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Abstract: Background: Cognitive deficits in schizophrenia have been attributed to information 
processing deficits or to working memory). Spatial working memory (SWM) deficits in particular have 
been proposed as potential cognitive endophenotypic markers of schizophrenia. Aims: The aim of the 
current study was to compare the performance of patients with schizophrenia with that of healthy 
controls on tests of spatial memory in order to identify specific pattern of memory performance. 
Subjects: 138 outpatients with a diagnosis of schizophrenia were recruited from the Community 
Mental Center Cluj-Napoca and were assessed with three spatial memory tests from CANTAB. 
Results: Significant group differences were observed in cognitive performance. Conclusions: 
Schizophrenic patients showed impairment in spatial memory in comparison with healthy control 
subjects. Impaired performance can be attributed to negative symptoms. 
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INTRODUCTION 
Cognitive deficits in schizophrenia have been 

attributed to information processing deficits or to working 
memory.(1)  

Working memory (WM) refers to the maintenance 
(short-term storage and rehearsal) and manipulation of verbal 
and visuospatial information. Working Memory deficits are 
considered a cardinal cognitive feature of schizophrenia.(2) 
Spatial working memory (SWM) deficits in particular have 
been proposed as potential cognitive endophenotypic markers 
of schizophrenia. 

Study have showed that patients with schizophrenia 
have substantial memory deficits (3), that are disproportionate 
to the general level of intellectual impairment and other 
aspects of cognitive function.(4) It appears that multiple 
aspects of memory are affected because deficits have been 
reported in working memory (5), semantic memory (6), 
recognition memory (7) and recall.(8,9) 
 

PURPOSE 
The aim of the current study was to compare the 

performance of patients with schizophrenia with that of 
healthy controls on tests of spatial memory in order to identify 
specific pattern of memory performance. Our working 
hypothesis is that the patients with negative symptoms are 
more impaired in spatial memory. 
 

METHODS 
Subjects 
138 outpatients with a diagnosis of schizophrenia 

were recruited from the Community Mental Center Cluj-
Napoca. The diagnosis of schizophrenia was determined 
according to the criteria of the ICD-10.  

Subjects with neurological illness or head trauma, a 
history of alcohol or drug abuse, an estimated IQ below 70 

were excluded from the study or age under 18 or over 60 years 
old were excluded from the study. Patients with schizophrenia 
were divided into the “with negative symptoms group” and 
without negative symptoms group” according to Positive and 
Negative Syndrome Scale (PANSS), negative score below or 
above 19. A group of 43 control participants was recruited 
from a community sample with no psychological background. 
 Exclusion criteria for the controls included a history 
of mental illness within first-degree relatives and the presence 
of a medical illness that might impair cognitive functioning. 

Measures 
Clinician-rated measures 
The Romanian version of the PANSS (10) was used 

to measure the psychopathology of patients. Patients who 
scored higher than 19 on PANSS negative scales were 
included in the negative symptoms subgroup of schizophrenia. 

Spatial memory assessment 
Spatial memory was assessed with the three tests 

from CANTAB.(11) 
Cambridge Automated Neuropsychological Testing 

Battery (12) is a computerized battery of tests that are 
presented on a touch screen computer.  

The CANTAB was selected for this study because of 
its advantages of efficiency, the achievement of highly 
standardized administrations, and automated response 
recording that would be difficult to accomplish by hand. For 
example, response times can be recorded with millisecond 
precision, which can be important for scoring purposes.(13)  

Spatial Span 
This is a computerized analogue of the Corsi block-

tapping test and requires the subject to observe and remember 
the sequence and location of a series of boxes changing colour. 
Scoring on this test is in terms of the maximum sequence of 
squares changing colour that the subject could successfully 
follow (between 2 and 9). 
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Spatial Working Memory 
This test requires the subject to search through an 

increasing number of boxes on the computer screen in order to 
locate tokens. Once a token has been found in a particular box, 
another will not appear in the same box and therefore the subject 
has to keep track of the locations where they have previously 
found tokens and remember not to re-search that box. The main 
type of error that is recorded on this test is a between–search 
error when the subject returns to a box where a token was 
previously found. In addition, a score representing the strategy 
used to complete the task is also recorded.  

Spatial recognition memory  
Subjects were required to learn the on-screen spatial 

location of five unfilled, white squares, appearing one at a time 
in different locations on the screen for 3 seconds. In the 
recognition phase, two squares appeared simultaneously on the 
screen and the subject had to target the familiar one. The 
procedure was repeated three more times using new locations 
for the target. The subject was given a total correct score 
expressed as a percentage. 

Data analysis 
The data were analyzed using SPSS version 20. 

Analysis of variance (ANOVA) or chi-square tests were 
performed to compare demographic and neuropsychological 
variables. Cognitive data were not normally distributed so we 
used non-parametric statistics for comparisons (Kruskal-Wallis 
test). 
 

RESULTS 
 Demographic and clinical variables 

The demographic data obtained from the 
schizophrenia group and the healthy controls are presented in 
table no. 1. The three groups did not significantly differ in 
gender and age. 
 
Table no. 1. Demographic and clinical variable 
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 p 

Gender 
(males) 15.4 % 15.1 % 25.6 

% 

Chi-
square 
2.42 

>.05 

Age 
(years) 39.3 37.7 36.14 F 2.3 >.05 

PANSS 
negative 24.6 14.5    

Comparison of memory functioning among patients 
with or without negative symptoms schizophrenia and healthy 
controls. 

The scores for spatial memory functioning are 
presented in table no. 2 and figures no. 1, 2 and 3. 

