003 verbal 24 24 0.298  0.307
Bollini et al.2000 visuospatial 29 19 0.374 0.393
Brebion et al.1998 verbal 44 40 0.214  0.217
Bruder et al.2004 verbal 17 26 0.904 1.494
Burglen et al.2004 visuospatial 25 25 0.408 0.433
Cadenhead et al.1999 verbal 20 20 0.384  0.405
Callicott et al. 2000 verbal 13 18 0.418 0.445
Callicott et al.1998 verbal 10 10 0.705 0.878
Callicott et al.2003 verbal 14 14 0.388  0.409
Cameron et al.2003 visuospatial 48 46 0.385 0.405
Carter et al.1996 visuospatial 18 15 0.441 0.473
Carter et al.1998 verbal 8 8 0.773  1.026
Carter et al.2001 verbal 17 16 0.137 0.138
Chen et al.2000 verbal 23 26 0.322  0.334
Chey et al.2002 visuospatial 15 16 0.458  0.495
Cohen et al.1999 verbal 53 25 0.967 2.042
Coleman et al.2002 visuospatial 28 31 0.435 0.465
Condray et al.1996 verbal 11 11 0.243  0.247
Conkins et al.2000 verbal 52 73 0.276  0.284
Danion et al.2001 verbal 48 24 0.247  0.252
Dolan et al.2004 visuospatial 22 28 0.167 0.169
Dreher et al.2001 visuospatial 18 18 0.762  1.002
Egeland et al.2003 verbal 53 50 0.501 0.550
Elliott et al.1998 visuospatial 12 12 0.181 0.183
Fallgatter et al.2003 verbal 31 31 0.231 0.235
Fleming et al.1995 verbal 15 13 0.451 0.486
Fleming et al.1997 visuospatial 32 27 0.505 0.555
Fossati et al.1999 verbal 14 20 0.317 0.329
Fossati et al.1999 visuospatial 14 20 0.465 0.504
Fraser et al.2004 visuospatial 21 16 0.494 0.541
George et al.2002 visuospatial 31 45 0.445 0.478
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Table 2. Stem and Leaf Plot of Effect size (r)
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Table 3. Statistical Summary (based on r)

Statistics Value

Central tendency

Unweighted mean 452
Proportion >.00 100
Significant test
t test for mean r 29.08
Variablity
Maximum 967
Quartile 3 (Q3) 564
Median (Q2) 432
Quartile 1 (Q1) 329
Minimum 028
Q3-Ql 235
o [.75(Q3 - Q1) 176
SD* 177
SE 016
CR (M/SD) ¢ 2.553
Q* 490.01"
CT for 1
95 % 106 - 798
99 % 004 - 908

+* SD = standard deviation; ® SE = standard error; © CR = coefficient of robustness; d Q=
the homogeneity test statistics; © CI = confidence interval

1 <01
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Table 4. Mean effect sizes (r) for working memory (WM) deficits

Modalities & M; SD; CR Q 95% CI
Visuo-spatial 59 459 157 2.923 121.25" 152 -.766
Verbal WM 70 446 193 2.310 368.77 068 - .824

FAE <01
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Figure Caption

Figure 1. Relationship between the effect size estimates of working memory deficit and

the duration of the delay
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FIGURE 1. Delay and Effect Size Estimate

1.2
17 s
)]
= 0.8 1 *
g . * s
= o o ¢
m06_ S |
N oo ¢ L 4 *
(7} ¢ ®oe $ o s
™ 0" .0‘
0 0.4 ~ PS o $ *
o e 4 ,0°
w . ' 3 i
0.2_ ® P
'S
'S
O T T T T T T 1
0 5 10 15 20 25 30 35

Delay Period (seconds)



