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Tasks measuring reasoning biases and social cognition were originally applied to the study of schizophrenia
in order to shed light on the cognitive underpinnings of positive symptoms. However, the empirical evidence

for overlap between these tasks, and their association with positive symptoms, remains preliminary. In the
15 ACC?pted 23 Qctober 2008 current study we explore these associations using multivariate methodology, with primary interest in two

Available online Xxxx . . . g . . .

16 commonly studied paradigms: jumping to conclusions (JTC) and theory of mind (ToM). We also included
17 Keywords: measures of memory, executive function and fluency performance, in order to relate the cognitive constructs
18 Memory to more traditional neuropsychological constructs. Forty-six schizophrenia inpatients were administered JTC,
19 Executive functions ToM, verbal fluency, executive functioning, and verbal memory tasks. A principal component analysis
20 Positive symptoms resulted in three components interpreted as Memory, Elaboration and Flexibility. ToM loaded with verbal

21 Negative symptoms fluency on the Elaboration component, whereas JTC loaded with executive functioning on the Flexibility
22 Fluency component. The negative susbscale of the Positive and Negative Syndrome Scale (PANSS) correlated with the
23 Elaboration component, but no other component-subscale correlations reached significance. Implications of
24 these results are that impairments in elaboration may underlie the commonly observed correlation between
25 ToM and negative symptoms, but argue against a common neurocognitive system for JTC, ToM and positive
26 symptoms.

27 © 2008 Published by Elsevier Ireland Ltd.
28

30

31 1. Introduction wood et al., 2001; Garety and Freeman, 1999). With respect to social 47

cognition, it was initially speculated that impairments in under- 48

32 Research in the field of cognitive neuropsychiatry in schizophrenia  standing the mental states of others would lead to a misinterpretation 49
33 typically employs a univariate group-study approach, whereby  of social cues, possibly resulting in paranoia and other delusions 50
34 measures from one experimental task are compared between patients (Corcoran et al, 1995; Frith and Corcoran, 1996). However, the 51
35 and controls, and/or patient subgroups. In this fashion the cognitive  empirical evidence for these associations is often not well founded. 52
36 neuropsychiatry literature has gradually evolved to a state where Some schizophrenia studies have shown associations between 53
37 multivariate associations are implied by the pattern of univariate  measures of social cognition and delusions (Corcoran et al., 2007; 54
38 results. Frequently these interrelationships involve associations with Pickup and Frith, 2001; Pousa et al., 2008), but others have shown 55
39 the symptomatology of schizophrenia, such that several cognitive/  associations with negative symptoms (Bell and Mishara, 2006; Brune, 56
40 neuropsychological tasks can be linked to the symptoms of schizo-  2005; Harrington et al., 2005; Mazza et al., 2001; Shamay-Tsoory et al., 57
41 phrenia in complementary patterns, potentially providing insightinto  2007) or disorganization (Sarfati et al., 1997; Sprong et al., 2007). With 58
42 the nature of the underlying neurocognitive systems if empirically  respect to reasoning biases, it was hypothesized that impairments in 59
43 supported. reasoning, such as early termination of information gathering, could 60
44 For example, tasks measuring social cognition and reasoning also result in paranoia and other delusions (Garety et al., 1991; Huq 61
45  biases have been applied to the study of schizophrenia in order to shed et al,, 1988); however, the empirical evidence for whether or not 62
46 light on the cognitive underpinnings of positive symptoms (Black- reasoning biases correlate with positive symptoms is mixed (Corcoran 63
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et al., 2007; Garety and Freeman, 1999; McKay et al., 2007; Menon 64
et al,, 2006; Moritz and Woodward, 2005; Young and Bentall, 1997). 65

Negative symptoms are typically found to be associated with 66
standardized neuropsychological measures such as verbal fluency, 67
memory and executive functioning (Liddle and Morris, 1991; Moritz 68
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etal.,, 2001b; Norman et al., 1997; Woodward et al., 2003; Woodward
et al., 2004), and this has been largely confirmed in meta-analytic
reviews (Aleman et al., 1999; Johnson-Selfridge and Zalewski, 2001).
However, associations between positive symptoms and executive
measures have also emerged in meta-analytic reviews (Johnson-
Selfridge and Zalewski, 2001). Moreover, these associations are
sometimes not replicated (Green and Walker, 1985; Liddle, 1987;
Norman et al., 1997).

