
INTRODUCTION
Cognitive impairment is recognised as an important 
and primary aspect of schizophrenia1. The average 
patient with schizophrenia performance on cognitive 
tests falls statistically lower than the general popula-
tion2. The main cognitive domains that show greater 
deficits in schizophrenia are memory and learning, 
executive functions, attention and general intellectual 
deficit3,4,5. 

These deficits have been shown to be present in 
first-episode patients who are antipsychotic drugs 
naïve6 and in patients in clinical remission as well 
as in the acute clinical state7. Cognitive impairments 
impact patients on virtually every aspect of function, 
interfere with patients’ ability to engage in real-world 
tasks, affect long-term outcome8 and possibly contrib-
ute to some of the cognitive problems that character-

ize the clinical presentation of schizophrenia such as 
distractibility, forgetfulness, inattentiveness and con-
crete thought9.

Memory has been regarded as one of the major ar-
eas of cognitive deficit in schizophrenia10 and some re-
searchers have proposed that some aspects of memory 
are selectively impaired relative to other neuropsycho-
logical functions in individuals with schizophrenia11. 
On the other hand few researchers have even referred 
to schizophrenia as an “amnesic syndrome”12. More 
over verbal and visual memory deficits considered as 
a prominent trait marker for schizophrenia, with im-
pairments also observed in first-degree relatives of 
schizophrenic patients13 .

Multiple meta-analytic studies have demonstrated 
that specific impairments of episodic memory are 
among the most profound memory deficits in schizo-
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phrenia, including both its verbal and visual aspects14,15. 
In a recent study16 using the Visual Reproduction tasks 
of the Wechsler Memory Scale test reported a signifi-
cant impairment in immediate and delay recall for vi-
sual material in schizophrenic patients.

Another aspect that has drowned special attention 
is the working memory (WM) deficit in patients with 
schizophrenia. WM is the capacity to hold mental 
representations on line transiently and to manipulate 
these representations17. According to older theories, 
WM is divided into a number of more or less inde-
pendent subsidiary slave systems supervised by a cen-
tral executive coordinator. Visuo-spatial memory (or 
else visuo-spatial sketchpad) is one component of the 
WM, responsible for situating the location of objects 
in space and is organized into two subsystems: the 
“object” and the “spatial” WM subsystems that can 
be segregated functionally and anatomically within 
the cortex It is suggested that both, object and spa-
tial visual WM are affected in schizophrenia and the 
coordinator system as well18. In an extensive review 
of 33 studies (from 1992 to 2005) on spatial WM in 
schizophrenia Piskuilic et al19 reported that from the 
quantitative data analysis there is strong evidence that 
patients with schizophrenia are impaired on the spatial 
WM measures and these impairments may be related 
to social disability and explain some cognitive deficits 
that characterize the clinical presentation of schizo-
phrenia. 

The presence of visuo-spatial learning and mem-
ory impairments in schizophrenia is supported also 
by fMRI studies. During spatial WM tasks healthy 
subjects showed increased activation in right fron-
tal, temporal and cingulate regions. Schizophrenic 
patients showed greater activation compared with 
control subjects in left frontal, temporal and parietal 
regions as well as in right frontal regions20. The in-
vestigators also observed increased memory errors in 
schizophrenic patients, associated with increased pre-
frontal activation. 

Although verbal memory in patients with schizo-
phrenia has been extended studied, studies on visual 
memory are less numerous 13 On the other hand the 
literature examining delayed recall in schizophrenia is 
far less extensive and inconsistent than the immediate 
encoding studies. The goal of the present study is to 

examine the ability of short and long term visuo-spa-
tial memory in free immediate and delay recall con-
ditions in schizophrenic patients using the Learning 
Location Test (LLT). The LLT21 is a brief test designed 
to measure visuo-spatial recall and learning that has 
been developed for use with older adults with possible 
dementia. LLT is a simple test, since it does not re-
quire fine motor control, verbal responses, or complex 
instructions. The LLT allows evaluation of the ability 
to learn the spatial location of a series of everyday ob-
jects and offers a measure of learning over trials. The 
LLt also offers a validation of delay recall (long term 
memory). From research literature we did not find any 
study applying LLT in patients with schizophrenia.

