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Refinements of the DIMTEST Methodology for Testing Unidimensionality

and Local Independence

Many statistical procedures for analyzing large scale testing situations are based on the under-
lying model assumptions of unidimensionality and local independence. These include procedures
for model fitting (such as BILOG and LOGIST) and procedures for the detection of DIF (such
as Mantel-Haenszel and SIBTEST). The DIMTEST procedure (Stout, 1987) has been widely ap-
plied to the testing of this hypothesis and has been shown to be quite effective in a variety of
circumstances.

Recently, a new bias correction method has been developed for the DIMTEST procedure
(Froelich, 2001) which removes the need for the AT2 subtest of items. The bias correction method is
based on a parametric bootstrap procedure using non-parametrically estimated item response func-
tions. This new DIMTEST procedure has been shown to have Type I error rates near the nominal
rate of & = 0.05 and increased power over the original procedure in almost all circumstances.

With this new bias correction method, the new DIMTEST procedure divides the test items
into just two groups, a partitioning subtest (PT) and an assessment subtest (AT). The additional
subtest (AT2) is no longer required for bias correction. DIMTEST then tests the hypothesis that
the AT subtest measures the same construct as the PT subtest. DIMTEST is most powerful when
the subtests are chosen so that the AT items are dimensionally homogeneous, and so that the
constructs best measured by the AT and PT subtests are as distinct as possible. This new version
of DIMTEST has more power to detect multidimensionality because it effectively has a larger
number of items in the exam. The items that would have been assigned to the AT2 subtest are
now assigned to either AT or PT instead.

The two subtests AT and PT are best chosen by expert opinion (based on a table of test specifi-
cations, for example). However, it would also be desirable to have an automated method of selecting
the two subtests based on the examinee response data. In almost all of the past research studies
concerning the DIMTEST procedure (Stout, 1987, Nandakumar & Stout, 1993, Hattie, Krakowski,
Rogers & Swaminathan (1996), and Froelich, 2001) the AT and PT subtests have been selected us-
ing linear factor analysis based on the tetrachoric correlation matrix (called FAC in the DIMTEST
program). Several researchers (see for example, Hulin, Drasgow, & Parsons, 1983; McDonald, 1981)
have found linear factor analysis unsuitable for dimensionality assessment in a variety of circum-
stances. In particular, Froelich (2001) found, even for the new DIMTEST procedure, using linear
factor analysis to select the AT and PT subtests produces diminished hypothesis testing power in
some multidimensional models and little power in other multidimensional models. It is important
to note here that the use of FAC is not a necessary part of the DIMTEST procedure. Any other
reasonable method of selecting the AT subtest can always be employed. The simulation study in
Froelich (2001) showed that the weaknesses in FAC do not demonstrate a lack in the DIMTEST
statistic itself, but only demonstrate the need for a better method of mimicking “expert opinion.”

The basis for the DIMTEST procedure is the item pair conditional covariances. Two other
procedures have been developed using these item pair conditional covariances, DETECT (Kim,
1994 and Zhang & Stout, 1999a) and HCA/CCPROX (Roussos, Stout, & Marden, 1998). The
HCA/CCPROX procedure performs a hierarchical cluster analysis of the test items based on a
proximity matrix calculated using the item pair conditional covariances. The DETECT procedure
uses a genetic algorithm to determine the number of dimensions for a test and to divide the test
items into distinct clusters. The optimal solution of the DETECT procedure is the number of
dimensions and the particular item clusters that maximize the DETECT statistic. Both of these
procedures are exploratory in nature; neither procedure has a hypothesis test associated with
it. However, these procedures are a natural choice to select the AT subtest for the DIMTEST
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