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SUMMARY 
Background: Some authors suggest that working memory may underlie most of cognitive deficits found in schizophrenia and 

contribute to the most salient features of the disorder. Many authors further believe that, despite the differences in magnitude, profile 
of cognitive impairment is quite similar across schizophrenia and affective psychosis. To test the hypothesis of profile similarity 
between SCZ and BPD compared to healthy individuals, we carried out a comparative study applying several working memory tasks. 

Subjects and methods: A total of 64 subjects participated in the study, 20 diagnosed with schizophrenia, 18 with bipolar 
affective disorder and 26 healthy controls. Groups were matched according to age, sex and education, and two clinical groups were 
also matched according to the number of hospitalizations. To measure working memory we applied se Wisconsin Card Sorting Test 
(WCST), STROOP task, Trail making test (TMT), Digit span forward and backward tasks. To test the size and profile similarities of
the groups, we used ANOVA and Kruskal-Wallis tests on individual measures and on factor scores.  

Results: Most indicators of the WCST did not differentiate between the groups, but all of the remaining indicators indicated 
weaker working memory of the two clinical groups compared to the healthy controls. All applied measures could be reduced to two
latent constructs provisionally named WM Attention and WM Capacity. Both clinical groups scored lower on the capacity 
component than controls, whereas the three groups could not be distinguished according to the attention component. Results 
provided no evidence of difference in either size or profile of working memory impairment in patients with SCZ and BDP.  

Conclusions: The current study determined impairment of WM in patients diagnosed with SCZ and BPD compared to healthy 
controls. However, no difference was found regarding either the size or the profile of impairment between SCZ and BPD patients.
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*  *  *  *  *  

INTRODUCTION

The research conducted over the last few decades 
has provided ample evidence of cognitive impairments 
in psychotic disorders especially in patients diagnosed 
with schizophrenia (Barch & Sheffield 2014, Gold et al. 
2017), but also in those diagnosed with mood disorders 
(MacQueen & Memedovich 2017). Some authors even 
argue that cognitive deficits are the main and central 
feature of schizophrenia (SCZ) and other psychosis 
(Green et al. 2000, Barch 2003). In addition, there is 
now impressive body of research documenting that 
cognitive deficits in persons suffering from psychosis 
may to a large extent be attributable to impairment of 
working memory (WM). It has been further suggested 
that WM may underlie most of cognitive deficits found 
in SCZ and is likely to contribute to the most salient 
features of the disorder (Goldman-Rakic 1994, Park et 
al. 1995), even before psychosis actually emerges 
(Pflueger et al. 2018).  

The concept of WM refers to a hypothetical limited 
capacity system that enables temporary storage and 
manipulation of information necessary for performing a 
wide range of cognitive tasks (Baddeley 1986, 2018). 
WM is not conceived as a unitary construct but rather a 
complex system that can be split into an executive com-

ponent and at least two temporary storage subsystems. 
One of them is concerned with speech and sound while 
the other is visuo-spatial (Baddeley & Hitch 1974, 
Baddeley 2018). These three components are conceived 
as modules comprising processes and storage systems 
that are tightly interlinked within the module and more 
loosely across modules. WM is also connected to other 
cognitive systems such as perception and long-term 
memory, enabling guidance of the behavior in response 
to life experiences and environmental demands. WM is 
therefore crucial for a well-adapted daily life functioning.  

While impairments of WM in SCZ have been 
extensively researched (Forbes et al. 2009, Lee & Park 
2005, Barch 2003), WM in bipolar affective disorder 
(BPD) received much less attention (Glahn et al. 2006). 
Studies have indicated that individuals with SCZ are 
severely impaired on tasks that require a large amount 
of information to be maintained in WM, even for a short 
period of time (Barch et al. 2002). However, several 
studies have demonstrated that their performance on 
tasks that require retaining only a few items over a short 
period, with little or no interference is much less 
impaired (Cohen et al. 1999, Park & Holzman 1992). 
Some authors hypothesize that these findings suggest a 
greater deterioration of central executive in individuals 
with schizophrenia (Barch 2003). While they can per-
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form rather well on tasks depending on short-term 
storage buffers alone, performance on tasks demanding 
involvement of central executive is usually poor. Even 
tasks requiring modest manipulation of information, or 
those requiring elimination even of a limited amount of 
distracting information tend to seriously impair perfor-
mance in such individuals. Thus, the conditions under 
which WM of individuals with SCZ is particularly 
impaired suggest that SCZ is related to central executive 
deficit rather than a disturbance in the buffer systems. 

