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Abstract

This study examines the following DIF procedures - Transformed
Item Difficulty (TID), Full Chi-Square, Mantel-Haenszel chi-square,
Mantel-Haenszel delta, Logistic Regression, S0S2, S0S4, and Lord's
chi-square under three sample sizes, two test lengths, four cases
of item discrimination arrangement, and three item difficulty
levels. The study is in two pafts: The first part examines the
distributions of the indices under null (no bias) conditions. The
second part deals with the power of the procedures to detect known
bias in simulated test data. Agreements among procedures are also
addressed. Lord's chi-square certainly appears to perform very
well. Its detection rates were very good, and its percentiles were
not affected by discrimination level or test length. In retrospect,
one would like to know how well it might do at smaller sample
sizes. When the tabled values were used, it performed equally well
in detecting bias and improved in reducing false positive rates.

O0f the other indices, the Mantel-Haenszel and the logistic
regression indices seemed the best. Camilli chi-square had a number
of problems. Its tabled values were not at all useful for detection
of _bias. The TID was somewhat better but does not have a
significance test associated with it. One would need to rely on
baseline studies, if one were to use it,

For uniform bias either Mantel-Haenszel chi-square or logistic
regression would be recommended, while for nonuniform bias logistic
regression would be appropriate. It is interesting to note that
Lord's chi-square was effective for detecting either kinds of bias.

i



We have been told that sample size is related to chi-square
values. For each of the chi sguare indices the observed values were
congiderably lower than tabled values. Of course, these were
conditions where no bias was present except that which might be
randomly induced in data generation. Perhaps it is those instances
where bias is truly pfesent that larger sample sizes allow us to
more easily identify biased items. Certainly the proportions of
biased items detected waé greater for large sample sizes for
Camilli chi-square, Mantel-Haenszel chi-square, and logistic

regression chi-squares.
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CHAPTER I

Introduction

One of the most recent developments in the world of testing is
an explosion of the concern for unbiased tests. Test developers and
test users are presently very sensitive to the way their tests
perform in different subgroups found in the test's target
population. This sensitivity manifests itself in the effort put
into action to ensure that the test behaves in a similar way in-
each of the subgroups of the target population. The exercise takes
the form of either examining the test as a whole or examining
individual items in the test-with respect to the way they function
in the different subgroups. When the problem is addressed from £he
whole test angle, this is referred to as a "Test Unfairness Study"
or a "Test Bias Study". When the problem is addressed from the
individual test item angle, it is referred to as an "Item Bias
Study". This study concerns the latter. |

To facilitate item bias studies, researchers like Swaminathan
and Rogers (1989); Holland and Thayer (1986); Linn et al., (1981);
Shepard, Camilli and Averill (1981); Lord (1980); Rudner (1977);
Angoff and Ford (1973) (to name a few) have developed certain
indices which can be used to determine whether an item is behaving
differentially in different subgroups in a target population. Such
indices are broadly labelled "statistical procedures for detecting
bias in test items". Another way in which item bias studies are
done is through the use of experts in the knowledge area addressed

by the test. These experts examine the test item's format and



2
content and make a judgement as to whether the items is biased
against any of the subgroups in the target population. This method
is labelled the "Judgemental Method". This study does not examine
this non-statistical approach.

Over the years, there has been a proliferation of statistical
item bias detection procedures. Each of these procedures takes the
form of a mathematical model which uses some parameters from the
item and the test to produce an index whose value is used to
determine whether the item is biased. The unfortunate thing about
these procedures, is that their bias detection results do not
always agree. This phenomenon has given rise to series of studies
which try to compare some statistical procedures. Based on results
from such studies, strengths and weaknesses of different procedures
have been gradyally surfacing.

The current study is in part a comparative study, in terms of
examining the power of detecting biased items for different
statistical procedures. The study will also attempt to examine the
distributions of the indices of the different procedures when there
is no bias, other than chance bias, present in the test data.

The distribution study will examine the effect of certain
variables of interest (test length, sample size, and item
discrimination) on the indices produced by the different
procedures. The procedures in this study include three procedures
based on item response theory, IRT, (these are Lord'g chi-square,
50S2 and 8S0S4) and five non-IRT procedures - the logistic

regression (LR) procedure, the Mantel-Haenszel (MH) chi-square and
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delta procedures, the Full chi-square procedure and the Transformed
Item Difficulty (TID) procedure.

The review of literature is presented in Chapter II1. Chapter
111 gives a description of the study. The Methodology used in the
study is presented in Chapter IV. The results are presented and

discussed in Chapter V. The conclusions of the study are presented

in Chapter VI.



