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Abstract

We used item response theory (IRT) to (a) investigate the dimensionality of the
Symptom Checklist-90-Revised (SCL-90-R) in a severely disturbed patient
group, (b) improve the subscales in a meaningful way and (c) investigate the
measurement precision of the improved scales. The total sample comprised
3078 patients (72% women, mean age=35�9) admitted to 14 different day
hospitals participating in the Norwegian Network of Personality-focused
Treatment Programmes. Mokken Scale Analysis was used to investigate the
dimensionality of the SCL-90-R and improve the subscales. This analysis was
theory-driven: the scales were built on two start items that reflected the content
of the disorder that corresponds with the specific scale. The Graded Response
Model was employed to determine measurement precision. Our theory-driven
IRT approach resulted in a new seven-factor solution including 60 of the 90
items clustered in seven scales: depression, agoraphobia, physical complaints,
obsessive-compulsive, hostility (unchanged), distrust and psychoticism. Most of
the new scales discriminated reliably between patients with moderately low
scores to moderately high scores. In conclusion, we found support for the
multidimensionality of the SCL-90-R in a large sample of severely disturbed
patients. Copyright © 2011 John Wiley & Sons, Ltd.
Introduction

The Symptom Checklist-90-Revised (SCL-90-R) (Derogatis,
1994) is a popular self-report inventory which is widely used
as an assessment instrument for psychological distress;
it is both used to obtain an estimation of the general
symptom level (Global Severity Index, GSI) as well as
to assess a variety of dimensions of psychopathology.
The 90 items were designed to cover nine different
subscales (factors) of psychological distress: somatization
e39
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(Som), obsession-compulsion (Obs), interpersonal sensitiv-
ity (Int), depression (Dep), anxiety (Anx), hostility (Hos),
phobic anxiety (Pho), paranoid ideation (Par), and psycho-
ticism (Psy). Each item is scored on a scale ranging from zero
(“not at all”) through four (“extremely”).

Even though studies have consistently shown high
correlations between the SCL-90-R subscales, they have
not been consistent with respect to the factorial structure
(Dinning and Evans, 1977; Cyr et al., 1985; Brophy et al.,
1988; Hafkenscheid, 1993; Holi et al., 1998; Schmitz et al.,
2000; Olsen et al., 2004; Arrindell et al., 2006). The way
researchers have interpreted the correlations differs as
well. Some authors concluded that several of the subscales
cannot be distinguished very well from each other due to
the high correlations (Cyr et al., 1985; Hafkenscheid,
1993, 2004). In contrast, others claim that the high
correlations are a direct and valid result of the high
comorbidity between certain disorders, as well as the
overlap in symptomatology between specific disorders
(Arrindell et al., 2004a, 2004b; Arrindell et al., 2006).
Vassend and Skrondal (1999) pointed out that the high
correlations among the subscales could be caused by an
underlying structure generating factor (dimension) such
as negative affectivity (NA). To test this, they used
exploratory factor analysis (EFA) to compare the
dimensionality for two groups: one group with a low
level and one group with a high level of NA. They found
eight factors in the low-NA group and only four in the
high-NA group. These results demonstrate that the
dimensionality of the SCL-90-R is dependent on external
variables (such as level of NA).

Although most studies that report on the validity of the
SCL-90-R or SCL-90 make use of a form of factor analysis,
there are some exceptions. Pedersen and Karterud (2004)
investigated the predictive validity of six of the nine
subscales: scores on Som should be related to somatoform
disorder and panic disorder, Obs to obsessive-compulsive
disorder, Int to social phobia, Dep to major depression
and dysthymic disorder, Anx to generalized anxiety
disorder and Pho to agoraphobia. They found that
Derogatis’ measure of “caseness” (either a GSI score or
two or more subscale scores at or above a T-score of 63)
functioned well as a screening device for having an
unspecified Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-IV) axis I disorder.
However, although they found some support for the
predictive validity of the six investigated subscales
(indicated by significant relationships with the associated
disorder), the authors concluded that the relationships
they found were not strong enough for screening
purposes. Additionally, the cut-off scores had only slightly
Int. J. Meth
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better screening properties than expected by chance for
most diagnostic groups.

Only a few studies have been published on the validity
of the SCL-90-R that made use of the item response
theory (IRT) (Olsen et al., 2004; Elliott et al., 2006). IRT is
a collection of mathematical models and statistical
methods that has become an increasingly popular
approach to the development, evaluation and administra-
tion of psychological measures (Meijer and Baneke, 2004;
Reise et al., 2005) and offers advantages over classical test
theory (CTT) in assessing self-reported screening mea-
sures. Using IRT to investigate the internal validity of the
Danish version of the SCL-90-R in a community sample,
Olsen et al. (2004) found that the items belonging to
subscales Som, Obs, Int, Dep, Anx and Pho formed a
strong unidimensional scale. As is to be expected for a
community sample, the mean scores on the subscales were
relatively low in this study, ranging from 0.13 (Pho) to
0.63 (Obs). Elliot et al. (2006) used the Rasch rating scale
model (an extension of the original Rasch model that
requires dichotomous data) to enhance the understanding
of the strengths and limitations of the SCL-90-R, using
two clinical samples. In spite of their results indicating
that the SCL-90-R categories advance monotonically from
zero (“not at all”) through four (“extremely”), the patients
did not effectively discriminate between two (“moderate-
ly”) and three (“quite a bit”) in this study. Additionally,
the authors concluded that the subscales resulted in quite
poor person separation and thus might not be very useful
for distinguishing between patient populations. They
found one big factor measuring overall clinical distress,
with two small residual subscales, measuring depressive
motivational deficit and social distress.