Existing studies further suggest that the impairment 
of WM among persons with SCZ compared to those 
suffering from BPD is considerably greater (Krabben-
dam et al. 2005, Hill et al. 2013). However, despite the 
differences in magnitude, many authors believe that 
profile of cognitive impairment is quite similar across 
schizophrenia and affective psychosis (Tamminga et al. 
2014, Barch & Sheffield 2014). 

These findings are somewhat inconsistent with the 
notion of SCZ and BPD being two clearly distinct enti-
ties. Some authors question this common assumption 
based on the evidence suggesting that these syndromes 
may share common susceptibility genes (Craddock et al. 
2006, Maier et al. 1993).  

We can thus conclude that there is an ongoing dis-
pute among researchers whether the differences in WM 
between persons suffering from SCZ and those with 
BPD are just of quantitative or also of qualitative nature 
(Barch & Sheffield 2014). Recently, cognitive impair-
ment found in persons with SCZ has been associated 
with the lack of cognitive control and the inability to 
store the information about the goal that would guide 
behavior in WM (Barch & Sheffield 2014, Braver et al. 
2009, Edwards et al. 2010). Focusing attention is crucial 
to actively maintain goal relevant information in WM. 
According to Engle (2002), WM capacity does not ne-
cessarily imply a larger memory store but almost with-
out exception, a greater ability to control attention and 
to avoid distraction. Authors attribute cognitive deficits 
regarding goal information representation to the mal-
function of the dorsolateral prefrontal cortex and its 
communication with other brain regions as well as to 
disturbance in the function of neurotransmitter systems 
(Lesh et al. 2011).  

Some authors believe that the same mechanisms 
causing malfunction in WM among persons with SCZ 
are responsible for WM deficits in those with BPD, and 

that the differences between the two groups are just 
quantitative (Barch & Sheffield 2014). However, longi-
tudinal trajectory of WM deterioration in SCZ is dif-
ferent than the one found in BPD patients (Lewandovski 
et al. 2011) which casts doubt on such a hypothesis.  

If, as hypothesized, SCZ and BPD share a common 
mechanism of WM impairment, then the profile of WM 
deficits should be mostly similar in these two groups. 
However, if persons diagnosed with SCZ and those 
diagnosed with BPD show marked difference in profile 
of WM deficits compared to healthy people, it could 
speak in favor of existence of different underlying 
mechanisms.  

Study Aim 

The main aim of the current study was to compare 
the profile of WM impairment of persons diagnosed 
with SCZ and those with BPD. To test if the WM 
impairment is similar in those with SCZ and BPD 
compared to healthy individuals, we included a number 
of heterogeneous indicators of WM. In this way we 
could also identify areas of WM in which persons 
diagnosed with SCZ show different deficits compared to 
those with a diagnosis of BPD. 

SUBJECTS AND METHODS 

Subjects

A total of 64 participants took part in the study. Of 
them 26 were diagnosed with Schizophrenia (SCZ), 18 
with Bipolar affective disorder (BPD) and the rest 20 
were healthy controls. Patients with SCZ and BPD were 
admitted to the University Hospital Vrap e in Zagreb 
and were diagnosed according to the ICD-10 (WHO, 
1993). Only patients at the initial stage of the disease 
were included in the study. The study included male and 
female subjects aged between 24 and 49 years with at 
least finished elementary school. The study was 
approved by the Medical Ethics Committee of the 
University Hospital Vrap e. All participants signed an 
informed consent after they were provided with 
appropriate information. 

