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maintenance components in circuit-specific tasks
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Abstract Working memory (WM) deficits are a neuro-

psychological core finding in patients with schizophrenia

and also supposed to be a potential endophenotype of

schizophrenia. Yet, there is a large heterogeneity between

different WM tasks which is partly due to the lack of

process specificity of the tasks applied. Therefore, we

investigated WM functioning in patients with schizophre-

nia using process- and circuit-specific tasks. Thirty-one

patients with schizophrenia and 47 controls were tested

with respect to different aspects of verbal and visuospatial

working memory using modified Sternberg paradigms in a

computer-based behavioural experiment. Total group

analysis revealed significant impairment of patients with

schizophrenia in each of the tested WM components.

Furthermore, we were able to identify subgroups of

patients showing different patterns of selective deficits.

Patients with schizophrenia exhibit specific and, in part,

selective WM deficits with indirect but conclusive evi-

dence of dysfunctions of the underlying neural networks.

These deficits are present in tasks requiring only mainte-

nance of verbal or visuospatial information. In contrast to a

seemingly global working memory deficit, individual

analysis revealed differential patterns of working memory

impairments in patients with schizophrenia.
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Introduction

Schizophrenia is a severe mental disorder that usually

occurs in early adulthood with a lifetime prevalence of

about 1%. It is characterized by positive (delusions and

hallucinations) as well as negative (blunted affect, psy-

chomotor retardation, apathy) symptoms. Another frequent

finding is a broad range of cognitive impairments [21],

including lack of concentration and attention, problems in

memory and learning and executive functions. Especially

working memory function, which comprises the mainte-

nance and manipulation of information over a short period

of time, has been proven to be a core deficit of the disorder

[30]. Since working memory is considered as a basic mental

function underlying many other higher cognitive functions

such as reasoning, learning and comprehension, it is of

particular interest for psychiatric research, especially with

respect to schizophrenic psychoses. In contrast to the broad

and heterogeneous spectrum of illness phase-dependent

symptoms, the neuropsychological impairments seem to

remain stable over the course of the disorder [20]. Thus,

working memory is suggested to be a promising endophe-

notype for schizophrenia [11] and as such could represent a

link between the clinical symptoms of the disease and

genetic or other aetiological factors. Cognitive endophe-

notypes are thought to be influenced more directly by the

genetic basis of the disorder and to be under the influence of

a smaller number of genes. Indeed, there is a growing evi-

dence for associations between specific genetic polymor-

phisms and cognitive dysfunction in schizophrenia [32].

Furthermore, specific single nucleotide polymorphisms are

correlated with cerebral activation during working memory

task performance [28]. Thus, an exact characterization of

specific working memory processes and their disturbances

in schizophrenia could prove helpful in the search for
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schizophrenia risk genes. Beyond that there is certain evi-

dence that the investigation of endophenotypes could help

to improve differential diagnosis between psychiatric dis-

orders. For example, prior studies were able to show dif-

ferential working memory impairments in patients with

schizophrenia and schizoaffective disorder [14] and a dif-

ferential influence of familial loading on working memory

performance in these two diagnostic groups [34].

Human working memory has been hypothesized to be

no unitary system but to consist of different specialized

subsystems: the phonological loop for the maintenance of

verbal information, the visuospatial sketchpad for the

maintenance of spatial information, a central executive

serving as a supervisory control system and the so-called

episodic buffer as an interface between working memory

subsystems and long-term memory [4]. Previous functional

MRI studies have indeed identified several dissociable

neural networks underlying specific verbal and visuospatial

working memory functions in healthy individuals [12, 13,

16–18]. In one study [18], for instance, the performance of

a verbal working memory task requiring an articulatory

rehearsal mechanism elicited activation in a left-lateralised

network including premotor and parietal brain regions,

whereas performance of specific visuospatial working

memory tasks activated a bilateral brain system including

the cortices along posterior parts of the superior frontal

sulci and along the intraparietal sulci.

Based upon these former studies investigating healthy

individuals, a further large series of subsequent fMRI

studies in clinical samples [19, 22–24] as well as com-

plementary lesion studies [15], clear brain–behaviour

relationships could be established between specific

brain circuits and subcomponents of working memory in

humans.

