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Abstract
Objective To test if specific correlations exist between cognitive measures and psychotic
dimensions in schizophrenic subjects and if similar correlations, between cognition and
schizotypal dimensions, are present in non-psychotic subjects.
Methods We administered the same battery of cognitive tests (Source Monitoring, Verbal
Fluency [VF] and Stroop tests) to schizophrenic subjects (N = 54), their first-degree relatives
(N= 37) and controls (N=41). Scores of negative, positive and disorganisation dimensions
were derived from the Signs and Symptoms of Psychotic Illness scale in schizophrenic
subjects, and from the Schizotypal Personality Questionnaire in relatives and controls.
Results In schizophrenic subjects, as hypothesized, the negative dimension correlated with
performance on VF and disorganisation with performance in the Stroop test. The positive
dimension did not correlate with any cognitive measure.
With only one exception, the significant correlations observed in non-psychotic subjects did
not match correlations seen in schizophrenic subjects. In non-psychotic subjects greater
disorganisation was associated with more clustered words in VF suggesting that excessive
automatic spreading of activation in semantic networks could underlie this dimension.
Conclusion As a whole, data lent partial support to our hypothesis of specific cognitiveclinical correlations in schizophrenic subjects but did not support the existence of similar
correlations in non-psychotic subjects.
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1. Introduction
Important advances have been made in identifying the risk factors and in identifying,
describing, and classifying the clinical symptoms of schizophrenia. However, the link
between specific risk factors and particular clinical aspects is less well understood. Cognitive
deficits may occupy an intermediate position between risk/vulnerability factors and clinical
manifestations [18]. Thus, studying their correlation with identified risk factors and/or with
the clinical dimensions may help to bridge the gap.
A tri-dimensional model for psychotic symptomatology emerged as an empirical finding [26]
and has since been repeatedly validated [16]. Based on theoretical considerations and
empirical findings, specific cognitive deficits have been suggested as explanations for each of
the three psychotic dimensions. For example, Frith [13] hypothesized that the negative
dimension is the result of a deficit of willed action, resulting in difficulties in self-initiation
and maintenance of action. For the disorganization dimension the proposed deficit consists in
difficulties in suppressing inappropriate mental activity [3] which leads to distractibility and
poor inhibition of automatic (inadequate) responses [35]. Finally, the positive dimension has
been linked to deficits in self-monitoring [13] and, as a consequence, to difficulties in
recognising his/her own thoughts and actions.
Studies exploring the correlation between psychotic dimensions and cognitive performances
in schizophrenic subjects provided partial support to these hypotheses. Although the negative
dimension correlates with most cognitive deficits [33, 18], impairments on tests that depend
on initiation and maintenance of action, such as verbal fluency (VF), were more constantly
associated with high scores of negative signs [14, 20]. By contrast, most studies using
classical neuro-psychological tests did not find associations with the positive dimension [7,
15]. However, several studies found an association between the positive dimension (or

3

individual positive symptoms) and source monitoring (SM) deficits [5, 6, 12] which are
explained, at least in part, by difficulties in self-monitoring. Disorganisation was associated
with deficits in attention tasks, particularly tasks necessitating sustained attention in the
presence of distracters, such as the Stroop Word and Colour test (SWCT) [3, 24]. A recent
meta-analysis [8] of studies reporting correlations between the three psychotic dimensions and
commonly used tests of executive function reached similar conclusions. This analysis found
that the negative and disorganisation dimensions, but not positive dimension, were
significantly associated with impairment on executive tests. Furthermore, in this study VF and
SWCT showed some specificity in their correlations to the psychotic dimensions as VF was
three times more strongly associated with negative symptoms than with disorganisation, and
the SWCT showed a twofold difference in the opposite direction.
Although each of the specific associations mentioned before has been reproduced, there are
also several divergent findings in the literature. A possible explanation for the heterogeneity
of results is the presence of confounding factors. Among these, medication and the clinical
state of the subjects (chronic, acute, in remission etc.) are probably the most important.
To avoid these confounding factors, some authors have studied the correlation between
schizotypal traits and cognitive performances in schizotypal subjects [34], in subjects at risk
for schizophrenia [38], and in normal controls [9]. Schizotypal traits may be grouped along
the same three dimensions as psychotic symptoms (positive, negative and disorganisation),
are stable, may be reliably assessed, and are present in subjects that are usually not taking
psychotropic medication.
Studies exploring the correlation between the three schizotypy dimensions and neurocognitive
deficits are surprisingly rare [22, 34, 38] and provide results for only a few neurocognitive
measures. Thus, it is unclear if these correlations parallel those seen in schizophrenic subjects.

