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Abstract

Objective: Historically, assessment of the psychometric properties of the Posi-

tive and Negative Syndrome Scale (PANSS) has had several foci: (1) calculation

of reliability indexes, (2) extraction of subdimensions from the scale, and

(3) assessment of the validity of the total score. In this study, we aimed to

examine the scalability and to assess the clinical performance of the 30-item

PANSS total score as well as the scalability of a shorter version (PANSS-6) of

the scale.

Methods: A composite data set of 1073 patients with first-episode schizophre-

nia or schizophrenia spectrum disorder was subjected to Rasch analysis of

PANSS data from baseline and 4–6 weeks follow-up.

Received: 15 January 2022 Revised: 26 March 2022 Accepted: 30 March 2022

DOI: 10.1111/acps.13434

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2022 The Authors. Acta Psychiatrica Scandinavica published by John Wiley & Sons Ltd.

Acta Psychiatr Scand. 2022;146:21–35. wileyonlinelibrary.com/journal/acps 21

https://orcid.org/0000-0003-1662-2720
https://orcid.org/0000-0002-0780-7099
https://orcid.org/0000-0002-6589-3116
https://orcid.org/0000-0001-9027-1047
https://orcid.org/0000-0001-8538-3175
mailto:lone.baandrup@regionh.dk
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/acps


Results: The central tests of fit of the Rasch model failed to satisfy the statisti-

cal requirements behind item homogeneity for the PANSS-30 as well as the

PANSS-6 total score. For the PANSS-30, Differential Item Functioning was pro-

nounced both for the 7-point Likert scale rating categories and when dichoto-

mizing the rating categories. Subsequently, the Rasch structure analysis in the

context of dichotomized items was used to isolate and estimate a systematic

error because of item inhomogeneity, as well as a random error. The size of the

combined sources of error for the PANSS-30 total score approximated 20%

which is often regarded as clinical cut-off between response versus no-

response.

Conclusion: The results demonstrate the operational consequences of a lack

of statistical fit of the Rasch model and suggest that the calculated measure of

uncertainty needs to be considered when using the PANSS-30 total score.
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1 | INTRODUCTION

The Positive and Negative Syndrome Scale (PANSS) was
developed more than 30 years ago by Kay et al.1 and has
been widely used in clinical trials of antipsychotic medica-
tion in schizophrenia.1–5 It was formed by combining two
existing rating scales, namely 18 items from the Brief Psy-
chiatric Rating Scale6 and 12 items from the Psychopathol-
ogy Rating Schedule.7 At the time of its development,
there was increased attention towards a two-dimensional
model of schizophrenia based on positive and negative
symptoms as markers of separate syndromes.8 In addition
to seven positive symptom items and seven negative
symptom items, the PANSS consists of 16 general psycho-
pathology items which were included as an adjunct to
the positive–negative assessment to serve as a point of ref-
erence for interpreting the syndromal scores.1 The original
PANSS publication emphasized that this approach was
selected because of theoretical considerations and stated
that the scale required empirical validation to determine
whether all chosen items were equally well suited and if
all suitable items had been chosen for inclusion. The total
score was therefore not mentioned in the original PANSS
publication, which focuses on assessing and defining the
positive and negative syndrome concepts separately.
Hence, the fact that the items are all relevant aspects of
schizophrenia does not by itself provide evidence that the
total score will adequately summarize the content of all
single items. One way to specifically address this issue is
to analyze the data using Rasch modeling, a statistical
model unambiguously built on the property that the total
score exhausts all information (i.e., is a statistically

sufficient statistic) concerning the underlying (latent)
schizophrenia symptom severity that the PANSS aims to
measure.9

The psychometric properties of the PANSS have his-
torically been assessed by (1) reliability indexes, for
example Cronbach's α, a measure of the internal consis-
tency among multiple items on the test, (2) factor

Significant outcomes

• The clinical information contained in all
30 PANSS items was not adequately and accu-
rately summarized by the total score.

• The PANSS-30 total score was associated with
marked systematic and random errors.

• Using the PANSS-30 total score implies a risk
of misinterpreting the efficacy of therapeutic
interventions.

Limitations

• The results are based on a sample of first-episode
schizophrenia patients and need replication in
other samples to show generalizability.

• A limited number of external variables were
included in the differential item functioning
analyses.

• Additional mathematical analyses of how
raters use the polymetric rating categories are
warranted.
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analyses that have been used for identifying sub-
dimensions of highly intercorrelated items, and (3) item
response theory (IRT) analyses that investigate whether
observed ratings of individual items capture a common
latent concept of the characteristics of schizophrenia as
well as the patient-related severity of schizophrenia from
the underlying latent trait. Regarding (1), the first psy-
chometric investigations of the PANSS reported good reli-
ability and high consistency of the positive, negative, and
general psychopathology scales.1,10 Regarding (2), multi-
ple factor analyses have documented that the 30-item
PANSS is not unidimensional and yields different num-
bers of factors with a variable content of identified fac-
tors. Thus, many different factor analysis-based versions
of the PANSS have been published, most of them rec-
ommending a five-factor model with factors
corresponding to positive symptoms, negative symptoms,
disorganized thinking, hostility/excitement, and depres-
sion/anxiety.11–16 However, studies have differed with
respect to which individual items contribute to each fac-
tor.16 Items composing a factor are characterized by com-
parable inter-item correlations to be distinguished from
other groups of items (factors), and only by this can they
be thought to reflect an underlying common domain.
This fact, however, does not justify summing the ratings
across items belonging to the same factor to form a total
score. Both reliability indexes and factor analysis repre-
sent classical types of analysis based on variance/co-
variance concepts without any relation to the concepts of
item homogeneity on which IRT is built. Regarding (3),
IRT models refer to statistical models that include latent
individual and latent item-related dimensions leaving
aside the specific parametric structure of the model.
Rasch analysis belongs to the general group of IRT ana-
lyses that represents a statistical approach utilizing a one-
to-one correspondence between a statistical model
(Rasch model) and basic psychometric properties of
objective comparisons or statistical sufficiency of the total
score in questionnaires and rating scales.17 Previous IRT
studies of the PANSS have focused on chronic patient
populations18–21 without evaluation of the PANSS total
score as a specific aim. The first and largest (N = 9205)
IRT analysis of the PANSS21 found that most of the items
performed psychometrically well, but that the sensitivity
to change of the PANSS total score was inadequate. An
IRT analysis of baseline PANSS assessments in chronic
schizophrenia (N = 1872) for each of five PANSS factors
suggested that modifications of the PANSS were required,
such as fewer rating options, adjustment of certain items,
and improved assessment of severe symptom severity.22