A recent meta-analysis confirmed pronounced working

memory deficits in patients with schizophrenia across all

working memory domains and different working memory

measures [10] and thus again provided support for the

presence of broad working memory deficits in schizo-

phrenia. However, there is still the problem of a poor

comparability of the different working memory tasks as the

different test paradigms markedly differ with respect to

their complexity (maintenance, manipulation or the addi-

tional requirement of executive functions) leading to a lack

of process specificity. For the further investigation of

working memory and its subprocesses, it is thus reasonable

to use well-characterized, process-specific neuropsycho-

logical tasks that are validated with respect to their neural

basis.

In the present study, we used such process-specific tasks

probing working memory functioning with respect to

maintenance of verbal and visuospatial information,

respectively. The experimental design that was here

applied to a sample of patients with schizophrenia was the

same as in our former fMRI studies in which we were able

to characterize the neural networks underlying specific

working memory components in healthy subjects [18]. On

the basis of the established brain–behaviour relationships

as outlined above [12, 13, 16–19, 22–24], we were able to

indirectly attribute specific working memory deficits of

patients with schizophrenia on the behavioural level to

dysfunctions of these underlying neural networks.

Beyond the problems with task specificity, there is a

debate on a possible differential working memory impair-

ment in patients with schizophrenia. E.g. several studies

have stated a greater impairment in tasks requiring higher

executive demands [27] compared to maintenance-only

tasks with some authors even reporting a lack of significant

differences between patients with schizophrenia and heal-

thy controls in the latter [8, 29].

The aim of the present study was to investigate patients

with schizophrenia with respect to their performance in

process- and circuit-specific verbal and visuospatial

working memory maintenance tasks. In contrast to the

previous fMRI studies, we now tested the functional

integrity of working memory processes in terms of possible

behavioural deficits in a larger sample of patients with

schizophrenia. Our hypothesis was that patients with

schizophrenia would perform worse in verbal as well as

visuo-spatial working memory maintenance tasks in com-

parison with healthy controls.

Second, we sought to identify subgroups of patients

possibly showing differential patterns of specific working

memory deficits.

Third, we investigated possible correlations between test

performance and clinical variables and psychopathology.

Materials and methods

Subjects

Thirty-one patients and 47 healthy control subjects were

included in this study. The patient group was recruited

from inpatients with diagnosis of schizophrenia according

to ICD-10 criteria, hospitalized in the Psychiatric Depart-

ment of the Saarland University Hospital. Healthy

comparison subjects were recruited from friends and rela-

tives of the investigators, so we were able to rule out rel-

evant psychiatric disorders without an extensive screening

procedure.

Inclusion criteria for patients were a diagnosis of

schizophrenia and age from 18 to 65 years. Exclusion

criteria were acute suicidality, involuntary treatment, cur-

rent substance abuse, history of brain trauma, diseases with

alterations of cerebral metabolism, uncorrected visual or
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auditory disability and mental retardation. Criteria for

healthy comparison subjects were the same as above plus

the absence of any past or present psychiatric disorder. All

subjects gave written informed consent before participa-

tion, and the study was approved by the local ethics

committee.

All subjects underwent a computer-based behavioural

experiment described below. The patients’ clinical state

was assessed on the day of the experiment by using Clin-

ical Global Impression Scale (CGI), Beck Depressions

Inventory (BDI), Montgomery Asberg Depression Scale

(MADRS), Positive and Negative Syndrome Scale

(PANSS). On all scales, higher scores reflect greater

severity of symptoms.

After a careful matching with respect to age, gender and

years of education, statistical analyses were performed

including 26 patients and 26 healthy controls. All 26

patients were under antipsychotic medication. Twenty-

three received second generation antipsychotics (risperi-

done, olanzapine, amisulpride, clozapine, aripiprazole,

ziprasidone), three received first generation antipsychotics

(haloperidole, flupentixole). Nine patients were addition-

ally treated with benzodiazepines (low dose lorazepame),

three were treated with biperidene. Illness duration ranged

from 0 to 24 years (mean 8.09 years, standard deviation

6.99 years), six patients experienced their first psychotic

episode. For symptom severity, see Table 1.

Experimental design

Testing was conducted in an experimental neuropsycho-

logical laboratory under standardized conditions. The

behavioural experiment consisted of four tasks, testing

working memory with respect to verbal and visuospatial

components, each under single task conditions (i.e. active

rehearsal of the sample items) as well as under dual-task

conditions (i.e. under articulatory or visuospatial suppres-

sion). These different task conditions were conducted in a

blocked manner, i.e. each of these specific tasks was

repeated 50 times with a short pause after 25 trials. The

order of the tasks performed was counterbalanced across

subjects.