Thus, while reasoning biases and social cognition are theorized to
associate with positive but not negative symptoms, and memory,
executive and fluency performance are theorized to associate with
negative but not positive symptoms, this pattern of association and
dissociation is not particularly well supported by the empirical
evidence from univariate studies. Advancement of these theoretical
accounts would benefit from multivariate studies, whereby measures
of reasoning biases, social cognition, verbal fluency, memory and
executive functioning could be administered to a single sample, and
factor analytic techniques used to explore how these measures share
variance. Shared variance between these measures suggests that they
may be underpinned by a common cognitive operation. Factor or
component scores can then be computed and saved, and correlated
with positive and negative symptoms.

In the current study we were primarily interested in two of the
most commonly studied reasoning and social cognition paradigms:
jumping to conclusions (JTC; Garety et al., 1991) and theory of mind
(ToM; Frith and Corcoran, 1996). JTC paradigms typically involve the
beads task, where the subject is presented with jars containing beads
of two colours (e.g. red and white beads divided 60-40 in one jar and
40-60 in the other) and asked from which jar beads are being drawn
when the jars have been hidden from view. Schizophrenia patients
tend to request fewer beads before deciding on which one of the jars is
the source of the beads (Garety-and-Freeman;1999). The JTC response
pattern on probabilistic reasoning studies is thought to be caused by a
“data gathering bias” (Garety and Freeman, 1999) whereby patients
with delusions arrive at hasty conclusions using less information than
healthy controls. This JTC response pattern has been widely replicated
in patient groups (Garety et al., 1991; Hugq et al., 1988; Menon et al.,
2008; Menon et al., 2006; Moritz and Woodward, 2004y, and some
studies have concluded that this response pattern might be associated
with positive symptoms as a whole (Menon et al., 2008).

ToM is perhaps the most commonly investigated aspect of social
cognition in schizophrenia, for which consideration of situational
variables is required in order to determine the perspectives and
intentions of other people. This has been of interest for the study of
positive symptoms, because delusions can involve a misunderstand-
ing of what is on the mind of others (e.g., paranoid delusions). The
Hinting task (Corcoran et al., 1995) is a widely used ToM task, and
measures the ability to infer the real intentions behind indirect speech
(e.g., what did the child really mean when they said “Mom I'm hungry”
when passing the candy aisle). The need to relate ToM measures to
other aspects of cognition has been mentioned in reviews, as this has
been identified as an important future direction for schizophrenia
research (Harrington et al., 2005, p. 282). These relationships have
been investigated in other fields of research; for example, in
developmental psychology associations have been observed between
ToM and inhibitory control (Carlson et al., 2002) and in autism
associations have been observed between ToM and set shifting
(Ozonoff et al., 1991).

Based on theory, and the original motivation for applying JTC and
ToM cognitive challenge tasks to the study of schizophrenia, JTC and
ToM may be expected to share variance with each other and with
positive symptoms, whereas verbal fluency, memory and executive
functions may be expected to share variance with each other and with
negative symptoms. The objective of the current project was to use a
multivariate approach to assess whether this pattern of associations
and dissociations would emerge from an empirical multivariate

analysis. This involved two steps: a data-driven factor analytic
approach to investigate the pattern of inter-relationships among the
cognitive and clinical neuropsychological measures, followed by
correlating the resulting factors with the positive and negative aspects
of schizophrenia.