Despite these continued reports suggesting modifications
to the PANSS, the PANSS continues to hold its position
as the ‘gold standard’ in schizophrenia trials,23,24

including the use of factor-derived sum scores in prefer-
ence to the originally defined subscales.14,25 The scalabil-
ity of the PANSS total score has been evaluated using
Rasch methodology in both samples of hospitalized
patients with acute episodes of schizophrenia26 and in
chronic samples27 including patients with treatment-
resistant schizophrenia.28 These studies have concluded
that the Rasch model did not fit the 30-item PANSS total
score data, but that a suggested 6-item version (the
PANSS-6) fulfilled criteria for scalability. Consequently,
the PANSS-6 score was described as a psychometrically
meaningful measure of total symptom severity as
expressed by the individual items.

Since previous IRT analyses have focused mainly on
chronic samples and factor analysis-derived subscales of
the PANSS, there is a need for a detailed IRT evaluation
of the PANSS total score in patients with first-episode
schizophrenia. Additionally, there is a lack of knowledge
of the practical consequences of a misfit of the Rasch
model for the rating scale data. In fact, previously publi-
shed IRT models have not examined how a poor fit of
items affects the use of the PANSS total score in clinical
practice. This is of marked importance from both a clini-
cal and research perspective since the PANSS total score
is the ‘gold standard’ for measuring response versus non-
response in clinical trials.29

1.1 | Aims of the study

The present study aims to evaluate the psychometric
properties of the PANSS total score using different Rasch
analysis techniques, and to assess to what extent a poor
fit affects the subsequent clinical interpretation, with
clear implications for the practical usability of the
PANSS. In addition, Rasch analysis of the PANSS-6 in
this first-episode schizophrenia sample is provided to
evaluate the potential usability of this shortened PANSS
version.

2 | MATERIAL AND METHODS

2.1 | Description of the clinical data set

We used a composite data set of patients with first-
episode schizophrenia or schizophrenia spectrum disor-
der from three European large-scale trials: European
First-Episode Schizophrenia Trial (EUFEST),30 Optimiza-
tion of Treatment and Management of Schizophrenia in
Europe (OPTiMiSE),31 and Pan European Collaboration
on Antipsychotic Naïve Schizophrenia (PECANS).32,33

All included subjects were either medication-naïve or
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had limited lifetime exposure to antipsychotics (not more
than 2 weeks in the previous year or a total of 6 weeks
over one's lifetime). There were no symptom selection
criteria. The participants were assessed at baseline, then
commenced monotherapy in doses according to clinical
need with an antipsychotic agent (different drug regi-
mens in the different trials) and were finally assessed fol-
lowing similar time schedules. For the current analysis,
we used PANSS data from baseline and follow-up at 4–
6 weeks. In the EUFEST study, participants were ran-
domized to open-label haloperidol, amisulpride,
olanzapine, quetiapine, or ziprasidone; in the Optimize
and PECANS I studies, all participants received open-
label amisulpride; and in the PECANS II study, partici-
pants received open-label aripiprazole.

All participants provided written informed consent.
All trials complied with the Declaration of Helsinki and
were approved by the ethics committee of each partici-
pating center.

The mixture of data from several studies obeying the
same frame of reference in terms of items and sample
condition is a strength when analyzing fit of Rasch
models. In fact, the mixture imbedded in data may secure
a spread of patient severity levels which will not be met
by representative sampling in one population. The statis-
tical advantage of including parallel data into existing
data is not dependent on the number of observations pro-
vided this number exceeds the minimum for ensuring
adequate estimation of the parameters in the model. It is
in line with this to include both baseline and follow-up
data in the statistical analyses of model fit.

2.2 | The Positive and Negative
Syndrome Scale (PANSS)

The PANSS consists of 30 items, each rated on an under-
lying seven-point Likert scale (1 = absent, 2 = minimal,
3 = mild, 4 = moderate, 5 = moderate-to-severe, and
6 = severe, 7 = extreme). According to practice, the
scores on each item are added to the PANSS total score
which has been used as the primary outcome measure in
numerous randomized controlled trials investigating the
efficacy of antipsychotic drugs in patients with schizo-
phrenia.24 As described above, the 30 items were from
the introduction of the scale divided into three subscales
with seven items measuring positive (psychotic) symp-
toms (P1–P7), seven items measuring negative symptoms
(N1–N7), and 16 items measuring more general psycho-
pathology (G1–G16). In the current analyses, we took a
departure by examining the PANSS total score composed
of all 30 items. PANSS ratings were performed by clini-
cians who were trained in PANSS interviewing and

rating. The Structured Clinical Interview for PANSS
(SCI-PANSS) was used. Symptom severity was assessed
based on the presence and severity of symptoms during
the previous week.

