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Summary

Working memory deficits are considered to play an important role affecting not only the
pathogenesis but also the course of schizophrenia. Numerous studies of schizophrenic patients
and their first-degree relatives suggest that this impairment may be an indicator of susceptibil-
ity to developing schizophrenia.

Aim. A comparison of selected working memory indicators in patients with schizophrenia,
their first-degree relatives, and healthy controls.

Subjects. 99 patients with the diagnosis of schizophrenia (according to the ICD-10-DCR
criteria) in an early period of remission, their healthy first-degree relatives (N = 42), relatives
with a history of psychiatric disorder (N = 14), and a control group of those (N = 54) unrelated
to the subjects and with no psychiatric history were the participants of the study.

Methods. Selected tests from the computer-aided Vienna Test Battery were used, measuring
reaction time (RT) in a task that required choosing among complex stimuli of two modalities, a
tendency to perseveration (PERSEV), and immediate visuospatial memory span (CORSI).

Results. Schizophrenic patients’ performance was found to be significantly inferior to that
of controls on all the cognitive tests related to working memory: they had longer reaction time
in forced choice tasks, elevated perseverative tendencies and reduced immediate visuospatial
memory span. Moreover, healthy relatives of schizophrenic patients performed significantly
poorer than did the controls, both as regards perseverative tendencies and visuospatial memory
span. Schizophrenic patients did not differ significantly from their close relatives in the degree
of visuospatial memory span impairment.

Conclusions. The findings indicate that working memory deficits as assessed by the tests
used in the study may be related to familial susceptibility to schizophrenia. Therefore, the dys-
function may be taken into account in the capacity of endophenotype of such susceptibility.
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Introduction

It was already Kraepelin [1] who emphasised the clinical importance of early-ap-
pearing neurocognitive deficits for the further course of the disease and for the weak-

* The study was conducted as the research project supervised by the State Committee for Scientific
Research (KBN 4 PO5B 012 16p01).
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ening of the intellectual efficiency of patients suffering from schizophrenia (dementia
precox). Nowadays, these deficits are often rated among the basic features of schizo-
phrenia, significant for its pathogenesis as well as for the patient’s functioning in life
and for the clinical aspects of the disease (such as its course, prognoses, the patient’s
awareness of the disease) [2, 3, 4, 5]. Evident neurocognitive deficits increase during
the period of two years before the first episode of psychosis, and during the episode
itself they already reach intensity of a considerable degree [6, 7, 8]. In many patients
they can increase together with disease duration and impair the patients’ functioning
in the society [9]. Cognitive deficits diagnosed at the beginning of the disease can both
affect coping abilities and constitute an indicator of further prognosis [10]. Schizo-
phrenia is characterised by a variety of cognitive function deficits, affecting attention,
memory, visuospatial functions, language abilities and the general level of intelligence.
Cognitive deficits related to problem solving, planning and abstract thinking, known
as executive functions, are of special importance [11].

In recent years, working memory in healthy people and in people suffering from
various psychic disturbances has been frequently focused on in studies. It is becoming
a widespread view that the disturbances of working memory and executive functions
belong to the most important cognitive dysfunctions in schizophrenia [4, 12, 13, 14].
They are usually accompanied by abnormalities located in the anterior region of the
brain, i.e. in anterior cortical associative region (prefrontal cortex) [12, 14, 15]. In their
work, some authors explicitly call schizophrenia a “working memory disease”. Silver
et al [14] compared patients with stable chronic schizophrenia treated with atypical
neuroleptics with a group of healthy unrelated participants; the results of neurocognitive
tests indicated larger working memory deficits as compared to other cognitive functions.
In studies on working memory deficit, Bertolino et al [15] used magnetic resonance
spectroscopic imaging in schizophrenic patients who were doing the N-back working
memory test; the results suggested neuronal pathology in the hippocampal area and
the dorsolateral prefrontal cortex, which can be related to the schizophrenic patients’
poorer performance on working memory tasks. On this basis, it was concluded that
the working memory deficit is the core deficit in schizophrenia and probably is also a
factor limiting the efficiency of other cognitive functions.

Baddeley [16] as well as Baddeley and Hitch [17] presented a dynamic working
memory model, describing it as the limited capacity of “working space” of information
processing. According to Baddeley, working memory is the ability to temporarily store
important information in memory and manipulate them [16]. It is a system which in the
process of thinking temporarily retains selected current events and integrates them with
past experience. It constitutes the basis for intended, planned actions and for induc-
ing long-term memory, especially the autobiographical one. This happens because of
what is known as online processing [18]. Working memory is the basis for executive
functions necessary for planning, problem solving, orientation and reaction in complex
situations, flexibility and the ability to adjust one’s behaviour to the situation.