CHAPTER II

Review of Research

Tests are normally designed to aid in some decision making
processes. In most cases, members of the target population, for
whom a test is designed, vary on certain characteristics such as
gender and sociél or cultural backgrounds. When such subgroups
.exist within the target population of a test, the whole test or the
individual items in the test may function differentially for each
identifiable subgroup. This concept of differential functioning of
a whole test, or the items in the test, may be as old as the
introduction of testing itself. However, the issue never received
the attention it is due until the late 1960's and early 1970's.
Since then, an appreciable proportion of educational research has
been directed toward answering questions concerning differentially
functioning tests and/or test items. In addition to this
proliferation of research, test developers and test users now have
the added responsibility of ensuring that a test , destined for a
target population that displays gender, social or cultural
differences in subgroups, does not give undue advantages for
success to members of a particular gender, social or cultural
subgroup over members of another.

In contemporary society, it is difficult, if not impossible,
to find a target population for a test that does not display at

least one of these gender, social or cultural differences in its
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subgroups. This implies that for the majority of tests, test
developers and test users must address the issue of differential
functioning at either the test level or at the individual item
level. To help test developers and test users answer some of their
questions concerning differential functioning, two types of
research works surfaced: those that address the issue of fairness
of‘the testing instrument as a vhole and those concerned with the
individual items.

The issue of fairness of a test is of major concern when the
test is to be used in selection purposes. In such a situation the
test is used as a pre@ictor of some future performance (i.e. the
criterion). If such a test should predict the criterion well for
one subgroup and poorly for another subgroup, within the target
population, it will give an undue selection advantage to the former
subgroup while it gives an undue disadvantage to qualified members
of the latter subgroup. Such a test is said to be a "hiased test".
This situation is also sometimes referred to as "unfairness".
According to Rudner, Getson, and Knight, (1980), researchers who
address the issue of test bias attempt to answer the question:
"Does the test either unduly favour or impede examinees from
different parts of the country or from different background in
relation to their performance on the criterion?" (p. 214) .

Where the concern for differential functioning is addressed at
the individual test item level, rather than at the whole test
level, the term "item bias" is generally used in the literature.

The definition of "item bias" varies with the research method ﬁsed
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to address it. However, the most commonly accepted definition is
the one used by Shepard, Camilli, & Averill (1981): "An item is
clasasified as biased if two examinees of comparable abilities but
from different subgroups within the target population do not have
the same probability of success on the item." This form of bias

(i.e., item bias) is the focus of this study.
Item Bias

The main concern with item bias, in the field of testing, has
to do with the identification of biased items in a test and the
correction or elimination of such items depending on whether the
items can be corrected or not. It can be argued that, for any given
test containing more than one item, the characteristics of the test
as a whole are not necessarily the same as the sum of the
characteristics of the individual items that constitute the test.
In any case, for the relationship between test bias and item bias,
it can be assumed that a test, made up of unbiased items for all
the subgroups in the target population, will itself be an unbiased
test for all the subgroups of interest. Lord (1980) suggests that
a test would be completely unbiased if each of the items in the
test has exactly the same item response function in every subgroup.
This implies that if the test is made up of items, all of which
measure the same latent trait, as long as the items are unbiased,

the test will also be unbiased. In this respect, a study that
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addresses bias at the item level will have an advantage over one
that addresses bias at the whole test level.

To be able to detect biased items, certain procedures must be
defined. Item bias detection procedures found in the literature can
be divided into two broad classes: judgemental procedures and
statistical procedures. In judgemental procedures, the test item is
u;ually examined by one or more "expert Jjudges". The judges are
requested to examine the item's format and content for clues that
may render the item more difficult for members of one subgroup than
for members of another subgroup within the test's target population
(Tittle, 41982). The major problem with this procedure is the
subjectivity of the expert judges.

Statistical procedures are based on mathematical modeling that
utilize parameter estimates obtained from some form of analyses of
the test scores for the subgroups of interest. The mathematical
formula for each statistical procedure results in an estimator, the
value of which is used to determine bias. Some of the indices
obtained from such statistical procedures (e.g. the logistic
regression procedure and the Mantel-Haenszel chi-square procedure)
have known statistical distributions with definite tests of
significance associated with them. A number of others {(e.g. the
Item Response Theory - Area Between procedure and the Transformed
Item Difficulty procedure) have no known statistical tests of
significance associated with them. For each procedure in the latter
set, it is necessary to define some objective method that will be

used to determine whether the value of the index indicates DIF or
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not. One such method is the baseline study method (see, for
example, Shepard, Camilli, and Williams, 1985). Seo far, very
little, if any, similarity is known to exist between results
obtained from the judgemental and the statistical approaches
(Burrill, 1982). However, there is agreement in the literature that
the results from the two approaches should be used to complement
each other.