2.3 | Statistical analyses

We first subjected the data to a general Rasch model with
seven response categories for test of fit (the partial-credit
Rasch model). Rasch models for M > 2, more than two
response categories (so-called M-dimensional Rasch
models34), include versions with nominal response cate-
gories (e.g., “yes”/“no”/ “don't know”) and models for
ordinal responses (e.g., “disagree a lot,” …”agree a lot”).
The model of relevance for the PANSS is the latter kind
offering the possibility of an analysis by means of fixed
threshold parameters (rating scale model, e.g., using
equidistant simple scoring) or the more general approach
containing varying threshold parameters. The last-
mentioned model was included as the first step of
analysis.

A consequence of the results obtained during this test
of fit was the introduction of a novel analysis
technique—denoted “structure analysis”—which is based
upon the original Rasch model techniques but is modi-
fied in such a way that a misfit discovered in the first step
of analysis can be operationalized in terms of limits for
the practical use of the 30-item total-scale scores. The last
step covers both the systematic error constituted by lack
of item homogeneity as well as the usual random error of
measurement, i.e., the standard error of measure-
ment (SEM).

1. The first step of analysis (the partial-credit Rasch
model) applying all seven rating categories (1–7, and)
was carried out using conditional pairwise item tech-
nique (RUMM 2030, 2011)35 where test of fit implies
testing for item homogeneity (i.e., testing for consis-
tency) of relative item prevalences across any sub-
group of patients, and across internal score level.
Special attention is given to tests of Differential Item
Functioning (DIF), that is, tests across available exter-
nal background variables like sex, age, data origin and
visit number and to tests revealing inconsistencies in
the administration of the underlying Likert scale. This
step does not assume constant response-threshold
values for all items and therefore leaves the possibility
of testing raters' consistent use of the basic response
Likert Scale. The general M-dimensional Rasch model
consists of M-dimensional items and individual
parameters (M = 7) defined through M separate nomi-
nal categories and is, consequently, not in focus for

24 BAANDRUP ET AL.



our ordinal data. Of note, RUMM 2030 uses an item
pairwise conditional approach in accordance with the
fundamental idea of separation of item parameters
and individual parameters. This approach avoids inad-
equacies generated by missing observations and
retains consistency and asymptotic unbiasedness.

2. Rasch structure analysis constitutes the second step of
analysis using dichotomized rating categories
(0 = symptom absent, corresponding to score 1;
1 = symptom present, corresponding to score 2, 3,
4, 5, 6, or 7) as consequence of misfit of the partial-
credit Rasch model. In fact, the primary test of fit of
the partial-credit Rasch model using all seven rating
levels clearly showed disordered rating categories, that
is, different ordering of threshold values across items
of the underlying ordinal rating categories. The M = 2
category Rasch model is less demanding still keeping
the concepts of symptom severity and prevalence in the
analytical framework. The total score on this dichoto-
mized scale ranges from 0 to 30. The dichotomization
is a methodological step and not a suggestion for clini-
cal implementation. However, it raises the issue of
using two or more response categories balanced with
the total number of items. In all cases, the total score
acts as a practical measure of severity and a brief dis-
tinction between the various scenarios can to a certain
extent be compared to measuring the height of a house
with or without the use of millimeters on the ruler.

Rasch analysis is a type of statistical analysis named
after the Danish mathematical statistician Georg Rasch
(1901–1980). Overall, Rasch models and Rasch analyses
are tied to a series of specific versions of mathematical
models created for a general M-dimensional qualitative
framework (see, e.g.,36). The models comprise various
quantitative ratings of the basic M-dimensional response
vectors (partial-credit) and, used here, the simple one-
dimensional (M = 2) Rasch model with two rating cate-
gories. It is a strong feature for all versions of the model
that a mathematical one-to-one correspondence exists
between the fit of the model to data and the fact that the
individual (patient) total scores are statistically sufficient,
i.e., they extract all information regarding the individual
level of symptoms. Rasch extended37 this one-to-one
equivalence through the property of ‘objective compari-
sons’ which establishes that the individual level of
schizophrenia symptoms can be calculated using any
subgroup of (homogeneous) items. These characteristics
provide the researcher of one-dimensionality with
an empirically based possibility of testing one-
dimensionality simply by testing whether the Rasch
model is an adequate description of the data. On the
other hand, if the model fails to fit the data, the total

patient score is not a sufficient statistic for the latent trait
of schizophrenia, and the scale scores do not represent a
valid measure of symptom severity. Testing of the Rasch
model is usually carried out by means of various numeri-
cal tests, e.g., likelihood ratio tests providing guidance
concerning the fit of the model in terms of p-values from
approximate chi-square tests. Such tests, however, do not
communicate information on how to interpret and
operationalize specific misfits in relation to practical use
of the patient total scores. The user is left with a calcu-
lated significance probability (p-value) that indicates only
whether the model ‘fits’ or the model “does not fit.”

It should be noted that the concept of dimensionality
is not part of the Rasch analysis because one operates
under the hypothesis that the model fits and thus is uni-
dimensional. In case of a particular misfit, an analysis of
the residuals can point to specific patterns suggesting the
existence of subdimensions.

The Supplementary material outlines how the system-
atic error specifically because of item inhomogeneity
(misfit) and the random error (SEM) based upon model
residuals are derived. Whereas the random error is calcu-
lated as the usual estimation error (SEM) following the
estimation of the latent symptom severity, the systematic
error refers to the variation imposed on expected score
level, which is imposed by item inhomogeneity as esti-
mated through simulation of the variation of observed
item inhomogeneity.

It is delineated in the Supplementary material how
each of these two sources of error impact the sensitivity
of the total score and the possibilities for diminishing
these effects. With respect to the fact that raters as
trained specialists can distinguish between ‘no sign of
symptom’ and “symptom present,” it follows that lack of
scalability is specifically connected to lack of proper man-
agement of the thresholds between the basic Likert scal-
ing. This is in agreement with two basic rules of PANSS
rating: (1) that a score of 2 (defined as minimal psychopa-
thology) should only be used when in doubt whether
scoring 3 (mild psychopathology) is applicable and never
when no psychopathology is present, and (2) that the
highest applicable severity rating should always be
assigned if the patient meets criteria for lower ratings as
well. This means that grouping the score 2 into the cate-
gory “symptom present” is more likely to protect from
misclassification into the dichotomized categories than
when grouping score 2 into the ‘symptom absent’
category.

