
International Journal of Methods in Psychiatric Research
Int. J. Methods Psychiatr. Res. 23(1): 25–35 (2014)
Published online 21 January 2014 in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/mpr.1429
Multilevel ordinal factor analysis of the
Positive and Negative Syndrome Scale
(PANSS)
JAN STOCHL,1,2 PETER B. JONES,1,2 JAMES PLAISTOW,2 ULRICH REININGHAUS,3 STEFAN PRIEBE,4

JESUS PEREZ1,2 & TIM J. CROUDACE1

1 Department of Psychiatry, University of Cambridge, Cambridge, UK
2 Cameo Early Intervention Services, Cambridgeshire and Peterborough NHS Foundation Trust, Cambridge, UK
3 Section of Social Psychiatry, Health Service and Population Research Department, King’s College London,
Institute of Psychiatry, London, UK

4 Queen Mary University of London, Unit for Social and Community Psychiatry, Barts and the London School of
Medicine, London, UK
Key words
psychometrics, psychoses, scale
validation

Correspondence
Jan Stochl, Department of
Psychiatry, University of
Cambridge, Addenbrookes
Hospital, Box 189, Cambridge,
CB2 0QQ, UK.
Telephone: (+44) 7587146299
Email: js883@cam.ac.uk

Received 6 June 2012;
revised 6 September 2012;
accepted 6 November 2012
Copyright © 2014 John Wiley & Sons, Ltd.
Abstract

Clinical assessments of the presence and severity of psychopathology are often
collected by health care professionals in mental health services or clinical
researchers trained to use semi-structured interviews. Clustering by interviewer
or rater needs to be considered when performing psychometric analyses such as
factor analysis or item response modelling as non-independence of observations
arises in these situations. We apply more suitable multilevel methods to analyse
ordinally scored Positive and Negative Syndrome Scale (PANSS) items. Our aim
is to highlight the differences in results that occur when the data are analysed using
a hierarchically sensitive approach rather than using a traditional (aggregated)
analysis. Our sample (n=507) consisted of patients diagnosed with schizophrenia
who participated in a multi-centre randomized control clinical trial, the DIALOG
study. Analyses reported and compared include an exploratory factor analysis as
well as several recently published multifactor models re-estimated within a
confirmatory analysis framework. Our results show that the fit of the model and
the parsimony of the exploratory factor analysis (EFA) models indicated by the
number of factors necessary to explain the inter-correlation among PANSS items
improved significantly when data clustering is taken into account through
multilevel analysis. Our modeling results support the pentagonal PANSS model
first proposed by White et al. (1997). Copyright © 2014 John Wiley & Sons, Ltd.
Introduction

Definition and measurement of information concerning the
mental state of individuals are of fundamental importance
in psychiatry. They are central concerns for philosophers,
clinicians and psychometricians, largely because much of

the information involves subjective experience and is, essen-

tially, unverifiable. Nevertheless, many measurement tools

have been developed. These measurement tools are often
25
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administered by interviewers or raters rather than being
completed by the patient (Ecob et al., 2004). The Positive
and Negative Symptom Scale (PANSS) is an example of a
scale in which interviewers rate the severity of patient symp-
toms. Typically, a single rater assesses multiple patients,
whether the rater is a clinician who provides treatment or
a researcher who rates patients specifically for research
purposes. Although interviewers are thoroughly trained to
give the most objective rating possible, their ratings may still
depend on their experience, subjective perception of the
patient’s symptom severity or other subjective judgments.
Even if high interrater reliability is reported for a scale of this
type, part of the variability between patients can still be
attributed to variability between the raters.

The situation described earlier leads to some degree
of correlation among the individual symptoms of
patients who are assessed by the same rater, such that
patients evaluated by the same rater may appear to be
more similar to each other than they are to other pa-
tients. Traditional factor analysis methods are grounded
on the assumption that the data being analysed come
from independent and identically distributed observa-
tions (Bentler and Chou, 1987; Hox, 1993). This cru-
cial assumption is obviously violated in the case of
psychiatric data of this type, and the results (factor
loadings, standard errors, p-values and item threshold
parameters) of confirmatory factor analysis (CFA) or
exploratory factor analysis (EFA) may therefore be
biased (Julian, 2001; Muthén and Satorra, 1995).