In summary, the validity of the SCL-90-R remains
unclear. The factorial structure does not seem to be
invariant, the relationship between the subscales and their
associated diagnoses has not been found sufficient for
screening purposes and its ability to distinguish between
patient populations is questionable. In this study, we
propose an analytic strategy that uncovers the dimen-
sionality of the SCL-90-R while at the same time ensuring
that the content of the resulting scales reflects the content
of their associated diagnoses. To evaluate the dimension-
ality (factorial structure), we first perform a confirmatory
analysis, followed by an exploratory analysis. The starting-
point of the exploratory analysis is based on DSM-IV
criteria: two items are chosen per subscale that best reflect
the corresponding axis I disorder (if applicable). This is
the starting pair, around which the exploratory analysis
builds the scale. The items are chosen by the last two
authors of this paper, who have extensive experience in
ods Psychiatr. Res. 20(3): e39–e55 (2011). DOI: 10.1002/mpr
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the treatment of clinical patients. The chosen items reflect
two distinct aspects of the disorder, if such items are available
for the given subscale, thus preventing the resulting scale
from becoming too narrow-band (Cronbach, 1954;
Egberink andMeijer, 2011). A non-parametric IRTmodel
(Sijtsma and Molenaar, 2002; Meijer and Baneke, 2004) is
used to assess the dimensionality and a parametric IRT
model (Embretson and Reise, 2000) to assess the
measurement precision of the SCL-90-R. We favour IRT
over more traditional methods, since it facilitates the
following three aims of our study:

(i) creating clinically meaningful scales by entering two
items as a starting pair around which the exploratory
analysis builds the scale (non-parametric IRT);

(ii) investigating item-functioning given the estimated
score on the latent trait (for example depression;
both non-parametric and parametric IRT);

(iii) assessing measurement precision: can the scales
reliably distinguish patients from each other across
different values of the latent trait scale? (parametric
IRT).

Because a scale may have different psychometric
properties when applied to different populations, we split
our sample in two clinically distinct subgroups and
investigate whether the dimensionality is different for
these two groups. The first group exists of patients with a
clinical disorder (CD) only, and the second group of
patients diagnosed with personality disorder (PD) in
addition to a CD. Typically, behavioural patterns
associated with PDs tend to be pervasive across a broad
range of personal and social situations (Malt et al., 2003;
Pedersen and Karterud, 2010). Theoretically, this could
lead to higher correlated answers on the SCL-90-R and a
more unidimensional picture in the PD group. If the
differences prove to be small, we will propose a scale solution
that can be reliably used for both groups of patients.

Materials and methods

Participants

This study used data from patients admitted to 14
different day hospitals participating in the Norwegian
Network of Personality-focused Treatment Programmes
(Karterud et al., 1998), treated in the period from January
1993 through July 2007. The total group of 3078 patients
consisted of two subgroups: one with one diagnosis or
several diagnosis on axis I only (n1=641), which will be
referred to as the CD group, and one with one diagnosis or
several diagnoses on axis I as well as on axis II (n2=2437),
which will be referred to as the PD group. Patients admitted
Int. J. Methods Psychiatr. Res. 20(3): e39–e55 (2011). DOI: 10.10
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before 1996 were diagnosed according to the DSM-III-R
(APA, 1987) and patients admitted from 1996 onwards
according to the DSM-IV (APA, 1994).1

The majority of the patients were women (72% in both
groups) and the mean age was 35years in both groups
[standard deviation (SD)=9]. In the CD group, 277
(43%) of the patients were diagnosed with one, 226 (35%)
with two, and 138 (22%) with three or more axis I
disorders. In the PD group, 777 (32%) of the patients
were diagnosed with one, 803 (33%) with two, and 857
(35%) with three or more axis I disorders; 1661 (68%)
were diagnosed with one, and 776 (32%) with two or
more axis II disorders. Further details regarding socio-
demographic and diagnostic characteristics are reported
by Karterud et al. (2003).

All participating hospitals complied with the diagnostic
and data collection procedures required for membership
in the Norwegian Network. All data registered by the
different hospitals were collected regularly in a central,
anonymous database, administrated by the Department of
Personality Psychiatry, Oslo (former Ullevål) University
Hospital. All patients gave written consent and the procedures
were approved by the State Data Inspectorate and the
Regional Committee for Medical Research and Ethics.

Assessment

Prior to the beginning of treatment, patients completed a
number of self-report measures, including the SCL-90-R
(Derogatis, 1994). The instrument encompasses nine symp-
tom subscales (comprising a total of 83 items) as well as seven
additional items. The mean score on all 90 items (including
the sevenadditional items) is referred to as the GSI and is
widely used as a global index for psychological distress. All
patients were diagnosed by means of the Mini International
Neuropsychiatric Interview (MINI) (Sheehan and Lecrubier,
1994) for axis I disorders and the Structured Clinical
Interview for DSM-III-R/DSM-IV Axis II Personality
Disorders (SCID-II) (First et al., 1995; First et al., 1997) for
axis II disorders. We refer to Pedersen and Karterud (2004)
for more information regarding the diagnostic procedure.

Investigating dimensionality: non-parametric item
response theory (NIRT)

To investigate the dimensionality of the SCL-90-R,
Mokken’s Monotone Homogeneity Model (MHM) was
used (Mokken, 1971, 1997). This is a non-parametric item
response theory (NIRT) model (Sijtsma and Molenaar,
2002). This model was tested using the software package
Mokken Scale Analysis for Polytomous items (MSP5.0)
(Molenaar and Sijtsma, 2000).
02/mpr
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The basic unit in any IRT model is the Item Response
Function (IRF; also known as the Item Characteristic
Curve, ICC). In case of dichotomous items, the IRF
depicts the relationship between the latent trait θ (x-axis)
and the probability of the item being endorsed (y-axis).2

The term “latent” is used because the trait cannot be
observed directly, but can only be inferred from other
variables (items in the test). Under the MHM the only
demand regarding the shape of the IRFs is that the IRFs be
monotone non-decreasing (monotonicity). This means
that an increase in θ-level never corresponds with a
decreased probability of endorsing the item.

In addition to the assumption of monotonicity, the
MHM is based on the assumptions of unidimensionality
and local stochastic independence. The second assump-
tion is that the items measure one latent trait only
(unidimensionality). The third assumption is that the
scale consists of items which the participant approaches in
a way that is independent of the previous items (local
independence). Together, the assumptions result in a
measurement model which can be used to order
respondents on an underlying unidimensional scale using
the unweighted sum of item scores (Sijtsma and
Molenaar, 2002; Meijer and Baneke, 2004; Sijtsma et al.,
2008; Wismeijer et al., 2008).

