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Abstract

The aim of this study within the Athens Study of

Psychosis Proneness and Incidence of Schizophrenia

(ASPIS) was the examination of the latent structure of

schizotypal dimensions among a large population of

young male conscripts in the Greek Air Force during

their first week of military training. Confirmatory fac-

tor analysis (CFA) was conducted on 1,355 reliable

responders to the self-rated Schizotypal Personality

Questionnaire (SPQ), which covers all nine aspects of

DSM-III-R schizotypal personality disorder (SPD). A

four-factor model (cognitive/perceptual, paranoid,

negative, and disorganization schizotypal dimensions)

provided a better fit to the data than did other compet-

ing models (one-, two-, three-, four, and five-factor

models). This result is in agreement with recent find-

ings supporting the notion of a multidimensional con-

struct of the schizotypy and related schizophrenia phe-

notype.

Keywords: Schizotypy, SPD, dimensions, CFA,

SPQ, paranoia.
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The study of schizotypal personality traits in apparently

normal individuals has received great attention because

genetic and epidemiological studies have provided consis-

tent evidence that schizotypal features cluster in subjects

with elevated risk for schizophrenia and are prodromal to

the subsequent full manifestation of schizophrenia (Maier

et al. 1999). Two major theoretical approaches exist to

explain the link between schizotypal traits and schizo-

phrenia. The theory of Meehl (1962) proposes that the

vulnerability to schizophrenia is the crucial phenotype,

which he called schizotypy. He defined schizotypy as an

enduring personality condition based on a genetically

caused neurointegrative defect (schizotaxia) that gives

rise to schizotypal personality traits. This profile, in syn-

ergy with other polygenic potentiators and adverse life

experiences, gives rise in a small percentage of these indi-

viduals to the clinical syndrome of schizophrenia. In his

model, schizotypy is an extension of the psychotic disease

process, of which formes frustes (attenuated disease

expression) may exist in the general population (Claridge

1997). Meehl's model implies that the structure of liabil-

ity for schizophrenia in the general population is rather

dichotomous because a "schizogene" determines member-

ship in a latent class, or taxon (Lenzenweger and Korfine

1992; Korfine and Lenzenweger 1995).

The second theoretical approach to schizotypal traits

favored by Eysenck (Eysenck and Eysenck 1976) states

that personality traits such as those that define psychoti-

cism are on a continuum from health to schizophrenia

with no need to introduce arbitrary cutoff points above

which schizotypy lies (Claridge 1994). According to this

view, certain dimensions of personality are to be found in

the general population and their extremes constitute risk

factors, or lead to the symptoms of a disease state such as

schizophrenia. Within this framework, schizotypal traits

in the general population can be grouped into dimensions

using factor models. This strategy might help to elucidate

how many and which underlying factors constitute the

phenomenological substrate of schizotypal traits. Also, if

certain phenomenological characteristics within the

schizotypal construct prove to be more related to schizo-

phrenia than others, this may facilitate early intervention

strategies in high-risk individuals who exhibit these traits.

In schizotypy research, exploratory and confirmatory

factorial studies have proposed two (Allen et al. 1987;

Muntaner et al. 1988; Raine and Allbutt 1989), three

(Hewitt and Claridge 1989; Raine et al. 1994; Joseph and

Peters 1995; Bergman et al. 1996; Wolfradt and Straube
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1998; Bergman et al. 2000; Reynolds et al. 2000;

Venables and Rector 2000; Vollema and Hoijtink 2000;

Rossi and Daneluzzo 2002), four (Claridge et al. 1996;

Gruzelier and Doig 1996), six (Battaglia et al. 1999), and

even seven (Kendler et al. 1996) dimensions. These stud-

ies are not directly comparable because of differences in

assessment instruments measuring schizotypy, differences

in populations under study, and methodological differ-

ences in analysis (older studies using exploratory factor

analysis vs. recent studies favoring confirmatory factor

analysis [CFA]). Nevertheless, an influential three-factor

model seems to stand out from these studies, proposing

that schizotypal traits can be divided into positive, nega-

tive, and disorganized factors (Raine et al. 1994). The

model has received independent validation in different

populations (Gruzelier 1996; Chen et al. 1997; Reynolds

et al. 2000; Rossi and Daneluzzo 2002), with different

instruments (Bergman et al. 2000), and with different

analyses (Vollema and Hoijtink 2000).

This study will report on the underlying dimensional

structure of schizotypal traits as they emerge from apply-

ing CFA on a self-rated schizotypy questionnaire. For

hypothesis testing purposes, CFA is superior to

exploratory factor analysis, which identifies possible fac-

tors that account for covariance among items in a sample

but may give only a very rough idea of true underlying

dimensions in the population (Bollen 1989). CFA is a

robust statistical tool that allows for direct comparison of

an unlimited number of alternative models based on pre-

existing theories or empirical evidence on the factorial

structure of the construct under investigation. To perform

this analysis, we used factor models of schizophrenia and

schizotypy that have been proposed in the relevant litera-

ture. This inference is based on the dimensional approach

to schizotypal traits, as stated previously, and should be

viewed with caution because even an apparent similarity

of structures found in schizotypy and schizophrenia does

not necessarily imply the existence of common etiologic

factors of the two diagnoses (Venables and Rector 2000).

The aim was to test competing models of the factor

structure of schizotypal personality using the Schizotypal

Personality Questionnaire (SPQ) (Raine 1991), which

assesses all nine aspects of DSM-III-R (American

Psychiatric Association 1987) schizotypal personality dis-

order (SPD), in a large, unselected sample of apparently

healthy young males who are on the one hand at an age of

heightened risk for schizophrenia and on the other experi-

encing a stressful change in life circumstances. In light of

the considerations outlined above, we sought to determine

whether the dominant model of three distinct but related

dimensions of schizotypal traits (positive, negative, and

disorganization) would be more consistent with the data

than alternative competing models are.