To additionally evaluate the scalability of the short-
ened PANSS-6 that has been suggested as a clinically rel-
evant and more scalable alternative to PANSS-30,26 we
added a Rasch analysis of the PANSS-6 as it performs in
the current sample.
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3 | RESULTS

3.1 | Demographic data of the study
sample

A total of 1073 participants with PANSS data at baseline
and follow-up at 4 or 6 weeks were included. Age, sex,
and eligibility criteria were comparable between the
three data sets from the EUFEST, OPTiMiSE, and
PECANS trials, respectively (Table 1). More than half of
the sample was male, aged in the mid-twenties and with
a PANSS total score indicating moderate level of illness.

3.2 | Partial-credit Rasch model

Item homogeneity tests for the 30-item PANSS showed
that the full M = 7 partial-credit Rasch model did not fit
the data using either the original seven-point rating cate-
gories or a dichotomized version of the scale (Table 2 and
Supplementary Table S1). A test of item homogeneity
across score levels and time points (baseline to follow-up)
showed DIF, that is, the model did not adequately describe
the data (Table 3). An item is labeled as having DIF when
the item prevalence is not constant but varies across
patient subgroups. This implies that patients from different
groups (e.g., different sex) with the same latent symptom
severity have an unequal probability of item scoring—in
contradiction with the Rasch model. A serious aspect of
the missing fit to the Rasch model is that the administra-
tion of the thresholds between the Likert scale ratings

showed non-consistency across items. This indicates that
the basic Likert ratings for each item were not working
properly, that is, the values of each specific rating were
not perceived identically across different items.

A consequence of model misfit to data usually points
to a reformulation of the theoretical model. In case of data
not meeting the requirements set by the Rasch model, the
situation is different. First, the unambiguous relation
between sufficiency of total scores and the model prevents
reformulation of the theoretical model because sufficiency
of the total score is not generalizable and will be
maintained as a practical property using the rating scale.
Second, the items under investigation might be switched
with new items fitting the model or just omitted without
rejecting the model as fixed reference. When tests of fit fail
in case of polytomous responses with clear indication of
inadequate handling of the underlying seven-point
response scale, the next step of analysis will consequently
be based on dichotomized item scorings in order to inves-
tigate if at least a consistent distinguishment between
“present” and “not present” is possible.

3.3 | Rasch structure analysis

The basic table (matrix) of dichotomized responses from
the PANSS scores is shown in Supplementary Table S2.
As an example, it can be read from Table S2 that
14 patients in total score group 9—which contains
nr = 41 patients in total—have received prevalence scor-
ing of “1” to item number 1 (corresponding to item P1

TABLE 1 Baseline characteristics for each of the trials

EUFEST N = 498 OPTiMiSE N = 446 PECANS I-II N = 129

Sex, male—N (%) 298 (60%) 312 (70%) 66 (51%)

Age—mean (SD) 25.98 (5.55) 25.96 (6.00) 23.73 (5.37)

PANSS total baseline—mean
(SD)

88.46 (20.60) 78.15 (18.70) 79.42 (15.60)

PANSS total 4–6 weeks
follow-up—mean (SD)

68.99 (21.20) 58.37 (18.48) 62.23 (13.92)

Inclusion criteria 18–40 years
DSM-IV criteria for
schizophrenia,
schizophreniform disorder, or
schizoaffective disorder

18–40 years
DSM-IV criteria for
schizophrenia,
schizophreniform disorder, or
schizoaffective disorder

18–45 years
ICD-10 criteria for
schizophrenia or
schizoaffective psychosis

Exclusion criteria ≥2 years since symptom onset
Use of antipsychotics for
≤2 weeks in the previous year
or ≤6 weeks lifetime

≥2 years since symptom onset
Use of antipsychotics for
≤2 weeks in the previous year
or ≤6 weeks lifetime

Any use of lifetime
antipsychotics

Use of antidepressants or mood
stabilizers within the previous
month

Substance abuse in the previous
3 months
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Delusions). From Table S1, according to step 2 of the
analysis, the matrix of residuals is then calculated in Sup-
plementary Table S3, which can be used to highlight and
identify deviances from the Rasch model as well as being
the source for exploring how precisely the total score
works as an indicator of schizophrenia symptom severity.

The distribution of responses across the seven rating
categories is shown in Supplementary Table S4. A distinct
bimodal pattern was revealed with one mode in score
1 and another mode in score 3, supporting the impression
that raters properly distinguished the dichotomy of
“symptom absent” (score 1) versus “symptom present”
(score 2, 3, 4, 5, 6, or 7).

The residuals from Table S2 were mainly contained
in the interval [�1.50; 1.50]. It is clear from Table S2 that
the largest deviations from the Rasch model can be found
for small and large score values, and furthermore, it
seems that especially item numbers 8 (N1 blunted affect)
and 20 (G6 depression) are extreme, counting the num-
ber of ±0.8-deviating residuals. These results indicate the
practical use of the residuals when attempting to point at
possible zones of misfit to the Rasch model.