4

Most of the studies that investigated correlations between psychotic or schizotypal dimensions
and cognitive performance were exploratory in design and used large cognitive batteries. This
led to multiple statistical tests and, for this reason, increased the chance of spurious, false
positive, findings.
There are currently no data from studies investigating clinical-cognitive correlation, in both
schizophrenic and non-psychotic subjects, using the same cognitive battery.
In this study, we tested two hypotheses: 1/ that correlations exist between specific cognitive
performances and specific psychotic or schizotypal dimensions and 2/ that correlations in
non-psychotic subjects parallel those seen in schizophrenic subjects. To test these hypotheses,
we assessed the correlations between cognitive performances and clinical dimensions in
schizophrenic subjects and in non-psychotic subjects (first degree relatives of schizophrenic
subjects and normal controls).

2. Methods
2.1. Subjects
Patients meeting DSM-IV [1] criteria for schizophrenia or schizoaffective disorder were
consecutively recruited. Patients were interviewed by an experienced psychiatrist using the
French version of the Diagnostic Interview for Genetic Studies (DIGS) [30, 31] to confirm
their diagnosis. Most of the schizophrenic subjects were inpatients at the time of the study.
They were approached for inclusion when their treating psychiatrist considered them able to
undergone the study procedures.
First-degree relatives were interviewed with the DIGS to exclude those presenting psychotic
disorders.
Healthy controls were blood donors at the “Etablissement Français du Sang” in Créteil.
Controls were included after being interviewed with the DIGS and the FIGS (Family
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Interview for Genetic Studies) [27] to confirm the absence of personal or family history of
DSM IV axis I or II disorders.
For inclusion in the study, all subjects were required to be normothymic, as evaluated by the
Montgomery and Asberg Depression Rating Scale [28] and the Bech and Rafaelsen mania
rating scale [4]. Subjects were included only if aged between 18 and 60 years, and if they had
no history of neurological disease or current substance abuse.
The research ethics board of Salpêtrière Hospital reviewed and approved the study. The study
was described in detail to the subjects, who then gave written informed consent for
participation.