"Item bias cannot be fully defined in statistical terms. It is
more of a philosophical and emotional concept, (Burrill, 1982).
Statistical procedures cannot be wholly relied upon to detect item
bias. The content and format of an item, flagged by a statistical
procedure, have to be carefully examined to establish if indeed the
problem with the item could be classified as biased. When an item
is flagged by such statistical procedures, the only valid statement
that could be made about the item is that it is performing
differentially in the population subgroups being studied. Some
authors have suggested the use of more appropriate terms,
"DIFFERENTIAL ITEM PERFORMANCE, (DIP)" (Welch et al., 1987; Wright,
1986) or "DIFFERENTIAL ITEM FUNCTIONING (DIF)" (Holland & Thayer,
1986), in place of the term "ITEM BIAS", when statistical
procedures are used. The term Differential Item Functioning or DIF
shall be adopted in this study.

Concern for bias-free tests in contemporary society has given
rise to a proliferation of statistical procedures for detecting
DIF. Unfortunately, the results obtained £from the differeﬂt

procedures do not display a strong enough agreement. This lack of

)l
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agreement has resulted in an appreciable number of studies each
aiming at identifying procedures that are best indigators of DIF
(e.g. Rudner, Getson & Knight, 1980; Shepard, Camilli & Williams,
1985).

Statistical DIF detection procedures that have been deyeloped
to date can be divided into CONDITIONAL and UNCONDITIONAL
procedures. In conditional procedures, the samples of examinees
from the subgroups of the target population are matched on ability.
In unconditional procedures, the samples are not matched with
respect to ability. Unconditional procedures have been criticized
for confounding bias with difference in ability between the
subgroups. In studies that compare DIF detection results obtained
from different procedures, with the exception vf the Transformed
Item Difficulty (TID) procedure, unconditional procedures have
always performed poorly (Merz & Grossen, 1979; Rudner, Getson, and
Knight, 1979, 1980).

In DIF studies, situations arise where an item displays DIF in
favour of one subgroup at lower ability levels and DIF against the
-same subgroup at higher ability levels. When this happens, the item
is said to display "NONUNIFORM DIF". If an item displays DIF
against one subgroup at all ability levels, the DIF is referred to
as "UNIFORM DIF". Some statistical DIF procedures (e.g. the Mantel-
Haenszel Chi-Square procedure) are known " ) be sensitive to Uniform
DIF only.

Statistical DIF detection procedures differ not only in their

conceptualization of DIF but also in their theoretical soundness,
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statistical complexity, sample-size requirements, and cost of
implementation (Ironson, 1982; Shepard, Camilli, & Averill, 1981).
This is still true {oday. Over the yvears, attempts have been made
to examine the theoretical soundness, efficiency in identifying
biased items, and reliability as determined by the degree to-which
a given procedure can replicate its DIF results. Most of the D;F
detection procedures have been found wanting in a few or all of
thdse properties.

DIF detection procedures based on Item Response Theory (IRT)
models, eapeciaily the three-parameter IRT médel, are considered
the most theoretically sound procedures (Ironson & Subkoviak, 1979;
Rudner & Knight, 1980; Shepard, Camilli & Averill, 1981; Ironson,
1982). This is mainly due to the fact that these procedures do not
confound real mean differences in groups' performances with DIF.
However, the cost of implementation, statistical sophistication,
and large-sample-size required for estimation of item parameters
put the three-parameter IRT procedures heyond the reach of many
practitioners in the field of education. Most of the three-
parameter DIF detection procedures can also be used with the less
saophisticated one- and two-parameter IRT models, as long as the
response data fit these models. In the literature, procedufes based
on the one~ and three-parameter IRT models have received more
prominence than those based on the two-parameter model, the one-
parameter model is much more tolerant with respect to small sample
sizes, Traub (1983) states that in real testing situations where

multiple-choice items are used, some amount of guessing is always
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present, and that it is not likely that all the items in a test

will have equal discrimination as is assumed by the one-parameter
model. On the basis of these points raised by Traudb, the one-
parameter model can be criticized as not representing reality. On
the other hand, the three-parameter model is much more of a repre-
sentation of reality because it provides for guessing and does not
assume uniform discrimination among items.

By their nature and the parameters used in obtaining the
values for their indices, some three-parameter IRT DIF detection
procedures can be modified for use with the one-parameter IRT model
(e.g. procedures based on the sum of squared differences,' in
probability of success, between the subgroups under study). In the
literature, however, two main DIF detection procedures are
associated with the one-parameter IRT mcdel. These two procedures
are based on:

I the examination of differences in item difficulty levels for
item across the two subgroups of interest (Draﬁa, 1977;
Wright; Mead & Draba, 1976).