2. Methods
2.1. Participants

Forty-six patients were recruited from the inpatient and outpatient services of the
Centre for Addiction and Mental Health (CAMH), Toronto. The study and the

recruitment procedures were approved by the Research Ethics Board of CAMH and
the University of Toronto, and all subjects provided written, informed consent prior to
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their participation. Thirty-five patients had a current diagnosis of schizophrenia, 9 of 146

schizoaffective disorder, and 2 of schizophreniform disorder. All clinical diagnoses were
confirmed by a trained psychiatrist (RM) using the Mini-International Neuropsychiatric
Interview (M.LN.L; Sheehan et al., 1998). Thirty-five patients were receiving atypical
antipsychotics (Clozopine n=5, Olanzipine n=16, Quetiapine n=3, Risperidone n=8,

147
148
149
150

Fluphenazine n=1, Loxapine n=1, Modicatei=1), 7 were medication free at the time of 151

testing, and medication information was not available for 4 patients. Patients had no
significant medical or neurological illness, and no current substance abuse or
dependence. Details of the participants-and recruitment are published elsewhere
(Mizrahi et al., 2006a).

The mean age at testing was 33.35 years (S.D.=10.26), the mean years of education
was 13.44 years (S.D.=2.72), and the mean length of illness was 10.35 years (10.24). The
mean number of previous hospitalizations' was 2.83 (S.D.=3.74), and the mean
estimated Wechsler Adult Intelligence Scale 1Q (WAIS; Wechsler, 1997), derived from
the digit symbol and information subtest scores, was 97.50 (10.75). In and out-patients
at various stages of illness participated in the study, as is reflected by the high standard
deviations for age (min=19, max=60 yrs) and length of illness (min=0, max=40 yrs).
Number of previous episodes ranged from 0 to 15 (M=3.39; S.D.=3.75) and number of
previous hospitalizations ranged from 0 to 15 (M=2.83, S.D.=3.74). Five patients were
experiencing their first episode. The heterogeneity of this sample resulted in substantial
variation in symptomatology, as is required for an individual-difference-based cor-
relational study.

2.2. Measures

2.2.1. Psychopathology

Symptom severity was assessed with the Positive and Negative Syndrome Scale
(PANSS; Kay et al., 1989), designed to measure severity of psychopathology in adult
subjects with schizophrenia, schizoaffective disorder and other psychotic illnesses,
emphasizes positive and negative symptoms dimensions. It includes 3 scales and 30
items: 7 items make up the Positive Scale (examples are delusions, conceptual
disorganization, and hallucinatory behaviour), and 7 items make up the Negative Scale
(examples are blunted affect, emotional withdrawal, poor rapport, and passive/
apathetic social withdrawal). Positive and Negative syndrome scores were computed
as recommended by the PANSS developers (M=16.91, S.D.=5.44; M=15.64, S.D.=4.56,
for positive and negative syndrome scores, respectively).

2.2.2. Clinical neuropsychology measures

The clinical measures for this study were derived from the Toronto Brief Inventory
of Cognition developed by the fourth author (TBIC; Christensen, 2002). This battery was
developed to provide a short-bedside neuropsychological battery that would be easily
administered in the clinical setting. These tests were developed to represent shortened
versions of standard neuropsychological measures that span the range of typically
employed clinical neuropsychological test batteries. These measures have been shown
to have test re-test reliability and validity comparable to the standard neuropsycho-
logical measures (Christensen, 2002).

2.2.2.1. Word list memory test. ~ The verbal memory test involved recall of a list of 9
words composed of three categories of three words each. The word list was presented
twice with free recall of the list after each presentation. The Acquisition measure was
computed as the sum or words recalled from both trials (Trial 1 +Trial 2). Approximately
15-30 min after the acquisition phase, participants are asked to recall as many of the
words as they can remember from the original list. The total number of words recalled
constitutes the Free Recall Score. Subjects were then presented with a recognition list
which consisted of 24 words: 9 target words, 9 related foils from the categories in the
recall list (3 words from each category), and 6 distractor words. The foils and distractor
words were comparable on frequency, imageability and category potency to the target
words. The correct number of words correctly recognized minus the number of false
positives comprised the Recognition score.