Group equivalence 

The three groups were matched on the basis of rele-
vant socio-demographical variables (Table 1).  

Table 1. Demographic characteristics and the equivalence of the groups  

Controls (N=20) SCH (N=26) BAP (N=18) Demography 
Mean SD Mean SD Mean SD

Group difference 

Age (years) 34.1 ±4.4 34.8 ±6.8 38.8 ±8.3 P>0.05 
Education (years) 12.5 ±1.9 12.3 ±2.3 12.1 ±2.9 P>0.05 
Hospitalizations    3.1 ±2.8 4.7 ±5.0 P>0.05 
Sex (frequencies)        

Male 7  7  1  P>0.05 
Female 13  19  17   
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Two clinical groups were also matched regarding the 
number of hospitalizations. The group equivalence was 
tested by the means of ANOVA and t-test for conti-
nuous variables and CHI square in the case of nominal 
variables. 

Methods

The assessments were performed individually by 
experienced clinical psychologists. The following tests 
were applied: 

Wisconsin Card Sorting Test (WCST) 

The test requires of each subject to match cards from 
the decks to one of the four stimulus cards. The subject 
is given feedback each time whether he or she is right or 
wrong. Wisconsin Card Sorting Test (WCST) was deve-
loped to assess the capacity to form abstract concepts 
and to shift cognitive strategies in response to changing 
environmental conditions. (Berg 1948, Grant & Berg 
1948). Test requires several abilities, such as strategic 
planning, goal-oriented behavior and the ability to use 
environmental feedback to shift cognitive set (Heaton et 
al. 1993). The successful performance on WCST invol-
ves the maintenance of information about previous card 
sorts and their outcomes. Consequently, such a process 
places high demands on WM. Therefore, WCST perfor-
mance is largely dependent on WM capacity (Hartman 
et al. 2001, 2003) and can be considered as a good 
indicator of WM. We used five separate measures of 
performance on WCST: total number of correct an-
swers, total number of completed categories, number of 
first category trials, perseverative errors (the number of 
items in which the person persists in responding 
incorrectly despite the feedback) and conceptual level 
responses (consecutive correct responses occurring in 
runs of three).  

STROOP test 

In this test originally developed by Stroop (1935), 
participants are shown color words and are required to 
name the word or the color of the ink in which each 
word is printed. The word and the ink color can be 
congruent or incongruent. The test is a measure of 
cognitive control that assesses the ease with which a 
person can maintain a goal and suppress a dominant 
response in favor of a less common one. The Stroop 
task requires the ability to inhibit task-irrelevant 
information. The successful performance relies on WM 
capacity (Conway & Engle 1994) enabling maintaining 
activation of relevant features and inhibition of those 
irrelevant. We used two indicators of Stroop task 
performance, number of correctly named words and 
number of correctly named colors.  

Digit Span forwards and backwards tasks  

A digit-span task (Wechsler 1944) was used to mea-
sure working memory's number storage capacity. Since 
the formulation of Baddeley and Hitch's theory, digit 

span task has been considered as a part of the phono-
logical loop within the WM (Baddeley 1986, 2018). 
Subjects were asked to repeat strings of digits of increa-
sing length (from 3 to 9) read aloud by the examiner in 
the same (forward) and in reverse (backward) order. 
The measure of performance was the longest string of 
correctly recalled digits. 

Trail Making Test 

Trail Making Test (TMT) (Reitan 1958) is usually 
defined as a measure of attention, speed, mental flexi-
bility and WM. The test requires the subject to connect, 
by making pencil lines, 25 encircled numbers randomly 
arranged on a page in proper order (Part A) and 25 
encircled numbers and letters in alternating order (Part 
B). The performance on TMT involves activation of 
WM, especially in part B when subject must maintain in 
memory both numbers and letters. The measure of 
performance was time needed to complete task A and B 
in seconds. 

