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Abstract

Most applications of DIF procedures
have been based on the assumption that only
one dominant latent ability is measured by
the test. However, if more than one latent
trait is relevant to the purpose of test, these
DIF procedures may yield misleading results.
In this project, we propose a statistical
procedure for assessing DIF of intentionally
two-dimensional test data, such as a “math”
test designed to measure algebra ability and
geometry ability. Our procedure, MULTISIB,
is based on the multidimensional model of
DIF as presented in Shealy and Stout (1993b),
and 1s a direct extension of SIBTEST (Shealy
and Stout, 1993a), its unidimensional
counterpart. First, DIF is appropriately
modeled to result from  secondary
dimensional influence from other than the
two intended dimensions. A new statistic was
defined and a smoothing approach was also

used in estimating the variance of the statistic.

A large scale simulation studies then were
carried out to investigate the performance of
our procedure to detect DIF in two-
dimensional tests. Our specific objects
include:

(1) Investigation the performance of our
+ procedure when there is no DIF in the
two-dimensional test;
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(2) Investigation the performance of our
procedure when there exists DIF in the
test. The amounts of DIF are varied in
different simulation setting;
Comparisons of our procedure with other
procedures;

Applications of our procedure to real
data like college entrance exam for
example.
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The topic of item bias/differential item
functioning (DIF) has attracted many
researchers in recent years. An item is said to
exhibit item bias/DIF if the item has different
probabilities of correct response for
examinees of the same ability but belong to
different groups (usually based on race,
gender, socioeconomic status, etc.), generally
referred to as reference group and focal
groups. Several methodologies have been
developed to assess item bias/DIF, and
numerous studies have been carried out to
investigate  the  validity of  these
methodologies to assess item bias/DIF.
Notable among these methodologies are:
Mantel-Haenszel (MH) procedure (Holland
& Thayer, 1988), SIBTEST procedure
(Shealy & Stout, 1993a, 1993b), logistic
regression  procedure (Swaminathan &
Rogers, 1990), and item response theory (IRT)
based procedures (Shepard, Camilli, &
Williams, 1985).

Most studies conducted thus far have
studied item bias/DIF of intentionally
unidimensional tests. That is, it was
presumed that the intent of the test was to
assess a unidimensional ability, In order to
assess item bias/DIF in such tests, the general
procedure is to divide examinees from the
two groups (reference and focal) into
subgroups based on a single score derived
from a subset of the test items referred to as

the matching subtest. In each of the matching
subgroups, the perforrnance of examinees
from reference and focal groups is compared
on the item(s) of interest and aggregated
across subgroups to arrive at a statistic that is
used to assess item bias/DIF. Throughout this
proposal a “multidimensional test” will mean
a test designed to measure two or more
dominant dimensions. In particular, a two-
dimensional test is a test designed to measure
two dominant dimensions. Item bias / DIF is
caused when nuisance abilities other than
those intended are part of the
multidimensional test.

Few studies have investigated item
bias/DIF for such multidimensional test data.
In applications, often there are situations
when the tests are deliberately constructed to
be multidimensional. That is, items
intentionally tap more than one dominant
dimension. In such situations it is unrealistic
to presume that a unidimensional test score
will adequately represent a valid matching
subtest. For example, in a general science test,
generally there is more than one dominant
ability influencing examinee responses. In
these cases, using total test score as a
matching criterion can lead to misleading
results. For example, let us suppose that in a
two-dimensional test with no contaminating
secondary dimensions that half the items tap
ability 1 (6 1) and the other half tap ability 2
(6 2). Then, for a subgroup consisting of
examinees with 50% correct on the total test,
it is evident that such examinees could obtain
50% correct on the test in several ways: by
answering correctly all of the items tapping
(81), or all of the items tapping (6 2), or
any combination of the two sets of items. If
we are comparing the performance of
reference and focal groups on an item based
on single score matching, it could lead to
inconsistent and misleading results about
item fairness. Therefore, in order to obtain
accurate results, it is important to match
examinees so that they are comparable on all
abilities to be measure by the test.

Most existing procedures can only be
used for assessing item bias/DIF of




unidimensional tests. In order to utilize them
for assessing item bias/DIF in the context of
multidimensionality, these procedures need
to be modified and/or new procedures need
to be developed. The purpose of the present
study has been to develop a statistical test
MULTISIB to detect item bias/DIF of two
dimensional test data, and to study its
performance with respect to the Type I error
and power of simulated two-dimensional
tests as well as real two-dimensional tests.
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A few simulation studies were
conducted to assess the performance of
MULTISIB to detect DIF in two-dimensional
test data. In these simulation studies,
MULTISIB demonstrated good Type I error
behavior and reasonable power across a wide
range of sample size. Comparisons of true
DIF parameter value with the average
estimated DIF in both Type I error and power
studies showed that MULTISIB also
displayed minimal statistical bias. This
behavior extended to conditions analogous to
conditions in which unidimensional DIF
procedures might be expected to perform less
well.

Studies also showed that the MULTISIB
performance observed was not dependent on
the matching subtests exhibiting orthogonal
simple structure (i.e., not all items in the
matching subtest must be pure measures of &
1 or&2). The behavior of MULTISIB was
maintained quite well even when using
matching subtests with items that had more
realistic angular spreads.

Finally, our studies also demonstrated
the importance of matching examinees on
both matching subtest scores separately
instead of matching on the basis of one total
matching subtest score. That is, when
assessing DIF with two-dimensional data,
MULTISIB should be used rather than the
unidimensional SIBTEST or MH procedures.
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This study demonstrated the utility of
MULTISIB for assessing DIF in two-
dimensional test data. Further studies should
attempt to extend MULTISIB to assess DIF
to test data in which the number of
intentional underlying dimensions is greater
than two. For this situation, matching will be
more difficult because of the exponentially
increasing number of score cells. It also may
be worthwhile to investigate further the
performance of MULTISIB under other
conditions of test multidimensionality, such
as varying the correlation between
dimensions, the underlying trait distribution,
or the multidimensional model for item
response functions by which data are

generated. Finally, applications of
MULTISIB using real data should be
conducted.
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