SUBJECTS - METHODS
We studied thirty inpatients from the 3rd university 
psychiatric department suffering from chronic schizo-
phrenia in a clinically stable state, after remission of 
acute exacerbation. Diagnosis was based on ICD-10 
criteria for clinical research22 As an indicator of clini-
cal stability, patients were studied just before their 
discharge of the psychiatric unit to independent ac-
commodations in the community and they received 
the same dose of medications for at least 3 weeks. Pa-
tients were included to the study after review of their 
medical records and psychiatric interview by two of 
the investigators together with their treating clini-
cians. All patients were under medication treatment 
and were received 2nd generation antipsychotics with 
no anticholinergic agents. 

The comparison group included 30 healthy volun-
teers with comparable socio-demographic status. All 
subjects were physically well and free of personal or 
family history of psychotic illness. 

Exclusion criteria for all participants were head 
trauma resulting in loss of consciousness, alcohol or 
substance abuse and known organic brain disorder or 
medical conditions that may influence cognitive func-
tions (e.g. thyroid function).

All participants provided written informed con-
sent after receiving a full explanation of the test pro-
cedures. Finally the study protocol was approved by 
the Scientific and Ethical Committee of University 
General Hospital AHEPA. 

The two groups were matched for age (patient’s 
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mean age: 36.90yrs, SD: 10.14; healthy controls mean 
age: 36.30yrs, SD: 10.73), but were significantly dif-
fered in educational years as assed by t-test (patient’s 
mean: 12.3yrs, SD: 3.62, control’s mean: 15.27yrs, 
SD: 2.42, t = 3.35, ρ < .001). Finally there is no dif-
ference on gender ratio (male - female) between the 
groups. (x2 = 0.297, NS). 

The demographic characteristics of the groups are 
presented in Table 1. 

To all subjects was administered the LLT test, 
which includes the location learning task of 10 every-
day objects which are located on a grid 5X5. After 
having observed the grid with the objects for 30 sec-
onds, the subjects were asked to locate the cards with 
the objects in their original place, in a net grid. After 
5 repetitions, a delayed trial (thirty minutes later) fol-
lows. 

With this procedure we define the following in-
dex. First for each card we estimate the displacement 
score (DS). We sum up the displacement scores for all 
objects-cards and we estimate the displacement score 
for each trial (DS1, DS2 ect.). Then we calculate the 
total displacement score (TDS), adding the displace-
ment scores of each trial (TDS = DS1+ DS2+ DS3+ 
DS4+ DS5), which represent a measure of the mistakes 
the subject did. Second we calculate the Learning In-
dex (LI) which derives from the sum of the ratio of 
improvement between the trials (a1, a2, ect.) divided 
by 4. The ratio of improvement between the 1st and 
2nd trials e.g. a1 is done according to the formula a1 
= DS1 - DS2 / DS2. Τhe LI indicates the ability to learn 
the visuo-spatial location of the objects throughout 
repetitions and is an index of subject’s ability to form 
new memory records and to recall them in free con-
ditions (maximum score 1). Finally after a delay of 
thirty minutes with no stimulus distraction, the sub-

ject is asked to put again the same cards-objects in 
their right place but this time without having observed 
the original grid. We measure again the displacement 
score of the trial (DSd) and we estimate the delayed 
recall score (DRS) by subtracting the DSd from DS5. 
Τhe DRS represents solely the free recalling ability 
after a certain period of time i.e. represents an index 
for long-term memory*.

STATISTICAL ANALYSIS
A statistical analysis was performed using SPSS ver-
sion 11.5. Data analyzed between groups with t-test 
for independent samples as regards to the index TDS, 
LI and DRS. The group of patients was separated in 
two groups, one consisting of paranoid type schizo-
phrenia and the other with the rest of types of schizo-
phrenia in sum and the performance on LLT was di-
rectly compared between the groups.

Furthermore we examined the correlations in the 
patients’ group with regard to education, age and gen-
der. Correlations analyzed with Pearson’s correlation 
coefficients. 

RESULTS

1. Between groups analysis
Patients’ group performed significantly lower com-
pared to the healthy controls. The difference between 
two groups regarding the three studied index TDS, LI 
and DRS was statistically significant (t(58) = 4.702, 
5.587, 2.535 for TDS, LI and DRS perspectively). The 

* More details concerning the instructions for the ad-
ministration and scoring of LLT are presented in: Location 
Learning Test, Manual, Thames Valley Test Company, Bury 
St Edmunds, England, 2000.