It has been stated in many works that cognitive dysfunctions of various intensity
and frequency occur also in schizophrenic patients’ first-degree relatives [19, 20], in
particular, but not exclusively, in those showing schizotypal personality disorders [21,
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22]. It has been noted that working memory dysfunction occurs also in schizophrenic
patients’ healthy monozygotic twins. The studies suggest that genetic susceptibility to
developing schizophrenia can refer to biological mechanisms connected with working
memory and executive functions [23]. This leads to the belief that cognitive deficits
revealed by means of neuropsychological methods can belong to the important indica-
tors of this susceptibility, and can be an element of schizophrenia phenotype (known
as endophenotype) that in pathogenetic studies is more useful than the complex clini-
cal picture of schizophrenia. Working memory deficits are used in genetic studies as
an endophenotypic marker for this disease [23, 26]. Glahn et al [26], after examining
spatial working memory of probands and their mono- and dizygotic twins, stated that
working memory dysfunction occurring in these groups can be an actual endopheno-
typic marker for schizophrenia [26].

The term “working memory” is not used consistently, so that it is possible to dis-
tinguish different ways of defining it as well as various study methods [14, 16]. There
is no standard test battery. Apart from those tests that are most frequently mentioned
by works in English, such as: Wisconsin Card Sorting Test (WCST) [27], N-back Test,
Trail Making Test—B (TMT-B), “tower” tests, e.g. Tower of London, ...of Hanoi, there
are also in use many other simple tests known from various batteries used for studying
lesions of the central nervous system [13, 28, 29].

Aim

The aim was to compare nature and intensity of neuropsychological working
memory dysfunctions revealed in the study using tests from Vienna Test Battery [29]
in schizophrenic patients and their first-degree relatives. The basic research question
was as follows:

— Do selected tests related in various degrees to working memory make it possible
to claim that there are cognitive functioning differences in this respect between
schizophrenic patients and their first-degree relatives on the one hand and healthy
participants on the other?

A positive answer to this question would be an argument supporting the claim
that a working memory dysfunction is not only an indicator of disease “condition”,
but also an indicator of the “feature” of susceptibility to developing schizophrenia,
occurring in both schizophrenic patients and in their healthy relatives. In this way, a
working memory dysfunction would become one of the relatively simple indicators
which could be recognised as the endophenotype of the susceptibility to developing
schizophrenia.

Subject

The studied group included patients with schizophrenia diagnosed according to
ICD-10 criteria, and their family members, first-degree relatives. The control group
included healthy participants with no schizophrenia symptoms and no psychic dis-
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turbances in their medical history. The study included altogether 209 subjects, whose
basic social-demographic characteristics are presented in Tablel.

Table 1.
The social-demographic characteristics of the subjects
. . Healthy First-degree relatives
. Schlquhrenlc first-degree Hgglthy with a history of
Analysed variables patients lati participants hiatric disord
(n=99) relatives (n=54) psychiatric disorder
(n=42) (n=14)
Sext females 41 (41%) 29 (69%) 10 (71%) 36 (67%)
ex
males 58 (59%) 13 (31%) 4 (29%) 18 (33%)
mean standard
Age (years)? | deviation 33.8£11 48.5+14 44.79+15.7 29.8+8
range 18-62 23-76 17-75 20-53
primary 30 (30%) 7(17%) 6 (43%) 7(13%)
Education® | secondary 51 (52%) 15 (36%) 6 (43%) 31(57%)
higher 18 (18%) 20 (47%) 2 (14%) 16 (30%)

1. 5 y>=1.24; p<0.002
2. F=27.88; p<0.000
3. 2= 20.45; p<0.02
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Figure 1. The comparison of the average intensity of 13 symptom groups, assessed according
to the KOSS-W scale, during the developed episode of disturbances and during the period of
remission. Neuropsychological examination was conducted during the remission period.