Methods

Subjects. In eight separate waves, between January

1999 and March 2000, exactly 2,243 randomly selected

young male conscripts aged 18 to 24 years were recruited

from the Greek Air Force during their first 2 weeks of

admission in the National Basic Air Force Training

Centre. This sample was chosen because there is consis-

tent evidence that individuals at this age are most likely

to display the clinical and subclinical experiences of psy-

chosis, thus increasing the statistical power (Claridge et

al. 1996; Verdoux et al. 1998; Peters et al. 1999; van Os

et al. 2000). It should be mentioned that the service is

obligatory in Greece and all healthy males are recruited

and randomly assigned to the different army corps. All

conscripts had already been screened by a standard inter-

view-based procedure performed by a team of medical

doctors of all specialties (military personnel) and were

evaluated as not suffering from a medical condition.

During a followup phase of the Athens Study of

Psychosis Proneness and Incidence of Schizophrenia

(ASPIS), 43 conscripts were eventually admitted to the

psychiatry or neurology clinic of the Air Force general

hospital with preexisting diagnoses. These individuals

have not been excluded from the present study.

Conscripts underwent an extensive interview of comput-

erized neurocognitive abilities and a self-rated psycho-

metric evaluation. Conscripts provided written informed

consent after agreeing to participate in an anonymous

survey assessing the general psychological state of new

recruits in conjunction with attention and memory skills,

on which they would receive feedback on their perform-

ance. Twenty-four of the initially contacted conscripts

refused to participate in the study. Finally, 2,142 subjects

performed at least some of the eye movement tasks

(smooth eye-pursuit, saccade, antisaccade, visual fixa-

tion) and cognitive tasks assessing vigilance of attention

and aspects of working memory, and 1,955 conscripts

participated by filling in a psychometric battery of self-

administered questionnaires.

Some of the results of die eye movement tests have

already been presented (Evdokimidis et al. 2002; Smyrnis

et al. 2002; Smymis et al. 2003), while for the other tests

analysis is in progress (Stefanis et al. 2001; Avramopoulos

et al. 2002). The psychometric assessment battery

included questionnaires on (1) current psychopathology

with the Symptom Checklist-90-R (SLR-90-L) scale

(Derogatis 1993) translated and standardized in the Greek

population (Donias et al. 1991); (2) self-rated schizotypy

with the Perceptual Aberration Scale (PAS; Chapman et

al. 1978) and the SPQ; (3) self-rated psychotic-like symp-

toms with the Community Assessment of Psychic

Experiences (CAPE) (Stefanis et al. 2002); and (4) per-
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sonality characteristics with the Temperament and

Character Inventory (TCI; Cloninger et al. 1994). All

questionnaires were translated into Greek by three bilin-

gual members of our team trained abroad (N.C.S., N.S.,

and D.A.), and, in a separate process, back-translation

was performed by an independent official translator.

Comparison of original and first English draft produced a

second modified Greek version that received minor fur-

ther changes when administered to a test sample of 15

young employees of the University Mental Health

Research Institute (UMHRI). In the case of PAS, SPQ,

and TCI, the second back-translation was sent to authors

for approval, which was granted (Kwapil, T.; Raine, A.;

and Cloninger, C.R., personal written communication,

January 1999).

Instruments. The SPQ (Raine 1991) is a 74 "dichoto-

mous" item (yes/no) questionnaire that assesses all nine

aspects of DSM-III-R SPD. It can be used as a screening

instrument in the general population for the identification

of individuals with broad schizotypal traits (according to

the author, 55% of top SPQ scorers obtained an interview-

based diagnosis of SPD) and may measure individual dif-

ferences in schizotypal personality. Full reliability and

validity information is provided in Raine (1991). Subscale

scores were expressed as proportions of the sum of posi-

tive responses divided by the number of items of each

subscale minus missing values. This approach is more

plausible and interpretable. Moreover, it considers all nine

subscale scores of the SPQ to have equal weight in the

analysis. To compare SPQ scores with the corresponding

results of other authors, we present the raw SPQ scores.

Description and Motivation of Fitted Models. We com-

pared 13 competing models of schizotypal dimensions

(table 1) based on previous work in the field. The one-fac-

tor model assumes that one latent trait underlies all nine

traits of SPD as measured with the SPQ. The second

model is constructed on the basis of the "positive" versus

"negative" distinction (Crow 1980). The third model is a

modification of the second because suspiciousness and

social anxiety are allowed to load on both positive and

negative schizotypal traits (Kendler et al. 1991).

The fourth model, the "disorganized" three-factor

model (Raine et al. 1994), is by far the most popular and

the most extensively replicated in schizotypy studies to

date. Three underlying dimensions constitute schizotypal

traits: a "positive/perceptual" factor (magical ideation,

unusual perceptual experiences, suspiciousness, and ideas

of reference), a negative factor (social anxiety, constricted

affect, and no close friends), and a "disorganization" fac-

tor (odd speech and odd behavior). In this model suspi-

ciousness is allowed to load both on the cognitive-percep-

tual factor and negative factor. The fifth model is a

"paranoid" three-factor model proposed by Bergman et al.

(1996); it is derived from CFA of a sample of outpatients

with various personality disorders. It proposes that "posi-

tive" schizotypal traits are split into a "cognitive/percep-

tual" factor encompassing magical thinking and unusual

perceptual experiences and a paranoid factor receiving

maximum loadings from ideas of reference, suspicious-

ness, and to a lesser extent social anxiety.

The sixth model is another three-factor model pro-

posed by Battaglia et al. (1997), in which a negative

schizotypal factor is differentiated from an "odd" factor

that receives loadings from odd behavior, odd speech, and

constricted affect. Another version of the three-syndrome

model of schizophrenia is that of Strauss et al. (1974),

where the third syndrome is that of "disorder of relating"

rather than disorganization. In this seventh model, the

schizotypal counterpart factor of "disorder of relating"

receives loadings from social anxiety, odd speech, and

odd behavior (Venables and Rector 2000). The eighth

model is an adaptation of the preferred three-dimensional

K model by Venables and Rector (2000) and is construed

based on similarities between the subscale composition of

the authors' questionnaire and the SPQ subscales. The

ninth model is an adaptation of the preferred three V-3

factor model of Vollema and Hoijtink (2000), where the

majority of items related to ideas of reference and suspi-

ciousness load on both positive and negative schizotypal

factors.