2.2.2.2. Rule extraction test. ~ The Rule Extraction Test was designed to be conceptually
similar to the Intra/Extradimensional Shift subtest of the CANTAB (Robbins et al., 1994),
in that participants are presented with a series of paired drawings, and must determine
which of the two stimuli presented contains the target element (e.g., black triangle,
gray X, or gray angled line). The rules of the task are not explicitly conveyed to the
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participants during this task; however, they are told whether they are correct or
incorrect after each trial. There are 3 parts to this test, with the second and third parts
corresponding to particular types of rule changes—intradimensional and reversal shifts
respectively. The rules of the task change after the participant either scores 6
consecutive correct trials, or completes all 20 of the trials presented. The total number
of correct responses is referred to as a Rule Extraction Score, and represents the
participants' ability to ascertain rules and apply them appropriately.

2.2.2.3. Verbal and category fluency tests. ~ The verbal and category fluency tests are
widely used to evaluate a participant's ability to spontaneously generate words under
restricted search conditions. For verbal fluency, participants were asked to generate as
many words as possible that begin with a given letter of the alphabet (L, S, or F)in 30 s.
These letters were derived from two commonly used and highly correlated sets of
verbal fluency letter stimuli (F-A-S, C-F-L) (Spreen and Benton, 1969, 1977). The
category fluency test is also a word-generation task in which participants are required
to name as many items as they can from a particular category (furniture, vegetables,
vehicles) in 30 s.

2.2.3. Cognitive neuropsychology measures

2.2.3.1. Theory of Mind (ToM). Theory of mind was assessed with the Hinting task as
described by Corcoran et al,, in which an individual is required to infer real intentions
behind indirect speech (Corcoran et al., 1995). The task comprises 10 short passages
presenting an interaction between two characters ending with one of the characters
dropping an obvious hint. The subject is then asked what the character really meant when
he/she said this. If the subjects failed to give the correct response, an even more obvious
hint is added to the story. A correct response is therefore scored as 2 or 1 depending on
when the response was given.

2.2.3.2. Jumping to Conclusions (JTC). Two versions of the standard probabilistic
reasoning task were used—the neutral beads task (which is also the most commonly
used version), and an emotionally salient version of the task, which has been shown to
be more sensitive to the JTC response pattern (Dudley et al., 1997). Both versions
required self-termination. In the neutral version, participants are presented with two
jars containing beads of two colours mixed together in opposite ratios (one contains 60
red and 40 black beads, while the other contains 60 black and 40 red beads; Garety
et al., 1991). The participants are told that the beads will be drawn from one of the jars,
and the jars are hidden from view. The beads are drawn in a seemingly random but
actually predetermined sequence, and are replaced after being shown. Participants are
told to respond as soon as they know from which jar the beads are being drawn.

In the “emotional” version of the task (Dudley et al., 1997), participants are
presented with positive and negative trait adjectives in the same ratio and sequence as
the beads task. They are told that these are the results of two surveys conducted about a
person. They are presented the words one at a time and told to respond ' when they
know whether the words are from the “mostly good” or “mostly bad” survey. Details of
task administration have been published elsewhere (Menon et al., 2008). Due to the
limited number of trials, in order to increase reliability of the JTC measure; these JTC
measures were summed to provide one JTC measure.