Recent psychometric developments have attempted to
address such variability in clustered data and hierarchical
(also known as multilevel) modelling approaches have been
developed for this purpose. Although originally developed
for a variety of regression analyses, these techniques quickly
became popular in latent variable applications, including
traditional factor analysis of continuously scored items,
but also categorical responses, i.e. item response theory
methods. The popularity is boosted by the growing amount
of software with capabilities to analyse latent variable models
for hierarchical data, including a mixture of binary, ordinal,
nominal and continuous item responses. The most popular
packages includeMplus (Muthén andMuthén, 1998–2012),
LISREL 8.80 (Jöreskog and Sörbom, 2007), or GLLAMM
(Rabe-Hesketh et al., 2004) in Stata.

If psychiatric datasets contain information on which
clinician or rater assessed each patient, these methods
provide a potentially effective and statistically well-moti-
vated approach to preventing impact of inter-correlation
(clustering) effects and thereby more accurately describe
the latent structure of the data compared to traditional
methods based on aggregated data.
Int. J. M
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Unfortunately, hierarchical modelling techniques have
not yet been adopted in psychiatric research. To the best of
our knowledge only 36 publications have used hierarchical
regression and only two studies have employed hierarchical
covariance structure modelling techniques in the top 10
rated psychiatric journals.

The aim of this study is to provide evidence for biased fac-
tor analytic estimates when clustering in the data is ignored.
We present the results for an important psychopathology
rating scale, the PANSS, which is widely used to assess the se-
verity of psychotic symptoms. Our interest is in evaluating
competing CFA models, using a more theoretically well
motivated multilevel ordinal factor analysis model.
Factor analysis of Positive and Negative
Syndrome Scale (PANSS)

The PANSS was originated as a rigorously operationalized
method for evaluating positive, negative, and other symptom
dimensions of schizophrenia (Kay, 1991). Since its publication
in 1987 (Kay et al., 1987) it has become one of themost widely
used scales in mental health and has been successfully applied
to other types of psychotic disorders beyond schizophrenia.

Many studies of the latent structure of psychopathology
in psychosis investigate the construct validity of the PANSS
using principal components analysis or factor analysis. Most
existing studies have reported a five-factor structure, usually
containing positive, negative, anxiety/depression/preoccu-
pation, cognitive/disorganization/dysphoric and activation/
excitement factors (Bell et al., 1994a; Dollfus and Petit,
1995; Emsley et al., 2003; Fitzgerald et al., 2003; Lancon
et al., 1998; Lancon et al., 2000; Lindenmayer et al., 1994b;
Lindenmayer et al., 1995; Lykouras et al., 2000; Wolthaus
et al., 2000). However, the items that load on each factor
vary considerably from study to study. Other reported struc-
tures include two factors (positive, negative) (Kay et al.,
1987), three factors (positive, negative, relational/disorgani-
zation) (Peralta et al., 1992; Strauss et al., 1974), four factors
(positive, negative, excitement/relational, depression/disor-
ganization) (Kay and Sevy, 1990; Peralta et al., 1994; Peralta
et al., 1992; Strauss et al., 1974), six factors (the five factors
described earlier, plus withdrawal) (Van den Oord et al.,
2006), seven factors (positive, negative, disorganization, ex-
citement, depression, anxiety, motor) (Emsley et al., 2003)
and even eight factors (positive, negative, disorganization,
excitement, depression, anxiety, preoccupation, somatiza-
tion) (Peralta and Cuesta, 1994). Overall, the structure of
the PANSS appears to be sample specific, and it is difficult
to find an adequately fitting model or to replicate the struc-
tures found in existing studies (Van der Gaag et al., 2006;
White et al., 1997). This unsatisfactory state of affairs is
ethods Psychiatr. Res. 23(1): 25–35 (2014). DOI: 10.1002/mpr
Copyright © 2014 John Wiley & Sons, Ltd.
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captured in summary form in Table 1. The values in Table 1
represent the number of studies in which the item was
found to load on the corresponding factor.