In the ‘verbal rehearsal task’, subjects were instructed to

vocalize four sample letters internally one time in the

presentation period and then to intensely rehearse them

throughout the delay period. In the ‘non-articulatory pho-

nological maintenance task’, subjects were again instructed

to vocalize the four sample letters one time but then to

silently count ‘‘one, two, three, four, one, two…’’ and so on

during the delay period. This articulatory suppression task

has been proven to selectively interfere with verbal work-

ing memory [3, 18]. Subjects were explicitly instructed not

to use any visual memory strategies but to concentrate on

the mere sound of the letters. In addition, letter case was

systematically changed between presentation and response

phase to prevent the subjects from using a visual strategy.

In the ‘visuospatial rehearsal task’, subjects got the

instruction to repetitively perform overt shifts of attention

to the four spatial positions in a 5 9 5 matrix that they had

to remember. This working memory strategy has been

termed a ‘visuospatial rehearsal mechanism’ by some

authors [2]. Finally, in the ‘visuospatial pattern mainte-

nance task’, subjects were instructed to remember the

spatial pattern built by the four sample positions and then

perform a visuospatial suppression task during the delay

period by following a little moving star with their eyes.

This procedure had been proven to selectively interfere

with visuospatial working memory [3, 18]. For each task,

there was a practice phase to ensure that participants had

understood task instructions.

Stimulus presentation was identical for each of the four

task conditions. At the beginning of each trial, a 5 9 5

matrix appeared on the monitor with four squares of the

matrix filled by different letters, randomly chosen out of a

set of eight, in German, phonologically similar letters (B,

C, D, E, G, P, T, W). The position of the letters in the

matrix was also chosen randomly, with the constraint that

no adjacent squares should be filled by letters, to avoid the

encoding of two or more squares as a single item. This

presentation was visible on the screen for 2 s followed by a

Table 1 Group differences between patients with schizophrenia

(n = 26) and healthy control subjects (n = 26) with respect to

demographic factors and to performance in different working memory

tasks

Working memory task

performance (percentage

correct)

Comparison

subjects

Patients P

Mean SD Mean SD

Verbal rehearsal 92.4 5.7 84.0 10.4 0.001

Non-articulatory maintenance of

phonological information

85.4 9.1 78.6 9.7 0.012

Visuospatial rehearsal 90.1 6.0 80.1 13.4 0.001

Visuospatial pattern maintenance 87.6 8.5 78.1 10.7 0.001

Demographic factors

Age (years) 39.2 12.8 37.6 10.7 0.616

Gender (M/F) 16/10 16/10 1.000

Years of education 13.4 2.7 12.8 2.8 0.425

Symptom severity

CGI 4.04 1.08

MADRS 12.00 8.35

PANSS-P 10.92 4.77

PANSS-N 13.15 4.32

SD standard deviation; M male; F female

The bold-faced P values are significant at level P \ 0.05
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delay period of 3.2 s, in which only the empty matrix could

be seen on the monitor together with a little star quickly

moving across the screen. Simultaneously, rhythmic 4-kHz

tones were presented throughout the delay period with a

repetition frequency of 3.3 Hz to set the pace of the

rehearsal or counting. During this interval, subjects had to

keep the letters or the spatial positions in mind using the

above described memory strategies. In the following

response phase, one letter was presented in a square of the

matrix for 2 s. Subjects had to decide whether the probe

letter (verbal working memory task) or its position (visu-

ospatial working memory task) matched one of the four

target letters or positions, respectively, presented at the

beginning. There was an additional 2-s intertrial interval

between the single trials during which a fixation cross was

presented on the screen.

Statistical analysis

Statistical analyses were performed using SPSS for Win-

dows (version 11.0.1). According to our a priori hypothe-

sis, inter-group comparisons were performed using

independent, unpaired, two-tailed t-tests using a statistical

threshold of P \ 0.05 for each of the four task conditions.

Possible relationships between task performance and clin-

ical variables were tested with Pearson correlations, with a

significance level of P \ 0.05, corrected for multiple

comparisons.

Results

Working memory performance

Both healthy and schizophrenic subjects performed better

in the single task (i.e. rehearsal) conditions when compared

to the tasks requiring verbal or visuospatial suppression.