2.2. Clinical assessment
The symptoms in schizophrenic subjects were assessed using the Signs and Symptoms of
Psychotic Illness (SSPI) scale [19, 25]. As noted by Grube et al. [16], some symptoms tend to
be associated with different dimensions across various studies because their polyfactorial
nature and/or differences in subject characteristics across studies. Using symptoms that are
inconsistently associated with one dimension for calculating the score for that dimension may
lessen its validity. Thus, in this study we used only the core symptoms of each dimension, i.e.
signs and symptoms that loaded similarly in the two validation studies (see table 1) [19, 25].
The three schizotypy dimensions were derived in healthy subjects (controls and relatives)
based on the answers to the Schizotypal Personality Questionnaire - SPQ [11, 32]. As for the
SSPI, we calculated the three schizotypal dimensions using only the traits that loaded on
similar dimensions in the two validation studies (table 1)
Insert Table 1.
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2.3. Cognitive assessment
We tested our hypotheses using a battery of three tests: a Source Monitoring Test (SMT), the
SWCT and a test of Semantic (category) VF.
The SMT was specifically designed for this study. We defined four semantic categories that
are finite and are everyday knowledge: temperate climate fruits, Olympic sports, European
countries and numbers from 50 to 70. Each possible example from these categories was
printed on a unique card. At the first stage of the test, twelve items were selected from each
category. Two were generated by the subjects after the category was announced, two were
read aloud by the subject, two more were read silently by the subject, two were read aloud by
the examiner and four were added from the remaining cards (“new” items). The recognition
stage took place after the subject underwent the two other tests (SWCT and VF). Only at this
stage was the subject informed that the aim of the test was to remember the source of the
items with which he/she was presented. The 48 selected cards were presented to the subject in
random order and he/she had to decide if this was his/her example, one of the examples he/she
read silently or aloud, an example read by the examiner or a new item. The variables derived
from this test were: total number of correct responses (CR), number of false alarms (FA =
new items that were falsely designated as previously presented), self-discrimination index
(SDI = number of times the subject correctly identified himself as the source of the item) and
external bias (EB = number of items erroneously attributed to the examiner).
For the VF, the subjects were instructed to provide as many names of animals as possible in a
2-minute period. The production of items in VF tasks results from two processes [36]:
clustering, i.e. production of related items (e.g. sheep, cow, goat, pig – farm animals) and
switching between those clusters (e.g. switching from farm animals to pets). We used the total
number of items produced (excluding errors), the number of switches (Swi) and number of
clustered items (Clust) calculated according to the procedures described by Troyer et al. [36].
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The SWCT consisted of three trials of 45 seconds each, in which the subject successively read
aloud the names of colours printed in black, names the colour with which strings of “X”s are
printed and finally names the colour with which the name of a different colour is printed (e.g.
red printed in blue – correct answer blue). Two variables were generated using the number of
items from each trial: the number of items in the last trial (IntTot) and an interference index
(IntIdx), reflecting the extra time needed per item in the last trial compared with the second
trial.

2.4. Statistical analysis
We compared demographic characteristics (age, sex distribution, education level) of the three
groups using an ANOVA (for continuous variables) and the Chi2 test (for categorical
variables).
We compared the cognitive performances of the three groups using the SAS mixed procedure.
This procedure, based on a general linear mixed model, enabled us to adjust comparisons for
demographic characteristics and also for non-independence of observations in subjects from
the same family.
Our main analysis (testing our hypotheses of specific and similar clinical-cognitive
correlation) involved two steps. In the first step, we selected the clinical dimensions that had a
statistically significant influence on the cognitive measures using a stepwise backward
regression. This is a classical automatic procedure for selecting the best subset of predictor
variables – for a detailed presentation see [2]. For this step of the procedure all demographic
and clinical variables were entered as potential explanatory variables. Only the significant
variables, at a threshold of 0.1, were kept in the final model. The stepwise backward
regression was applied in schizophrenic and in non-psychotic (relatives and controls) groups
separately. For the non-psychotic group, “family” was entered as a random effect variable.
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Analyzing the two non-psychotic groups together limited the number of statistical tests (and
thus the risk of false positive findings) and augmented the sample size (thus the statistical
power). We used this procedure, as we did not expected different correlations within the two
non-psychotic groups.
Then, we calculated partial correlations between clinical and cognitive variables for all the
significant associations identified in step I. If needed, the correlation sign was changed so that
negative correlations always reflected poorer cognitive performance in more symptomatic
subjects.
When significant correlations were observed in the combined group, we also calculated the
correlations in each non-psychotic group.
All statistical analyses were generated using SAS software, Version 9 of the SAS System for
Windows (Copyright © 2002-2003 by SAS Institute Inc., Cary, NC, USA).