The tenth four-factor L model by Venables and

Rector (2000) is also displayed in table 1. Based on simi-

larities between the content of subscales within the

authors' questionnaire and SPQ subscales, the negative

schizotypal factor was allowed to receive loadings from

no close friends and constricted affect subscales. Social

anxiety and constricted affect load on a "social impair-

ment" factor. The eleventh model is an adaptation of the

Strauss-Peralta four-factor model of schizophrenia based

on CFA of Positive and Negative Syndrome Scale

(PANSS) subscales (Cuesta and Peralta 1995). Here, the

schizotypal counterpart of the "disorder of relating" factor

encompassing two PANSS subscales is the SPQ subscales

of no close friends and constricted affect. The twelfth

model is an adaptation proposed by Fogelson et al. (1999)

and in particular based on the distribution of the nine SPD

traits among relatives of patients with schizophrenia or

schizoaffective disorder. The nine SPD traits were spread

across five dimensions: a schizoid, a paranoid, an

avoidant, a positive, and a disorganization factor.

The thirteenth model is our proposed four-factor con-

struction of schizotypal dimensions (figure 1). We hypoth-

esized based on previous empirically driven studies in

schizophrenia and in schizotypy (table 2) that a split of

positive schizotypal traits into a paranoid and a cogni-

tive/perceptual factor might provide a better fit to our
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Table 1. Table of fitted factor models

Model Factor IR MT UPE SA NCF CA OB OS

1 One factor

2 Crow 2-factor (Crow 1980)

3 Kendler 2-factor

(Kendler et al. 1991)

4 Disorganized 3-factor

(Raineetal. 1994)

5 Paranoid 3-factor

(Bergman et al. 1996)

6 Odd 3-factor

(Battaglia et al. 1997)

7 Strauss 3-factor

(Strauss et al. 1974)

8 K 3-factor

(Venables and Rector 2000)

9 V 3-factor

(Vollema and Hoijtink 2000)

10L4-factor

(Venables and Rector 2000)

11 Strauss-Peralta 4-factor

(Cuesta and Peralta 1995)

12 Fogelson et al. 5-factor

(Fogelson et al. 1999)

13 "Paranoid" 4-factor

(Stefanis et al., this article)

1

1 positive

2 negative

1 positive

2 negative

1 positive

2 negative

3 disorganized

1 paranoid

2 positive

3 negative

1 positive

2 negative

3 odd

1 positive

2 negative

3 relating

1 positive

2 negative

3 social

impairment

1 positive

2 negative

3 disorganized

1 positive

2 disorganized

3 negative

4 social

impairment

1 positive

2 disorganized

3 negative

4 relating

1 paranoid
2 positive

3 schizoid

4 avoidant

5 disorganized

1 cognitive/

perceptual

2 negative

3 disorganized

4 paranoid

Note.—CA = constricted affect; SA = social anxiety; IR » ideas of reference; MT = odd beliefs or magical thinking; NCF - no close friends;
OB - odd behavior; OS = odd speech; S = suspidousness; UPE - unusual perceptual experiences.
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Figure 1. Path representation of paranoid four-factor model

Ideas of reference

Magical thinking

Unusual perceptual experiences

Suspiciousness

Social anxiety

No close friends

Constricted affect

Odd behavior

Odd speech

Cognitive/
perceptual

Paranoid

Negative

Disorganization

data. Thus suspiciousness, ideas of reference, and social

anxiety were allowed to load on the paranoid factor, in

accordance with Bergman et al. (1996) and most studies

presented in table 2, in which it was demonstrated that

these three components tend to segregate in the same

paranoid factor. Suspiciousness was also allowed to load

on the negative schizotypal factor in accordance with

Tsuang et al. (1991), Raine et al. (1994), Gruzelier (1996),

and most subsequent CFA of the SPQ.

Analysis. CFA was conducted via the structural equation

modeling approach (Bollen 1989) using AMOS 3.6

(Arbuckle 1997) statistical software. In this study, we

focus on the comparison between and the plausibility of

various hypotheses and models. For this reason, we use

various measures for the goodness of fit and the compari-

son of models. Although the most popular way to assess

the goodness of fit of a model is the chi-square signifi-

cance test and its associated p value, in recent years many

social (including psychometric) researchers have pointed

out the general inadequacy of the significance tests and

their associated p values. These difficulties are more

apparent when a large amount of data are considered as in

psychometric research and can be summarized in "rejec-

tion of the null hypothesis even when the null model

seems reasonable theoretically" (Raftery 1995), which

leads to selection of overparameterized nonparsimonious

models (also see Bentler and Bonnet 1980, for additional

arguments). For the above reasons, we use alternative

measures proposed in the CFA literature. These measures

can be divided into two categories: (1) goodness of fit

indexes and (2) information theoretical measures for

model comparison.

The goodness of fit measures Goodness of Fit Index

(GFI), Adjusted Goodness of Fit Index (AGFI), Tucker-

Lewis Index (TLI), and Normed Fit Index (NFI) indicate

good models for values higher than 0.90 (for details, see

Arbuckle [1997] and references therein). Root mean

square error of approximation (RMSEA) values of 0.05 or

less have been proposed as indicative of reasonable fit

between model and data (Browne and Cudeck 1993).

The most popular information theoretical measure in

latent factor models is the Akaike information criterion

(AIC; Akaike, 1973, 1987). We additionally consider
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Table 2. Paranoid factor In schizotypy, independent of a cognitive/perceptual factor

Reference

Rosenberger and

Miller (1989)

Hewitt and

Claridge(1989)

Kendler et al.