Statistical significance was reached in the verbal tasks

(patients: P = 0.001, controls: P \ 0.0005). Standard

deviations in most of the tasks were remarkably larger in

the patient group.

Whole group analysis revealed significant differences in

the percentage of correct answers between the schizo-

phrenia (n = 31) and the comparison group (n = 47) with

respect to all tested working memory components. How-

ever, these groups differed significantly in their educational

level (years of education), which was proven to be corre-

lated with working memory performance in a larger sample

of healthy controls (n = 59; articulatory rehearsal:

r = 0.37, P = 0.004; visuo-spatial rehearsal: r = 0.42,

P = 0.001). Nevertheless, the differences in working

memory performance remained significant when groups

were matched with respect to gender, age and years of

education (26 patients vs. 26 healthy comparison subjects,

see Table 1).

Subgroup analysis

Total group analysis thus showed a general impairment of

working memory performance for the schizophrenia group.

However, as there was a high degree of interindividual

heterogeneity within the patient group, we aimed to iden-

tify subgroups of patients showing different patterns of

selective deficits. As a definition for these individual def-

icits, we chose a deviation of minus one standard deviation

from the mean of the percentage of correct answers in the

comparison group. Using this criterion, 23 out of 26 sub-

jects showed test deficits. In four subjects, we observed an

isolated deficit in the verbal rehearsal task while they

showed a numerically even better performance compared

to the healthy control group in the visuospatial tasks. Six

other patients showed a selective deficit in visuospatial

working memory while performing numerically better than

the controls in the verbal working memory tasks. Despite

the small sample size in the comparison of these two

subgroups, we confirmed significant differences with

respect to their verbal and visuospatial working memory

test performance, respectively (see Fig. 1).

Associations between working memory performance

and clinical variables

Correlation analyses were conducted to examine associa-

tions between patients’ task performance, age, gender,

years of education, duration of illness and hospitalization

and severity of symptoms according to the psychopatho-

logical scales mentioned above. After correction for mul-

tiple testing, we did not find any significant correlations

between performance rates in the different working mem-

ory tasks and these demographic and clinical variables.

Discussion

There is an extensive literature reporting impaired working

memory function in patients with schizophrenia [e.g. 9, 26,

29, 33]. A problem is the large variety of behavioural

experiments used to assess working memory and the lack

of process specificity, hindering the comparability of the

results of these studies and the possibility to consistently

identify underlying neural networks. While previous fMRI

studies using n-back tasks could not reveal domain-specific

patterns of brain activation related to verbal and visuo-

spatial working memory [7, 35], other studies using more

appropriate item-recognition tasks were able to demon-

strate the dissociability of brain systems that underlie these
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different components of working memory [18, 31]. Con-

sequently, in the present study, we used the same experi-

mental design as in one of these latter studies [18] in order

to be able to attribute deficits in working memory perfor-

mance to previously identified neural networks.

The present study confirmed the findings of earlier

investigations in patients with schizophrenia showing a

marked impairment of both verbal and visuospatial work-

ing memory functioning. According to our results, this

deficit is also present in maintenance-only tasks. To date,

there is an ongoing debate on the presence and extent of

working memory impairment in patients with schizophre-

nia in tasks requiring maintenance only [5]. For example,

an early study on working memory performance in

schizophrenia did not detect a deficit in the digit span task

[29], just as a more recent study [8]. Beyond that, some

other authors reported greater impairment in more

demanding manipulation tasks [25, 27]. These latter stud-

ies, however, also revealed a worse performance in main-

tenance-only tasks. With respect to unaffected relatives of

patients with schizophrenia, Conklin [6] reported an

impaired performance in tasks with higher executive pro-

cessing requirements. Nevertheless, in the same study,

patients showed impairments in all tasks irrespective of

processing demands, including both the verbal and the

visuospatial domain tested by digit and spatial span.

Moreover, this evidence of a deficit in the working memory

maintenance component is supported by two meta-analyses

[1, 10] showing moderate to large effect sizes in tasks

without any manipulation or ‘executive’ requirements.

According to the study by Aleman [1], there was no sig-

nificant difference between the impairment in the digit span

forward and backward. Thus, though there is some

evidence for an especially pronounced impairment in

working memory tasks with higher demands, maintenance-

only processes also seem to be affected and our current

findings provide further support for a deficit in both verbal

and visuospatial working memory maintenance in groups

of patients with schizophrenia.