3. Results
A total of 133 subjects (54 schizophrenic subjects, 37 of their first degree relatives and 42
controls) were included in this study. Their demographic and clinical characteristics are
summarized in Table 2. There were significant differences between groups for all
demographic variables, mainly due to the schizophrenic group being younger, less educated
and with a larger proportion of male subjects.
Insert Table 2
The results of cognitive testing in the three groups are presented in Table 3.
Insert Table 3
In schizophrenic subjects, 4 cognitive variables (CR from the SMT, the two variables from
the SWCT and Swi from the VF) showed significant association with clinical dimensions.
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Partial correlations showed that for all these variables better results were associated with less
negative symptoms. The total number of items in the last trial (interference condition) of the
SWCT was also negatively correlated with the disorganisation dimension.
Only three cognitive variables were significantly related to clinical dimensions in nonpsychotic subjects and all these variables were derived from the VF test. The total number of
items and Clust were both positively correlated with the disorganisation dimension (i.e.
subjects with greater disorganisation scores had better results). In contrast, Swi was
negatively correlated with the negative dimension.
All significant clinical-cognitive correlations are presented in Table 4.
When correlations were calculated separately in controls and relatives the results (not shown)
remained essentially the same. Correlations were in the same direction as those in the pooled
samples, and their values were similar to those in the combined group (between 0.26 and
0.46).
Because some authors calculated the raw (un-partialled) correlations between the cognitive
variables and clinical dimensions we also calculated them to allow comparisons. Using this
procedure we obtained similar results.
In non-psychotic subjects the same three correlations (involving variables from the VF)
reached statistical significance (all three correlations greater than .25). All other correlations
were less than .25 and did not approach significance (P>.1).
In schizophrenic subjects only correlations between the negative dimension and the variables
from the Stroop test and number of switches in the VF test remained greater than .25 and
reached statistical significance. All other correlations were less than .25 and did not approach
significance (P>.1). (Detailed results available on request)
Insert Table 4
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4. Discussion
Our first hypothesis was that specific correlations exist between cognitive variables and
clinical dimensions. In schizophrenic patients, our results lend partial support to this
hypothesis as significant negative correlations were observed between the total number of
items in the SCWT and disorganisation, and also between one of the variables reflecting VF
performance (Swi) and the negative dimension.
However, no significant correlation was found between the positive dimension and
performance with the SMT. Our results contrast those from several other studies that found
significant correlation between the SMT deficits and the positive dimension [6] or individual
positive symptoms [5, 21]. However there are also reports of results similar to those obtained
in the present study. Vinogradov et al. [37] found that SMT errors were not associated with
positive symptoms and were only weakly related to negative symptoms. Important differences
in the characteristics of the SMT used (e.g. time between generation and recognition phases,
difficulty of the task, etc.) and the clinical state of subjects included (chronic or acute, stable
or not etc.) make comparison between studies difficult [10]. However, most previous studies
did not investigate correlations with the negative dimension. Furthermore, with the exception
of the Vinogradov et al. study [36], most studies investigating the negative dimension were
based on a dichotomous (positive-negative) model for schizophrenic symptomatology, thus
differing from the trichotomous model used in this study.
In contrast to our hypothesis of particular clinical-cognitive correlation, the negative
dimension appears to be linked to a more general cognitive impairment showing negative
correlations with performances in all three tests. This last finding (the fact that general
cognitive deficit was associated with the negative dimension) is consistent with results from
several previous studies [17].
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One possible explanation for this pattern of results (significant correlations with the negative
dimension that contrast with the paucity or absence of correlations with the positive and
disorganised dimensions) is that the negative dimension is more stable than the other two. For
clinical dimensions that show marked temporal variation, the SSPI (which is scored based on
the previous week’s symptoms) reflects neither the clinical state at the time of testing nor a
more general, trait-like characteristic that could, for example, be derived from life-time
assessments. The choice of the time frame is clearly of little importance in the case of more
stable clinical dimensions (like the negative dimension).
Various populations of subjects (for example patients with chronic and stable positive and
disorganised symptoms) should be studied to overcome this potential limitation. Another
option, which was used in this study, is to study healthy subjects in which schizotypal traits
(i.e. stable measures) are used for the clinical assessment.
Results in the group of non-psychotic subjects were not consistent with our initial hypothesis.
In particular, no correlation was found between measurements from the SMT and SCWT and
the clinical dimensions.
To our knowledge this is the first study to explore, in non-psychotic subjects, the correlation
between schizotypal dimensions and a source monitoring performances. A possible
explanation for our negative findings is the low mean scores and limited variation in the
schizotypal dimensions in our sample. Further studies, in populations showing greater
variations in scores of schizotypal dimensions, in particular of positive dimension (e.g.
subjects with schizotypal personality disorder), are needed to further explore the presence of
such correlations.
In the sample of non-psychotic subjects, the correlation between the number of switches in the
VF test and the negative dimension of schizotypy was the only result consistent with our
initial hypothesis.
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An unexpected finding was the positive correlation between disorganisation and both the
Clust and the number of total items in VF, i.e. better performances in subjects with greater
disorganisation scores. In our study, the “disorganisation dimension” in the SPQ equated to
the “odd speech” trait, which is mainly derived from items that are used to assess poor speech
organisation. Several previous studies have suggested that speech or thought disorder (TD) in
schizophrenic [15] or normal subjects [29] result from an excessive automatic spreading of
activation in semantic networks. Our results suggest a similar hypothesis, in which excessive
automatic (thus rapid) associations promote large clusters and a greater number of items in the
VF but at the same time lessen the logical organisation of speech. Furthermore, functional
neuroimaging studies suggest that specific abnormalities are present in the temporal regions
of schizophrenic patients with TD [23]; the temporal region is also the region implicated in
the clustering (but not in the switching) process of VF. This also suggests that thought/speech
abnormalities and the clustering process are linked.
We also hypothesised that similar correlations exist in the two populations studied.
Only one correlation, between the negative dimension and the number of switches in VF was
similar in the two populations. This correlation was consistent with our initial hypotheses.
However, as discussed previously, in the sample of schizophrenic subjects, the negative
dimension was associated with poor results in all tests, leading to significant, negative
correlations with almost half of the cognitive measures used in this study. Thus, unless these
findings are reproduced in future studies, the possibility that in our study similar correlations
were observed by chance cannot be excluded.
The disorganisation dimension showed different correlations in the two samples. Several
differences in the clinical measures used in the two groups may explain these differences. One
difference already mentioned is that the SSPI explores the clinical state, whereas the SPQ
explores stable traits. Another difference is that the SSPI is based on clinician’s assessment
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although the SPQ is based on self-report. Probably, a more important difference is that
impaired attention, an item that usually enters into the composition of disorganisation, is not
explored by the SPQ. This may explain why the SCWT measurements did not correlate with
the SPQ dimension of disorganisation.
Thus, to explore whether similar correlations exist with schizotypal traits and with psychotic
symptoms, greater effort must be devoted to developing parallel assessments (i.e. containing
similar items) for schizophrenic and schizotypal symptoms.