Table 1. Demographic characteristics by group.

Patients Controls

N = 30 N = 30 Significance 
M              SD M               SD

Age 36.90        10.14 36.30         10.73 t = .222,      ρ  <.835 
Education 12.43          3.22 15.27           2.42 t = - 3.381,  ρ < .001 

Gender (M/F) 19 / 11 15 / 15 x 2 = 0.297,         NS



mean LI score for patient’s group was 0.48 whereas 
controls subject’s performance was 0.84 (with maxi-
mum score 1). 

The results for both groups were presented on Ta-
ble 2.

2. Intergroup analysis

2a. Comparison of diagnostic groups

The comparison between the two diagnostic groups of 
patients (group 1: N = 9, paranoids, group 2: N = 21, 
rest of schizophrenic types) did not show any statisti-
cally significant difference regarding the three index 
TDS, LI and DRS. Specifically, the Mann - Whit-
ney U test for inter-type correlation returned nega-
tive results. (TDS: z = -.385, ρ < .722, LI: z = -.702,  
ρ < .504 and TDS : z = -1.308, ρ < .218). 

2b. Comparison according the distribution of patients 
LI score. 

The distribution of the patient’s LI score, which in-
dicate the ability to form new memory traits and to 
recall them in free conditions, revealed that our pa-
tient sample formed 2 separate groups (Figure 1): the 
first group (n = 13) performed within or near the range 
of healthy controls regarding the LI index, mean LI 
score: 0.79 (range 0.60 to 0.90), SD: 0,07 (control’s 
LI: 0.84) were characterized as “good learners”. The 
performance of the second patient’s group (n = 15) was 
dramatically low with a mean LI score: 0.21 (range 
0.08 to 0.37), SD: 0.09, “bad learners” patients. The 
rest two patients performed between the two groups 
ranges (LI index 0.48 and 0.41 respectively). 

The comparison between the two groups of pa-
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Table 2. Mean scores on LLT for both groups.

Parameters
Patients
N = 30

Controls
N = 30 Significance

Mean            SD Mean            SD t                 ρ

TDS 45.33          37.38 11.90          0.48     4.702          < .0001

LI 0.48            0.29 0.84            0.19     5.587,         < .0001

DRS 2.45            6.32 0.10           0.92     2.535,         < .014

Figure 1. Distribution of patient’s Learning Index score.
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tients (e.g. “good” and “bad” learners) revealed a sta-
tistically significant score for the TDS and LI index 
(Mann - Whitney U test, TDS: z = - 2926, ρ < .003 
and LI: z = - 4.495, ρ < .0001) but not for the DRS  
(z = - 1.083, ρ < .302). Finally, from the analysis of 
variance between the 2 groups of patients and the con-
trol group we came to the same result. (ANOVA, TDS: 
F(2,57) = 21.436, ρ < .0001, LI: F(2,57) = 91.560,  
ρ < .001, DRS: F(2,57) = 3.109, ρ < .053). Table 3 
presents the mean scores and statistical significance 
of the three groups. 

2c. Intergroup Correlation

To find any possible effects of education, age and 
gender on LLT performance, we examined the rela-
tionship between these factors and LLT performance 
of patients. We found with Pearson’s correlation that 
TDS, LI and DRS correlated significantly with educa-
tion (TDS: r = 0,460, ρ < .001, LI: r = 0,548, ρ < .001 
and r = 0,332, ρ < .01) but not with age. 

Finally the comparison of a possible gender ef-
fect (t-test for independent samples) did not show any 
statistically important difference in both the patients 
group and the controls group. (Patients TDS: t(28) = 
- .436, ρ <.436, LI: t(28) = - 1.326, ρ <.196,. DRS: 
t(28) = - 646, ρ <.524, Controls TDS: t(28) = - 1.339, 
ρ <.191, LI: t(28) = 1.047, ρ <.304, DRS: t(28) = - 
1.408, ρ <.170). 

DISCUSSION
The important finding of the present study is that pa-
tients with schizophrenia as a whole group perform 
statistically lower on LLT test in comparison to nor-
mal controls and these findings concern all the learned 
index i.e. TDS, LI and DRS. The results reveal a defi-
cit in the schizophrenic group concerning visuo-spa-
tial learning, and visuo-spatial immediate and delayed 
recall in comparison with healthy volunteers.