Patients

The study included 99 patients receiving treatment in various wards of the Depart-
ment. There were two inclusion criteria: the diagnosis of schizophrenia, according to
the criteria of the tenth version of International Classification of Diseases (ICD-10)
and the condition of an early period of symptoms remission. The initial level of symp-
toms, assessed by means of the PANSS scale [30], was 77 points on average, and 45
points at the moment of the study (improvement indicator approximately 45%), with
the positive sum score 16 — 9, the negative sum score 22 — 14, and the general sum
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score 40 — 22, respectively. Psychopathological profile described by means of the
KOSS-W scale [31] is presented in Fig. 1. At the time of the study (remission) it was
marked by a low level of most of the symptoms, with a relative higher level of deficit
symptoms, slowness and autism. Mental condition was assessed by doctors conducting
treatment. There were slightly more male patients (58%) and people with secondary
education (54.8%). All the patients had been treated with antipsychotics, and 30% of
the patients had been taking new generation medicines.

Families

The study included 56 family members: first-degree relatives of the patients par-
ticipating in the study. Some of them (14 participants) had received medical treatment
beforehand due to psychotic disturbances in the past. In the group of 42 healthy relatives
there were more females (69%) and subjects with higher education (48%), whereas in
the group of relatives with medical record there were more females (72%) and subjects
with secondary education (43%). The two groups: that of the patients and that of the
patients’ relatives could not be made equal in number. The reason for this was the fact
that many relatives, who were clearly afraid of the results confirming their potential
susceptibility to developing schizophrenia, refused to participate in the study.

Control group

The study included 54 healthy participants, volunteers, who during their lifetime
had not received psychiatric treatment, and with no psychic disturbances revealed
either in their medical history or at the time of the study. The participants were mainly
members of the Institute staff, trainee doctors and medical students, i.e. mostly female
groups; as a result, in control group females outnumbered males (86%).

Methods

Selected tests from the Vienna Test System [WTS, Wiener Test System, 29] were
used in the study as indicators of working memory functions. It is a system of compu-
ter-aided psychological tests, by means of which it is possible, for example, to study
cognitive function deficits. The subjects found it very attractive that the tests were
computer-aided, which proved to be of considerable importance. The tests, presented
on the computer screen, were done with either a light pen or the keyboard.

Reaction time tests (RT). Reaction test consists in reacting (pressing an appropri-
ate key) as quickly as possible after a given constellation of visual and/or acoustic
stimuli has been presented. The subject holds the finger on the rest key, which he/she
releases (R) upon noticing a relevant stimulus (S) on the screen, and then presses the
reaction key (K as quickly as possible. The programme measures reaction time (t,-t;)
and motor time (t -t,). The measured reaction time requires therefore, among others,
efficient working memory, since in order to react appropriately the subject has to rec-
ognise the perceived stimulus combination of two modalities (sight, hearing) and store
it temporarily in memory as well as compare it to the established model, remembered
beforehand. In order to do the test correctly, the ability to switch from one stimulus
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combination into another is required. Various forms of the RT test were used. In the
S3 form the task is simpler: reaction to yellow light or sound. In the S5 form the task
is more difficult, as the reaction is expected upon noticing either the yellow light and
sound or yellow and red lights. The basic variables recorded are median reaction time
and median motor time (milli-seconds), resulting from a number of trials.

Perseveration test (PERSEV) assesses the tendency to perseveration, i.e. stereotypi-
cal reaction. The computer screen displays nine randomly positioned circles (Fig. 2A),
which the subject presses in a possibly random way. Each circle has its identifier, and
the frequency with which the subject presses various circles is measured automatically.
On this basis, the redundancy indicator is established; it expresses the probability of
non-random choice (repetition, preference) of certain circles. The higher the redundancy
indicator value, the greater the tendency to perseveration, i.e. to react in a stereotypical
manner. Redundancy of the second degree, expressing the frequency of the preference
for individual combinations of two circles, is considered to be a significant indicator
of the dysfunction of the flexibility of reaction.

OO -0
Figure 2. A sample view of the screen in (A) the persevaration test (PERSEYV)
and (B) the Corsi test (CORSI).

Corsi test (CORSI) assesses the capacity (span) of immediate visuospatial memory.
During the test a few (3 to 8) cubes appear for a short time on the computer screen
and then disappear. After the cubes have been displayed, the subject is to point with
a light pen at the previously displayed cubes, maintaining their order of appearance.
The basic measured value is the mean number of cubes stored in the memory (and
pointed correctly). According to the authors of the test, this value corresponds to the
efficiency of the visuospatial aspect of working memory.

Statistical analysis involved methods available in SPSS statistical package (version
10 PL), mainly simple measures of statistical description and hypotheses testing using
the mean difference test (Student’s t-test) for non-correlated groups.

Results

Average values of all recorded results of particular tests in the compared groups of
subjects are presented in table 2, while basic findings of the study, revealing significant
differences between the compared groups of subjects are listed in Table 3.
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Table 2

Results (means, standard deviations) of the tests used in the study in the examined groups of
patients, their first-degree relatives and healthy controls.