II) the examination and comparison of the iEem/model fit
statistics obtained for each of the two subgroups of interest
(Wright, Mead & Draba, 1976; Durovic, 1975).

The most prominent among the three-parameter IRT DIF detection
procedures found in the literature include:

I) Linn, Levine, Hastings, and Wardrop, (1981); Shepard, Camilli
& Averill, (1981); Rudner, (1977): they defined indices based

on the area vetween the item characteristic curves (ICC's) of
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III)

IV)

V)

12
the two subgroups under study. This method utilizes the fact
that since the IRT item parameters are not sample dependent,
given allowances for chance variation, the ICC's for two
equivalent (i.e. equal in ability) groups, for an item, should
be identical.

Shepard et al., (1984); Linn et al., (1981): they defined
indiceé based on the‘éum of squared differences between the
probabilities of a correct response, to an item, for the two
groups under study. |

Lord (1980) definéd an index which 1is an asymptotic
significance test that simultaneocusly compares the differences
of the discrimination (a) and the difficulty (b) parameters
between the groups under study.

Linn and Harnisch (1981): they proposed an index based on the
average difference ‘between the empirically abtained
probability of success and the expected probability of success
of the minority group (i.e. the smaller of the two groups
under study). This difference measures the degree to which
members of the minority (or target) group performed better or
worse than expected. They also defined a second index which is
the standardized form of the first.

Linn et al., (1981): they proposed a procedure which involves
the visual examination of each group's ICC, plus and minus

twice its standard error, plotted on a common graph.



13

VI)} Hulin et al., (1982, 1983); Bougon and Lissak (1981) proposed
indices based on the empirical item response function (EIRF)
for the two groups under study.

Over the vyears, a good number of non-IRT DIF detection
procedures have appeared in the testing world. Some of these never
reached anyl level of prominence because of theoretical flaws
detected in their designs. Some such procedures are: Scheuneman's
(1979) chi-square procedure, a point-biserial corrélation pracedure
(Green & Draper, 1972), a partial correlation procedure (Stricker,
1982) and procedureé based on multivariate factor structure
analyses (Lei & Skinner, 1983; Rock & Werts, 1979; Merz, 1973,
1976; Green & Draper, 1972).

Non-IRT DIF detection procedures that have featured
prominently in the item bias literature include:

I) The Transformed Item Difficulty (TID) procedures (Rudner,
Getson, & Knight, 1980; Echternacht, 1974; Angoff & Ford,
1973; Angoff, 1972). The original TID procedure is based on
the examination of bivariate plots. Each point in the plot has
co-ordinates that are delta scores obtained from the
transformation of the "classical" item difficulty (p-value}
computed for each of the groups under study.

II) The Full Chi-~Square procedure proposed by Camilli (1979). Over
geveral ability groupings, this proce@ure compares the
observed ﬁrequencies of examinees answering an item correctly

and examinees answering the item incorrectly to their
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respective expected fregquencies for answering the item
correctly or incovrectly in each of the groups under study.
Dorans and Kulick (1986) defined two indices for which the
total test score is divided into total test score classes. The
item difficulty (p-value), for examinees who fall into a
particular total test score class, was determined for each of
Ehe groups under study. The difference in p-value in each
score class was obtained. These differences, over all the test
score classes, were standardized and summed to define the
first index. The second index is simply a weighted root mean
squared transformation of the first.

The Mantel-Haenszel (M-H) chi-square procedure, proposed by
Holland and Thayer (1986). This is a test statistic for the
Mantel-Haenszel odds ratio.

The Mantel-Haenszel (M-H) Delta procedure, proposed by Holland
and Thayef (1986). It is a log transformation of the Mantel-
Haenszel odds ratio which shows amount and direction of bias.
The loglinear ©procedures proposed by VanDer Flier,
Mellenbergh, Ader and Wijn, (1984); Mellenbergh, (1982).
Basically, a loglinear procedure tests the fit of models by
means of a maximum likelihood ratio statistic, G, which is
asymptotically distributed as chi-square, and is defined in
terms of the log of the ratio of the observed cell freguency
to the expected cell frequency from a three dimensional (score

X group X response) contingency table.
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VII) The logistic regression procedure proposed by Swaminathan and
Rogers (1989). This procedure models the probability of a
correct response to a biased item to depend on both group
membership and ability using the standard logistic regression
model for predicting a dichotomous dependent variable from
given independent variables. With this procedure, an unbiased

item will have 1identical regression curves (i.e. eqgual

intercepts and equal slopes) for the two groups under study.
Previous Studies

Each statistical DIF detection procedure is in the form of a
mathematical formula which defines an index, the value of which is
used to determine DIF. Because mathematics allows for different
approaches to the solution of any given problem, the different
mathematical formulae associated with the différent statistical DIF
procedures can be justified. However, in a normal mathematical
problem solving situation, the different procedures are expected to
converge on the correct solution to the problem. Unfortunately,
this is not the case with all the currently known DIF procedures.
They do not always converge on the same solution. The search for
converqenée of results has been the main feature of studies
comparing statistical DIF detection procedures (Hambleton & Rogers,
1989; Merz & Grossen, 1979; Rudner, Getson, & Knight, 1980; Seong
& Subkoviak, 1987; Shepard, Camilli, & Averill, 1981; Shepard,