Statistical analysis 

All statistical analyses were performed using 
SPSS/PASW and AMOS version 20 (IBM Corp. N.Y. 
USA). To test normality of distributions, we calculated 
both Kolmogorov-Smirnov and Shapiro-Wilk tests. 
Unlike majority of distributions that did not signifi-
cantly depart from normality, those related to WCST 
were mostly skewed. Therefore, to determine if group 
means belong to the same population we calculated both 
ANOVA and Kruskal-Wallis tests. The differences were 
considered statistically significant at p values lower than 
0.05. In addition, we used EFA and CFA to determine if 
used tests are indicators of the same cognitive ability 
(WM) or are saturated with different abilities. To 
identify the underlying dimensionality of used tasks, we 
used parallel analysis (Horn 1965).  

RESULTS 

A summary of means, standard deviations and group 
differences is given in table 2. 

Analyses show that ANOVA and Kruskal-Wallis test 
point to similar conclusions regardless of the distribution 
normality. Most indicators of the WCTS do not diffe-
rentiate between healthy controls and the two clinical 
groups. Only the number of perseverative errors is found 
to be statistically different between controls and SCZ 
group. Other tests that were applied in the current study 
can distinguish controls from one or both clinical groups. 
On STROOP tasks as well as on TMT A and digit span 
forward, both SCZ and BPD group score significantly 
lower than controls. TMT B and digit span backward can 
differentiate only BPD from controls. The difference bet-
ween SCZ and BPD group were never found to be 
statistically significant. Group profiles of scores trans-
formed into z-values are given in Figure 1. Better per-
formance is always displayed with positive values.  
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Table 2. Descriptive statistics and comparison of test means between groups 
  Controls (N=20) SCZ (N=26) BAP (N=17) Difference between groups 

M SD M SD M SD F p 
Post hoc 
(p<0.05)

Kruskal-
Wallis p

WCST correct answers 79.3 14.1 67.3 18.0 72.6 16.9 2.96 0.059  0.140 
WCST perseverative errors 8.1 7.9 29.3 25.9 16.2 22.0 6.14 0.004 C-SCZ 0.002 
WCST conceptual level  62.5 11.9 51.8 23.6 60.7 25.0 1.72 0.188  0.101 
WCST categories completed 4.8 1.7 3.6 2.3 4.5 2.5 1.86 0.164  0.152 
WCST first category trials  13.9 8.6 38.6 43.2 35.8 46.6 2.80 0.069  0.034 
STROOP words 265.6 27.9 212.2 57.8 207.8 56.1 8.37 0.001 C-SCZ; 

C-BAP
0.001 

STROOP colors 112.8 21.2 80.5 27.2 79.7 22.0 12.43  <0.001 C-SCZ; 
C-BAP

p<0.001 

TMT A (seconds) 35.7 10.4 67.0 41.8 73.8 51.8 5.52 0.006 C-SCZ; 
C-BAP

0.002 

TMT B (seconds) 70.9 14.6 138.2 102.5 200.8 175.7 6.15 0.004 C-BAP p<0.001 
WAIS digit span forward 11.0 2.0 7.9 1.9 7.8 2.4 15.80  <0.001 C-SCZ; 

C-BAP
p<0.001 

WAIS digit span backwards 7.2 2.4 5.9 1.8 5.2 2.2 4.63 0.013 C-BAP 0.032 
Notes: WCST = Wisconsin Card Sorting Test;   TMT = Trail Making Test;   WAIS = Wechsler Adult Intelligence Scale 

Notes: SCZ= schizophrenia (N=26);   BPD = bipolar affective disorder (N=18);   Control = no psychiatric diagnosis (N=20);  
* inverted results: larger scores indicate better performance;   WCST = Wisconsin Card Sorting Test;   TMT = Trail Making Test;
WAIS = Wechsler Adult Intelligence Scale 