Average values (meanstandard deviation) in the compared groups

Test variables . . , first-degree relatives with
sch|quhren|c healthy f|r§t-degree control group a hisory of psychatc
patients relatives of healthy participants disorder
(n=99) (n=42) (n=54) (=14)
RT: S3 form - test of choice reaction time (choice reaction to yellow light or sound)
median of reaction times 487.35+167.79 | 436.76178.45 424.9372.73 504.7974.13
median of motor times™ 270.13£110.10 | 253.40+90.31 203.24+63.36 278.93+82.45
distribution* of reaction times 21.28415.95 24.08318.96 22.1547.67 21.29547.31
distribution* of motor times** 38.67£117.37 18.867+7.27 18.95+10.03 15.75916.59
correct reactions 15.65+1.60 16.00£0.0 15.98+0.14 15.86+0.54
no reaction 0.301.55 0 0 0.1410.54
incomplete reactions 0.0410.20 0 0.0210.14 0
incorrect reactions 0.71+2.20 0.210.57 0.070.26 1.71£4.36

RT: S5 form - test of choice reaction ti

me to yellow light and sound or yellow and red lights

median of reaction time 611.51£153.6 543.29+92.6 520.46+75.1 623.14+118.2
median of motor time** 285.23+158.9 262.7687.7 197.80463.0 211.21472.8
distribution® of reaction time 36.21126.1 36.778216.1 26.0248.0 36.554128.4
distribution * of motor time** 21.82425.2 26.879+32.8 24.00£17.9 19.139£10.3
correct reactions 15.14£2.3 15.7140.8 15.81£1.0 15.5041.2
no reaction 0.65¢1.9 0.240.7 0.15£0.8 0.361.1
incomplete reactions 021106 0 0.04£0.2 014104
incorrect reactions 0.74+24 0.12+04 0.06+0.23 0.43+0.9
PERSEV - test of flexibility of psychic processes
redundancy of the first degree 1.4612.3 223163 114117 1.2641.8
redundancy of the second degree 53.86+24.0 41.80£20.5 33.77418.9 47.77£26.0
omitted reactions 0 0 0 0
multiple reactions 3.09+11.8 2.24+10.8 091438 1.71£215
CORS] - test of short-term visuospatial memory span
immediate memory span 513110 5.3641.0 594+1.0 486412
correct answers 7.26+2.7 7.90£2.6 9.33£24 6.93£3.2
incorrect answers 432412 457413 461414 371108
performance time 3.3241.3 375414 424415 30114
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Table 3
Statistically significant differences between mean values of selected attention tests
in the groups of: patients, relatives and controls (Student’s t-test)

Compared groups of subjects

Tests used in the study patients vs. control group  |patients vs. their healthy relatives|healthy relatives vs. control group

and examined variables patients control test patients hea!thy test hea[thy control test
(mean) group (mean) relatives relatives | group
(mean) | () (mean) (t) (mean) | (mean) (t)

RT-S3: choice reaction to yellow light or sound

reaction time (median) | 4874 | 424.9 |3.35" | 4874 | 4368 | 2421 | 4368 [ 4249 [ Ns

RT- 85: choice reaction to yellow light and sound or yellow and red lights

reaction time (median) | 611.51 | 52046 |4.881™*| 61151 | 54320 | 3224 | 543.29 [ 52046 [ Ns

PERSEV - test of flexibility of psychic processes

indicator of redundancy

53.86 | 33.77 |5.704***| 53.86 4180 | 2.846™ | 4180 | 33.77 1.993*
of the second degree

CORSI - test of short-term visuospatial memory span

immediate memory span| 513 | 594 [-496™| 513 | 53 | ns | 536 | 594 | -2.88"

Level of significance: ns-no significance; * p=0.05; ** p=0.01; *** p=0.001

RT test. The time of choice reaction to a simple (RT: s3) and more complex (RT:
s5) combination of stimuli proved to be longer for the patients, as compared to both
the group of healthy relatives and the control group. In the group of the relatives the
time was insignificantly longer than in the control group. This means that the patients,
as compared to healthy participants (both related and unrelated) needed more time for
the choice and reaction to a stimulus combination requiring the ability to switch from
one stimulus combination into another.