Camilli, & Williams, 1984, 1985; Spray, 1989). At the heart of this
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search for convergence of results lies the more important reason
which has to do with concern for practitioners in the field of
education, the ultimate users of these procedures. From the
practitioner's point of view, even though efficiency and
theoretical soundness of a procedure is important, there are other
factors that must be considered. These include cost of implemen-
tation, ease of understanding, interpretabiiity to lay public and
other practical regquirements such as sample size and test length.

Two main types of studies, comparing DIF detection procedures,
are found in the literature. These shall be labelled SIMULATED-DATA
STUDIES (SDS) and EMPIRICAL-DATA STUDIES (EDS). In SDS, test data
are generated in such a way so as to establish, a priori, both the
nature and amount of bias present in the test data. DIF detection
procedures that are being compared are then applied to the data to
determine the effectiveness of each of the procedures in
identifying the known bias in the test data. The results obtained
from the different procedures are then used to evaluate the
relative efficiency of each procedure with respect to identifying
the known bias in the test data. The DIF detection similarities
among procedures, the amount of false-positive identification (i.e.
identifying as biased, an item which was generated unbiased), and
the amount of false-negative identification (i.e. identifving as
unbiased, an item which waé generated biased) could also be
determined. Some studies belonging to the SDS group are Merz and
Grossen, (1979); Rudner, Getsqn and Knight, (1980); Shepard,
Camilli and‘Williams (1985); Rogers and Swaminathan, (1989, 1990).
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In each of the SDS studies, mentioned above, the true state of
bias in the test data was known because the data were generated
that way. In Merz and Grossen, (1979), Rudner, Getson and Knight,
(1980), and Shepard, Camilli and Williams (1985), DIF detection
procedures with no known statistical test o¢f significance
associated with their indices were included (e.g. the TID procedure
and some IRT procedures). Whenever such DIF'procedures are used,
some objective way of establishing cut scores (e.g. the baseline
study method) for the indices must be employed in the study and
reported. Unfortunately, of the studies using such procedures,
mentioned above, only the report of Shepard, Camilli and Wiiliams
{1985) mentioned the use of such an cbjective method for
establishing cut scores. The studies by Rogers and Swaminathan
(1989, 1990) compared only two DIF procedures, thwe Logistic
Regression (LR) procedure and the Mantel-Haenszel (MH) procedure.
Both of these procedures have known statistical tests of
significance associated with their indices.

In EDS, attempts are made to compare different DIF detection
procedures on the basis of their ability to detect bias in test
data obtained from the performances of actual people on actual test
items. Two sub-classes of EDS are identifiable in the literature.
In one sub-class, the researcher attempts to build a "known" amount
and nature of bias into the test. This is done mainly by getting
experts to‘construct test items whose contents and/or format they
(the experts) believe are biased against members of one of the sub-

groups of the target population. This EDS sub-class assumes that



18
the true nature and amount of bias, in the data obhtained from such
a test, are known. Like studies in the SDS category, studies in
this EDS sub-class proceed to evaluate the different DIF procedures
in terms of their accuracy in detecting the "known" bias in the
data, their similarities in bias detection results, their false-
positive identifications and their false-negative identifications.
Examples of studieé falling into this first sub-class of EDS are
Ironson‘et al., (1984), Subkoviak et al., (1984), and Seong and
Subkoviak (1987).

. The second suh—élass of EDS comprises of studies in which no
attempts are made to build known bias into the test that is being
studied. Efféctively, the amouﬁﬁ and nature of bias in the test
data are accepted as unknown. With the exception of a few studies
(e.g. Shepard, Camilli & Williams, 1985) in this EDS sub-class, the
only meaningful comparisons that could be made are in terms of the
agreement and disagreement among the DIF procedures. When the true
state of bias in the test data is unknown, even when different DIF
procedures flagged the same item, it is difficult to accept such an
item as biased with full confidence. An examination of the item's
content and format will be necessary to confirm the quality of the
item. It is also possible that the maost meticulous examination ocf
such flagged item's content and format will give no clue of bias.
All the flagging of the item tells us is that the item is behaving
differentially in the sub-populations. This differential behaviour
may be due to bias or to some other factor (e.g. the misspecifié

cation of the latent ability space for the test - see Ackerman,
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1991). Some studies in this sub-class are Vaillancourt, (1984),
Wright (1986), Rogers and Hambleton (1988), and Schutz et al.,
{1989).