The patients make more mistakes regarding the 
normal subject in learn and recall the right positions 
of the objects - cards throw the trails as indicated from 
their low TDS score, the main index for mistakes. Ac-
cording to the LI index patients with schizophrenia 
manifest a learning deficit concerning visuo-spatial 
material which is evident both in learning through 
repetition and in recall in free conditions. The poor 
LI score gives important evidence for an alleged defi-
cit in encoding new memories. On the other hand the 
patients as a whole group manifested a difficulty in 
long term visuo-spatial memory, as expressed by DRS 
score, which represents an impairment concerning re-
call ability after a certain period of time (long term 
memory). 

The low performance of our group of patients is 
correlated with educational level, but not with age, 
subtypes of schizophrenia and gender. Bucks and Wil-
lison21 in their original study of the development of 

Table 3. Mean scores and statistical significance of the two groups of patients (“Good” and “Bad” learners) 
and healthy controls.

Parameters
“Good” learners

N = 13
“Bad” learners

N = 15
Controls
N = 30 Significance

Mean           SD Mean          SD Mean           SD F(2,57)            ρ

TDS 23.54*         13.80 62.40*         44.17 11.90          0.48     21.436         < .0001

LI 0.79*            0.07 0.20*           0.09   0.84            0.19     91.560         < .001

DRS 2.45            6.32 - 2.14           5.33 0.10           0.92       3.109         < .053

* Between the 2 groups of patients Mann - Whitney U test, TDS: z = - 2926, ρ < .005, LI: z = - 4.495, ρ < .0001) and DRS 
z = - 1.083, ρ < .302).
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LLT in patients with dementia reported worse perfor-
mances for the female subjects of their patient group, 
whereas we did not find such a correlation in our group 
of patients with schizophrenia.

Our results supporting the existence of visuo-
spatial learning and memory deficits in patients with 
schizophrenia are consistent with studies investigated 
the memory function in the same group of patients, 
although it is difficult to compare direct our results to 
other studies in the literature, given that LLT has not 
previous used for the investigation of memory deficits 
in patients with schizopheria. Visuo-spatial memory 
deficits are replicated finding in many studies inves-
tigated cognitive function in schizophrenia23 and the 
magnitude of these deficits ranges between 1 and 2 
standard deviations24. 

In their meta-analysis conducted on 70 studies 
Aleman et al. 25 reported a significant memory impair-
ment in schizophrenia for both immediate and 30 min-
ute recall of verbal and visual materials, with effect 
sizes of d = 1.27 and 1.00 for immediate encoding and  
d = 1.2 and 1.09 for 30 minute recall in verbal and 
visual tasks, respectively. They concluded that the 
magnitude of memory impairment was not affected 
by age, medication, duration of illness, patient status, 
severity of psychopathology, or positive symptoms.

Skelley et al16 administered the Wechsler Memory 
Scale-Revised (WMS-R) and subjects (patients with 
schizophrenic and normal controls) are presented with 
stories (Logical Memory subtest) and visual figures 
(Visual Reproduction subtest) on three recall stages: 
immediate encoding - recall, 30 minute delay recall, 
and 24 hour recall. They reported that patients with 
schizophrenia demonstrated marked recall impair-
ments for both verbal and visual materials at all recall 
conditions intervals. Authors noticed that, visual recall 
and learning is impaired in schizophrenic patients in 
contrast with verbal memory, but not verbal learning.

Finally, Bozikas et al26 reported that their Greek 
schizophrenic patients showed statistically significant 
deficits on nonverbal memory and visuospatial ability 
as measured with the Rey-Osterrieth Complex Figure 
Test (ROCF) and the Hooper Visual Organization Test 
(HVOT). 

