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“A Psychometric Model for Scaling Ability and
Diagnosing Misconceptions Using Multiple Choice Tests”

Commonly utilized in educational testing, models within the unidimensional item re-
sponse theory (IRT) framework locate a student’s overall ability along a latent continuum
by modeling the response probabilities to a set of test items as a function of a single con-
tinuous latent variable. Diagnostic classification models (DCMs) are an emerging class of
models that, in contrast to IRT models, identify the separate components of what students
know (distinct skills or abilities called attributes) by modeling response probabilities as a
function of a set of categorical latent variables. The Scaling Individual and Classifying
Misconceptions (SICM) model is a new nominal response model that combines the func-
tionalities of the IRT and DCM frameworks by modeling a student’s continuous ability by
the correct/incorrect nature of his or her responses to multiple-choice items, while simul-
taneously classifying the student according to dichotomous attributes that are defined as
errors or misconceptions. The misconceptions are indicated by the nature of which incor-
rect alternative is selected, assuming a test is constructed with misconceptions playing
into possible response alternatives.

Through this presentation, an introduction of IRT models and DCMs will be provided with
an explanation of how these models can be understood from a generalized linear mixed
model perspective. Then the SICM model will be presented as a combination of an IRT
and DCM model, providing diagnostic, actionable feedback to teachers and students in the
form of statistical estimates of student misconceptions in addition to the type of infor-
mation about students’ overall ability that is presently available by common modeling and
testing procedures.
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