4. Conclusion
Our study lent partial support to our initial hypothesis of specific correlations between
schizophrenic dimensions and cognitive performances but did not support the existence of
similar correlations in schizophrenic and non-psychotic subjects. Before our initial hypotheses
can be rejected (or validated), several limitations of the present study must be addressed in
further research.
The association between Clust and measures of poorer speech organisation in non-psychotic
subjects was not initially hypothesised. Thus, although this result is in line with prior findings
linking thought disorder and excessive automatic spreading of activation in semantic
networks, it needs also to be validated in further studies.
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Table_1

Table 1. The structure of the clinical dimensions used in our study
SSPI

Positive

SPQ

Hallucinations

Unusual perceptual experiences

Delusions

Magical thinking
Ideas of reference

Negative

Flat affect

Constricted affect

Poverty of speech

Social anxiety

Underactivity

No close friends

Thought form disorder

Odd speech

Disorganisation
Impaired attention
Excluded items (items

Peculiar behaviour (Exc/ Dis) a

Odd behaviour (Dis/ Pos) a

that load on different

Inappropriate affect (Dis/ Pos)a

Paranoid ideation (Pos & Neg/ Pos) a

dimensions in the

Anhedonia (Neg/ Dep)a

validation studies)

a

Dimension(s) on which the item loaded in the English version/ Dimension(s) on which the

item loaded in the French version (Pos = Positive Dimension, Neg = Negative Dimension, Dis
= Disorganisation, Exc = Psychomotor Excitation, Dep = Depressive Dimension)