There are two possible reasons for this extraordinary var-
iability in the results of factor analytic studies. First, there may
be a real lack of construct validity for this multidimensional
psychopathology scale. Given its popularity and the other
studies supporting its validity (Bell et al., 1994b; El Yazaji
et al., 2002; Hatton et al., 2005; Preston and Harrison, 2003;
Van den Oord et al., 2006), however, we consider this possi-
bility to be unlikely. Second, none of the published studies
have considered that PANSS is administered by clinical
Table 1. The PANSS factor loadings seen in previous factor an

Int. J. Methods Psychiatr. Res. 23(1): 25–35 (2014). DOI: 10.1002/m
Copyright © 2014 John Wiley & Sons, Ltd.
raters/interviewers, and often, at least a number of different
clinicians would have collected the data. Although raters were
well trained, there is still room for individual rating differ-
ences (for example, some PANSS raters may systematically
overestimate or underestimate symptom severity).

Methods

Sample description

The sample (n= 507) of patients diagnosed with schizo-
phrenia or a related psychotic disorder was obtained from
a multi-centre randomized control trial, the DIALOG
alytic and principal component analytic studies

pr
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study (Priebe et al., 2007), that was designed to test a new
computer-mediated intervention. The study was conducted
in community mental health service sites in London (UK),
Granada (Spain), Groningen (The Netherlands), Lund
(Sweden), Mannheim (Germany), and Zurich (Switzerland)
using the following inclusion criteria for patients: (1) living
in the community and treated as outpatients (≥ three
months of continuous care); (2) ICD-10 criteria for
schizophrenia or related psychotic disorder (F20–F29); (3)
aged between 18 and 65 years; (4) no organic or substance
misuse disorder; (5) at least one meeting every two months
with keyworker; (6) expectation to continue with the service
for the next 12months (Priebe et al., 2007). Psychiatric diag-
nosis was obtained through a standardized and computer-
based method using operationalized criteria (OPCRIT;
McGuffin, 1991). The sample consists of 336 (66.3%) males
and 171 (33.7%) females, with a mean age of 42.2 years
[standard deviation (SD)= 11.4 years] and a mean illness
duration of 15.9 years (SD=10.3 years). The distribution
of diagnoses was as follows: schizophrenia, 354 (69.8%);
schizoaffective disorder, 73 (14.4%); delusional disorder, 3
(0.59%); and psychotic disorder not otherwise specified
(NOS), 77 (15.2%). Patients were moderately ill when
judged in terms of summary scores on standard rating
scales for psychotic symptoms (PANSS mean score = 63.6,
SD= 18.7).
Analysis

First, intraclass correlation (ICC) coefficients were
computed to determine the magnitude of clustering.
Then, traditional ordinal and multilevel ordinal EFAs were
used to analyse the dataset, and the results of these
methodologies were compared. Specifically, we compared
number of factors and fit indices. Next, we employed
and compared traditional ordinal CFA and multilevel or-
dinal CFA. We analysed several recently published PANSS
factor structure models. We focused only on models that
include the majority of the items; as a result, some models
that focus only on a reduced number of PANSS items had
to be excluded from consideration (Lindenmayer et al.,
1994a; Peralta et al., 1994; Peralta et al., 1992; Strauss
et al., 1974). The fit indices of the tested models are
presented and compared. The best fitting model is subse-
quently presented in more detail.

In the multilevel factoring approach, the covariance ma-
trix for the PANSS items was separated into between-level
and within-level covariance matrices. The between-level
covariance matrix is of little interest in our study for the fol-
lowing reasons: (a) there are only 13 raters in the DIALOG
study, making the effective sample sizes for a between-level
Int. J. M
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covariance matrix n=13; and (b) construct validity of
PANSS items essentially exists at the within-level. Thus,
the factor structure was modelled using the within-level
covariance matrix only. All analyses were estimated
using MPlus software version 6.12 (Muthén and Muthén,
1998–2012). The PANSS items were specified as categorical
ordered (ordinal) and a weighted least squares mean- and
variance-adjusted (WLSMV) estimator was used for both
the multilevel and traditional factor analysis to achieve
ordinally sensitive analyses.