(1995)

Joseph and

Peters (1995)

Bergman et al.

(1996)

Gruzelier(1996)

Wolfradt and

Straube(1998)

Verdoux et al.

(1998)

Battaglia et al.

(1999)

Fogelson et al.

(1999)

Peters et al.

(1999)

Suhr and

Spitznagel 2001

Fossati et al.

(2001)

Sample details

106 psychology

students scoring over

the 90th percentile

across various

psychometric scales

210 adult twin pairs

from population-

based study

1,272 first degree

relatives of psychotic

and nonpsychotic

probands

268 normal subjects

213 subjects with

personality disorders

151 medical students

1,362 adolescents

444 GP attendants

59 twin pairs drawn

from population

registry

307 first degree

relatives and siblings

of schizophrenia

probands

272 healthy subjects

348 students, high

scorers on schizotypy

scales

564 inpatients and

outpatients

Diagnostic

Instrument

SPD from SIDP

STA

SIS

STA

SIDP

SPQ, EPQ, and

physical

anhedonia

STA

PDI-21

SPD from

SIDP-R

SCID-II

PDI

SPQ, PAS, MIS

SCID-II

Statistical

method

PCA

PCA

FA

PCA

CFA

PCA

PCA

PCA

LCA

EFA

PCA

EFA

LCA

Factors

3 (eigenvalue

>1)

3

7

3

3

4

3

7

3

6 (eigenvalues

>D

11 (eigenvalue

>1)

4

4 (classes)

Variance1

(%)

21.9/63.0

6.1/53.0

—

NA

9.0/60.5

5/57.7

19.0/55.3

NA

9.0/40.0

13.6/59.1

(3 factors

related to

paranoia)

-/65.5

NA

Paranoid

factor

Undue social

anxiety,

suspiciousness,

ideas of reference

Paranoid ideation,

suspiciousness

Suspicious

behavior

Paranoid ideation,

suspiciousness

Ideas of reference,

suspiciousness,

social anxiety

Neuroticism, social

anxiety,

suspiciousness

Suspiciousness

Suspiciousness and

persecutory ideas

Social anxiety,

ideas of reference,

suspiciousness

Suspiciousness,

paranoid

ideation, etc.

Persecution,

suspiciousness,

paranoid ideation,

ideas of

reference2

Ideas of reference,

suspiciousness

Suspiciousness,

ideas of reference,

no close friends

Note.—CFA = confirmatory factor analysis; EFA - exploratory factor analysis; FA = factor analysis; GP - general practitioner; LCA =
latent class analysis; MIS » Magical Ideation Scale; NA - not applicable; PAS - Perceptual Aberration Scale; PCA = principal component
analysis; PDI = Peters Delusional Inventory; SCID-II = Structured Interview for DSM-W-R Personality Disorders; SIDP-R = Structural
Interview for DSM-llt-R Personality Disorders; SIS = Structured Interview for Schizotypy; SPD = schizotypal personality disorder; SPQ =
Schizotypal Personality Questionnaire; STA = Schizotypal Personality Scale.
1 Percentage of total variance explained by a paranoid factor/percentage of total variance explained by the selected factors.
2 Three factors were related to paranoia out of 11 selected components derived from CFA.
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Bayes Information Criterion (BIC) introduced by Schwarz

(1978) and strongly supported by Raftery (1993, 1995).

Consistent AIC (CAIC, Bozdogan 1987) and Browne and

Cudeck (1989) Criterion (BCC) are modifications of the

above measures. BIC has gained significant attention due

to consistent results obtained, amenable to sample size

changes. Moreover, it tends to support less complicated

models (i.e., models with fewer dimensions of schizotypal

traits) than AIC. All the information theoretical measures

are indicators of model comparison (not goodness-of-fit

indexes). Lower values of these theoretical measures indi-

cate better models. Finally, the multiple R
2
 for each SPQ

subscale are also reported in order to access the percent-

age of variation of each subscale that is explained by the

proposed model (see, for details, Bollen 1989).

Results

Sample Special Characteristics (Correct vs. Random

Responders). To verify the degree of collaboration with

the self-report scales, we used the four validity items of

the TCI to exclude 544 subjects from 1,955 (27.8%) that

responded incorrectly to at least one of these items (ran-

dom responders). The 1,411 individuals (72.2%) who had

correctly ticked the boxes on all four questions were ini-

tially included in the analyses of psychometrically defined

schizotypal traits. From the 1,411 conscripts who cor-

rectly responded to the four validity questions, 56 con-

scripts (4.0%) failed to respond to at least two items of

any specific SPQ subscale or to more than seven items in

the total SPQ questionnaire and were excluded. Thus, the

subscale scores of 1,355 conscripts were eventually

included for CFA. Compared with the 1,355 correct

responders, the 544 random responders were significantly

younger (mean age = 20.3 years, SD = 1.8 years, vs. mean

age = 20.9 years, SD = 1.9 years, p < 0.001) and had

fewer years of formal education (mean =11.9 years, SD =

2.7 years, vs. mean = 13.0 years, SD = 2.2 years, p <

0.001). Moreover, the mean score of PAS was signifi-

cantly higher than for the correct responders group (mean

PAS = 8.9, SD 6.3, vs. mean PAS = 5.2, SD = 5.2, p <

0.001). Total and subscale mean SPQ scores of correct

responders were very similar to the ones identified in pop-

ulation studies in the United States (Raine 1991) and

Mauritius (Reynolds et al. 2000) (mean SPQ = 27.6, SD =

12.3, Cronbach's coefficient alpha = 0.91, subscale alpha

coefficients ranging from 0.58 to 0.80). Statistically sig-

nificant differences regarding the SPQ were identified

between the random and correct responders (mean SPQ

for random responders - 31.1, SD = 12.3, p < 0.001).