Figure 1. Comparison of standardized means of WM indicators between groups 

Since we found no statistically significant difference 
between SCZ and BPD group, results provide no evi-
dence of difference in profile of working memory impair-
ment. However, results do suggest that the impairment in 
some areas may be more serious in one group than in 
another when compared to healthy controls. Results also 
indicate that the difference between controls and clinical 
groups is smaller in the case of WCST than in other tests 
that were applied. This difference may reflect the diffe-
rence in saturation with WM. To test if all indicators can 
be explained with a single broad factor, we conducted 
both EFA and CFA. Given a small number of respon-
dents, the results can be considered only provisional. 
Prior to factorization, we ran Parallel analysis to deter-

mine underlying dimensionality. The analysis pointed out 
that intercorrelations of the indicators can be explained 
with two underlying dimensions. Table 3 presents the 
standardized factor loadings of the WM indicators on 
these dimensions. The significant projections on the first 
component show only indicators belonging to WCST. All 
other indicators are highly saturated with the second 
component. Given that the main feature of the WCST is 
the ability to focus on the task, maintain previously gained 
information and override a tendency to repeatedly provide 
dominant but incorrect response, is tentatively named Wor-
king Memory Attention. The second component comprises 
of indicators commonly related to the size of a memory 
store and is therefore named Working Memory Capacity.  
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Table 3. Varimax rotated components of the working memory indicators (N=64) 
 WM Attention control WM Capacity and speed 

WCST no of correct responses 0.86  
WCST perseverative errors -0.75  
WCST conceptual level responses 0.95  
WCST no of categories completed 0.86  
WCST trials to complete first category -0.90  
STROOP words  0.81 
STROOP colors  0.71 
TMT a (seconds)  -0.84 
TMT b (seconds)  -0.79 
WAIS digit span forward  0.74 
WAIS digit span backwards  0.60 

Notes: Projections bellow 0.30 are omitted 

Fit indicators: 2 (df 38, N=66)=49.97, p=0.093;   CFI=0.98, RMSEA=0.072, 90% CI (0.000, 0.12);   GFI=0.88; 
AGFI=0.79;   NFI=0.91 

Figure 2. Latent structure of WM indicators used in the current study

To provide a further test of a latent structure under-
lying WM indicators used in the current study, we applied 
CFA. The proposed two-factor model (Figure 2) yielded 
some acceptable indices of fit 2 (df 38, N=66)=49.97, 
p=0.093, CFI=0.98, RMSEA=0.072, 90% CI (0.000, 
0.12) whereas others indicated a poor fit: GFI=0.88, 
AGFI=0.79, NFI=0.91.  

Given that determining the structure of indicators 
was not the main topic of the current study, we con-
cluded that applied tests are saturated with at least two 
moderately correlated latent dimensions, provisionally 
named WM Attention and WM Capacity. To avoid 
psychometric weaknesses of analyses on single indica-
tors, we calculated factor scores and thus gained more 
reliable composites. An additional advantage was a greater 
parsimony since applied indicators were reduced to only 
two components. ANOVA performed on factor scores 
indicated that three groups did not differ on the Attention 
factor (F=1.31; p>0.05). The statistically significant diffe-
rence was found only on the Capacity factor (F=13.22; 
p<0.001). Post hoc tests indicated that both clinical 
groups scored lower than controls, however, no signifi-
cant difference was found between SCZ and BPD patients. 

DISCUSSION 

Previous research suggests that cognitive deficits may 
be considered as one of the most salient features of both 
SCZ (Barch & Sheffield 2014) and BPD (MacQueen & 
Memedovich 2017). Moreover, it is hypothesized that 
WM may underlie most of cognitive deficits found in 
psychosis and is probably responsible for the most promi-
nent features of the disorder. Whereas the researchers 
unanimously agree that WM of people suffering from 
psychosis is impaired compared to healthy individuals, 
there is an ongoing dispute among authors regarding the 
potential differences in WM between those suffering 
from SCZ and those with BPD. Most of the evidence 
suggest that the WM of persons with SCZ is impaired 
more than the WM of those diagnosed with BPD, how-
ever it is not clear whether this difference is just of quan-
titative or also of qualitative nature (Barch & Sheffield 
2014). Answering these questions could have broader re-
percussions on the notion of these two disorders being 
regarded as two entirely distinct entities.  