Results

Intraclass correlations (ICCs)

Table 2 shows the ICC coefficients for the DIALOG study
PANSS data. An ICC can be interpreted as the proportion
of between-level variance compared to the total variance
of an item. A commonly adopted rule of thumb suggests
that ICCs below 0.05 may indicate relatively minor clus-
tering that can be ignored, allowing the data to be pooled.

The ICCs for the PANSS items in Table 2 are mostly
higher than 0.05, which suggests that there is considerable
variance between the raters that could distort the results of
a traditional (non-multilevel) analysis. Multilevel factor
analysis would therefore appear to be a more appropriate
methodology than traditional psychometric approaches.

Exploratory factor analysis (EFA)

Modern software packages provide a number of fit indices
for EFA models. Table 3 shows the fit indices when clus-
tering is ignored and when it is acknowledged. An overall
examination of the fit indices shows that the model fitting
the data consists of six factors when the clustering is
ignored. However, when clustering is considered, the
four-factor solution seems to fit the data well, which is
important from the perspective of parsimonious clinical
interpretation. The factor loadings for this four-factor
PANSS solution are shown in Table 4.

A more detailed examination of the four-factor struc-
ture shows that factor 1 (“negative”) contains five of the
original negative symptoms (blunted affect, emotional
withdrawal, poor rapport, social withdrawal, and lack of
spontaneity), motor retardation (G7) and active social
avoidance (G16). Factor 2 (“arousal”) contains eight of
the original general psychopathology items (anxiety, ten-
sion, mannerisms and posturing, disorientation, poor at-
tention, disturbance of volition, poor impulse control,
and preoccupation), two positive items (excitement and
conceptual disorganization) and one original negative
item (stereotyped thinking). Factor 3 (“positive”) contains
ethods Psychiatr. Res. 23(1): 25–35 (2014). DOI: 10.1002/mpr
Copyright © 2014 John Wiley & Sons, Ltd.



Table 2. The intraclass correlation (ICC) coefficients of PANSS items

Variable ICC Variable ICC

Delusions P1 0.04 Anxiety G2 0.09
Conceptual disorganization P2 0.12 Guilt feelings G3 0.09
Hallucinatory behaviour P3 0.01 Tension G4 0.15
Excitement P4 0.10 Mannerisms & posturing G5 0.31
Grandiosity P5 0.08 Depression G6 0.13
Suspiciousness/persecution P6 0.07 Motor retardation G7 0.20
Hostility P7 0.26 Uncooperativeness G8 0.18
Blunted affect N1 0.13 Unusual thought content G9 0.11
Emotional withdrawal N2 0.19 Disorientation G10 0.24
Poor rapport N3 0.13 Poor attention G11 0.15
Social withdrawal N4 0.11 Judgement & insight G12 0.26
Difficulty in abstract thinking N5 0.03 Disturbance of volition G13 0.10
Lack of spontaneity N6 0.04 Poor impulse control G14 0.28
Stereotyped thinking N7 0.17 Preoccupation G15 0.24
Somatic concern G1 0.16 Active social avoidance G16 0.17

Stochl et al. Multilevel factor analysis of PANSS
four of the original positive symptoms (delusions, halluci-
natory behaviour, suspiciousness/persecution, and grandi-
osity) and one general psychopathology item (unusual
thought content. Finally, the “depression” factor consists
of five original general psychopathology items (anxiety,
guilt, tension, depression, and lack of judgment/insight).
Confirmatory factor analysis (CFA)

This section discusses several CFA models of the PANSS
data previously published for psychotic populations. After
extracting and specifying more than 20 alternative models
from the literature, we compare the fit indices of the CFA
models when data clustering is ignored or considered.
Published models that include a smaller number of PANSS
items, such as Peralta et al. (1992); Strauss et al. (1974);
Kay and Sevy (1990); Peralta et al. (1994), and Lindenmayer
et al. (1994a), were not estimated.