Random responders also exhibited substantially worse

performance than correct responders in all neurocognitive

tasks. On the other hand, from the nine SCL-90-R

dimensions assessing current psychopathology, random

responders differed on only the phobic anxiety dimension

(mean = 0.44, SD 5.7, vs. 0.33, SD 4.3, p < 0.001), indi-

cating an augmented avoidance and escape behavior

(Derogatis 1993) in this group.

Goodness of Fit and Model Selection. Analytic details

of goodness of fit indexes and information theoretical

measures of model comparison are presented in table 3.

Considering the rule of thumb that GFI, AGFI, NFI, and

TLI should exceed at least 0.90, six equally well-fitted

Table 3. Table of model comparison and goodness of fit Indexes

1

2

3
4

5

6
7

8

9

10

11

12

13

Models

One-factor

Crow 2-fador

Kendler 2-factor

Disorganized 3-factor

Paranoid 3-factor

Odd 3-factor

Strauss 3-factor

K 3-factor

V 3-factor

L 4-factor

Strauss-Peralta 4-factor

Fogelson et al. 5-factor

Paranoid 4-factor

AIC

819.97

448.18

628.24

326.65

628.40

641.62

354.14

376.45

325.20

270.38

264.93

148.81

117.65

Information Theoretic Measures

BCC

820.24

448.46

628.56

326.98

628.72

641.94

354.47

376.77

325.55

270.75

265.32

149.28

118.04

BIC

953.22

588.83

783.70

489.51

783.86

797.08

517.00

531.91

495.47

457.40

457.40

378.30

310.12

CAIC

931.67

566.08

758.56

463.18

758.72

771.94

490.66

506.77

467.93

426.28

426.28

341.19

278.99

GFI

0.88

0.94

0.91

0.99

0.90

0.91

0.95

0.95

0.96

0.97

0.97

0.99

0.99

Goodness of

AGFI

0.80

0.89

0.84

0.98

0.81

0.82

0.91

0.90

0.91

0.92

0.92

0.95

0.98

NFI

0.80

0.90

0.90

0.98

0.85

0.85

0.92

0.91

0.93

0.95

0.95

0.98

0.98

Fit Indexes

TLI

0.74

0.85

0.77

0.97

0.78

0.78

0.88

0.88

0.89

0.91

0.91

0.95

0.97

RMSEA

0.144

0.105

0.132

0.092

0.132

0.113

0.096

0.098

0.093

0.087

0.087

0.062

0.043

Note.—AGFI = Adjusted Goodness of Fit Index; AIC = Akaike Information Criterion; BCC » Browne and Cudeck (1989) Criterion; BIC =
Bayes Information Criterion; CAIC = consistent AIC; GFI =. Goodness of Fit Index; NFI » Normed Fit Index; RMSEA «. root mean square
error of approximation; TLI = Tucker-Lewis Index.
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models were distinguished: the disorganized three-factor

model (Raine et al. 1994), the Strauss three-factor model

(Strauss et al. 1974), the V three-factor model (Vollema

and Hoijtink 2000), the L four-factor model (Venable and

Rector 2000), the Strauss-Peralta four-factor model

(Cuesta and Peralta 1995), and the paranoid four-factor

model (Stefanis et al., this article). On the other hand, the

only model that adequately fits the data according to

RMSEA index (RMSEA < 0.05) as suggested by Browne

and Cudeck (1993) is the proposed "paranoid" four-factor

model.

The observation of the information theoretical mea-

sures (AIC, BCC, BIC, CAIC) indicates that the disorga-

nized and V three-factor models are indeed better than

other proposed three-factor models. There was no clear

distinction between these two models, in statistical power

(AIC and BCC support the V three-factor model, while

BIC and CAIC support the disorganized model) or theo-

retical grounds (identical factor distribution with items

related to paranoia loading on positive and negative

dimensions). The paranoid four-factor model was the best

model fitting our data, demonstrating much lower mea-

sures than the a priori supported disorganized three-factor

model (AIC was reduced by 64% and BIC by 37%).

Therefore, having an additional paranoid factor appeared

to improve the model fit. From the above, we conclude

that the paranoid four-factor model should be selected.

Factor Loadings and Estimated Correlation Matrix.

Maximum likelihood factor loadings of the dominating

paranoid four-factor model are presented in table 4. The

first factor was derived by substantial factor loadings on

magical thinking and unusual perceptual experiences

(0.55 and 0.84), indicating a latent pattern of

cognitive/perceptual deficits. The second factor consisted

of factor loadings from suspiciousness, social anxiety, no

close friends, and constricted affect, which ranged from

0.25 to 0.84. This latent pattern was similar to the second

factor of the popular disorganized three-factor model and

can be interpreted, according to Raine et al. (1994), as

deficits in interpersonal relationships (negative factor).

The third factor was again similar to the "disorganization"

factor within the disorganized three-factor model and was

defined by high loads from odd behavior and odd speech

"suggesting cognitive and behavioural disorganization"

(Raine et al. 1994, p. 196). The last factor was defined by

high loads on ideas of reference and suspiciousness and

by lower but significant loading on social anxiety (p <

0.001). This factor was labeled as the paranoid factor.

Note that the proposed model is a generalization of the

popular disorganized three-factor model of schizophrenia

introduced by Liddle (1987). The negative and disorgani-

zation factors are the same in the two modeling

approaches, while the first factor (cognitive/perceptual) of

the disorganized model is divided in two new ones, indi-

cating a relative independence of cognitive/perceptual

deficits from paranoid beliefs and experiences.

Generally, the proposed model managed to account

well for the variation of the scores measuring ideas of ref-

erence, constricted affect, and unusual perceptual experi-

ences (multiple R
2
 of 0.750, 0.711, and 0.709, respec-

tively). The variance of odd speech, no close friends, odd

behavior, and suspiciousness was between 40 percent and

60 percent. Finally, the variability of social anxiety and

magical thinking was 38 percent and 30 percent, respec-

tively. Note that multiple squared correlations of the cor-

responding disorganized three-factor model were consid-

erably lower, ranging from 0.245 to 0.663.