The most interesting finding of our study is that 
concerning the distribution of LI index the patients 

with schizophrenia we studied tend to be separated 
in two distinct subgroups according to their LI per-
formance i.e. their ability to learn new visuo-spatial 
information. The first group preserve their learning 
ability for visuo-spatial tasks and they perform within 
or near the range of healthy controls, while the second 
group of patients performed very poor and indicate 
a serious deficit in visuo-spatial memory. This is in 
accordance with earlier findings regarding memory 
impairment in dementia and the existence of “good 
and bad learners”, using LLT21. The comparison of the 
two groups of schizophrenic patients (good and bad 
learners) and the controls group showed a statistically 
difference for the indexes TDS and LI but not for de-
layed recall DRS. The question if the memory defi-
cit in schizophrenic patients concerns the encoding 
or the retrieval procedure rests has not yet been an-
swered. Our results thought give evidence for a more 
pronounced encoding deficit since the three groups of 
subjects (schizophrenic patients and healthy controls) 
differ on the encoding condition but not on the free 
recall condition.

Studies using the delayed matching-to-sample 
(DMTS) task from the Cambridge Neuropsychologi-
cal Test Automated Battery (CANTAB)27, which tend 
to discriminate encoding from retrieval aspects of 
visuo-spatial memory28 revealed conflicting results. 
Investigation of DMTS performance in adults with 
early phase and chronic adult-onset schizophrenia 
has revealed encoding deficits29, while encoding and 
retrieval deficits have been suggested in first episode 
adult-onset schizophrenia and those at risk for adult-
onset schizophrenia30. The second study where the pa-
tients with schizophrenia were younger gives strength 
to the hypothesis that the encoding and retrieval defi-
cits in the younger patients with schizophrenia may be 
developmental stage dependent31. We have to mention 
that our patients were older (mean age 36.9 ysr) and 
they suffer from chronic schizophrenia.

The limitation of our study includes the small sam-
ple, the use of only one memory instrument and the 
gross presentation of psychopathological aspects (we 
formed only two groups of paranoid and nonparanoid 
schizophrenic patients). 

Our study was a first attempt to apply LLT schizo-
phrenic patients. In conclusion, regardless the small 
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patient’s sample, we  replicated the findings of previ-
ous studies which indicated that patients with schizo-
phrenia are characterized by visuo-spatial memory 
deficits. More over we found out that schizophrenic 
patients may form two distinguished group according 
to the magnitude of these deficits; a group performed 
similarly with healthy subjects, while the second 
group presents very serious deficits.  Further research 
is needed to specify the characteristics of the two sub-
groups.

Although LLT test has not been designed for 
such patients suffering from schizophrenia presents 
certain advantages for use in this population. It has 
very simple instructions and demands short time in 
its administration procedure that might compromise 

performance due to coexisting attentional deficits and 
fatigue burden. The use also of everyday objects for 
recall minimizes the semantic burden of the perfor-
mance. Hence the use of LLT test in such patients may 
reveal a possible visuo-spatial memory deficit per se.

Abbreviations

LLT: Learning Location Test
WM: Working Wemory
DS: Displacement Score 
TDS: Total Displacement Score 
LI: Learning Index 
DRS: Delayed Recall Score 

ΠΕΡΙΛΗΨΗ: Σύγχρονες έρευνες υποστηρίζουν την παρουσία διαταραχών των γνωστικών λειτουργιών στη σχιζοφρένεια 
και ειδικώτερα της λεκτικής και οπτικοχωρικής  μνήμης. Σκοπός της εργασίας ήταν η μελέτη της οπτικοχωρικής  μνήμης 
σε ασθενείς με σχιζοφρένεια. Χρησιμοποιήθηκε το Location Learning Test (LLT), μία συνοπτική δοκιμασία εκμάθησης 
της θέσης σειράς καθημερινών αντικειμένων στο χώρο και η άμεση και καθυστερημένη ανάκλησή τους. Μελετήθηκαν 30 
ασθενείς με σχιζοφρένια κατά τη διάρκεια της νοσηλείας τους και 30 υγιή άτομα. Οι ασθενείς είχαν στατιστικά σημαντικά 
χαμηλότερη επίδοση σε όλους τους δείκτες αξιολόγησης της δοκιμασίας LLT συγκριτικά με τους υγιείς. Οι διαγνωστικές 
υποομάδες των ασθενών (παρανοϊκοί και μη παρανοϊκοί ασθενείς) δεν διέφεραν ως προς τις επιδόσεις στη δοκιμασία. Δεν 
διαπιστώθηκε συσχέτιση με το φύλο και την ηλικία αλλά μόνον με το μορφωτικό επίπεδο. Η κατανομή των τιμών του Δείκτη 
Εκμάθησης στην ομάδα των ασθενών διαμόρφωσε δύο διακριτές ομάδες. Η επίδοση της πρώτης ομάδα βρίσκεται μέσα ή 
κοντά στο εύρος διακύμανσης τιμών των υγιών, ενώ η δεύτερη ομάδα παρουσιάζει δραματικά χαμηλή επίδοση. Απαιτείται 
περαιτέρω διερεύνηση των χαρακτηριστικών των δύο ομάδων.