The results in Table 5 reveal that none of the models fit
the data acceptably when the clustering is ignored. We
observe considerable improvement in the fit indices for
all of the models when modelling considered hierarchical
aspects of the data. Few models fit the data relatively well,
including the models of Emsley et al. (2003); Levine and
Rabinowitz (2007); Reininghaus et al. (2013); Lancon
et al. (1998) and White et al. (1997). However, the cutoff
criteria for an acceptable fit are met only for one, the pen-
tagonal factor model first proposed by White et al. (1997).
Based on these results, we are forced to conclude that this
model fits our data best, although some of the others may
Int. J. Methods Psychiatr. Res. 23(1): 25–35 (2014). DOI: 10.1002/m
Copyright © 2014 John Wiley & Sons, Ltd.
be close or conceptually quite similar. The factor loadings
for the supported model are displayed in Table 6.
Discussion

Psychiatric research and mental health services make great
use of interviewer rated assessments to determine severity
of multiple dimensions of psychopathology in patients with
mental disorders. The data from these tools require special
approaches when analysed using factor analysis or item re-
sponse theory. This study aimed to highlight the differences
in results that occur when the data are analysed using the
correct multilevel, hierarchically sensitive approach rather
than using a traditional (aggregated) analysis.

The DIALOG study included the identities of the
PANSS raters for each patient allowing us to compare
the traditional approach (i.e. ignoring clustering) and the
correct multilevel approach (i.e. using the available
clustering information). In terms of model fit recently
available for EFA models in modern statistical packages,
fewer factors were necessary to satisfactorily explain
inter-item correlations in terms of fit indices when the
clustering was taken into account. Findings from a previ-
ous simulation study suggest that eigenvalues tend to be
overestimated when the clustering is ignored and other
fit indices also show poorer fit of the model (Stochl, 2012).

Although the fit of the model to the data is important, we
also acknowledge that substantial clinical interpretation of
the factors beyond the statistical testing of the factor solution
is essential. Four factors denoted as “negative”, “positive”,
pr
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“arousal” and “depression” that correspond quite closely to
the clinical phenomenology in this cohort could be
distinguished. The factor labelled “negative” contains five of
the original negative symptoms (blunted affect, emotional
withdrawal, poor rapport, social withdrawal, and lack of
spontaneity) plus items motor retardation (G7) and active
social avoidance (G16). This result is consistent with previous
factor analytic studies, which have also loaded these items on
the “negative” subscale (Bell et al., 1994a; Fredrikson et al.,
1997; Lee et al., 2003; Van den Oord et al., 2006). This
factor also has negative associations with both grandi-
osity and excitement, which may be consistent with
an affective dimension.

Factor “arousal” contained eight of the original general
psychopathology items (anxiety, tension, mannerisms and
posturing, disorientation, poor attention, disturbance of
volition, poor impulse control, and preoccupation), two
positive items (excitement and conceptual disorganization)
and one original negative item (stereotyped thinking). In
previous five-factor solutions, these items have variously
loaded upon the “excitement” and “cognitive” dimensions
(Lancon et al., 1998; Mass et al., 2000). Anxiety (G2) and
preoccupation (G15) have tended to load on the “depres-
sion” or “negative” dimensions in prior research (Van den
Oord et al., 2006). In this study, however, both are consis-
tent with a factor indicating “arousal”.

Factor “positive” contained four of the original positive
symptoms (delusions, hallucinatory behaviour, suspicious-
ness/persecution, and grandiosity) and one general psycho-
pathology item (unusual thought content); previous studies
have consistently grouped these items with the positive
symptoms (Emsley et al., 2003; Lancon et al., 1998;
Wolthaus et al., 2000).

The “depression” factor consisted of five original
general psychopathology items (anxiety, guilt, tension,
depression, and lack of judgment/insight). Previous factor
analytic solutions have consistently loaded these items on
a “depression” factor (Bell et al., 1994b; Fredrikson
et al., 1997; Lee et al., 2003; Van den Oord et al., 2006).
The association between increased insight and increased
depression has been consistently replicated in this first-
episode client group (Birchwood et al., 2000).

A strength of this study was the systematic review of
existing PANSS factor solutions detailed in Table 1. In
the modelling phase, several recently published PANSS
models were tested within an ordinally sensitive multilevel
CFA framework. To our knowledge, all of the published
models that have applied factor analysis to PANSS data
have ignored the clustering of PANSS data by the raters
(many have also treated item responses as continuous).
For each candidate factor model, we showed the difference
ethods Psychiatr. Res. 23(1): 25–35 (2014). DOI: 10.1002/mpr
Copyright © 2014 John Wiley & Sons, Ltd.