3. Results

Using Statistical Package for the Social Sciences (SPSS) 16.0 for
Windows, the following measures were submitted to a principal
component analysis with varimax rotation: Acquisition (M=10.52,
S.D.=2.93), Free recall (M=4.41,S.D.=2.02) Recognition (M=7.02,S.D.=
1.72), Verbal Fluency (M=8.72, S.D.=2.59), Category Fluency (M=7.17,
S.D.=2.08), Rule Extraction (M=48.35, S.D.=9.39), ToM (M=16.76,
S.D.=3.40), and JTC (M=7.04,S.D.=5.35). The eigenvalue-greater-than-
one rule and scree plot converged on a three component solution that
accounted for 60% of the total variance, with extraction eigenvalues of
2.34,1.34, and 1.11. The component loadings are listed in Table 1, with

Table 1
Varimax rotated loading matrix (N=46)
Memory Elaboration Flexibility

Acquisition 824 .072 200
Free recall 815 .030 213
Recognition 715 .067 -.080
Letter fluency 219 .761 -.166
Categories fluency -.019 .704 108
Hinting (ToM) .006 .613 183
Rule Extraction (Executive) .028 -.034 910
Jumping to Conclusions (JTC) 246 239 562

Note. Extraction Method: Principal Component Analysis. Rotation Method: Varimax
with Kaiser Normalization. All loadings .50 and above are set in bold font.

all loadings greater than .50 set in bold font. The first component was 261
dominated by loadings on acquisition, free recall and recognition, and 262
accounted 25% of the total variance (rotated). This component was 263
labelled Memory. The second component had high loadings on verbal 264
and category fluency, but also on the ToM task, and accounted for 19% 265
of the total variance (rotated). We labelled this component Elaboration, 266
reflecting the elaboration on selected mental sets required for 267
successful performance on fluency tests (referred to as clustering; 268
Troyer et al., 1998), and for the production of a wide variety of possible 269
responses for success on the Hinting (ToM) task. The third component 270
was dominated by high loadings on rule extraction (executive 271
functioning) and the JTC task, and accounted for 16% of the total 272
variance (rotated). It was labelled Flexibility, due to the shared 273
cognitive operation of not over-committing to the presently viewed 274
stimuli, and considering alternative solutions. The orthogonally 275
rotated component scores were saved as variables and taken forward 276
to compute correlations with the cognitive and neuropsychological 277
measures. 278

With respect to the positive and negative syndrome scores derived 279
from the PANSS, the negative syndrome score correlated significantly 280
with the Elaboration component, 1(44)=-.35, P<.05, but not with the 281
Memory or Flexibility components, 1(44)=-.20, P=.18 and r(44)=.05, 282
P=.77, respectively. In contrast, the positive syndrome score did not 283
correlate significantly with any of the components (Elaboration, 284
Memory, and Flexibility, 1(44)=-.09, P=.56, r(44)=-.23, P=.13, 1(44)= 285
-.15, P=.33; respectively). Exploratory correlations between each 286
individual positive and negative PANSS item were also computed. 287
The only correlation that would be considered significant after a 288
conservative Bonferroni correction for multiple exploratory compar- 289
isons was between the Elaboration component and Difficulty in 290
Abstract Thinking, r(44)=-.50, P<.001. Two other correlations to 291
passed the uncorrected o level and give more detail regarding the 292
association between the Elaboration component and negative symp- 293
toms: that between the Elaboration component and Emotional 294
Withdrawal, r(44)=-.32, P<.05 and between the Elaboration compo- 295
nent and Lack of Spontaneity, r(44)=-.30, P<.05. 296

In order to determine whether the variance unique to each 297
construct (and therefore not reflected by the component scores) 298
shared variance with the positive and negative subscales, a multiple 299
regression analysis was carried out. The three component scores were 300
forced into a regression equation, and the potential contribution of all 301
univariate measures was assessed over and above that of the 302
component scores. Using positive symptoms as the dependent 303
measure, none of the individual variables accounted for variance 304
over and above the three component scores (all Ps>.13). Using 305
negative symptoms as the dependent measure, two of the individual 306
variables accounted for significant variance over and above the three 307
component scores: JTC, t(42)=2.44, P<.05, and ToM t(42)=-2.03, 308
P<.05 (all remaining Ps>.09), but none of these would be considered 309
significant after a Bonferroni correction. 310