In order to determine whether the scale or scales are
unidimensional, scalability coefficients are calculated.
These coefficients are calculated between item-pairs
(Hij), on the item-level (Hi) and on the scale-level (H).
The value of Hij equals the items’ covariance divided by
their maximum covariance given the items’ univariate
score-frequency distributions (Molenaar, 1997). An im-
portant advantage of this statistic is that it avoids
problems with respect to the distorting effect of difference
in item-score distributions on inter-item correlations;
more traditional methods that are based on inter-item
correlations, such as Principal Components Analysis
(PCA), produce artifactual “difficulty factors” as soon as
the items have different distributions of items scores, in
particular when items have only a few answer categories
(Wismeijer et al., 2008). The Hi values are based on the Hij

values, and express the degree to which an item is related
to other items in the scale: a high Hi value means that the
item distinguishes well between people with relatively low
latent trait values and people with relatively high latent
trait values. Thus, H is based on the Hi values and
expresses the degree to which the total score accurately
orders persons on the latent trait scale (Sijtsma and
Molenaar, 2002). A scale is considered acceptable if 0.3≤
H<0.4, good if 0.4≤H<0.5, and strong if H≥0.5
(Mokken, 1971; Sijtsma and Molenaar, 2002).
Int. J. Meth
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First, we performed a confirmatory analysis (option
“TEST” in MSP5.0). The nine subscales as defined by
Derogatis (1994) were analysed separately. In addition, the
GSI was analysed to investigate the unidimensionality of
the SCL-90-R. Then, exploratory analyses (option
“SEARCH normal” in MSP5.0) were performed. In each
analysis, all 90 items were entered. Thus, it was possible that
items stemming from one subscale (e.g. Anx) could be
clustered with a different subscale (e.g. Dep) in our analyses.

The algorithm that MSP5.0 uses to build one or more
scales is called Automated Item Selection Procedure
(AISP). If provided with a starting pair, which was the
case in our study, the AISP subsequently selects one item
from the remaining items that correlates positively with
the starting pair, has Hij values (one with each of the two
items of the “starting pair”) that are larger than the user-
specified constant c and maximizes the H value based on
all three items together. This procedure is repeated until
there are no items remaining that satisfy these conditions.
The higher the value of c, the more confidence we have in
the ordering of persons by means of their total scale score
(Egberink and Meijer, 2011). Following Sijtsma and
Molenaar (2002), we ran the AISP repeatedly, starting
with a low c value and increasing it with each run. The
resulting sequence of outcomes indicates whether the
data-set is unidimensional or multidimensional. We refer
to Sijtsma and Molenaar (2002, pp. 80–82) for more
detailed information about this procedure. The analyses
were carried out separately for the CD and PD groups.
Choice of start items

In this study, the start items were chosen by the last two
authors of this paper, who have extensive experience in
the treatment of clinical patients. The procedure was as
follows. First, each rater selected the two items for each
scale they personally felt best reflected the content the
scale was intended to measure. Subsequently, they
compared their choices. For three scales (Int, Anx and
Pho), the raters had chosen different start items. Finally,
they discussed the reasons behind their choices and jointly
made the final decision which two items should be chosen.

For the subscales corresponding clearly with a DSM-
diagnosis (axis I), two items were chosen that best reflected
the diagnosis. The following relationships between subscales
and DSM-disorders were assumed in this study: Obs –

obsessive-compulsive disorder, Int – social phobia, Dep –

major depression and dysthymic disorder, Anx – generalized
anxiety disorder, Pho – agoraphobia, Psy – any psychotic
disorder. For the remaining scales (Som, Hos, Par), two
items were chosen that best reflected the content of the
ods Psychiatr. Res. 20(3): e39–e55 (2011). DOI: 10.1002/mpr
Copyright © 2011 John Wiley & Sons, Ltd.
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subscale. The two chosen items showed as little overlap in
content as possible, so as to increase the chances of a multi-
faceted subscale being formed.

When carrying out exploratory analyses in MSP5.0,
one can opt for supplying the program with two starting
items, or for letting the program choose two starting items
based on the highest Hij values. We performed nine
exploratory analyses, each time supplying the program
with two starting items stemming from one of the nine
subscales as described in the Introduction section. Since
the items that AISP selects for a given scale depends on the
two starting items, partly different solutions may be
expected when different starting items would be provided.
This is an important advantage of MSP; it gives the
researcher the possibility to make sure that the analysis
will result in clinically meaningful scales.
Investigating measurement precision: parametric
item response theory (IRT)

We applied the Graded Response Model (GRM) (Samejima,
1996) to assess the measurement precision of the individual
items as well as the subscales. The GRM is a parametric IRT
model which is suitable for analysing items that have ordered
response categories (Hays et al., 2000; Emons et al., 2007).
The model was implemented using the software package
MULTILOG 7 (Thissen et al., 2003), using program
default options.

An important difference between the parametric GRM
and the non-parametric MHM described in the previous
section concerns the assumptions underlying the shape of
the item step response functions (ISRFs). Under a non-
parametric model such as the MHM, the only demand is
that the ISRFs be monotonely non-decreasing. This means
that an increase in θ-level never correspondswith a decreased
Figure 1. (A) Option response curve (ORC) for item 89 from the
scale with a = 2.80.

Int. J. Methods Psychiatr. Res. 20(3): e39–e55 (2011). DOI: 10.10
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probability of answering in category m or higher. Under a
parametric model such as the GRM, the form of the ISRFs is
specified beforehand. In this study a logistic function has
been chosen, but other functions, such as the normal-ogive
one, can be used as well (Sijtsma and Hemker, 2000). Under
the GRM, each ISRF is defined by a slope parameter a (also
known as the discrimination parameter) and a location
parameter b (also known as “between threshold parameter”,
in case of polytomous items). The a parameter is related to
theHi coefficient: both reflect the degree to which the item is
related to the latent trait (Egberink and Meijer, 2011).
Whereas the slope parameter is held constant for all ISRFs
belonging to one item, the location parameter is specific for
the ISRF (and thus the number of location parameters for one
item is equal tom – 1, the number of ISRFs for one item). In
general, itemswith a high a contributemost information. The
value of the b parameter can be interpreted as the point on the
θ-scale at which the probability equals 50% of responding in
category m or higher. If the b values for one item are close
together, this indicates that the patient is not able to
distinguish well between the response categories.