In some other studies, like Shepard, Camilli and Williams
(1985), which also belong to the second EDS sub-class, though the
true state of bias in the data is not known a priori, the
researcher(s) first use a theoretically sound DIF procedure (e.g.
one of the well tested DIF procedures based on the three—barameter
IRT model) on the data.'Thé result obtained from the use of this
procedure is then accepted as a full definition of the true state
of bias in the data. Based on this established true bias state,

Iothe:' DIF procedures are judged in terms of their ability to
replicate the established "true" state of bias in the data. With
such a "true" bias state established, the efficiency, false-
positive identification and false-negative identification of the

other DIF procedures could be determined.

Simulated Data Studies

Rogers and Swaminathan _(1990) examined the chi-square
distributional claims and compared the powers of identifyinq biased
itemg of both the Mantel-Haenszel (MH) and the Logistic Regression
(LR) DIF procedures. Sample size and model-data fit were identified
as factors that might affect the distributional claims of the
indices for the two DIF procedures, For biased item identification
power, the researchers identified six factors that might affect the

results from both the MH and LR procedures. The six factors were
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model-data fit, sample size, test length, shape of test score
distribution, size of bias, and proportion of biased items in test.

The LR statistic is expected to be distributed as a chi-square
with 2 degrees of freedom (with mean and standard deviation each
equél to 2.0)., The MH statistic is expected to be distribufed as
a chi-square with 1 degree of freedom (with mean equal to 1.0 and
standard deviation equal to ¥2.0). In the distributional study, two
sample sizes (250 and 500 subjects per group) were crossed with two
model-data fit levels (good-fit and poor~fit). Five selected items
with no bias induced, and with varying levels of difficulty and
discrimination, were used in each of the four experimental
conditions. Data were generated for each of the five items, under
each condition, and replicated 100 times. The LR and MH statistics
were calculated and empirical sampling distribution constructed
separately for each statistic. The Kolmogorov-Smirnov test (in the
form of a K statistic) was then performed on each statistic's
distribution for each item under each condition.

Three out of the twenty distributions of the LR statistic
displayed a significant K at the .05 level while six out of the
twenty distributions for the MH statistic had significant K's at
thé .05 level. The MH statistic alsoc displayed a slight effect due
to sample size. For the 250 per group sample data, 3 out of 5 and
2 out of 5 cases, for the good-fit and poor-£fit conditions
respectively, displayed significant K's, while 0 out of 5 and 1 out
of 5 had significant K for the corresponding 500 per group data.

The 6 significant K cases for the MH index were different from the
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3 significant K cases for the LR index. Also the significant K
cases for the MH index did not correspond in the different
conditions (e.g. items 1, 4 and 5 in one condition, items 1 and 4
in another condition and item 2 in a third condition displayed
significant K's).

In the "power of identification of bias" study 2 levels
(good/poor) of model-data fit, 2 levels (250 per group/500 per
group) of sample size, 2 levels (40 items/80 items) of test length,
2 levels (normal/skewed) of test score distributions and 2 levels
(15%/none other than item of interest) of proportion of biased
items in test were crossed to give 32 experimental conditions. In
each of these conditions, both uniform and nonuniform DIF were
simulated with sizes of DIF fixed at one of 4 levels: an area value
of .2, .4, .6, or .8. Twenty replications of each condition were
carried out. Separate ANOVA's - one for uniform and one for
nonuniform DIF) were carried out in which the dependent variable
was the number of times out of the 20 replications that an item
containing DIF was flagged by each procedure. The independent
variables were all the five factors identified earlier.

For uniform DIF, both test length and shape of score
distribution showed no significant effects for both indices. Model-
data fit had no effect on the LR proceéure's power while the MH
procedure's power appeared to be affected by model-data fit. The
mean success percentage difference between the good-£fit (2PL) model
and the poor-fit (3PL) model was only 2% (i.e, 73% for the 3PL and

71% for the 2PL) yet this difference turned out to be significant.
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The proportion of biased items in the test showed no effect on the
power of the MH procedure. The LR procedure's power, on the other
hand, was affected by the proportion of biased items in the test.
The detection rate of the LR procedure rose from 70% to 76% when
the proportion of biaéed items dropped from 15% to none otiner than
the item under study. Sample size displayed a strong effect on the
power of both procedures. When samplea size increased from 250 to
- 500, the detection rate for both procedures increased by abogt 15%.
Also, items with small DIF size (e.g. area value of 0.2) had low
detection rates (about 30%) while items with large DIF size (e.g.
area value of 0.8) had high detection rates (about 95%) for both
procedures. '