Reaction times (s3, s5) did not correlate with sex, although they did correlate slightly
and insignificantly with age (s3: tho = 0.24; s5: rho = 0.25). In the case of the simpler
form of the RT test, the analysis of variance did not reveal any correlation between the
test results and education (RT: s3, p = 0.1); such correlation, however, was revealed
in the case of the more complex form (RT: s5, p = 0.03).

In the Perseveration test, the highest indicators of redundancy of the second degree
were observed in the group of patients, the lowest — in the control group of healthy
participants, and medium — in the group of healthy relatives. Differences among all
groups proved to be statistically significant.

According to the analysis of variance, the indicator of redundancy of the second
degree did not correlate with sex, and correlated with education only in a limited degree
(p =0.053). A slight and insignificant correlation with age (rho = 0.13) also suggests
that these two variables are not significantly interrelated.

In the Corsi test the average immediate visuospatial working memory span proved
to be significantly larger in healthy controls, as compared to both the patients and the
patients’ close relatives. On the other hand, the differences between the patients and
their healthy relatives proved to be statistically insignificant. The analysis of variance
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did not reveal any correlation between memory span and sex (p = 0.83) or education
(p = 0.08). However, this variable correlated slightly and negatively with age (rtho =
-0.27).

The results of the tests used in the study did not reveal any significant differences
between the group of schizophrenic patients (N = 99) and the group of their relatives
(N = 14) who were selected during the examination of families and whose medical
history suggests a mental disease (schizophrenia or similar disturbances but with no
current symptoms requiring hospitalisation).

Discussion

The assessment of the intensity of working memory deficit in schizophrenic patients
seems to be important since various studies indicate that it is the main deficit, affecting
other cognitive functions [14]. The deficit has been observed in schizophrenic patients
and their first-degree relatives [19, 20].

The results, achieved in this study, of the assessment of working memory
cognitive processes in schizophrenic patients, their healthy first-degree relatives and
the control group of unrelated participants, prove that the groups differ in the level of
correctness in doing selected tests and the time needed to complete them. These results
are compatible with the findings of other authors [14, 15, 20, 26] and they confirm that
the group of patients always achieve the poorest, dysfunctional results, as compared
with other groups involved in the study [32, 33, 34, 35].

The tasks testing the time of choice reaction require from the subject to store two
different sequences in working memory, which allows switching the processed infor-
mation from one stimulus combination into another. The results of the reaction time
tests which required the choice between two different simple stimuli (yellow light
or sound) were significantly different in the group of schizophrenic patients and the
control group: the reaction time was considerably longer for schizophrenic patients.
The reaction to two different complex sequences (yellow light and sound or yellow
and red lights) revealed even more significant differences between the patients and the
controls. In both cases, moreover, the time of choice reaction has been considerably
longer for the patients, as compared to their healthy relatives. However, between the
patients’ healthy relatives and healthy controls no significant differences in reaction time
have been found. The results have revealed, then, that this aspect of working memory
dysfunction is characteristic, above all, of the subjects suffering from the disease. No
specific reaction pattern for sight or hearing analysers has been found in this group;
the results suggest a similar performance pattern for both modalities. Other authors
have reached similar conclusions, too [17].

The results make it possible to conclude that immediate visuospatial memory span
in schizophrenic patients included in the study, is indeed reduced. The results of the
Corsi test revealed significant differences between the groups of both the patients and
their healthy relatives on the one hand, and the control group on the other. The dif-
ference between the patients and their healthy relatives turned out to be statistically
insignificant. It has been found by other authors as well [19, 20, 25] that schizophrenic
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patients and their first-degree relatives perform poorer on various tasks requiring ef-
ficient (and therefore capacious) working memory. It seems that they have difficulties
with the correct use of information depending on the circumstances, with the short-term
storage of information concerning the present activity, and with the correct switching
into new rules of action [36]. The upper limit of the short-term memory span has been
determined in the studies at the level of 72 elements [37]. In our study, as a rule, the
patients did not reach the limit of 7 elements, stopping most often at 4-5 elements.
It is this feature of the working memory dysfunction, out of all these analysed in our
study, which makes the patients and their close relatives the most similar. Reduced
working memory span makes it difficult to learn new material, solve problems, make
decisions, think abstractly. Randolph, Goldberg and Weinberger [38], discussing vari-
ous neuropsychological deficits diagnosed in patients suffering from schizophrenia
conclude that memory impairment can be fundamental for the disease.