Several other types of curves can be derived from the
ISRFs (Sijtsma and Hemker, 2000; Emons et al., 2007).
Among these are the option response curves (ORCs; also
known as category characteristic curves or category response
functions) and information curves. The ORCs depict the
probability of responding in a specific response category
conditional on θ. There is an ORC for each item categorym,
and at each value of θ the sum of them probabilities is equal
to 1 (Partchev, 2004). Figure 1 shows an example of the
ORCs for two items from the SCL-90-R, item 89 from the
Psy scale with a low a value and item30 fromDep scale with a
high a value. Moving from the left (lower values) to the right
(higher values) on the θ-scale, it can be seen that for very low
θ-values the “not at all” option ismost likely to be chosen, for
Psy scale with a = 1.00. (B) ORC for item 30 from the Dep

02/mpr
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slightly higher θ-values the option “a little bit” and so on. A
higher value of a implies less overlap between the curves, and
thus higher measurement precision (more reliable measure-
ment). The (parametric) IRT equivalent of reliability is item
or test information. The item information is the inverse of
the standard error of measurement, and the measurement
error depends on θ (Embretson and Reise, 2000; Meijer
et al., 2011). This means that the reliability is not a single
estimate such as in Mokken scaling or CTT, but depends on
the value of θ (Egberink and Meijer, 2011). The information
curve depicts the measurement precision conditionally on θ.
Information curves can be generated for each item
separately (item information function), as well as for the
whole scale (test information function).

The information functions were used to evaluate the
subscales found in the exploratory data analyses. Addi-
tionally, the b parameters were inspected to assess the
functioning of the rating scale points.

Results

Missing data: two-way imputation

The total number of cells in the design equals the product
of respondents and measured variables, that is 3078�90=
277,020. Missing data occurred for 1064 (0.004%) cells.
We favoured using an imputation method over list wise
deletion, since the latter would have implied dropping
20% of the respondents prior to our analyses. We used
Two-Way imputation (Bernaards and Sijtsma, 2000),
which is a mathematically quite simple method that allows
the user to transform an incomplete data-file into a
complete one by using all available information about the
proficiency of the respondent and the “difficulty” of the
item (Sijtsma and van der Ark, 2003). The advantages of
this method are that it is easy to implement using SPSS
(van Ginkel and van der Ark, 2005), and the algorithm
used is relatively simple. Since the proportion of missing
data is small, we argue that the standard errors of the
variables will not be substantially affected by the method
of imputation. The imputation was done on the whole
data-set, not for each scale separately, because we
wanted to have complete data for all items, including
those that do not belong to a specific subscale. The
imputation was implemented using SPSS version 16 for
Windows (SPSS, 2007).

Description of the data

Table 1 shows the mean item scores and the mean
subscale scores for the two patient groups. Most item
means and all subscale means are higher for the PD group.
Int. J. Meth
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The GSI is also higher for the PD group. The difference in
means between the two groups is largest for the
interpersonal sensitivity (Int) (difference equal to 0.7)
and paranoid ideation (Par) (difference equal to 0.6) scales.

Tables 2 and 3 show the correlations between the
subscales of the SCL-90-R as well as some other
psychometric properties, for the CD and PD group,
respectively. On the whole, the correlations between the
subscales were high: five of the nine mean correlations in
the CD group and six in the PD group were larger than
0.50. The hostility (Hos) scale had a low mean correlation
in both groups (0.33 and 0.37, respectively). When
comparing Tables 2 and 3, it can be seen that the
correlations for the somatization (Som) and depression
(Dep) scales were quite similar for the two patient groups.
To the contrary, the correlations for the phobic anxiety
(Pho) scale were higher in the PD group. The other scales
showed a less clear pattern of differences in correlations
between the CD and PD groups.
Results of the non-parametric IRT analyses:
dimensionality of the SCL-90-R

Confirmatory analysis

The H-value for the GSI, which comprises all 90 items,
was lower than 0.3 for both patient groups, which is a first
indication for multidimensionality. As can be seen from
Table 2, most subscales produced an H-value that was at
least acceptable (H>0.3), with exception of the psychoti-
cism (Psy) scale (H=0.26) for the CD group. For the PD
group, all scales produced acceptable H-values (Table 3).
For the CD group there were 16 items with Hi<0.3, for
the PD group seven items. Note that a low Hi value does
not necessarily imply the item is of bad quality. It does
imply, however, that the item does not fit in well with
the rest of the items in the scale. It thus seems that the
existing scales show a better fit for the PD group than
for the CD group.

Exploratory analyses

Nine exploratory analyses were carried out, each based on
two start items stemming from one of the nine subscales
(Som: 1, 42; Obs: 3, 65; Int: 37, 73; Anx: 2, 86; Pho: 50, 70;
Dep: 32, 54; Hos: 24, 74; Par: 18, 83; Psy: 7, 90).

The sequence of outcomes generated by AISP at
different values of c confirmed the multidimensionality of
the data. However, the resulting scales were not
completely identical to the original ones, with the
exception of the Hos scale. Because only minor differences
ods Psychiatr. Res. 20(3): e39–e55 (2011). DOI: 10.1002/mpr
Copyright © 2011 John Wiley & Sons, Ltd.
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Table 2. Correlations among the SCL-90-R subscales, Cronbach’s alpha (a) and H-values based on the confirmatory
non-parametric item response theory (NIRT) analysis (clinical disorder group)

Som Obs Int Dep Anx Hos Pho Par Psy

Somatization (Som) 1 0.55 0.43 0.56 0.69 0.31 0.44 0.35 0.40
Obsessive-compulsive (Obs) 1 0.57 0.74 0.57 0.36 0.32 0.48 0.52
Interpersonal sensitivity (Int) 1 0.66 0.53 0.38 0.45 0.67 0.61
Depression (Dep) 1 0.65 0.35 0.30 0.49 0.61
Anxiety (Anx) 1 0.39 0.56 0.43 0.54
Hostility (Hos) 1 0.13 0.46 0.40
Phobic anxiety (Pho) 1 0.22 0.25
Paranoid ideation (Par) 1 0.64
Psychoticism (Psy) 1
Mean correlation 0.46 0.51 0.54 0.54 0.54 0.35 0.33 0.47 0.50
a 0.86 0.83 0.81 0.87 0.85 0.72 0.85 0.72 0.69
H 0.36 0.38 0.35 0.39 0.41 0.42 0.49 0.32 0.26

Global Severity Index (GSI): Cronbach’s alpha (a)=0.96, H=0.24.