4. Discussion 311

Based on theory, and the original motivation for applying cognitive 312
challenge tasks to the study of schizophrenia, JTC and ToM may be 313
expected to share variance with each other and with positive 314
symptoms, whereas verbal fluency, memory and executive functions 315
may be expected to share variance with each other and with negative 316
symptoms. The objective of the current project was to use a 317
multivariate approach to assess whether this pattern of associations 318
and dissociations would emerge from an empirical analysis. A 319
principal component analysis resulted in three components inter- 320
preted as Memory, Elaboration and Flexibility. In contrast with the 321
association of ToM and JTC implied in the literature, ToM loaded with 322
verbal fluency measures on the Elaboration component, whereas JTC 323
loaded with executive functioning on the Flexibility component. With 324
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respect to symptomatology, the negative syndrome score correlated
significantly with the Elaboration component, but no other correla-
tions were significant. Thus, although the JTC task and ToM tasks may
be theorized to reflect brain systems that underpin positive
symptoms, these current data do not provide support for such a
common cognitive system.

The inclusion of the ToM task on the Elaboration component
suggests that in order to perform well on the Hinting (ToM) task, it
may be important to elaborate on the set of possible responses, a
cognitive ability also required for success in verbal fluency (i.e., for
producing expansive clusters of responses). We previously observed
that for verbal fluency, clustering was associated with negative
symptoms (Woodward et al.,, 2003), implicating elaboration on a
selected mental set as an important cognitive underpinning of
negative symptoms. This is congruent with previous accounts stating
that an impaired ability to self-initiate mental activity underlies
negative symptoms (Liddle, 2001, p. 135).

From this perspective it is interesting to note that the Elaboration
component also correlated with the Difficulty in Abstract Thinking
item (r=.50) from the PANSS, suggesting that ToM and Difficulty in
Abstract Thinking may share an underlying cognitive construct (in fact
the two individual items were correlated at —-.41 in these data,
P=.005). Abstract thinking and social cognitive skills such as ToM may
be enhanced by elaboration on cognitive sets by generating “alter-
native” views of the current situation, such as possible alternate
meanings to the literal meaning of proverbs (e.g., “he has a chip on his
shoulder”), non-literal interpretations of utterances, such as those that
imply sarcasm (e.g., “you are sure working hard today”) and/or
context-based understanding of social situations (e.g., “she is subdued
today not because of what she thinks of me, but because she just went
through a difficult breakup”). The correlation of the Elaboration
component with negative symptoms also fits with literature suggest-
ing a correspondence between ToM and negative symptoms (Bell and
Mishara, 2006; Brune, 2005; Harrington et al., 2005; Langdon et al,
2001; Mizrahi et al., 2006b), and supporting this is an observed high
correlation between the individual ToM item and the PANSS negative
score (-.43 in the current data, P<.005).

ToM has empirically been demonstrated to correlate with a variety
of neurocognitive measures, such as memory (Murphy, 1998) working
memory (Bora et al,, 2006), IQ (Brune, 2003; Corcoran et al., 1995;
Murphy, 1998), and executive functions (Bora et al., 2007; Langdon et
al.,, 2001); however, the independence of ToM performance from the
rule extraction measures in the current study fails to support this. The
discrepancy of the results relating ToM to executive functions may be
attributable to use of a variety of tasks to measure ToM, with the two
most common being the Hinting task (used here) and the false belief
task (Corcoran et al., 1995). In addition to the importance of the
specific ToM measure used, associations may also depend on
chronicity (Pousa et al., 2008).

The overlap between JTC and executive functions (i.e., rule
extraction) may be attributable to common cognitive operations
promoting flexibility. Performing normally on the JTC and the rule
extraction task requires the ability to avoid over-committing to the
currently processed stimulus. Put simply, avoiding over-commitment
to the currently processed stimulus would lead to requesting more
“beads” before deciding, resulting in conservative behaviour on the
JTC test, and switching rules, leading to greater success on the rule
extraction task. Relatedly, Garety et al. (2005) suggested that
“cognitive flexibility” underlies performance on the JTC task.

