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Abstract

This package vignette is an update of the eRm papers by published in a special issue on
Psychometrics in the Journal of Statistical Software and in Psychology Science (Mair and
Hatzinger 2007a,b). Since the publication of these papers various extensions and additional
features have been incorporated into the package. We start with a methodological introduction
to extended Rasch models followed by a general program description and application topics.
The package allows for the computation of simple Rasch models, rating scale models, partial
credit models and linear extensions of these. The incorporation of such linear structures
allows for modeling the e ects of covariates and enables the analysis of repeated categorical
measurements. The item parameter estimation is performed by means of CML, for the person
parameters we use ordinary ML. The estimation routines work for incomplete data matrices as
well. Based on these estimators, item-wise and global goodness-of- t statistics are described
and various plots are presented.
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1. Introduction

Rost (1999) claimed in his article that “even though the Rasch model has been existing for such
a long time, 95% of the current tests in psychology are still constructed by using methods from
classical test theory” (p. 140). Basically, he quotes the following reasons why the Rasch model
(RM) is being rarely used: The Rasch model in its original form (Rasch 1960), which was limited
to dichotomous items, is arguably too restrictive for practical testing purposes. Thus, researchers
should focus on extended Rasch models. In addition, Rost argues that there is a lack of user-
friendly software for the computation of such models. Hence, there is a need for a comprehensive,
user-friendly software routine. Corresponding recent discussions can be found in Kubinger (2005)
and Borsboom (2006).

In addition to the RM, the models that can be computed by means of the eRm package are: the
linear logistic test model (Scheiblechner 1972), the rating scale model (Andrich 1978), the linear
rating scale model (Fischer and Parzer 1991), the partial credit model (Masters 1982), and the
linear partial credit model (Glas and Verhelst 1989; Fischer and Ponocny 1994). These models
and their main characteristics are presented in Section 2.

Concerning parameter estimation, these models have an important feature in common: Separa-
bility of item and person parameters. This implies that the item parameters can be estimated
without estimating the person parameters achieved by conditioning the likelihood on the sufficient
person raw score. This conditional maximum likelihood (CML) approach is described in Section
3.

Several diagnostic tools and tests to evaluate model fit are presented in Section 4.

In Section 5, the corresponding implementation in R (R Development Core Team 2007) is described
by means of several examples. The eRm package uses a design matrix approach which allows to
reparameterize the item parameters to model common characteristics of the items or to enable
the user to impose repeated measurement designs as well as group contrasts. By combining these
types of contrasts one allows that the item parameter may differ over time with respect to certain
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subgroups. To illustrate the flexibility of the eRm package some examples are given to show how
suitable design matrices can be constructed.

2. Extended Rasch models

2.1. General expressions

Briefly after the first publication of the basic Rasch Model (Rasch 1960), the author worked on
polytomous generalizations which can be found in Rasch (1961). Andersen (1995) derived the
representations below which are based on Rasch’s general expression for polytomous data. The
data matrix is denoted as X with the persons in the rows and the items in the columns. In total
there are v .= 1;::;;n persons and i = 1;::;;K items. A single element in the data matrix X is
indexed by Xyj. Furthermore, each item Ij has a certain number of response categories, denoted
by h = 0;:::;mj. The corresponding probability of response h on item i can be derived in terms

of the following two expressions (Andersen 1995):
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Here, 1 are scoring functions for the item parameters, , are the uni-dimensional person param-
eters, and ; are the item parameters. In Equation 1, 'y corresponds to category parameters,
whereas in Equation 2 4 are the item-category parameters. The meaning of these parameters
will be discussed in detail below. Within the framework of these two equations, numerous models
have been suggested that retain the basic properties of the Rasch model so that CML estimation
can be applied.

2.2. Representation of extended Rasch models

For the ordinary Rasch model for dichotomous items, Equation 1 reduces to

The main assumptions, which hold as well for the generalizations presented in this paper, are:
uni-dimensionality of the latent trait, sufficiency of the raw score, local independence, and parallel
item characteristic curves (ICCs). Corresponding explanations can be found, e.g., in Fischer (1974)
and mathematical derivations and proofs in Fischer (1995a).

For dichotomous items, Scheiblechner (1972) proposed the (even more restricted) linear logistic
test model (LLTM), later formalized by Fischer (1973), by splitting up the item parameters into
the linear combination

x
= Wij (4)
j=1

Scheiblechner (1972) explained the dissolving process of items in a test for logics (“Mengenrechen-
test”) by so-called “cognitive operations” j such as negation, disjunction, conjunction, sequence,
intermediate result, permutation, and material. Note that the weights wj; for item i and operation
J have to be fixed a priori. Further elaborations about the cognitive operations can be found in
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Figure 1: Model hierarchy

Fischer (1974, p. 361ff.). Thus, from this perspective the LLTM is more parsimonous than the
Rasch model.

Though, there exists another way to look at the LLTM: A generalization of the basic Rasch
model in terms of repeated measures and group contrasts. It should be noted that both types of
reparameterization also apply to the linear rating scale model (LRSM) and the linear partial credit
model (LPCM) with respect to the basic rating scale model (RSM) and the partial credit model
(PCM) presented below. Concerning the LLTM, the possibility to use it as a generalization of
the Rasch model for repeated measurements was already introduced by Fischer (1974). Over the
intervening years this suggestion has been further elaborated. Fischer (1995b) discussed certain
design matrices which will be presented in Section 2.3 and on the basis of examples in Section 5.

At this point we will focus on a simple polytomous generalization of the Rasch model, the RSM
(Andrich 1978), where each item | must have the same number of categories. Pertaining to

Equation 1, p may be set to h with h = 0;::;; m. Since in the RSM the number of item categories
is constant, m is used instead of mj. Hence, it follows that
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with K item parameters 1;::; k and m+1 category parameters 1g;:::; 1. This parameterization
causes a scoring of the response categories Cp, which is constant over the single items. Again, the
item parameters can be split up in a linear combination as in Equation 4. This leads to the LRSM
proposed by Fischer and Parzer (1991).

Finally, the PCM developed by Masters (1982) and its linear extension, the LPCM (Fischer and
Ponocny 1994), are presented. The PCM assigns one parameter jn to each i Cp combination
for h = 0; ::;; mj. Thus, the constant scoring property must not hold over the items and in addition,
the items can have different numbers of response categories denoted by m;. Therefore, the PCM
can be regarded as a generalization of the RSM and the probability for a response of person v on
category h (item 1) is defined as
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It is obvious that (6) is a simplification of (2) in terms of p = h. As for the LLTM and the