For the nonuniform DIF, shape of score distribution and
proportion of biased items in test displayed no effects on the
. powers of both procedures. The MH procedure's power was not
affected by test length. The LR procedure's power increased from
57% to 62% when test length increased from 40 to 80 items. Both
procedures were sensitive to model-data fit. For the LR procedufe,
the detection rate was 15% lower in the poor-fit (3PL) data than in
the good-£fit data. For the MH procedure, the detection rate was 7%
lower in the poor-fit data than in the good-fit data. When sample
size increased from 250 to 500 per qroup; tﬂe LR and MH detection
rates increased by 20% and 10% respectively. For types of items,
the LR procedure had its lowest detection rate (about 37%) for
items with medium difficulty and low discrimination, and its

highest rate (about 78%) for items with medium difficulty. For
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jitems with low difficulty, the MH detection rate was about 15%

lower than that for the LR procedure. For items with high
difficulty, the detection rates for both procedures were almost the
same (75% for LR and 80% for MH). The MH procedure was equally
effective in detecting nonuniform bias with differences in the
difficulty parameters of the items for the two groups. However,
when bias was purely in terms of difference in the item
discrimination parameter in the two groups,_thé MH procedure was
unable to detect such items.

A study to evaluate the validity of some non-IRT bias
detection procedures was undertaken by Shepard, Camiili and
Williams (1985). One of the main assumptions made in this study was
that bias detection procedures based on the IRT model always
produce reliable results because of their underlying theoretical
soundness. Thus, in the study, non-IRT procedures are referred to
as "Approximation Techniques". As a result of this underlying
assumption, the study's main focus became the validation of the so-
called approximation techniques in terms. of their ability to
replicate results obtﬁined from IRT bias detection techniques. The
study was in two parts. The first part of the study was an EDS
study which used data from the High School and Beyond (HSB) data
file from the National Center for Educational Statistics. The HSB
data used was for 28,000 high school seniors. The study sample
extracted from the HSB sample was made up of 3,377 blacks and
17,928 whites (excluding Hispanics) who responded to the HSB math

test in the spring of 1980. The so called "approximation
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techniques" used in this study were the Transformed Item Difficulty
(TID) procedure, the Full Chi-Square (x'ta1) procedure and the
Pseudo IRT (IRT-2) procedure. The IRT procedures used were the
following 3PL IRT procedures: the Sum of Square (SOS) 1, 2, 3, and
4 procedures, the Signed Area (SA), the Unsigned Area (UA) and the
IRT Chi-Square (IRT-x!) procedures.

In the first study, the "true" state of bias in the test data
was established by a crossvalidation IRT criterion study which used
bias results obtained by applying the S0S2 and the S0S4 procedureé
to the math test data for two pairs of.black and white comparison
samples of equal sample size (N=1500 each). Items flagged by both
procedures, in both pairs of samples, formed the bias criterion set
of items. Tﬁe validiﬁy of the other procedures (especially the
"approximation" procedures) was then judged by each procedure's
ability to replicate the result of the cross validation study. In
the validation study, the samples used were 1000.whites and 500
blacks obtained by randomly sampling from the 17,928 white and
3,377 black samples. For procedures with no established test of
significance, baseline studies were used to establish their cut-
scores. |

The second study was a Simulated Data Study (SDS) in which
data were simulated for a 54 item test for a white sample of 1000
subjects and a black sample of 300 subjects using the 3PL IRT
model. The mean ability for the white and black samples was fixed
at 0.8 and 0.0 respectively, with the variance for both samples

 equal to 1.0. The 54 items were generated using three levels (fl.O,
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0.0 and 0.5) of difficulty (b) parameters, three levels (0.5, 1.0

and 1.5) of discrimination (a) parameters and a fixed guessing
(c=0.25) parameter for each item. In this study, data for 18 of the
54 items were generated biased‘in the black sample by altering the
b values for the items. The alteration of 9 of the 18 items was
obtained by increasing their b values by 0.20 while the b values
for the other 9 items were increased by 0.35. Baseline studies were
again used to‘ determine cut-scores for procedures with no
established test of significance. A back-up study usiﬁg matched
distribution_ samples of 284 whites and 284 blacks was also
undertaken. A modification of the original Full Chi-Square
procedure - in the form of a two-stage Chi-~Square procedure - was
also introduced into the study.