The distinction between elaboration and flexibility is a subtle one,
because some conceptualizations of cognitive flexibility and executive
functioning propose that generating alternatives is important for both
these aspects of cognition. Although there is validity to this
perspective when executing functions are considered as a whole,
elaboration and flexibility are fundamentally distinct cognitive
operations. Notably, a clear distinction between elaboration and

flexibility has previously been put forward and operationalized as the 391
distinction between clustering and switching mental sets in verbal 392
fluency (Troyer et al., 1998). In our previous work on verbal fluency 393
and schizophrenia (Woodward et al., 2003), in accordance with the 394
work presented here, we observed that clustering, but not switching, 395
was associated with negative symptoms. The absence of an associa- 396
tion between switching mental set and negative symptoms was also 397
observed in the current multivariate analysis, and is consistent with 398
previous work reporting an absence of an association between 399
negative symptoms and tests assessing mental flexibility, such as 400
the Wisconsin Card Sorting Test (Liddle and Morris, 1991; Moritz et al., 401
2001a; O'Leary et al., 2000). Thus, this finding is congruent with the 402
proposal that impairment in elaboration on a selected mental set, not 403
switching between mental sets, underlies negative symptoms. 404

Using negative symptoms as the dependent measure, JTC and ToM 405
accounted for significant (at the uncorrected level) proportions of 406
variance over and above the three .component scores, but only null 407
results were observed when positive symptoms were used as the 408
dependent variable. This suggests that variance unique to these two 409
univariate measures, and not.common to the components, are may also 410
be important for understanding negative symptoms. For example, in 411
addition to elaboration on a mental set, performance on the Hinting task 412
may be affected by awareness of social cues and context, which may also 413
be impaired when negative symptoms are present (Bora et al., 2006). 414
Performance on the JTC task, in addition to flexibility and avoidance of 415
overcommitment to the stimulus at hand (which JTC shares with the 416
Rule Extraction task), involves setting a cutoff for when sufficient 417
information is available to decidg, and this may in turn be related to 418
negative symptoms. 419

An important limitation of this study is that the sample size is 420
considered relatively small for a multivariate study. With 8 variables 421
and 46 subjects the subject to variable ratio was 5.75:1. Although this 422
ratio meets the recommended minimum criterion of 5:1 for factor 423
analysis (Gorusch, 1983), it falls short of the more conservative and 424
widely cited 10:1 ratio (Nunnally, 1978). The component structure 425
reported in Table 1 is a good demonstration of simple structure (Yates, 426
1987), making it less likely to have arisen due to spurious correlations 427
between items; however, future multivariate studies may involve 428
larger sample sizes and more comprehensive test batteries in order to 429
increase the reliability and generalizability of the findings. 430

Multivariate analyses of the cognitive and neuropsychological 431
measures that are theorized to underlie the symptoms of schizo- 432
phrenia are important for understanding the relationships between 433
these constructs, and whether this overlap is associated with 434
symptomatology. This multivariate approach allows assessment of 435
associations and dissociations that are implied by the patterns of 436
univariate results currently available in the cognitive neuropsychiatry 437
literature. For example, the measures of JTC and ToM are two of the 438
most commonly studied cognitive paradigms in cognitive neuropsy- 439
chiatry, consistently mentioned in reviews of the literature (Bell et al., 440
2006; Blackwood et al., 2001; Davies et al., 2001; Garety and Freeman, 441
1999), but are typically not included together in batteries of cognitive 442
and neuropsychological tests (for an exception see Corcoran et al., 443
2007). When each test is studied in isolation, and conclusions based 444
on group comparisons, patterns of interrelations between the 445
involved tests and symptoms are implied, but cannot be empirically 446
determined. Therefore, multivariate studies are important for advan- 447
cing our understanding of the associations and dissociations among 448
the cognitive operations that underlie the symptoms of schizophrenia. 449
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