Table 4. The factor loadings of the four-factor EFA model when clustering is considered

Factor 1 Factor 2 Factor 3 Factor 4

Delusions P1 0.04 �0.09 0.96 0.01
Conceptual disorganization P2 0.01 0.48 0.22 �0.36
Hallucinatory behaviour P3 �0.02 0.01 0.73 0.04
Excitement P4 �0.56 0.79 �0.08 0.01
Grandiosity P5 �0.42 0.12 0.53 �0.25
Suspiciousness/persecution P6 0.14 0.15 0.53 0.14
Hostility P7 �0.05 0.34 0.31 0.02
Blunted affect N1 0.78 0.06 �0.04 �0.06
Emotional withdrawal N2 0.83 0.01 0.01 0.12
Poor rapport N3 0.71 0.09 �0.08 �0.16
Social withdrawal N4 0.73 0.03 0.09 0.27
Difficulty in abstract thinking N5 0.31 0.24 0.11 �0.26
Lack of spontaneity N6 0.79 0.02 �0.15 �0.14
Stereotyped thinking N7 0.01 0.61 0.14 �0.06
Somatic concern G1 0.11 0.34 0.07 0.32
Anxiety G2 0.00 0.46 0.10 0.60
Guilt feelings G3 0.03 0.28 0.08 0.41
Tension G4 �0.03 0.71 �0.15 0.44
Mannerisms & posturing G5 0.21 0.40 0.03 �0.25
Depression G6 0.20 0.31 �0.01 0.51
Motor retardation G7 0.77 �0.05 �0.04 �0.11
Uncooperativeness G8 0.20 0.37 0.01 �0.28
Unusual thought content G9 �0.05 0.01 0.84 �0.19
Disorientation G10 0.19 0.43 0.01 �0.17
Poor attention G11 0.11 0.52 0.11 �0.27
Lack of judgement & insight G12 0.09 0.07 0.33 �0.58
Disturbance of volition G13 0.23 0.43 0.00 0.00
Poor impulse control G14 �0.16 0.61 0.10 �0.02
Preoccupation G15 0.30 0.47 0.15 0.09
Active social avoidance G16 0.55 0.00 0.38 0.38

Note: Values higher than 0.4 in absolute magnitude are highlighted in bold typeface.

Stochl et al. Multilevel factor analysis of PANSS
in fit when clustering is ignored versus acknowledged. For
all models, we demonstrated that model fit increased when
clustering was acknowledged.

Some limitations of these results must be outlined. We
analysed the data using a two-level approach (patients
nested within raters) although in reality additional levels of
nesting are present in the data: (a) raters are nested within
centres and (b) the study was conducted in two different
languages (that is centres are nested within “languages”).
Unfortunately, modelling higher than two-level data is not
possible in the current implementation of the software.
Further, model estimation used only one estimator
(i.e. WLSMV). Therefore, findings require careful replication
using other estimation methods (e.g. full-information
maximum likelihood) before firm conclusions can be drawn.
Finally, the factorial structure at the rater level was not
Int. J. Methods Psychiatr. Res. 23(1): 25–35 (2014). DOI: 10.1002/m
Copyright © 2014 John Wiley & Sons, Ltd.
considered in this study due to small number of raters; future
studies with a considerable larger number of raters may help
to model the relationships at the higher levels of nesting.

Despite the limitations of this study, however, we
provided considerable systematic evidence of bias in the
results for key parameter estimates when factor analysis
of categorical data (i.e. item response modelling) is used
for data analysis and the clustering of individuals within
psychiatric data is ignored. In addition, we provided more
accurate account of the factor structure of the widely used
PANSS instrument.