Table 3. Correlations among the SCL-90-R subscales, Cronbach’s alpha (a) and H-values based on the confirmatory
non-parametric item response theory (NIRT) analysis (personality disorder group)

Som Obs Int Dep Anx Hos Pho Par Psy

Somatization (Som) 1 0.57 0.43 0.56 0.70 0.31 0.54 0.42 0.47
Obsessive-compulsive (Obs) 1 0.59 0.71 0.66 0.38 0.49 0.55 0.60
Interpersonal sensitivity (Int) 1 0.68 0.59 0.36 0.55 0.68 0.63
Depression (Dep) 1 0.68 0.35 0.47 0.56 0.61
Anxiety (Anx) 1 0.37 0.67 0.56 0.62
Hostility (Hos) 1 0.25 0.48 0.44
Phobic Anxiety (Pho) 1 0.43 0.44
Paranoid ideation (Par) 1 0.67
Psychoticism (Psy) 1
Mean correlation 0.50 0.57 0.56 0.58 0.61 0.37 0.48 0.54 0.56
a 0.88 0.83 0.83 0.86 0.86 0.80 0.85 0.75 0.76
H 0.39 0.36 0.38 0.36 0.43 0.46 0.49 0.36 0.32

Global Severity Index (GSI): Cronbach’s alpha (a)=0.96, H=0.27.

Paap et al. IRT analyses of the SCL-90-R
were found between the two sets of scales resulting from
the separate analyses for the two clinical groups, we aimed
for a final scale solution that could be used for both
groups. Note that 60 of the 90 items were kept. The items
that were dropped typically had low Hi values. A few items
were dropped because they could not be univocally
allocated to one specific subscale. Based on the results of
the exploratory analyses, we recommend the following:

• Enhancing the Dep (new name Dep+) and Phob (new
name: agoraphobia, Ag) scales, by adding several items
from other scales.
Int. J. Methods Psychiatr. Res. 20(3): e39–e55 (2011). DOI: 10.10
Copyright © 2011 John Wiley & Sons, Ltd.
• Not using the Anx scale as a separate scale, instead
placing some of its items in other scales, such as Dep+
and Ag.

• Shortening several scales: Som, Obs and Psy (new
names physical complaints; Phy, Obs–, Psy–). To Obs
we would like to add one Anx item, to Psy one item of
the “additional items” (Add).

• Introducing a new scale: distrust (Dis). This scale
exists of several of the items of the Int and Par scales.

The psychometric properties of the seven proposed
scales can be found in Table 4.
02/mpr
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Table 4. Properties of the seven proposed subscales based on the non-parametric item response theory (NIRT) analyses

CDa PDb Total group

Subscale Items Mean (SD) Mean (SD) Mean (SD) H (range Hi values) ac

Dep+ Dep: 14, 15, 26, 29, 30, 31, 32, 54, 71, 79;
Anx: 2, 33; Int: 34, 41; Obs: 28, 55; Psy: 77 2.0 (0.83) 2.5 (0.81) 2.4 (0.84) 0.45 (0.39–0.54) 0.93

Ag Phob: 13, 25, 47, 50, 70, 82; Int: 73;
Anx: 23, 39, 57, 72; Som: 48 1.1 (0.83) 1.5 (0.94) 1.4 (0.93) 0.47 (0.40–0.52) 0.90

Phy Som: 4, 27, 42, 52, 56, 58 1.6 (0.95) 1.8 (0.99) 1.8 (0.99) 0.45 (0.39–0.51) 0.81
Obs- Obs: 3, 38, 45, 46, 65; Anx: 86 1.1 (0.73) 1.5 (0.84) 1.5 (0.84) 0.38 (0.33–0.45) 0.74
Hos Hos: 11, 24, 63, 67, 74, 81 0.5 (0.50) 0.8 (0.77) 1.3 (0.86) 0.47 (0.40–0.52) 0.80
Dis Para: 18, 43, 83; Int: 36, 37, 61, 69 1.0 (0.74) 1.7 (0.94) 1.6 (0.95) 0.48 (0.40–0.52) 0.85
Psy–d Psy: 7, 35, 62, 85, 90; Extra: 89 0.6 (0.53) 1.0 (0.72) 0.9 (0.70) 0.40 (0.36–0.42) 0.72

aClinical disorder group.
bPersonality disorder group.
cCronbach’s alpha.
dFor the CD group, two smaller Psy– clusters were found, the first consisting of items 7, 35 and 62 (H=0.43) and the second
of 85, 89 and 90 (H=0.45).

IRT analyses of the SCL-90-R Paap et al.
Results of the parametric IRT analyses

Seven analyses were carried out, one for each proposed
subscale. Since the exploratory analyses resulted in scales
that can be used in both groups, the parametric IRT analysis
was carried out using a combined data-set, containing both
the CD and the PD data. Table 5 shows the estimated
discrimination (a) and location (b) parameters for each of
the 60 analysed items, and Figure 2 shows the test
information function for the seven subscales.

The discrimination parameter typically ranges from
approximately 0.5 to 2 (Hays et al., 2000), but numerous
clinical studies have reported a values greater than 2.5 and
often even values higher than 4.0 (Reise and Waller, 2009).
Extremely high a values are undesirable, because they
indicate that the construct being measured is conceptually
narrow (Reise and Waller, 2009). Looking at the second
column of Table 5, one can see that the estimated a
parameters are of a reasonable to high magnitude (between
1.00 and 2.83). When inspecting and interpreting the b
parameters and test information functions, it is important to
keep in mind that it is assumed that (i) θ is normally
distributed, with the mean equal to zero and a standard
deviation of one and (ii) θ=0 corresponds to the mean for
the total group on the subscale being analysed. Inspection of
the b parameters for the Dep+ scale showed that most of the
items are located left of the mean θ, indicating that most of
the items are uninformative about individual differences at
the range of the θ scale where a distinction is made between
Int. J. Meth
e48
moderately high levels of depression and very high levels.
This is reflected in the test information function, which
drops sharply between θ values +1 and +2. From a similar
inspection of the parameter estimates and test information
functions of the remaining six subscales, it can be concluded
that most scales discriminate best between patients with
moderately low scores to moderately high scores. More
specifically, it can be observed that the Obs, Hos, Dis and Psy
scales cannot distinguish reliably between patients with no
symptoms associated with the specific subscale and those
with low scores, nor between those with moderately high
scores and very high scores. Like Dep+, the Ag scale
functions somewhat better in terms of measurement
precision across the range of the latent trait, but cannot
distinguish reliably betweenmoderately high scores and very
high scores. The Phy scale can only be used to reliably
differentiate between persons that suffer “a little bit” and
those who suffer “moderately” from physical complaints.