Impaired processes of coding, storing and reconstructing memory traces can result
in impaired ability to learn new material, which, in turn, can make the adjustment
to the changing circumstances more difficult [39, 40, 41]. In our study, interesting
differences among the compared groups have been found, as regards perseverative
tendencies, which have been the most elevated in schizophrenic patients, weaker in
their healthy relatives and the weakest in healthy controls. The differences among
all these groups have been statistically significant, which suggests that dysfunctional
tendency to stereotypical reaction in the PERSEV test (expressed by redundancy of
the second degree) can be an important diversifying characteristic. High redundancy
can be interpreted as the expression of rigid cognitive processes and reduced ability
to change the reaction criterion, caused by stereotypical resorting into the reaction
already learned. Rigidity of psychic processes can impair the efficiency of executive
functions, such as planning, organised searching and using feedback information from
the environment. Furthermore, it makes it difficult to change the rules of the choice,
to perform deliberate actions and to control impulsive reactions [27, 29, 42]. The sub-
jects undergoing the test are not able to successfully adjust their reactions to the needs
(instructions), which results in the rigidity in task solutions and behaviour [39, 43]. All
observed deficits of working memory cognitive functions (longer reaction time when
taking complex decisions is required, reduced immediate visuospatial memory span,
elevated tendency for perseveration) can be interesting indicators of the dysfunction
related to the present condition of the disease, as they allow to differentiate subjects
suffering from schizophrenia from the healthy participants.

However, some of these deficits (reduced immediate visuospatial memory span and
perseverative tendencies) allow also to differentiate healthy subjects closely related
to schizophrenic patients from healthy unrelated subjects (control group), which can
lead to the belief that these aspects of the dysfunction indicate not only the present
schizophrenia condition but also familial susceptibility which increases the risk of
developing schizophrenia. This suggests that working memory dysfunction could
presumably be taken into account as an endophenotypic feature of this susceptibility
[26, 44, 45, 46]. Interestingly, the deficit revealed in the test most directly related to
the concept of working memory (the Corsi test) practically does not provide any dif-
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ferences among related participants, regardless of their condition (i.e. whether they
are healthy or not).

In spite of the relatively large group of subjects the final conclusions should be
formulated cautiously and further study is recommended, since it was difficult to
make the compared groups equal as far as sex, education and age were concerned. It
should be emphasised, however, that the results of the tests used in the study did not
significantly correlate with the above-mentioned social-demographic variables.

Conclusions

1. Working memory tests, which were used in the study, revealed poorer results of the
schizophrenic patients, as compared to unrelated healthy subjects (control group):
longer reaction time in tasks requiring a complex choice while the modalities of
the stimulus were crossing, elevated tendency to perseveration and reduced im-
mediate visuospatial memory span. It indicates a working memory dysfunction in
these patients.

2. Two of the dysfunction indicators which were examined: perseverative tendencies
and reduced visuospatial memory span, revealed lower values in the schizophrenic
patients’ close relatives than in the control group. It can be then suggested that
those aspects of the dysfunction which are familial and which increase the risk of
developing the disease manifest themselves in these subjects.

3. Immediate visuospatial memory span deficit does not significantly differentiate the
schizophrenic patients from their healthy relatives, which stresses how important
this particular dysfunction indicator is for the familial susceptibility to developing
the disease.

4. The findings suggest that working memory dysfunction can be interpreted as an endo-
phenotypic feature of the susceptibility to developing schizophrenia, while the results
of some of the tests used in the study can be regarded as the indicator of this feature.

References

1. Kraepelin E. Psychiatrie. Ein Lehrbuch fiir Studierende und Arzte (8" ed.) Leipzig: Barth;
1913.

2. David AS, Cutting JC (eds.). The neuropsychology of schizophrenia. Hove: Lawrence Erlbaum
Associates; 1994.

3. Goldberg TE, Gold JM. Neurocognitive deficits in schizophrenia. In: Hirsch SR, Weinberger DR
(eds.). Schizophrenia. London: Blackwell; 1995.

4. Weickert TW, Golberg TE. Neuropsychology of schizophrenia. In: Henn F, Sartorius N, Helm-
chen H, Lauter H (eds.). Contemporary psychiatry. Vol. 3. Specific psychiatric disorders. Berlin:
Springer. 2001; p. 111-120.

5. Frith ChD. The cognitive neuropsychology of schizophrenia. Hove: Levrenece Erlbaum Associ-
ates; 1992.

6. Goldberg TE, Greenberg RD, Griffin SJ, Gold JM, Kleinman JE, Pickar D, Schultz C, Weinberger
DR.The effect of clozapine on cognition and psychiatric symptoms in patients with schizophrenia.
Brit. J. Psychiatry 1993; 162: 43-48.