From relations of the kind shown in Figure 1, the degree
of inhomogeneity is read from deviations around the straight
line (slope = 1) which, according to the Rasch model, repre-
sents strict consistency of the latent item prevalence. These

TABLE 2 Tests of homogeneity using residuals and across score levels (original 7-graded response categories). The model is rejected

(p < 0.05) for most items

Item Location SE Residual Chi-square DF Probability F-statistics DF1 DF2 Probability

P1 �0.149 0.020 0.715 7.210 9 0.615 0.800 9 1962 0.616

P2 �0.117 0.020 �2.555 43.978 9 0.000 5.566 9 1962 0.000

P3 �0.024 0.021 2.032 54.362 9 0.000 6.811 9 1962 0.000

P4 �0.273 0.019 1.597 17.543 9 0.041 2.085 9 1962 0.028

P5 �0.387 0.019 3.370 29.761 9 0.000 3.050 9 1961 0.001

P6 �0.018 0.019 0.722 41.389 9 0.000 4.584 9 1962 0.000

P7 0.094 0.021 �4.051 50.785 9 0.000 7.041 9 1962 0.000

N1 �0.646 0.018 �2.984 22.112 9 0.009 2.849 9 1962 0.002

N2 �0.230 0.019 �6.169 87.342 9 0.000 13.169 9 1962 0.000

N3 �0.134 0.017 3.214 12.392 9 0.192 0.466 9 1895 0.898

N4 0.264 0.021 �0.593 7.033 9 0.634 1.925 9 1895 0.044

N5 0.275 0.021 5.100 131.062 9 0.000 7.532 9 1895 0.000

N6 �0.485 0.018 �1.662 20.207 9 0.017 1.241 9 1895 0.265

N7 0.222 0.022 �1.099 23.255 9 0.006 2.556 9 1894 0.006

G1 0.090 0.020 7.055 124.478 9 0.000 11.129 9 1962 0.000

G2 �0.879 0.060 0.485 16.061 9 0.066 1.750 9 1895 0.073

G3 0.937 0.052 6.864 85.515 9 0.000 7.714 9 1895 0.000

G4 �0.385 0.055 �2.033 28.108 9 0.001 3.377 9 1895 0.000

G5 1.383 0.054 0.803 8.183 9 0.516 0.893 9 1894 0.531

G6 0.008 0.053 6.641 115.390 9 0.000 10.667 9 1895 0.000

G7 0.785 0.052 3.526 20.241 9 0.017 2.102 9 1895 0.026

G8 1.594 0.055 �3.079 35.372 9 0.000 4.775 9 1895 0.000

G9 �0.764 0.059 �1.722 13.336 9 0.148 1.510 9 1895 0.139

G10 1.614 0.056 5.046 77.070 9 0.000 6.959 9 1895 0.000

G11 �0.285 0.055 �4.604 40.188 9 0.000 5.610 9 1895 0.000

G12 �1.369 0.067 �1.456 15.739 9 0.073 1.850 9 1895 0.055

G13 0.101 0.053 �6.416 87.966 9 0.000 12.987 9 1895 0.000

G14 0.963 0.052 0.923 8.959 9 0.441 1.087 9 1895 0.369

G15 �0.008 0.053 �6.585 71.778 9 0.000 10.690 9 1894 0.000

G16 �0.424 0.056 �3.167 29.153 9 0.001 3.581 9 1895 0.000
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deviations reflect inhomogeneity and, given the number of
observations behind axes, random deviations as well. An
example is shown in Figure 1, where r-group number 18 is
related to the total average across rows.

3.4 | Simulation of size of systematic and
random error

Figure 2 displays the effect of item inhomogeneity, esti-
mated from relations such as those shown in Figure 1

and simulated with data processed under the Rasch
model with varying item prevalence. As a result of the
simulation, the curves in Figure 2 are generated so that
the distance between the extreme curves in terms of the
two horizontal lines (the distance marked in red between
the two arrows) shows that the simulated systematic
error because of item inhomogeneity is approximately ±2
points. In other words, the maximum difference (system-
atic measurement error) in the total score for this patient
is ±2 points measured on the dichotomized scale. In
addition to this error, random variation should be added.

TABLE 3 Tests of item homogeneity across internal variables: score level and visits. Class interval represents homogeneity between

score levels on the individual items (internal consistency), Visits represents homogeneity in scoring between visits (external consistency),

and Class Interval*Visits represents the interaction term between internal and external consistency (p < 0.05 indicates low consistency)