Discussion

When planning this study two questions emerged. First,
can we reproduce the original nine-scale solution of the
SCL-90-R proposed by Derogatis (1994) in a large sample
consisting of severely disturbed patients? Second, if we
find that there is room for improvement, what procedure
do we follow in order to provide the readers with
meaningful recommendations? To answer these questions
we used a theory-driven IRT approach.
ods Psychiatr. Res. 20(3): e39–e55 (2011). DOI: 10.1002/mpr
Copyright © 2011 John Wiley & Sons, Ltd.



Table 5. Item parameters for the Graded Response Model

Slope parameter Location parameters

Item a b1 b2 b3 b4

Depression+
2 1.55 (0.06) �2.98 (0.14) �1.64 (0.07) �0.67 (0.04) 0.94 (0.05)
14 1.40 (0.06) �1.87 (0.08) �0.85 (0.05) �0.08 (0.04) 1.22 (0.06)
15 1.15 (0.06) 0.37 (0.05) 1.37 (0.07) 2.22 (0.11) 3.44 (0.18)
26 1.49 (0.06) �2.03 (0.09) �0.85 (0.05) �0.10 (0.04) 1.15 (0.05)
28 1.66 (0.06) �2.40 (0.10) �1.24 (0.05) �0.46 (0.04) 0.78 (0.04)
29 1.66 (0.06) �1.75 (0.07) �0.82 (0.04) �0.13 (0.04) 0.90 (0.07)
30 2.80 (0.09) �2.01 (0.06) �0.99 (0.03) �0.36 (0.03) 0.63 (0.03)
31 1.97 (0.07) �2.35 (0.09) �1.26 (0.05) �0.60 (0.04) 0.51 (0.03)
32 1.60 (0.06) �1.45 (0.06) �0.46 (0.04) 0.35 (0.04) 1.55 (0.06)
33 1.82 (0.06) �1.52 (0.06) �0.57 (0.04) 0.16 (0.03) 1.28 (0.05)
34 1.62 (0.06) �2.02 (0.08) �0.97 (0.05) �0.22 (0.04) 1.00 (0.05)
41 1.78 (0.06) �1.70 (0.07) �0.72 (0.04) �0.07 (0.03) 0.95 (0.04)
54 1.94 (0.07) �2.01 (0.07) �0.92 (0.04) �0.28 (0.03) 0.74 (0.04)
55 1.49 (0.06) �2.42 (0.10) �1.28 (0.06) �0.38 (0.04) 0.92 (0.05)
71 1.82 (0.06) �1.58 (0.06) �0.57 (0.04) 0.11 (0.03) 1.17 (0.05)
77 1.64 (0.06) �1.47 (0.06) �0.40 (0.04) 0.29 (0.04) 1.45 (0.06)
79 2.04 (0.07) �1.31 (0.05) �0.49 (0.03) 0.06 (0.03) 1.00 (0.04)

Agoraphobia
13 2.57 (0.10) �0.03 (0.03) 0.61 (0.03) 1.10 (0.04) 1.79 (0.06)
23 1.69 (0.07) �0.70 (0.04) 0.05 (0.04) 0.71 (0.04) 1.81 (0.07)
25 2.24 (0.09) 0.04 (0.03) 0.67 (0.03) 1.10 (0.04) 1.72 (0.06)
39 1.34 (0.06) �0.58 (0.05) 0.30 (0.04) 0.97 (0.06) 2.05 (0.10)
47 2.62 (0.09) �0.18 (0.03) 0.32 (0.03) 0.73 (0.03) 1.27 (0.04)
48 1.48 (0.06) �0.30 (0.04) 0.49 (0.04) 1.20 (0.06) 2.34 (0.10)
50 1.95 (0.07) �0.82 (0.04) �0.13 (0.03) 0.42 (0.03) 1.32 (0.05)
57 1.05 (0.05) �2.85 (0.14) �1.45 (0.08) �0.41 (0.05) 1.28 (0.08)
70 2.25 (0.08) �0.76 (0.03) �0.06 (0.03) 0.45 (0.03) 1.30 (0.05)
72 1.79 (0.07) �0.60 (0.04) 0.10 (0.03) 0.76 (0.04) 1.74 (0.07)
73 1.77 (0.07) �0.40 (0.04) 0.30 (0.04) 0.86 (0.04) 1.69 (0.07)
82 1.71 (0.08) 0.51 (0.04) 1.12 (0.05) 1.55 (0.06) 2.24 (0.10)

Physical complaints
4 1.36 (0.05) �1.51 (0.07) �0.37 (0.04) 0.50 (0.04) 1.97 (0.08)
27 1.17 (0.06) �0.72 (0.06) 0.07 (0.05) 0.71 (0.05) 1.84 (0.09)
42 1.66 (0.06) �1.26 (0.05) �0.55 (0.04) 0.00 (0.03) 0.88 (0.03)
52 1.46 (0.06) �0.26 (0.04) 0.57 (0.04) 1.22 (0.06) 2.40 (0.10)
56 2.80 (0.08) �0.90 (0.03) �0.16 (0.02) 0.45 (0.03) 1.30 (0.04)
58 2.62 (0.08) �0.84 (0.03) �0.10 (0.03) 0.47 (0.03) 1.38 (0.04)