Furthermore, our data suggest that these deficits in terms

of significant statistical effects on the group level are not

necessarily the result of a general working memory dys-

function in the individual patient. Overall group analysis

revealed deficits with respect to all tested working memory

components (Table 1), which could be interpreted as a

global working memory deficit or even a more general

cognitive impairment. However, in addition to this seem-

ingly global deficit, we found a high degree of interindi-

vidual variability of test performance. In a subsequent and

more detailed analysis, we searched for subgroups of

patients possibly showing more specific deficits. Indeed,

we were able to identify such subgroups with some patients

exhibiting differential patterns of working memory deficits

(e.g. an isolated impairment in the verbal rehearsal task).

Thus, our data provide evidence for a high interindividual

variability with regard to the presence or absence of spe-

cific working memory maintenance deficits in patients with

schizophrenia and for the existence of patient subgroups

with isolated deficits in only one domain of working

memory.

This finding of a high interindividual variability in

working memory functioning may also reflect the pre-

sumed heterogeneity of aetiopathogenesis and pathophys-

iology for schizophrenic disorders. Furthermore,

heterogeneity on the individual level may also contribute to

the heterogeneity that was found on the group level in a

Fig. 1 Differential working memory deficits in subgroups of patients

with schizophrenia. Comparison between the two schizophrenia

subgroups built by deficit patterns revealed significant differences in

working memory performance. Both patient groups depicted here

show a selective deficit in only one working memory domain while

their performance in the other domain is unimpaired. The figure

shows the means and standard errors of the two patient groups and the

healthy control group. The indicated P-values arise from a two-group

comparison of the two patient subgroups
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current metaanalysis [10]. Future studies should therefore

aim to study more homogeneous subgroups of patients with

schizophrenia. Our current approach of identifying differ-

ential impairments of working memory functioning via

experimental neuropsychological testing provides a possi-

ble method for the generation of endophenotypically

defined subgroups of psychiatric patients. Groups that are

built on this basis could be more homogeneous not only

with respect to the pattern of cognitive deficits but also

with respect to their underlying aetiology and

pathophysiology.

Taking into account our previous fMRI findings in

healthy individuals [12, 13, 17, 18] and psychiatric patients

[19, 22–24] and the fact that there are subgroups of patients

presenting isolated deficits in only one working memory

domain, we infer that specific dysfunctions of the different

underlying neuronal networks contribute to the perfor-

mance deficit on the behavioural level. Of course, our

present study can only provide indirect evidence for this,

but the validity of this conjecture is supported by lesion

studies as well. Two patients with focal brain damages, one

with an isolated lesion to Broca’s area and the other with a

selective bilateral lesion to anterior parts of the middle

frontal gyrus, showed a double dissociation of specific

working memory deficits. The former was impaired in a

task requiring verbal rehearsal while performing normal

during non-articulatory maintenance of verbal information,

whereas the latter showed the opposite pattern of impair-

ment [15]. Taken together, because brain–behaviour rela-

tionships had been carefully established by converging

evidence from numerous functional neuroimaging and

lesion studies, this allowed us to infer from specific

impairments in working memory subfunctions the under-

lying dysfunctions of specific brain regions or networks.

Important to note, the subgroups that were determined

according to these specific patterns of working memory

deficits did not differ with respect to any clinical charac-

teristics in our sample. Also, in the total group analysis,

there were no significant correlations between test perfor-

mance and clinical variables and psychopathology scores.

This finding is consistent with the notion that working

memory deficits are considered to be potential endophe-

notypes, i.e. trait markers that are independent of fluctua-

tions in the clinical status of the disorder.

Of course our findings are limited by the relative small

sample size. Thus, the validity of the identified working

memory deficit patterns should be confirmed in larger

samples. The same applies to the retest–reliability of the

observed deficits. Furthermore, we cannot rule out medi-

cation effects on working memory performance. To further

investigate a potential and maybe differential effect of

different antipsychotics on the different working memory

subsystems, a larger sample size would also be needed.

Finally, further investigation is needed to identify neuro-

biological (e.g. genetic) markers in the patient subgroups

that could provide evidence for a distinct aetiology and

pathophysiology.

In conclusion, the results of the present study strengthen

the evidence for an impairment of the maintenance com-

ponent of both verbal and visuospatial working memory in

patients with schizophrenia. Moreover, our data provide

evidence for a high degree of interindividual variability and

for the existence of subgroups of patients with schizo-

phrenia showing differential working memory deficits.
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