Class interval Visits Class Interval*Visits
Total DIF

F DF Probability F DF Probability F DF Probability

P1 0.82 9 0.593 40.194 1 0.000 3.08 9 0.001 0.000

P2 5.71 9 0.000 15.537 1 0.000 4.56 9 0.000 0.000

P3 6.96 9 0.000 16.290 1 0.000 3.59 9 0.000 0.000

P4 2.10 9 0.025 10.887 1 0.001 2.11 9 0.013 0.000

P5 3.05 9 0.001 16.093 1 0.000 �0.06 9 >0.05 0.113

P6 4.76 9 0.000 71.027 1 0.000 1.65 9 0.071 0.000

P7 7.12 9 0.000 0.740 1 0.389 2.94 9 0.000 0.000

N1 3.08 9 0.001 182.765 1 0.000 �0.91 9 >0.05 0.000

N2 13.18 9 0.000 42.438 1 0.000 �2.48 9 >0.05 0.252

N3 1.35 9 0.203 78.789 1 0.000 7.72 9 0.000 0.000

N4 0.77 9 0.638 16.712 1 0.000 1.09 9 0.315 0.002

N5 12.10 9 0.000 0.557 1 0.455 2.82 9 0.015 0.020

N6 2.57 9 0.005 110.322 1 0.000 �0.24 9 >0.05 0.000

N7 2.66 9 0.004 3.138 1 0.076 0.78 9 0.557 0.364

G1 11.15 9 0.000 10.248 1 0.001 0.69 9 0.855 0.133

G2 4.45 9 0.000 5.836 1 0.015 4.55 9 0.000 0.000

G3 15.39 9 0.000 1.443 1 0.229 2.38 9 0.056 0.055

G4 1.93 9 0.043 6.695 1 0.009 0.16 9 0.997 0.606

G5 0.74 9 0.668 10.171 1 0.001 1.79 9 0.051 0.002

G6 20.90 9 0.000 13.024 1 0.000 0.62 9 0.881 0.065

G7 1.21 9 0.280 46.622 1 0.000 0.77 9 0.657 0.000

G8 7.65 9 0.000 0.147 1 0.701 2.32 9 0.001 0.000

G9 3.89 9 0.000 44.533 1 0.000 0.40 9 0.905 0.000

G10 1.18 9 0.297 1.068 1 0.301 1.77 9 0.095 0.101

G11 6.71 9 0.000 0.001 1 0.970 1.16 9 0.199 0.267

G12 3.25 9 0.000 0.035 1 0.852 0.97 9 0.512 0.603

G13 10.52 9 0.000 9.248 1 0.002 5.10 9 0.000 0.000

G14 1.87 9 0.051 3.050 1 0.080 1.11 9 0.283 0.175

G15 13.77 9 0.000 1.672 1 0.196 3.45 9 0.000 0.000

G16 2.42 9 0.009 0.227 1 0.633 0.84 9 0.515 0.588

Abbreviation: DIF, Differential Item Functioning.
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It is calculated from the Rasch model that the random
error of the PANSS total score (using the dichotomized
scale) is four points, visualized (in green) in Figure 2 as
simple confidence limits in one of the score distributions
(i.e., one curve) from the simulations. The impact of level
of inter-rater reliability was but a fraction of the demon-
strated sum of systematic error (because of item inhomo-
geneity) and random error (see Supplementary material).

3.5 | Analysis of PANSS-6 testing
complete Rasch homogeneity

Testing the items of the PANSS-6 for item homogeneity
clearly showed that the partial-credit Rasch model did not
fit the data. In fact, marked DIF (across sex, age, and time)
documents severe inhomogeneity (Table 4). The clinical con-
sequences of this misfit to the model were further reflected
in a very low Person Separation Index (PSI) of 0.72 demon-
strating low general reliability. The average SEM (Table 4)
amounted to a level where individual confidence limits for
measuring symptom severity by the PANSS-6 total score
covered about half of the range of the total scale making it
impossible to separate two individuals from each other.

4 | DISCUSSION

This study describes the formalities behind a detailed psy-
chometric evaluation of the PANSS total score in a large

FIGURE 1 Relation between relative item prevalence for

specific score group (Y-axis) versus relative item prevalence across

all score groups. Thirty PANSS items included. Expected structure

under Rasch model: Straight line, slope = 1

FIGURE 2 Systematic and random error of the PANSS total score. The figure illustrates a subject with latent (“true”) level of symptoms

of σv = 2.00 (i.e., severe degree of symptom severity) and the maximum effect of imprecise measurement caused by inhomogeneity
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sample of patients with a first psychotic episode treated
with different antipsychotics. The partial-credit Rasch
model with unidimensional equivalent scoring of the
underlying Likert scale did not fit the data from this first-
episode schizophrenia sample, indicating that the
30-item total score did not adequately reflect the clinical
content summarized by the PANSS. The same holds true
for the PANSS-6 as evaluated in this sample of first-
episode patients.

To further explore the reason for and consequences of
this lack of fit, including the fact that the underlying
Likert response scale did not work, we applied Rasch
structure analysis on a re-scaled data set of dichotomized
responses. This method examines in detail the most basic
elements behind the building of the PANSS total score.
The results of this approach showed that the systematic
error associated with the confirmed item inhomogeneity
was approximately two points, while the stochastic ran-
dom error (SEM) accounted for approximately four
points—based on dichotomized item scorings. These two
error sources have a complicated stochastic interaction
and cannot, therefore, simply be added. The ±4 points
because of SEM is in line with the limits observed in
standard trials with 30 items involved (questionnaires
and educational tests38). Viewed from this perspective, a
±2-point deviation in the expected level because of item
inhomogeneity is a moderate size of error. The worst-case
scenario, consequently, is that the two sources of error
may sum up to approximately six points when consider-
ing a patient with severe symptom severity. As illustrated
in Figure 2, this sum of ±6 points represents the worst-
case maximum total error margin associated with the
dichotomized version of the PANSS total score. As stated
previously, the dichotomization of the rating data is a
step taken because a consistent use of the full 7-point

underlying Likert scale was rejected by the analysis. This
means to evaluate the consequences of a misfit to the
Rasch model should not be interpreted as a suggestion
for a new rating standard. The PANSS with the 1–7
Likert scale rating categories extends to 210 as the maxi-
mum total score although this is more in theory than in
practice, because some items are inter related, for exam-
ple, N4 (passive/apathetic social withdrawal), and G16
(active social avoidance) should seldomly be assigned a
high score at the same visit, and even close to mutually
exclusive, for example, G9 (unusual thought content)
rated 5 or higher is not compatible with P1 (delusions)
rated less than 3—a fact that might explain part of the
misfit to the Rasch model which assumes stochastic inde-
pendence between all item responses. A total score of
30 on the dichotomized scale is a likely scenario because
it implies only that no items are rated as absent (1 on the
original 7-point scale). When considered in relation to
this 30-point maximum score using dichotomized rating
categories, the sum of ±6 points amounts to 20% of the
total score. If this size of combined error is compared
(justified because there is a one-to-one relation between
raw scores and latent scale scores σ) to the ordinary
PANSS with seven rating categories, it matches what is
often considered to be the cut-off for clinical response,
that is, a symptom reduction from baseline to follow-up
of 20%.39 The two sources of error, systematic and ran-
dom, are embedded in the dichotomized framework and
therefore represents raters' judgment of “present” versus
“not present.” The translation to the situation with the
7-point Likert scale involves beyond these sources of
error a supplementary aspect of missing consistency in
managing the underlying 7-point scale—as demonstrated
in the Rasch analyses of the full 7-point Likert scale. Cal-
culating total scores from the full 7-point scale is