Figure no. 1. Independent Samples Kruskal-Wallis test for 
SWM Strategy 

 
 
Figure no. 2. Independent Samples Kruskal-Wallis test for 
SSP Span length 

 
 
Figure no. 3. Independent Samples Kruskal-Wallis test for 
SRM Correct number 

 
Significant group differences were observed in 

cognitive performance. Schizophrenic patients showed 
impairment in spatial memory in comparison with healthy 
control subjects. 

 
Table no. 2. Cantab scores 

Control Schizophrenia without 
negative symptoms 

Schizophrenia with negative 
symptoms 

 

Mean SD Mean SD Mean SD 

Kruskal-
Wallis test P 

SRM Number 
correct 17.12 1.54 13.14 2.99 13.79 2.69 32.27 <.001 

SRM Percent correct 85.58 7.73 65.69 14.99 68.97 13.48 39.08 <.001 
SSP Span length 6.77 1.26 4.6 1.22 4.38 1.46 65.81 <.001 
SSP Total errors 12.12 6.65 11.09 4.72 12.01 5.44 1.9 >.05 
SWM Strategy 66.02 32.15 36.64 7.32 32.53 13.74 57.49 <.001 
SWM Total errors 15.11 16.42 36.10 22.34 51.10 28.91 57.43 <.001 
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DISCUSSIONS 

The aim of this study was to examine various aspects 
of spatial memory in patients with schizophrenia. 

Independent sample Kruskal-Wallis tests were used 
to analyze memory performance in patients and controls. 
Patients performed significantly worse (and/or below 
normative levels) than controls and negative symptoms 
influence memory performance. 

Other studies (14) have showed that patients with 
schizophrenia exhibited impairments in major cognitive 
domains when compared to gender and age matched healthy 
controls. Impairments were evident in psychomotor speed 
(slower response latencies), sustained attention, episodic 
memory (spatial memory) and in two sub-domains of 
executive-function (spatial working memory and cognitive 
planning/organization).  

Hence, as with the majority of previous studies 
(9,15), the current study accords with the notion that spatial 
memory function is substantially impaired in schizophrenic 
patients. 
 

CONCLUSIONS 
Schizophrenic patients showed impairment in spatial 

memory in comparison with healthy control subjects. Impaired 
performance can be attributed to negative symptoms. 
 

REFERENCES 
1. Landgraf S, Amado I, Bourdel MC, Leonardi S, Krebs 

MO, Memory-guided saccade abnormalities in 
schizophrenic patients and their healthy, full biological 
siblings. Psychol Med. 2008 Jun;38(6):861-870. 

2. Lee J, Folley BS, Gore J, Park S. Origins of spatial 
working memory deficits in schizophrenia: an event-
related fMRI and near infrared spectroscopy study. 
PLoS One. 2008 Mar 12;3(3):e1760.  

3. Aleman A, Hijman R, de Haan EH, Kahn RS. Memory 
impairment in schizophrenia: a meta-analysis. Am J 
Psychiatry. 1999 Sep;156(9):1358-1366. 

4. Saykin AJ, Gur RC, Gur RE, Mozley PD, Mozley LH, 
Resnick SM, Kester DB, Stafiniak P. 
Neuropsychological function in schizophrenia: Selective 
impairment in memory and learning. Arch Gen 
Psychiatry. 1991 Jul;48(7):618-624. 

5. Pukrop R, Matuschek E, Ruhrmann S, Brockhaus-
Dumke A, Tendolkar I, Bertsch A, Klosterkötter J. 
Dimensions of working memory dysfunction in 
schizophrenia. Schizophr Res. 2003 Aug 1;62(3):259-
268. 

6. Laws KR, Al-Uzri M, Mortimer AM. Lexical 
knowledge degradation in schizophrenia. Schizophr Res. 
2000 Sep 29;45(1-2):123-131. 

7. Tracy JI, Mattson R, King C, Bundick T, Celenza MA, 
Glosser G. A comparison of memory for verbal and non-
verbal material in schizophrenia. Schizophr Res. 2001 
Jul 1;50(3):199-211.  

8. Paulsen JS, Heaton RK, Sadek JR, Perry W, Delis DC, 
Braff D, Kuck J, Zisook S, Jeste DV. The nature of 
learning and memory impairments in schizophrenia. J 
Int Neuropsychol Soc. 1995 Jan;1(1):88-99. 

9. Tyson PJ, Laws KR, Roberts KH, Mortimer AM. A 
longitudinal analysis of memory in patients with 
schizophrenia J Clin Exp Neuropsychol. 2005 Aug; 
27(6):718-734. 

10. Kay SR, Opler LA. The positive–negative dimension in 
schizophrenia: its validity and significance. Psychiatr 
Dev. 1987 Summer; 5(2):79-103. 

11. CANTABeclipse. CANTAB eclipse administration 
manual. Cambridge: Cognition Limited; 2006. 

12. Fray PJ, Robbins TW, Sahakian BJ Neuropsychological 
applications of CANTAB. Int J of Ger Psych. 
1996;11:329-336. 

13. Luciana M. Practitioner review: computerized 
assessment of neuropsychological function in children: 
clinical and research applications of Cambridge 
Neuropsychological Testing Automated Battery 
(CANTAB). J Child Psychol Psychiatry. 2003 
Jul;44(5):649-663. 

14. Braw Y, Sitman R, Cohen M, Berger U, Lev-Ran S, 
Segev A, Bloch Y, Levkovitz Y. Remission of positive 
symptoms according to the remission in Schizophrenia 
Working Group criteria: a longitudinal study of 
cognitive functioning Eur Psychiatry. 2013 
Jun;28(5):282-287. 

15. Heaton RK, Gladsjo JA, Palmer BW, Kuck J, Marcotte 
TD, Jeste DV. Stability and course of 
neuropsychological deficits in schizophrenia. Arch Gen 
Psychiatry. 2001 Jan;58(1):24-32. 

 