The estimated correlations between the latent factors

are given in table 5 and range from 0.33 to 0.71. The para-

noid factor and the disorganization factor were found to

be highly correlated (0.71). The disorganization factor

was also correlated with the other two latent factors: cog-

nitive/perceptual (r = 0.69) and negative (r = 0.63). The

Table 4. Standardized factor loadings for paranoid four-factor model

SPQ subscales

Ideas of reference

Magical thinking

Unusual perceptual

experiences

Suspiciousness

Social anxiety

No close friends

Constricted affect

Odd behavior

Odd speech

Cognitive/perceptual
(factor 1)

0.55

0.84

Negative

(factor 2)

0.25

0.47

0.71

0.84

Disorganized

(factor 3)

0.69

0.78

Paranoid

(factor 4)

0.87

0.54

0.28

Note.—SPQ - Schlzotypal Personality Questionnaire.
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first finding is in partial agreement with the results of

Raine et al. (1994), in which similar correlation patterns

(0.71 and 0.74) were found between the positive and the

disorganization factor (in our disorganized three-factor

model the corresponding correlation is 0.81). Also, a high

correlation (r = 0.66) was found between the

cognitive/perceptual factor and the paranoid factor. The

remaining two correlations of the negative factor with the

cognitive/perceptual factor and paranoid factor are rela-

tively low: 0.41 and 0.33, respectively.

Generally, sample size influences the complexity of

the selected model. BIC is the measure that is consistent

and more robust to sample sizes. To check whether the

selection of the four-factor model was due to the large

sample size (1,355 subjects), we divided the original sam-

ple into four subsamples and we compared the AIC and

BIC measures for the disorganized three-factor model and

the paranoid four-factor model. In all four samples, the

paranoid four-factor model was superior, and hence the

large sample size was not so influential as to change the

selected model. Details are given in table 6.

In table 7 we present the goodness of fit indexes of

the paranoid four-factor model in comparison with other

studies in which CFA of schizotypal traits was used. On

the whole, the paranoid four-factor model provided com-

parable performance with preferred models in other stud-

ies with different assessment instruments and different

populations.

Discussion

In this study, we analyzed the factorial structure of self-

rated schizotypal traits as defined by responses of 1,355

conscripts in the Greek Air Force to the SPQ. Results

from our study using CFA indicate that a disorganized

three-factor model (positive, negative, and disorganization

factors) provided a good fit to our data, as it had to the

data of Raine et al. (1994), Reynolds et al. (2000), and

Vollema and Hoijtink (2000). A four-factor model where

positive schizotypal traits where further divided into a

paranoid and a cognitive/perceptual factor provided a bet-

ter fit to the data than a three-factor model, while other

competing models (one-, two-, three-, four-, and five-fac-

tor models) failed to produce better indexes of fit (table

3). This result is in agreement with recent findings in

schizotypy research supporting the notion of a multidi-

mensional construct of positive symptoms (table 2). The

finding of a more complex structure of schizotypal dimen-

sions than previously acknowledged is in line with the

Table 5. Intrafactor correlation matrix for the paranoid four-factor model

SPQ subscales

Cognitive/perceptual

(factor 1)

Negative

(factor 2)

Disorganized

(factor 3)

Paranoid

(factor 4)

Cognitive/perceptual
(factor 1)

1.00

0.41

0.69

0.66

Negative

(factor 2)

1.00

0.63

0.33

Disorganized

(factor 3)

1.00

0.71

Paranoid

(factor 4)

1.00

Table 6. Comparison of paranoid four-factor model and disorganized three-factor model in random
subsamples

Sample

1

2

3

4

Sample

size

350

357

351

295

Paranoid
4-factor

246.9

233.9

234.7

243.5

BIC

Disorganized

3-factor

256.4

263.3

268.4

276.9

Paranoid

4-factor

89.5

76.0

77.2

90.5

AIC

Disorganized
3-factor

123.1

130.9

135.1

147.5

Note.—AIC = Akaike Information Criterion; BIC - Bayes Information Criterion.
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Table 7. Comparative table of goodness of fit Indexes

Goodness of Fit Indexes

GFI AGF1 NF1 TLI CFI CCFI RMSEA

Lenzenweger et al. (1991)

Raineet al. (1994)

Bergman et al. (1996)

Chen etal. (1997)

Bergman et al. (2000)

Venables and Rector (2000)

Reynolds et al. (2000)

Stefanis et al., this article—

ASPIS

disorganized 3-factor model

Stefanis et al., this article—

ASPIS

paranoid 4-factor model

0.87

0.96

0.94

0.96

0.99

0.99

0.99

0.91

0.88

0.98

0.98

0.98

0.93

0.90

0.92

0.99

0.94

0.98

0.70

0.90

0.87

0.98

0.92

0.97

0.74

1.00

1.00

0.95

0.93

0.98 0.97 0.99

0.76

0.048

0.090

0.092

0.043

Note.—AGFI = Adjusted Goodness of Fit Index; ASPIS = Athens Study of Psychosis Proneness and Incidence of Schizophrenia; GFI
Goodness of Fit Index; NFI - Normed Fit Index; RMSEA - root mean square error of approximation; TLI •= Tucker-Lewis Index.

current understanding of schizophrenia as a multidimen-

sional construct at the phenomenological level.

Distinction of Positive and Paranoid Factors. Recent

CFA studies on schizotypal dimensions favor a three-fac-

tor solution in which suspiciousness loads consistently on

both cognitive/perceptual factor and negative factor

(Raine et al. 1994; Gruzelier 1996; Bergman et al. 2000;

Reynolds et al. 2000; Vollema and Hoijtink 2000). For

example, Vollema and Hoijtink (2000) demonstrated a

substantial improvement of indexes of fit to their three-

dimensional model when items related to referential

thinking and paranoia were allowed to load on both posi-

tive and negative factors. In most of these studies, the rel-

ative correlation of suspiciousness to the positive factor is

roughly double the corresponding correlation of the nega-

tive factor. This has been taken invariably as evidence that

suspiciousness is a variant of positive schizotypal traits.