Obsessive-compulsive–
3 0.95 (0.05) �2.26 (0.12) �1.00 (0.07) 0.07 (0.05) 1.88 (0.11)
38 1.84 (0.06) �0.25 (0.03) 0.57 (0.03) 1.27 (0.05) 2.15 (0.08)
45 2.64 (0.08) �0.59 (0.03) 0.20 (0.03) 0.74 (0.03) 1.57 (0.04)
46 1.22 (0.05) �2.17 (0.10) �0.80 (0.05) 0.11 (0.04) 1.54 (0.08)
65 1.46 (0.07) 0.66 (0.04) 1.29 (0.06) 1.72 (0.07) 2.45 (0.11)
86 1.02 (0.06) 0.33 (0.05) 1.20 (0.07) 1.98 (0.11) 3.30 (0.18)

Hostility
11 1.70 (0.06) �1.55 (0.06) �0.39 (0.04) 0.44 (0.04) 1.59 (0.06)
24 2.83 (0.11) 0.57 (0.03) 1.12 (0.03) 1.61 (0.04) 2.15 (0.07)

Paap et al. IRT analyses of the SCL-90-R
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Table 5. (Continued)

Slope parameter Location parameters

Item a b1 b2 b3 b4

63 1.67 (0.09) 1.07 (0.05) 1.79 (0.07) 2.36 (0.10) 3.22 (0.17)
67 1.77 (0.08) 0.57 (0.04) 1.25 (0.05) 1.81 (0.07) 2.70 (0.11)
74 1.58 (0.07) 0.58 (0.04) 1.48 (0.06) 2.19 (0.09) 3.20 (0.16)
81 2.79 (0.13) 0.93 (0.03) 1.47 (0.04) 1.99 (0.06) 2.61 (0.10)

Distrust
18 1.64 (0.06) �0.67 (0.04) 0.33 (0.04) 0.99 (0.05) 2.03 (0.08)
36 1.67 (0.06) �1.36 (0.05) �0.19 (0.04) 0.65 (0.04) 1.84 (0.07)
37 2.34 (0.07) �0.49 (0.03) 0.33 (0.03) 0.99 (0.04) 1.91 (0.06)
43 2.41 (0.08) �0.50 (0.03) 0.26 (0.03) 0.84 (0.03) 1.64 (0.05)
61 1.99 (0.06) �1.28 (0.05) �0.36 (0.03) 0.18 (0.03) 1.09 (0.04)
69 1.26 (0.05) �1.43 (0.07) �0.14 (0.04) 0.76 (0.05) 1.96 (0.09)
83 1.60 (0.06) �0.39 (0.04) 0.46 (0.04) 1.14 (0.05) 2.19 (0.09)

Psychoticism–
7 2.79 (0.13) 1.02 (0.03) 1.49 (0.04) 1.90 (0.06) 2.65 (0.10)
35 2.19 (0.09) 0.82 (0.03) 1.40 (0.05) 1.93 (0.06) 2.72 (0.11)
62 2.08 (0.10) 1.04 (0.04) 1.55 (0.05) 2.06 (0.07) 2.74 (0.11)
85 1.31 (0.07) 1.01 (0.05) 1.73 (0.08) 2.31 (0.11) 3.30 (0.18)
89 1.00 (0.05) �2.10 (0.11) �0.93 (0.07) 0.01 (0.05) 1.40 (0.08)
90 1.35 (0.06) �0.41 (0.04) 0.52 (0.04) 1.28 (0.06) 2.42 (0.11)

IRT analyses of the SCL-90-R Paap et al.
In order to improve the scales in a clinically
meaningful way, two items were chosen (per subscale)
that best reflected the syndrome the subscale aimed to
measure. These two items formed the starting pair that
formed the foundation on which the scale was built.3 This
approach differentiates our exploratory analyses from
other exploratory studies, in which clinical meaning and
interpretability is typically assessed after the analyses have
been performed. Before proceeding with statistical
modelling, we examined the correlational pattern among
the subscales, and found that it was very similar to that
found in previous studies; indeed almost identical to the
pattern found by Hafkenscheid (1993) almost 20 years
ago. This is an interesting finding, because it may indicate
that the correlations between the subscales are stable over
time (and generalizable). Like Hafkenscheid and many
others, we conducted a confirmatory analysis first.
Interestingly, we found that most of the scales performed
quite well in psychometrical terms. However, the
exploratory analyses showed that the existing scales could
be improved upon. Our final scale solution included 60 of
the 90 items clustered in seven scales: depression,
agoraphobia, physical complaints, obsessive-compulsive,
hostility (unchanged), distrust and psychoticism. The
enormous overlap between Derogatis’ anxiety scale and
his depression and phobic anxiety scales led us to conclude
Int. J. Meth
e50
that the original anxiety scale was not functioning well
as a separate scale. Whether this is caused by a very
high “real” correlation between feelings of anxiety
(generalized anxiety disorder) and depression/phobic
anxiety (agoraphobia), or due to a poor construction of
the anxiety scale is a question that is difficult to answer
with our data. Furthermore, our analyses indicated that
Derogatis’ paranoid ideation and interpersonal sensi-
tivity scales could be combined into one scale which we
labelled “Distrust”.

Sixty items were kept in our final scale solution. This
solution was based on IRT analyses as well as clinical
considerations. If the analyses showed that an item did not
cluster with any scale, we chose to “drop” it (not assign it
to any subscale). However, some items clustered with
many of the scales. In such situations, we also decided to
“drop” the item, because it could not be assigned to one of
the scales univocally. Several courses of action are
available to deal with items that are not included in any
subscale, such as: (i) deleting the item from the
questionnaire because it is redundant or does not measure
what it was designed to measure, (ii) keeping the item, but
not using it in the calculation of a scale score, or (iii)
reformulating the item and repeating the analyses. The
latter could for example be applicable to item 16 (hearing
voices). Based on the definitions of the DSM-IV, we
ods Psychiatr. Res. 20(3): e39–e55 (2011). DOI: 10.1002/mpr
Copyright © 2011 John Wiley & Sons, Ltd.



Figure 2. Test information functions for the seven new subscales, with estimated trait score on the horizontal axis, test
information (solid line) on the left vertical axis and standard error of measurement (dotted line) on the right vertical axis.