Accordingly, current study was initiated to deter-
mine whether the profile of WM impairment is the same 
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for persons suffering from SCZ and those with BPD. In 
accordance with the claims of some authors who believe 
that persons with SCZ and those with BPD share the 
same profile of WM impairment (Barch & Sheffield 
2014), we found no difference between the two in per-
formance on any of applied tests. There are, however, 
three indicators that differentiated healthy controls from 
one clinical group, but not from the other. Perseverative 
errors within WCST were more frequent among sub-
jects with SCZ compared to control group, whereas 
participants with BPD did not differ from either group. 
By contrast, BPD patients performed poorly on TMT B 
task and Digit span backward in comparison to healthy 
controls whereas SCZ group could not be statistically 
distinguished from either group. These differences may 
be a reflection of some profile differences between 
persons with SCZ diagnosis versus those with BPD, but 
it is also possible that they are obtained by chance due 
to the limited sample size. Current research, unlike 
some previous studies (Krabbendam et al. 2005, Hill et 
al. 2013) thus provided no evidence of SCZ patients 
having more impaired WM than those suffering from 
BPD. The research has also provided no evidence that 
profiles of WM impairment in patients with SCZ and 
those with BPD differ. This finding is in line with the 
belief held by some authors that the WM impairment in 
SCZ and BPD patients compared to healthy population, 
follows the same profile (Tamminga et al. 2014, Barch 
& Sheffield 2014, Šoštari  & Zalar 2011). The current 
study has undeniably proved only that both clinical 
groups show impairment of WM compared to healthy 
controls. In addition to analysis of individual test re-
sults, we have also performed factor analysis to reduce 
the complexity of measures and gain parsimony. The 
results suggest that applied tests are saturated with two 
components, provisionally named WM attention and 
WM capacity. Only the latter produced significant dif-
ference between groups, indicating that both patients 
with SCZ and those with BPD show impairments in 
comparison to controls, but no difference was found 
between the two clinical groups. 

The obtained results are thus in line with the as-
sumption that there is no difference in the profile of 
WM impairment between persons with SCZ compared 
to those with BPD. Although these findings seemingly 
contradict the notion of SCZ and BPD being distinct 
entities, they only indicate that WM has limited or no 
value in discriminating between these two categories of 
psychotic disorders. Accordingly, the obtained results 
support the assumption that these two entities may share 
common genes responsible for cognitive impairments 
(Craddock et al. 2006, Maier et al. 1993). However, 
further research is needed, especially longitudinal tra-
cking in order to determine the growth curve of WM 
deterioration in SCZ compared to BPD as some pre-
vious research found difference in their latent trajec-
tories (Lewandovski et al. 2011). The current study is 
subject to some limitations that deserve attention. First, 
study has been carried out on rather small sample, 

therefore, results are lacking in statistical power. The 
findings would have been much clearer if larger groups 
were included. Second, cross-sectional design applied in 
the study cannot provide information on the timeframe 
of change and the dynamics of deterioration of WM in 
SCZ and BPD. Therefore, in the future it would cer-
tainly be worthwhile to carry out longitudinal research, 
Third, given that WM is a complex construct that affects 
almost all cognitive processes, it is not easy to capture 
it. Probably there is no test that reflects exclusively the 
working memory, as there is no cognitive test that does 
not include the WM component. Arguably, many of the 
tests that we used only partly reflect WM while the rest 
is saturated with other cognitive abilities. The observed 
differences between the groups may reflect differences 
in WM but may also reflect differences in other cogni-
tive abilities. That is why construct validity might have 
been compromised. Further research on a larger sample 
of respondents and with larger number of tests is needed 
to provide clearer evidence of WM in patients with SCZ 
and BPD. 

CONCLUSIONS 

The current study determined impairment of WM in 
both SCZ and BPD compared to control group. How-
ever, no difference was found regarding either the mag-
nitude or the profile of impairment between SCZ and 
BPD patients. Further research on larger samples and 
with larger number of WM measures is needed to pro-
vide stronger evidence on the issue. 
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