Alternatively, it would have been possible to hypothesize

that suspiciousness is an overt constituent of a dormant

paranoid factor that includes aspects from the

cognitive/perceptual factor as well as from the negative

factor and is "suppressed" in a three-factor solution. In

our study, we found that within a three-factor model solu-

tion, the paranoid model provides worse indexes of fit

than the disorganized model. This indicates that within a

forced three-factor solution, the integrity of a unitary pos-

itive schizotypal factor better explains the data at hand

than a model whose constituents (cognitive/perceptual

and paranoid) are upgraded to independent factors. Thus,

within a three-factor solution, the discrimination between

a paranoid factor and a cognitive/perceptual factor is not

supported. On the other hand, the paranoid four-factor

model in which paranoid and cognitive/perceptual factors

are considered as distinct components of schizotypal traits

better describes our data than the three-factor "disorga-

nized" model. The relatively high interfactor correlation

between the cognitive/perceptual factor and the paranoid

factor (r = 0.66) does not necessarily imply that the para-

noid factor does not exist as a separate entity. It merely

indicates that while they are distinct latent constructs

within a four-factor solution, their variance overlaps

because of trait common variance. The relative distinction

between these two positive factors offers a greater

explanatory power than their collapse into one unitary

positive factor. Thus, paranoia could be viewed as an

important underlying construct of schizotypal traits in our

sample.

The existence of a paranoid factor within the schizo-

typy literature has largely been neglected (Rawlings and

Freeman 1997), although there is ample historical and

empirical evidence of its relevance in the schizophrenia

literature. The continued importance of paranoia within

psychiatric classification is illustrated by the fact that

DSM-IV (APA 1994) includes five mental disorders that

contain "paranoia" constructs. Positive symptoms of

schizophrenia have largely been considered as a unidi-

mensional construct, but the study of the psychometric

properties of the scales measuring them has shown that

these symptoms might not compose a homogeneous
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group. Their heterogeneity is shown by the very low inter-

nal consistency of the main positive symptom rating

scale, the Scale for the Assessment of Positive Symptoms

(SAPS; Andreasen 1984; Minas et al. 1992; Stuart et al.

1995; Vazquez-Barquero et al. 1996; Lin et al. 1998;

Peralta and Cuesta 1999). According to Stuart et al.

(1995), the principal deficiency with the subscale struc-

ture of the SAPS, as well as the "three-syndrome" model

of schizophrenia, is the lack of a separate scale that mea-

sures paranoia. When Liddle (1987) used the Present State

Examination (Wing et al. 1974) instead of the Scale of

Assessment of Negative Symptoms (SANS)-related

Comprehensive Assessment of Symptoms and History

(CASH), a four- rather than three-factor structure was

found in the same sample of schizophrenia subjects. In

this four-factor solution, bizarre delusions and auditory

hallucinations loaded on a separate factor from delusions

of reference and persecution. Several subsequent studies

(Kay and Sevy 1990; Minas et al. 1992; Shtasel et al.

1992; Silver et al. 1993; Bassett et al. 1994; Stuart et al.

1995; Cardno et al. 1996; Vazquez-Barquero et al. 1996;

Cardno et al. 1997; Toomey et al. 1997; Kitamura et al.

1998; Lin et al. 1998; Peralta and Cuesta 1998, 1999;

Cardno et al. 2001) have supported the multidimensional-

ity of positive symptomatology and proposed that para-

noia might constitute a distinct dimension within the

schizophrenia spectrum separate from a dimension

encompassing first rank Schneiderian symptoms ("loss of

ego boundary" dimension).

This distinction between positive symptoms in schizo-

phrenia has been retained in several studies where "toned

down" versions of psychotic experiences or schizotypal

traits have been assessed in normal populations or in rela-

tives of patients with schizophrenia (table 2). These studies

also appear to indicate that the underlying factorial struc-

ture of "positive" schizotypal traits can also be divided into

at least two major dimensions: a dimension that encom-

passes a toned-down version of Schneiderian first rank

symptoms (cognitive/perceptual factor) and a dimension

related to paranoid ideation and suspiciousness. Regarding

the first of these dimensions, high correlations between

magical ideation and perceptual aberration scales have been

found in previous studies (Chapman et al. 1982; Raine and

Allbutt 1989; Kendler and Hewitt 1992), suggesting that

"together they form a positive (cognitive-perceptual)

schizotypy dimension" (Kendler et al. 1996). In short, sev-

eral studies have suggested that a paranoid factor might be

an integral part of both schizophrenia and schizotypal phe-

nomenology, standing apart from a positive dimension

thought to encapsulate the core features of psychosis or

psychosis proneness.

The "split" of positive schizotypal traits in these two

dimensions raises questions regarding the origin and for-

mation of delusional beliefs in otherwise healthy individ-

uals under psychological pressure. Maher (1988) has pro-

posed that delusions arise as reasonable explanations of

abnormal perceptual experiences; Zigler and Glick

(1988), on the other hand, have proposed that delusions of

grandiosity and paranoia seem much more to reflect a

psychological motivation, serving a protective role

against threats to the individual's sense of self. The rela-

tive independence between abnormal perceptual experi-

ences and paranoid beliefs in our sample appears to favor

less Maher's hypothesis.

Methodological Limitations. Our sample consisted of

young males that were drafted into the military service.

Thus, our findings cannot be directly generalized to the

normal population (men and women of every age). It

could be argued, for example, that a gender effect might

also be responsible for the emergence of the paranoid fac-

tor in our study. Although this possibility cannot be

excluded, a recent CFA study (Reynolds et al. 2000) does

not support a different composition of schizotypal factors

when the sex effect has been examined separately.