TABLE 4 P-values for test of fit of Rasch model against PANSS-6 data

Significance probabilities for tests of fit (P-values)

Internal tests across score groups External tests across levels of sex, age and time

Items PANSS-6 Score level DIF sex DIF age DIF time

P1 0.001 0.016 0.000 0.000

P2 0.000 0.577 0.377 0.000

P3 0.060 0.011 0.208 0.000

N1 0.001 0.025 0.000 0.000

N4 0.006 0.102 0.562 0.000

N6 0.000 0.135 0.000 0.000

Patients Personal Separation Index (PSI) = 0.721 Mean standard error of measurement (SEM) = 0.521

Note: P-values for test of Differential Item Functioning (DIF) across sex, age, and visit (time) (external reference tests). P-values for test of fit calculated across
eight score levels (internal reference test). Mean values (SEM: Standard Error of Measurement) and PSI (Personal Separation Index) calculated across all
patients.
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therefore affected by both the two error sources men-
tioned and a contribution arising from a non-systematic
use of the seven Likert points.

Our group has previously published a Rasch analysis
on the PANSS negative subscale which found that the
negative subscale score was not an adequate measure of
negative symptom severity.40 The current study contrib-
utes knowledge beyond the previous results by consider-
ing the PANSS total score and exploring the practical
consequences of continued use of the PANSS total score
despite the documented problems with its underlying
scale properties.

The statistical analyses involve the concept of system-
atic versus random error. The random error is to be reg-
arded as separate from the fundamental probability-
based choice among “symptom absent” and “symptom
present.” In fact, random error is solely related to the
accuracy by which the parameters of the model are esti-
mated. When focusing on the individual patient parame-
ters (the severity) this random error may emerge as
confidence limits and compared with limits on the
patient-scores may contribute to a discussion of how
accurate the measurement of schizophrenia symptoms is
when carried out in the clinic by means of the PANSS.
The main contributor to the magnitude of this random
error, the SEM, is the number of items applied. It is in
the frame of Rasch models not possible to increase the
accuracy, that is, decreasing the SEM, by expanding a
dichotomous response scale to include more than two
categories, for example, the seven rating categories of the
PANSS. The reference to the concept of systematic error
within the Rasch model is a reference to the specific error
originating from lack of item homogeneity. In a way, it
can be compared to the systematic error imposed on a
linear model in case the data structure is non-linear, but
as an approximation is taken as linear. It should be noted
that traditional factor analyses, both theoretical and con-
ducted through empirical demonstrations, are far from
able to conceptionally handle these two sources of errors.
At best, stochastic errors emerge as part of the “variance
explained” index in factor analysis.

4.1 | Implications for clinical practice
and future research

The present analysis also indicates which items and score
levels mostly contributed to the non-fit of the Rasch
model. The largest deviations from the Rasch model were
found for high and low score values, and specifically for
items N1 (blunted affect) and G6 (depression). This could
serve as a future guide for revision of the PANSS to
increase the psychometric validity through such measures

as excluding items N1 and G6 and reducing the number of
available rating categories. However, in a recent meta-
analysis14 of 45 published factor analyses of the PANSS,
the five-factor model was endorsed with N1 belonging to
the negative factor and G6 belonging to the depression-
anxiety factor. Thus, both of these items were retained and
considered as core items. Consequently, the symptoms
these items represent should most likely be retained, but
they should be revised into other items that better reflect
the latent values of these parameters. A previous IRT anal-
ysis of five PANSS factors in a sample of chronic schizo-
phrenia patients has documented that information
assessment was of little reliability when symptom severity
was low or high, whereas it showed better reliability with
moderate levels of symptom severity.22 This is supported
by our findings of the largest deviations from the Rasch
model for low and high score values.

Given the heterogeneity of schizophrenia illness,
development of next-generation rating scales has focused
on the negative symptom domain because of its high pre-
dictive power of functional outcomes.41 Some promising
alternative negative symptom rating scales have been
developed including the Clinical Assessment Interview
for Negative Symptoms (CAINS)42 and the Brief Negative
Symptom Scale (BNSS).43 The rating scales were devel-
oped based on research determined conceptualization of
the negative symptom domain into anhedonia, asociality,
alogia, and blunted affect.44 Another possible alternative
or supplement to the PANSS is the inclusion of relevant
patient-reported outcome measures (PROMs), that is, as
recommend in the ICHOM (International Consortium
for Health Outcomes Measurement) standard set for psy-
chotic disorders.45 PROMs are increasingly being used in
addition to clinician-rated outcome measures and are
requested by a range of stakeholders but have not yet
gained importance as choice of primary outcome in most
schizophrenia trials. A review of psychometric properties
of other established clinician-rated schizophrenia symp-
tom rating scales like the Scale for Assessment of Positive
Symptoms (SAPS)/the Scale for Assessment of Negative
Symptoms (SANS) is beyond the scope of this article, but
evaluation has focused on factor analyses46 with few pub-
lished analyses based on IRT.47

The 30 items of the PANSS can be considered as a set
of symptoms justifying its current role as ‘gold standard’.
The background for viewing exactly this collection of
symptoms as an appropriate content core lies solely in
clinical considerations and is, consequently, not inher-
iting any psychometric properties or contemplations.
However, since requirements of objectivity has entered
modern scale analysis, especially Rasch model analysis
has been used to check collections of symptoms, like the
30 PANSS items, for psychometric properties directed
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specifically towards the use of total scale scores as a suffi-
cient measure, exhausting all information from the items.
During this process, items are evaluated beyond the origi-
nal considerations leading to inclusion of an item in the
collection of symptoms. In fact, they are now tested for
the property of item homogeneity which is a property all-
owing the items to form part of a statistically sufficient
total score. Very often, the psychometric analysis implies
that items are removed from the original set of symp-
toms. It is obvious, but unfortunately not testable, that
vital aspects of the content validity are lost during this
process. It has, therefore, been a central aspect of our
analyses to keep the original collection of 30 PANSS
symptoms as the “gold standard,” preserving the original
content, and to evaluate the outcome measure, that is,
total score of the scale, in view of the modern psychomet-
ric requirements to estimate how accurate the total score
is against day-to-day clinical practice use of the PANSS.
The combined measurement errors demonstrated here
suggest to group changes in PANSS total score into more
broad categories, for example, minor, moderate, or major
improvement, rather than relying closely on the absolute
values before and after treatment.