The essential implication of this study is to encourage
researchers or mental health services that aspire to collect
successive outcome measures on patients, to identify
clinical raters during data collection. When such data
is subsequently processed, this identification allows
pr
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Table 6. The standardized factor loadings of the model proposed by White et al. (1997)

Negative Item Estimate SE p-value

Negative Lack of spontaneity N6 0.752 0.028 <0.001
Blunted affect N1 0.811 0.028 <0.001
Emotional withdrawal N2 0.809 0.027 <0.001
Poor rapport N3 0.771 0.036 <0.001
Social withdrawal N4 0.709 0.034 <0.001
Motor retardation G7 0.726 0.027 <0.001
Mannerisms & posturing G5 0.654 0.06 <0.001
Uncooperativeness G8 0.46 0.042 <0.001
Disturbance of volition G13 0.124 0.05 0.013
Poor impulse control G14 0.188 0.046 <0.001

Positive Delusions P1 0.888 0.013 <0.001
Unusual thought content G9 0.87 0.014 <0.001
Grandiosity P5 0.513 0.037 <0.001
Hallucinatory behaviour P3 0.707 0.035 <0.001
Somatic concern G1 0.111 0.032 0.001

Activation Hostility P7 0.769 0.07 <0.001
Poor impulse control G14 0.712 0.046 <0.001
Excitement P4 0.581 0.022 <0.001
Uncooperativeness G8 0.361 0.063 <0.001
Poor rapport N3 �0.142 0.048 0.003
Tension G4 0.283 0.046 <0.001

Dysphoric Anxiety G2 0.766 0.033 <0.001
Tension G4 0.582 0.05 <0.001
Guilt feelings G3 0.539 0.045 <0.001
Depression G6 0.559 0.029 <0.001
Somatic concern G1 0.489 0.051 <0.001

Autistic Poor attention G11 0.625 0.026 <0.001
Preoccupation G15 0.774 0.02 <0.001
Difficulty in abstract thinking N5 0.538 0.038 <0.001
Stereotyped thinking N7 0.679 0.027 <0.001
Disturbance of volition G13 0.473 0.053 <0.001
Hallucinatory behaviour P3 0.068 0.04 0.092

Stochl et al. Multilevel factor analysis of PANSS
proper acknowledgement of clustering using appropri-
ate analytical models.
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Appendix: MPlus code for multilevel ordinal
factor analysis model of White, et al. (1997).

Factor analytic model proposed by White et al. (1997)

Data: File is mplus.dat;

Variable: Names are rater pansp1 pansp2 pansp3 pansp4

pansp5 pansp6 pansp7 pansn1 pansn2 pansn3 pansn4 pansn5

pansn6 pansn7 pnsg1 pnsg2 pnsg3 pnsg4 pnsg5 pnsg6 pnsg7

pnsg8 pnsg9 pnsg10 pnsg11 pnsg12 pnsg13 pnsg14 pnsg15

pnsg16;
Cluster is rater;
Missing are all (99);
Categorical are pansn6 pansn1 pansn2 pansn3 pansn4

pnsg7 pnsg5 pnsg8 pnsg13 pansp1 pnsg9 pansp5 pansp3
pnsg1 pansp7 pnsg14 pansp4 pnsg2 pnsg4 pnsg3 pnsg6
pnsg11 pnsg15 pansn5 pansn7;

Usevariables are rater pansn6 pansn1 pansn2 pansn3
pansn4 pnsg7 pnsg5 pnsg8 pnsg13 pansp1 pnsg9 pansp5
3

pansp3 pnsg1 pansp7 pnsg14 pansp4 pnsg2 pnsg4 pnsg3
pnsg6 pnsg11 pnsg15 pansn5 pansn7;

Analysis: estimator = WLSMV; Type = twolevel;

Model:

%WITHIN%
Negative BY pansn6* pansn1 pansn2 pansn3 pansn4

pnsg7 pnsg5 pnsg8 pnsg13 pnsg14;
Negative@1;
Positive BY pansp1* pnsg9 pansp5 pansp3 pnsg1;
Positive@1;
Activat BY pansp7* pnsg14 pansp4 pnsg8 pansn3 pnsg4;
Activat@1;
Dysphoric BY pnsg2* pnsg4 pnsg3 pnsg6 pnsg1;
Dysphoric@1;
Autistic BY pnsg11* pnsg15 pansn5 pansn7 pnsg13 pansp3;
Autistic@1;
Output: Sampstat; Standardized; Residual; Tech1;
5