Table_2

Table 2 Clinical and demographical variables in the three groups of subjects

Schizophrenic

Relatives

Normal Controls

54

37

42

33.83 (9.53)

45.68 (12.57)

41.5 (13.46)

Sex M [N (%)] b

39 (72.22)

18 (48.65)

22 (52.38)

High School [N (%)] c

20 (37.04)

29 (78.38)

35 (83.33)

Clinical

2.57 (2.47)

1.49 (1.87)

1.90 (2.18)

[Max d = 8]

[Max d = 25]

[Max d = 25]

3.16 (3.08)

4.03 (4.00)

4.31 (3.65)

[Max d = 12]

[Max d = 25]

[Max d = 25]

1.56 (1.59)

1.46 (1.79)

1.95 (2.17)

[Max d = 8]

[Max d = 9]

[Max d = 9]

subjects
N
Age [Mean (SD)] a

Positive

dimensions
[Mean (SD)]

Negative

Disorganisation

a

significant differences [F (2) = 12.01, P < 0.0001]

b

significant differences[Chi2 (2) = 6.31, P = 0.004]

c

significant differences [Chi2 (2) = 26.86, P < 0.0001]

d

Max = total number of items for the dimension = maximum score;

Table_3

Table 3 Results of the cognitive assessment in the three groups

Schizophrenic

Relatives

Subjects

Normal

F(2)

Controls

(P)

Source

Total Correct

29.04 (6.81) b, d

31.68 (4.52)

32.71 (5.30) 7.36 (0.003)

Monitoring

False Alarms

3.06 (4.10) c

2 .03 (1.98)

2.83 (2.87)

3.90 (0.03)

6.13 (1.81) a

6.92 (1.14)

7.02 (1.00)

2.61 (0.09)

4.26 (3.70)

4.11 (3.21)

4.90 (3.88)

1.66 (0.21)

34.56 (9.20) b, d

41.76 (8.57) a

47.67

21.73

(10.05)

(<0.0001)

0.43 (0.18)

5.55 (0.02)

[Mean (SD)] Self Discrimination
External Bias
Stroop test
Total items
[Mean (SD)]
Interference Score

0.67 (0.50) b, c

0.47 (0.19)

Total items

24.39 (8.58) b

29.24 (8.65) a

Verbal
Fluency

33.90
5.08 (0.01)
(10.77)

[Mean (SD)] Number of switches
Number of clustered

11.28 (4.11)

12.32 (4.45)

12.31 (3.56)

0.07 (0.92)

15.02 (7.38) a

18.14 (7.51) a

22.40 (9.88)

4.47 (0.23)

items

a

P < 0,05 compared to controls;

b

P =< 0,005 (significance threshold after Bonferoni correction for 10 comparaisons)

compared to controls;

c

d

P < 0,05 compared to relatives;
P =< 0,005 compared to relatives;

Table_4

Table 4 Significant partial correlations [Pearson’s r (P)] between clinical and cognitive
variables


Group

Schizophrenic subjects



POS

Total Correct

*

Dimension

NEG

DIS

Relatives and normal controls
vara

POS

A

*

-0.31

NEG

DIS

vara

(0.02)
Source

False Alarms

*

*

*

*

*

*

Monitoring
Self
Discrimination
External Bias

*
-0.43
Total items
Stroop test

(0.001)

-0.28

A, E

*

A

*

(0.049)
Interference
Score
Total items

- 0.36

*

(0.008)

*

*

0.30
E
(0.02)

Verbal

*

*

-0.41

-0.33

(0.002)

(0.01)

*

*

Number of
Fluency
switches

Number of
clustered items

S, E

0.36
(0.005)

* = expected significant correlations; Negative correlations reflect better cognitive performances in less
symptomatic subjects

a

Variables held in the final model (at 0.1 threshold) and used in the calculation of partial correlations (A = age, S

= sex, E= education)