4.2 | Shortened versions of the PANSS

Attempts to condense and shorten the PANSS have been
published in various forms. Østergaard et al.26 used the
Rasch model to examine the scalability of the full PANSS
(PANSS-30) and several shorter versions of the scale. The
data set was obtained from a randomized controlled trial
(N = 229) involving acutely ill hospitalized patients with
schizophrenia. The authors found that neither the
PANSS-30, the PANSS-14, nor the PANSS-8 fitted the
Rasch model, but the PANSS-6 (P1 delusions; P2 concep-
tual disorganization; P3 hallucinations; N1 blunted affect;
N4 social withdrawal; N6 lack of spontaneity, and flow of
conversation) showed better psychometric properties.
This analysis was based on ordinal properties of the items
only, i.e., there was a weaker requirement than that spec-
ified by the Rasch model, which requires mathematical
consistency of items across DIF variables. Thus, the test
of fit did not as strictly mathematically conform to the
Rasch model as our analysis presented here. Further-
more, the published Rasch chi-square tests in Østergaard
et al.26 were, in fact, not specifically testing the hypothe-
ses of constant ordering. Consequently, it is questionable
whether their analyses can be said to comply with the
overall Rasch model which requires absolute consistency
(equivalence) between item values across subgroups and
not only constant order of ranking. The same author
group examined the scalability of the PANSS-30 and the

PANSS-6 in the Clinical Antipsychotic Trials of Interven-
tion Effectiveness (CATIE) data set comprised of 1493
patients with chronic schizophrenia.27 The authors
reported similar fit of the PANSS-6 data to the Rasch
model, but not for the PANSS-30. Again, the analysis was
performed in accordance with obvious rankings of esti-
mated parameters and thus was not comparable with our
analyses presented here. The lack of rigor in applied
Rasch modeling compared with our methods probably
explains why the PANSS-6 could not be considered as
scalable in our study but was evaluated as scalable in the
studies by Østergaard et al.26–28 Another contributing
explanation of the discrepancy may be found in the dif-
ferent characteristics of the studied samples; while the
current study focuses exclusively on first-episode
patients, PANNS-6 was previously tested only in more
chronic samples.26–28

When opting between shortened versions of the
PANSS, it must be considered that efforts to establish
shorter versions of the PANSS meet the challenge of
increasing the SEM with a reduced number of items. It is
straightforward to show that rating scales, questionnaires,
and educational test booklets constructed with few items
(usually fewer than 15) have severe error measurement
(SEM) problems, even if the items are all homogeneous.48

Despite the fact that IRT has the potential to reduce the
number of items without compromising the reliability and
validity of a measure like the PANSS, it does not solve the
problem that removing items will imply a less comprehen-
sive assessment of certain aspects of a syndrome.

4.3 | Strengths and limitations

The main strengths of this analysis include a large sam-
ple of patients with first-episode schizophrenia and a sta-
tistical approach that examines the core of the PANSS
score matrix. This is the first attempt to examine the
PANSS total score using the IRT approach in a sample of
patients with first-episode schizophrenia spectrum disor-
ders. Another strength is that the data set was not
restricted by symptom selection criteria as has been the
case in previous IRT analyses of industry-based clinical
randomized trial data.22 Furthermore, this study adds to
the literature by demonstrating exactly how a poor fit
affects the clinical interpretation of the PANSS total
score.

It is a limitation of the analyses that the theoretical
aspects of a non-functioning scoring system (1–7) and
item inhomogeneity have not been evaluated in any
detail in this study, as the systematic error because of
item inhomogeneity was clearly detected when dichoto-
mizing the scorings. Additional mathematical analyses
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(beyond the scope of this paper) that examine how raters
use the polymetric response scale 1–7 may provide infor-
mation on why raters seem to perform non-systematically
in this respect. Another limitation, as is always the case
with Rasch models requiring general item homogeneity
across all relevant external variables, is that there might
be external variables other than those included (sex, age,
and visit number) in the analyses with significant impor-
tance for the DIF analyses. Additional analyses using
more external variables could enable more exact knowl-
edge concerning DIF aspects. The nature of this sample
as confined to first-episode schizophrenia or schizophre-
nia spectrum disorder and European origin means that
the results must be replicated in another sample with dif-
ferent characteristics to be considered generalizable
beyond the current sample. However, evaluation of this
specific sample was part of the aim of our study because
previous Rasch/IRT models have focused on more
chronic and acute but not first-episode samples. It is part
of the nature of Rasch model analysis that item analysis
can be carried out independently of the individual
parameters (conditional approach like in RUMM 2030).
Consequently, looking for generalizability beyond the
study sample is not a matter of varying levels of schizo-
phrenia symptom severity in different populations, but
rather linked to an expectation of varying relations
between item prevalences.

To conclude: We conclude that use of the PANSS-30
total score in research or clinical practice needs to con-
sider the notable measurement error which is particularly
pronounced in patients with severe and mild symptom
severity. This means that there is a risk that using the
PANSS total score will lead to misinterpretation of the
efficacy of therapeutic interventions, and that continuous
research to ensure valid and reliable outcome measures
should be prioritized.
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