7. Friis S, Sundet K, Rund BR, Vaglum P, McGlashan TH. Neurocognitive dimensions characteris-



28

Beata Hintze et al.

9

10.

11.

12.

13.

14.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

ing patients with first-episode psychosis. Br J Psychiatry Suppl. 2002, 43: 85-90.

. Bilder RM, Goldman RS, Robinson D, Reiter G, Bell L, Bates JA, Pappadopulos E, Willson DF, Alvir
IM, Woerner MG, Geisler S, Kane JM, Lieberman JA. Neuropsychology of first-episode schizophrenia:
initial characterization and clinical correlates. Am J Psychiatry. 2000, 157(4): 549-59.

. Hoff AL, Kreman WS. Nuropsychology in schizophrenia: an update. Current Opinion in Psy-

chiatry 2003, 16: 149-155.

Wilder-Willis KE, Shear PK, Steften JJ, Borkin J. The relationship between cognitive dysfunction

and coping abilities in schizophrenia. Schizophr Res. 2002, 1, 55(3): 259-67.

Lublin H. Cognitive dysfunction in schizophrenia. Acta Psychiatr. Scand. 2001, 104, (408): 5-9.

Borkowska A, Pilaczynska E, Rybakowski JK. The frontal lobe neuropsychological tests in

patients with schizophrenia and/or obsessive-compulsive disorder. ] Neuropsychiatry Clin

Neurosci 2003, 15: 359-362

Keefe RSE. Working memory dysfunction and its relevance to schizophrenia. In: Sharma T,

Harvey P (eds.). Cognition and schizophrenia. Oxford: Oxford Univ. Press; 2000.

Silver H, Feldman P, Bilker W, Gur RC. Working memory deficit as a core neuropsychological

dysfunction in schizophrenia. Am J Psychiatry 2003.160: 1809-1816.

. Bertolino A, Sciota D, Brudaglio F, Altamura M, Blasi G, Bellomo A, Antonucci N, Callicott JH,

Goldberg TE, Scarabino T, Weinberger DR, Nardini M. Working memory deficits and levels of N-

acetylaspartate in patients with schizophreniform disorder. Am J Psychiatry. 2003,160(3): 483-9.

Baddeley A. The psychology of memory. In Handbook of Memory Disorders T1 (ed). Baddeley

A, Wilson B, Watts F. Chichester, New York, Brisbane, Toronto, Singapore: JOHN WILEY &

SONS; 1995. p. 3-25.

Badddeley A, Hitch G. Working memory. In The Psychology of Learning and Motivation. Bower

GA (eds). New York: Acadenic Press; 1974, 8, p. 47-89.

Perry W, Heaton RK, Potterat E, Roebuck T, Minassian A, Braff DL. Working memory in schizo-

phrenia: transient “online” storage versus executive functioning. Schizophrenia Bull. 2001,

27(1):157-176.

. Sitskoorn M, Aleman A, Ebisch STH, Appels MCM, Kahn RS. Cognitive deficits in relatives of

patients with schizophrenia: a meta-analysis. Schizophr Res. 2004, 7: 285-295.

Conklin HM, Curtis CE, Katsanis J, lacono WG: Verbal working memory impairment in schizo-

phrenia and their first-degree relatives.: evidence from the digit span task. Am J Psychiatry 2000,

157: 275-277
Lenzenweger MF, Gold IM: Auditory working memory and verbal recall memory in schizotypy.
Schizophrenia Res. 2000, 42: 101-110.

Raine A, Reynolds C, Lencz T, Scerbo A, Triphon N, Kim D: Cognitive-perceptual, interpersonal,

and disorganized features of schizotypal personality. Schizophr Bull. 1994, 20: 191-201.

Callicott JH, Mattay VS, Verchinski BA, Marenco S, Egan MF, Weinberger DR. Complexity of

prefrontal cortical dysfunction in schizophrenia: more than up or down. Am J Psychiatry 2003,

12: 2209-15.
Cannon TD, Gasperoni TL, van Erp TG, Rosso IM. Quantitative neural indicators of liability to

schizophrenia: implicatoons for molecular genetic studies. Am J Med. Genetics. 2001, 105: 16-19

Krabbendam L, Marcelis M, Delespaul P, Jolles J, van Os J: Single or multiple familial cognitive

risk factors in schizophrenia? Am J Med Genetics 2001, 105: 183-8.

Glahn DC, Therman S, Manninen M, Huttunen M, Kaprio J, Lonquist J, Cannon TD. Spatial
working memory as an endophenotype for schizophrenia. Biol Psychiatry. 2003, 53: 624-626.