Paap et al. IRT analyses of the SCL-90-R
would expect this item to cluster with the psychoticism
scale, where it was originally placed by Derogatis.
Intriguingly, our analyses showed that this item clustered
with the Dep, Anx, Pho and Int scales – though only for the
patients with at least one personality disorder. This finding
Int. J. Methods Psychiatr. Res. 20(3): e39–e55 (2011). DOI: 10.10
Copyright © 2011 John Wiley & Sons, Ltd.
concurs with clinical experience indicating that hearing
voices is not necessarily confined to psychotic disorders
(Jenner et al., 2008). However, the nature of the psychotic
voices is not assessed in the SCL-90-R which might have
significant consequences for clinical categorization.
02/mpr
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Therefore, we propose that item 16 has to be re-written
if it is aimed to tap into psychotic voices only. A new
study would be necessary to investigate the most
appropriate way to handle the other 29 items that were
not included in any of the scales.

Further examination of the seven new scales showed
that most of these scales discriminated reliably between
patients with moderately low scores to moderately high
scores. However, latent trait values of patients that are
located on the low end of the scale cannot be estimated
reliably and the same holds for the patients located on the
high end. This finding is in contrast with many other
clinical studies, which have shown that the information
(measurement precision/reliability) tends to be highest at
the high end of the scale (Reise and Waller, 2009). It is in
accordance, however, with the findings of a recent study
(Meijer et al., 2011) using data of outpatients, students
and prisoners, showing most reliable measurement for
average to moderately high scores. This implies that the
scales might not detect a clinically meaningful decrease in
symptoms as an effect of therapy for patients with very
high initial levels of distress.

This study was based on a large sample of severely
disturbed patients, with high levels of distress and
interpersonal difficulties. The nature of the sample
differentiates it from other recent validation studies of
the SCL-90-R using IRT, which were either based on a
community sample showing little pathology and distress
(Olsen et al., 2004), or on small samples of patients with
moderate levels of distress (Elliott et al., 2006). Our
sample consisting of severely disturbed patients is both a
strength and a limitation of our study. It is a limitation,
because we were not able to directly compare the results
produced by our analytic strategy in this highly distressed
group to results in a group with little to moderate distress.
It is a strength, because there was a need for validation of
the dimensionality of the SCL-90-R in severely distressed
patient groups.

When we return to question of dimensionality, we
argue that both our findings and the findings of other
recent studies offer support for the multidimensionality of
the SCL-90-R. However, the conclusions drawn by
researchers as to how many dimensions there are vary,
and seem to depend on several things. First, the results
depend on certain sample characteristics. Studies based on
low-distress samples have shown support for solutions
with only a few factors (Arrindell and Ettema, 1981; Holi
et al., 1998; Olsen et al., 2004). This could be a direct
result of low variance in these samples. Additionally,
structure generating factors (such as NA) have been
shown to influence the dimensionality (Vassend and
Int. J. Meth
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Skrondal, 1999). Second, the researcher’s interpretation of
the results most likely plays an important role. For
example, Schmitz et al. (2000) concluded that the nine-
factor models and the 10-factor model they tested showed
a poor fit. However, Arrindell et al. (2004a) reviewed their
findings and concluded the opposite. Finally, it might
depend on the chosen analytic strategy. Explorative
studies have resulted in a range of different factor
solutions. In contrast, confirmatory factor analytic studies
have found support for Derogatis’ factor structure
(Arrindell et al., 2004a; Arrindell et al., 2006). Interest-
ingly, these confirmatory analyses have shown almost
equal support for the Dutch eight-factor model (Arrindell
and Ettema, 1986), Derogatis’ nine-factor model, and
factor models including higher order factors. Thus, the
question arises which model to prefer. In our study, we
prevented this dilemma from arising by (a) choosing two
core items before hand for each subscale based on clinical
theory and (b) running the exploratory Mokken Scale
Analysis repeatedly, so that the appropriate lower bound
H value was chosen which revealed the underlying
dimensionality structure of the data (Sijtsma and
Molenaar, 2002).

In conclusion, this study has produced seven new
scales that may allow for more reliable discrimination
between patients than the old scales. Additionally, our
results indicated that the measurement precision may be
dependent on the estimated level of distress.

This is of importance to clinicians who are interpreting
change scores (treatment effects); they should be aware
that confidence intervals around the estimated scale score
may vary depending on the value of the scale score. More
specifically, researchers should be cautious when inter-
preting scores if the scale scores are in the range with low
measurement precision. More research is needed to
ascertain whether this scale solution also holds for other
patient groups and the general population. We are
currently working on a study that explores the dimen-
sionality of the SCL-90-R in two patient groups that
report substantially lower overall psychological distress
than the sample used in this study.

The DSM-5 is currently under development, and it is
being considered whether to enhance the DSM by adding
a dimensional adjunct to each of the traditional
categorical diagnoses in the DSM (Kraemer, 2007). IRT
is an excellent method to create dimensional scales and
provides a powerful framework for examining the
generality of specific symptoms, and is therefore likely
to play an important role in this enhancement (Kraemer,
2007; Kraemer et al., 2007; Paap et al., 2011). One way to
create dimensional diagnoses would be to use inventories
ods Psychiatr. Res. 20(3): e39–e55 (2011). DOI: 10.1002/mpr
Copyright © 2011 John Wiley & Sons, Ltd.
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which detect a broad spectrum of symptoms, such as the
SCL-90-R, and to create an item pool which could
subsequently be used to extract dimensional adjuncts for
several disorders using the method we described in this
paper. We showed that the advantages of IRT are not
limited to parametric IRT only, and we recommend that
more researchers consider using MSA in future studies
involving psychiatric measurement.
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Notes

1. Of the diagnostic categories investigated in this study, there
were no major differences in the criteria sets between the
two DSM versions for most disorders; therefore, we do not
expect the use of two different versions of the DSM to have
any substantial effect on our results.

2. An IRF can still be produced for polytomous data, but is
now the sum of the so-called item step response functions
(ISRFs). The ISRF could be seen as a special case of the
IRF, depicting the probability of answering in category m
or higher. Since the probability of answering “at least” in
the lowest category is equal to one, we are left with (m – 1)
ISRFs for each item. In our case, there were five answering
categories, hence the number of ISRFs per item are four.

3. One should be aware that IRT-based item selection
procedures tend to result in strong unidimensional scales
consisting of items that have similar content, which we
already pointed out in Egberink and Meijer (2011).
Therefore, arguments that are both content-related and
theory-driven should play a key role in scale construction
when using IRT modelling.
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