Λέξεις Kλειδιά: Σχιζοφρένεια, Οπτικοχωρική μνήμη, Άμεση και καθυστερημένη ανάκληση, Location Learning Test.

Μελέτη της οπτικοχωρικής μνήμης σε ασθενείς με σχιζοφρένεια  
με το Location Learning Test.
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Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης, Θεσσαλονίκη, Ελλάδα



46	 Aristotle University Medical Journal, Vol. 37, Issue 1, February 2010

  1.	 Harvey P.D., Sharma T. Understanding and treating 
cognition in schizophrenia: a clinician’s handbook. 
London: Martin Dunitz; 2002.

  2.	 Keefe R.S. Cognitive deficits in patients with schizo-
phrenia: effects and treatment. J Clin Psychiatry. 
2007;68, Suppl 14:8-13.

  3.	 Seidman L.J., Kremen W.S., Koren D., Faraone S.V., 
Goldsteinm J.M., Tsuang M.T. A comparative profile 
analysis of neuropsychological functioning in patients 
with schizophrenia and bipolar psychoses. Schizophr 
Res 2002;53:31-44.

  4.	 Allen D.N., Goldstein G., Weiner C. Differential neu-
ropsychological patterns of frontal- and temporal-lobe 
dysfunction in patients with schizophrenia. Schizophr 
Res 2001;48:7 - 15.

  5.	 Goldberg T.E., Karson C.N., Leleszi J.P., Weinberger 
D.R. Intellectual impairment in adolescent psycho-
sis: a controlled psychometric study. Schizophr Res. 
1988;1:261-266.

  6.	 Bilder R.M., Goldman R.S., Robinson D., Reiter G., 
Bell L., Bates J.A., et al . Neuropsychology of first-ep-
isode schizophrenia: Initial characterization and clini-
cal correlates. Am J Psychiatry 2000;157:549-559.

  7.	 Nuechterlein K.H., Asarnow R.F., Subotnik K.L., Fo-
gelson D.L., Ventura J., Torquato R., Dawson M.E. 
Neurocognitive vulnerability factors for schizophrenia: 
Convergence across genetic risk studies and longitudi-
nal traitstate studies. In: Lenzenweger MF, Dworkin 
RH, eds. Origins and Development of Schizophrenia: 
Advances in Experimental Psychopathology.Wash-
ington, D.C.: American Psychological Association, 
1998:299-327. 

  8.	 JoAn R. Laes A., Scott R., Sponheim Does cognition 
predict community function only in schizophrenia?: 
A study of schizophrenia patients, bipolar affective 
disorder patients, and community control subjects 
Schizophrenia Research 2006; 84:121-131.

  9.	 Pantelis C. and Maruff P. The cognitive neuropsychi-
atric approach to investigating neurobiology of schizo-
phrenia and other disorders. Journal of Psychosomatic 
Research 2002; 53 (2), 655-664.

10.	 McKenna P., Clare L., Baddeley A.D. Schizophrenia, 
in Handbook of Memory Disorders. Edited by Bad-
deley A.D., Wilson B.A., Watts F.N. New York, John 
Wiley & Sons, 1995, pp 271-292.

11.	 Saykin A. J., Shtasel D. L., Gur R. E., Keste, D. B., 
Mosley L. H. Stafiniak M. S. et al. (1994). Neurop-
sychological deficits in neuroleptic naive patients 
with first-episode schizophrenia. Arch.Gen. Psychia-
try1994; 51: 124-131.

12.	 McKenna P. J., Tamlyn D., Lund C. E., Mortimer A. 

M., Hammond S., and Baddeley A. D. Amnestic syn-
drome in schizophrenia.Psychol. Med. 1990; 20: 967-
972.