Heaton K. Wisconsin Card Sorting Test Manual, 1981-1992. Odessa: Psychological Assesment

Resources; FL, 1981.

Copersino ML, Serper M, Allen MH. Emergency Psychiatry: Rapid screening for cognitive im-



Working memory disfunction in schizophrenia patients and their relatives 29

29.
30.

31
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

pairment in the psychiatric emergency service: I1. A flexible test strategy. 2003, 54: 314-316.
Wiener Testsystem. Dr Schuhfried GmbH-Alta, Katowice; 1993.

Kay SR, Opler LA, Fiszbein A. Positive and Negative Syndrom Scale (PANSS). Rating Manual.
Social and Behavioral Science Documents, San Rafael; 1987.

Weiorka J. KOSS. Kliniczna ocena syndromow schizofrenicznych, Version 5, Warszawa: IPiN; 1998.

Everett J, Lavoie K, Gagnon J-F, Gosselin N. Performance of patients with schizophrenia on
the Wisconsin Card sorting Test (WCST). J Psychiatr Neurosci 2001, 26: 123—130.

Hughes C, Kumari V, Soni W, Das M, Binneman B, Drozd S, O’Neil S, Mathew V, Sharma T.
Longitudinal study of symptoms and cognitive function in chronic schizophrenia. Schizophr Res.
2002, 59: 137-146.

Egeland J, Rund BR, Sundet K, Landro NI, Asbjornsen A, Lund A, Roness A, Stordal KI, Hugdahl
K. Attention profile in schizophrenia compared with depression: differential effects of processing
speed, selective attention and vigilance. Acta Psychiatr Scand. 2003, 118: 276-284.

Pukrop R, Matuschek E, Ruhrmann S, Brockhaus-Dumke A, Tendolkar I, Bertsch A, Klosterkot-
ter J. Dimensions of working memory dysfunction in schizophrenia. Schizophr Res. 2003, 62:
259-268.

Baxter RD, Liddle PF.: Neuropsychological deficits associated with schizophrenic syndromes.
Schizophrenia Res. 1998, 30: 239-249.

Miller G: The magical number seven, plus or minus two: Some limits on our capacity for process-
ing information. Psychol. Rev. 1965, 63: 81-97.

Randolph Ch, Goldberg TE, Weinberger DR. The neuropsychology of schizophrenia. In: Heil-
man KM, Valenstein E (eds.): Clinical neuropsychology. Oxford: Oxford Univ. Press; 1993. p.
499-521.

Wronska A, Jakubowska T, Anczewska M, Slésarska M. Procesy koncentracji uwagi i uczenia
sig u pacjentow z rozpoznaniem psychozy schizofrenicznej. Part Il. Procesy zapamietywania
materiatu werbalnego. Psychiatria Pol. 1999, 33: 679-685.

Addington J, Addington D. Neurocognitive and social functioning in schizophrenia. Schizophr
Bull. 1999, 25(1): 173-182.

Van Beilen M, Kiers HAL, Bouma A, van Zomeren EdH, et al. Cognitive deficits and social
functioning in schizophrenia: a clinical perspective. Psychology Press The Clinical Neuropsy-
chologist 2003, 17(4): 507-514.

Wilder-Willis KE, Shear PK, Steffen JJ, Borkin J. The relationship between cognitive dysfunction
and coping abilities in schizophrenia. Schizophr Res. 2002, 55: 259-67.

Horan WP, Blanchard J. Neurocognitive, social, and emotional dysfunction in deficyt syndrome
schizophrenia. Schizophr Res. 2003, 65: 125-137.

Laurent A, Moreaud O, Bosson JL, Naegele B, Boucharlat J, Saoud M, Dalery J, d’Amato T.
Neuropsychological functioning among the non-psychotic siblings and parents of schizophrenic
patients. Psychiatry Res. 1999, 8: 147-157.

Staal W, Hijman R, Hulshoff Pol HE, Kahn RS. Neuropsychological dysfunctions in siblings
discordant for schizophrenia. Psychiatry Res. 2000, 95: 227-235.

Rybakowski JK, Borkowska A. Eye movement and neuropsychological studies in first-degree
relatives of schizophrenic patients. Schizophr Res. 2002, 54: 105-110.

Author’s address:

Beata Hintze

The Academy of Special Education
ul. Szczesliwicka 40

02-353 Warsaw, Poland

E-mail: beata.hintze@jinteria.pl