Rawlings and Freeman (1997) comment on accumu-

lated evidence that paranoia is more evident in groups

undergoing severe rapid cultural changes involving relo-

cation of many people. Altrocci (1980) argues that the

association between paranoia and relocation may result

from such factors as social estrangement, language diffi-

culties, and difficulties competing for jobs and status in a

new culture. The emergence of a paranoid factor might

thus reflect an underlying difference in the magnitude of

such experiences in our population. They might experi-

ence higher levels of paranoia during the first week of

draft recruitment because of a commonly believed highly

stressful change in environmental circumstances. In this

new environment, where by default individuality is dis-

couraged and insubordination is severely disciplined, it

would be expected that fear responses, suspiciousness,

and ideas of reference would be augmented.

Another potential problem in this study was the

unusually high percentage of random responders.

According to the results, random responders had signifi-

cantly augmented schizotypal scores compared to correct

responders that were eventually considered for CFA. This

might imply that the most deviant group went undetected

during the study. We believe this is unlikely because of

the fact that random responders exhibited significantly

higher avoidance and escape patterns while not differing

from correct responders in other dimensions of

SCL-90-R state psychopathology such as paranoid

ideation, psychoticism, or depression. It is therefore plau-

sible that random responders' participation and worse per-

formance in the study were mainly due to secondary gains

345

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/s
c
h
iz

o
p
h
re

n
ia

b
u
lle

tin
/a

rtic
le

/3
0
/2

/3
3
5
/1

8
5
7
2
0
1
 b

y
 g

u
e
s
t o

n
 2

1
 A

u
g
u
s
t 2

0
2
2



Schizophrenia Bulletin, Vol. 30, No. 2, 2004 N.C. Stefanis et al.

related to avoidance of military drills during the day of

examination, and subsequent indifference during testing

procedures, and not due to genuine psychometrically

deviant performance.

It could be argued that models with more factors pro-

duce better fit to the data. As shown in table 1, we have

included alternative four-factor models and a five-factor

model to protect our results from such an effect. Although

these models represent mere adaptations of other instru-

ments to the SPQ subscales, they provide a worse fit than

the paranoid four-factor model.

We focus on the analysis of subscales rather than the

individual items of the SPQ primarily because of reasons

of compatibility with the large amount of published work

using the same approach. This approach is more restric-

tive and leads to loss of information with respect to items,

because it is limited by the fact that schizotypal subscales

(not items) are seen as the unit of information on which

dimensions are construed. Nevertheless, analysis of

binary outcomes (e.g., SPQ items) requires more

advanced methodological techniques than analysis of sub-

scales (e.g., generalized multidimensional Rasch models)

(Vollema and Hoijtink 2000) and is an interesting and

challenging prospect for further research.

We would also point to a theoretical limitation of our

study derived from the adoption of SPQ in assessing the

underlying factorial structure of schizotypal dimensions.

The SPQ inherently restricts the dimensions of schizo-

typal traits proposed in this study. Although the SPQ

assesses all nine aspects of SPD, it does not permit com-

parisons of models that endorse psychological constructs

thought to be important in the schizotypal spectrum, such

as impulsiveness/nonconformity (Claridge et al. 1996) or

premorbid social isolation, as proposed by Lenzenweger

and Dworkin (1996). Even more relevant is the limita-

tions of the SPQ in assessing an affective component in

schizotypal traits. Indeed, there is considerable evidence

that an affective component is an integral aspect of the

psychotic phenomenology, and several large-scale studies

have now been conducted that show remarkable conver-

gence in demonstrating a four-factor or possibly five-fac-

tor solution, in which depressive and manic factors are

readily recognizable (Kitamura et al. 1995; McGorry et al.

1998; van Os et al. 1999; Stefanis et al. 2002). In addi-

tion, according to the intrafactor correlation (table 5), the

disorganization factor shares the highest correlation with

the other factors, implying a low-level discrimination of

this factor from the other three. This is in accordance with

the proposition that the disorganization factor, encom-

passing oddities in speech and behavior, cannot be self-

rated reliably (Bergman et al. 1996; Kendler et al. 1996;

Vollema and Ormel 1999). Moreover, self-report ques-

tionnaires might not be able to capture aspects of schizo-

typal traits that are usually elicited through direct inter-

viewing (e.g., negative traits, disorganization traits).

Kendler et al. (1996) and Bergman et al. (1996) have

argued that self-report measurements are not well suited

for the measurement of subtle thought disorder and odd

speech. Vollema and Ormel (1999), using simultaneously

the SPQ and direct interview, have found that subtle

deviance in formal thought processes cannot be measured

with the SPQ.

Validation of the Four-Factor Model. While our four-

factor model of schizotypal traits awaits external and pre-

dictive validation from comparison with cross-sectionally

and longitudinally derived markers from our ongoing

study, indirect validation for the significance of preexist-

ing paranoid traits as relevant to schizophrenia is provided

by two recent studies that examined components of the

SPQ in relatives of schizophrenia patients (Kremen et al.

1998; Yaralian et al. 2000). These studies suggest that

subscales related to paranoid ideation differentiate rela-

tives of schizophrenia patients from controls, implying

that this aspect of positive schizotypal traits segregates in

family members of schizophrenia patients. A recent study

(Weiser et al. 2001) confirms that both SPD and paranoid

personality disorder increase substantially the probability

of subsequently developing schizophrenia, with an odds

ratio equal to 21.5. It would then be reasonable to suggest,

given that paranoia is the common denominator between

the two personality disorders, that paranoid personality

traits (ideas of reference, suspiciousness) might be of par-

ticular relevance to this increase in probability of develop-

ing the disorder. This issue remains controversial because

several studies seem to suggest that "positive" schizotypal

traits are not elevated in family members of schizophrenia

patients and that, on the contrary, "negative" features of

schizotypy appear to be the most transmissible personality

traits in first degree relatives of individuals with schizo-

phrenia (Tsuang et al. 1991; Kendler et al. 1996).
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