13.	 Snitz B.E., Macdonald III A.W., Carter C.S. Cognitive 
deficits in unaffected first-degree relatives of schizo-
phrenia patients: a meta-analytic review of putative 
endophenotypes. Schizophr. Bull. 2006; 32 (1), 179-
194.

14.	 Heinrichs R.W., Zakzanis K.K. Neurocognitive defi-
cit in schizophrenia: a quantitative review of the evi-
dence. Neuropsychology 1998 : 12 (3), 426-445.

15.	 Toulopoulou T., Rabe-Hesketh S., King H., Murray 
R.M., Morris R.G. Episodic memory in schizophrenic 
patients and their relatives. Schizophrenia Research 
2003; 63 (3), 261-271.

16.	 Skelley S.L., Goldberg T.E., Egan M.F., Weinberger 
D.R., Gold J.M. Verbal and visual memory: Charac-
terizing the clinical and intermediate phenotype in 
schizophrenia. Schizophrenia Research 2008;105: 
78-85.

17.	 Baddele, A. Working memory. Science 1992; 255: 
556-559.

18.	 Leiderman E.A., Strejilevich S.A.Visuospatial deficits 
in schizophrenia: central executive and memory sub-
systems impairments. Schizophrenia Research 2004; 
68:217-223.

19.	 Piskulic D., Olver J.S., Norman T.R., Maruff P. Behav-
ioural studies of spatial working memory dysfunction 
in schizophrenia: A quantitative literature review Psy-
chiatry Research 2007; 150:111-121.

20.	 Lee J., Folley B.S., Gore J., Park S. Origins of Spa-
tial Working Memory Deficits in Schizophrenia: An 
Event-Related fMRI and Near-Infrared Spectroscopy 
Study. PLoS ONE,www.plosone.org 2008; vol 3(3): 
e1760.

21.	 Bucks R.S., Willison J.R.. Development and validation 
of the Location Learning Test (LLT): A test of visuo-
spatial learning designed for use with older adults and 
in dementia The Clinical Neuropsychologist 1997; 
Vol. 11 (3):273-286.

22.	 The ICD-10 Classification of Mental and Behavioural 
Disorders. Diagnostic criteria for research. World 
Health Organization, Geneva 1993.

23.	 Vance A., Hall N., Casey M., Karsz F., Bellgrove 
M.A. Visuospatial memory deficits in adolescent on-
set schizophrenia. Schizophrenia Research 2007; 93: 
345-349.

24.	 Rhinewine J., Lencz T., Thaden E.P.Neurocognitive 
profile in adolescents with early onset schizophrenia: 
clinical correlates. Biological Psychiatry 2005; 58, 
705-712.

REFERENCES



	 Assesment of Visuo-spatial Memory in Schizophrenia	 47

25.	 Aleman A., Hijman R., de Haan E.H., Kahn R.S. 
Memory impairment in schizophrenia: a meta-analy-
sis. Am. J. Psychiatry 1999; 156 (9), 1358-1366.). 

26.	 Bozikas V.P., Kosmidis M.H., Kiosseoglou G., Kara-
vatos A. Neuropsychological profile of cognitively 
impaired patients with schizophrenia. Comprehensive 
Psychiatry 2006; 47: 136-143.

27.	 Owen A.M., Evans A.C., Petrides M. Evidence for a 
two-stage model of spatial working memory process-
ing within the lateral frontal cortex: a positron emis-
sion tomography study. Cerebral Cortex 1996; 6, 31-
38.

28.	 Barnett R., Maruff P., Vance A.An investigation of 
visuospatial memory impairment in children with 
ADHD, combined type. Psychological Medicine 2005; 
35, 1433-1443.

29.	 Mathes B., Wood S.J., Proffitt T.M.Early processing 
deficits in object working memory in first episode 
schizophreniform psychosis and established schizo-
phrenia. Psychological Medicine 2005; 35, 1053-
1062.

30.	 Wood S.J., Pantelis C., Proffitt T., Phillips L.J., Stuart 
G.W., Buchanan J.A. et al. Spatial working memory 
ability is a marker of risk-for psychosis. Psychological 
Medicine 2003; 33, 1239-1247.

31.	 Luciana M., Conklin H.M., Hooper C.J., Yarger R.S. 
The development of nonverbal working memory and 
executive control processes in adolescents. Child De-
velopment 2005; 76, 697-712.