In the first study (i.e. the EDS) the following results were
obtained for the unsigned indices: the unsigned IRT-Z identified 6
out of the 10 criterion biased items with 1 false-positive
identification; the unsigned xh,” identified 5 out of 10 criterion
biased items with 3 false-positive; the matched distribution xﬂ,ﬁ
identified 4 out of 10 items plus 1 false-positive; and the two-
step Xy identified 7 out of 10 criterion items with 5 false-
positives. For the signed indices, the results were: 7 out of 10
criterion items plus no false-positives for the signed IRT-Z; the
signed TID identified 4 out of 10 criterion items plus 8 false-
positives in the unmatched samples and 5 out 10 criterion items
plus 2 false-positives in the matched samples. The signed xHNI

identified.B gut of 10 criterion items plus 1 false-positive in the
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unmatched samples and 4 out of 10 criterion items plus no false-
positives in the ﬁatched samples. The two-stage signed et
identified 6 out of 10 criterion items plus 3 false-positives. The
percentage agreement between the results obtained for the different
indices and the crossvalidation IRT results were also determined:
The unsigned IRT-Z, unsigned !, matched distribution x! and the
two-stage x’had 83%, 72%, 76% and 72% agreements respectively with
the crossvalidation IRT. The signed IRT-Z, signed TID, signed
matched-distribution TID, signed %!, matched-distribution %! and the
signed two-stage xz had 90%, 52%, 76%, 90%, 79% and 76% agreemenfs
respectively with the crossvalidation IRT result.

For the second study (i.e. the SDS) Pearson Correlation
Coefficients between the true state of bias (as generated) in the
data and the results obtained for each of the "approximation"
procedures weré computed. The unsigned two-stage xz, unsigned xﬂ
unsigned matched-distribution x!, and the IRT-Z results correlated
.58, .51, .36, and .25 respectively with the true biased state in
the data. The signed IRT-Z, signed two-stage jx», siqned xﬂ signed
matched-distribution x’, signed matched-distribution TID, and the
signed TID resylts correlated .62, .61, .59, .52, .52 and .46
respectively with the true biased state in the data. In this study
Also, the correlation cocefficients between the true state of bias
in the data and the results obtained by each of the IRT procedures
were computed: For the unsigned IRT procedures, the S0S1, IRT xﬂ
and 5082 correlated .64, .62, and .58 respectively with the true

biased state in the data. For the signed IRT procedures, the S0S3
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and S0S4 correlated .64 and .61 respectively with the true state of
bias in the data.

Seven DIF detection procedures - the transformed Item
difficulty - major axis (TID - MA), the transformed Item difficulty
- = 45% line (TID - 45'), the one-parameter ICC - fit statistic {ICC~-
1F), the onefparameter ICC - difference in item easiness (ICC-1E},
the three-parameter Area Between (ICC~3), the full Chi~Square with
fiQe ability interyals (CHI-5), and the full Chi-Square with
multiple ability intervals (CHi-N) -~ were examined for their
effectiveness in a simulated data study by Rudner, Getson and
Knight (1980). The procedures' effectiveness was studied under 112
different experimental conditions obtained by crossing 7 test
length levels (20, 30, 40, ..., 80 items) with 4 levels of bias in
item discrimination (a) values and 4 levels of bias in item.
difficulty (b) values. The levels of bias in item discrimination
values were obtained by setting the variance of the groupé'
differences in the "a" parameters (cla;}), at 0, 0.4, 0.8 and 1.2
respectively., In a similar way, the levels of bias in item
difficulty values were obtained by setting the variance of the
groups' differences in the b parameter (odb,) at 0, 0.5, 1.0, and
1.5 respectively. Two groups, with 1200 examinees in each group,
were used. The mean abilities for the groups were fixed at -0.5 and
0.5 respectivelf. Each g¢roup's variance was fixed at 1.0. Data
generation was based on the 3PL IRT model.

With the exception of the CHI-N procedure, the results from

all the other procedures displayed only a slight increase in
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average correlation with the true bias state of the data as the
test 1énqth increased. There was no significant increase in bias
detection rate with respect to increase in test length for any of
the procedures. The largest increase in correlation was for the
ICC-3 procedure, between test lengths of 20 and 30 items, where the
correlation with generated bias ' jumped from .67 to .81
respecti#ely. Over all the 5600 items generated in the different
conditions of the study, the correlation between the true biased
‘'state in the data and each of the procedures were .80, .73, .68,
.63, .61, .60; and .55 for the ICC-3, CHI-5, TID-45°, CHI-N, TID-
MA, ICC-1E and ICC-1F respectively.

Results from the ICC-3, TID-45 and ICC-1E showed an increase
in Vcorrelation with trueA bias state as the variance of the
difference in the groups' b parameters increased. The ICC-1F showed
a steady decrease in correlation with true biased state as odb,
increased. For the two Chi-Square procedures, there was a decrease
in correlation with the true biased state as oAB, increased until
the extreme condition when oAb, = 1.5. At this level the
correlation of the Chi-Square procedures with the true biased state
increased (i.e. from .66 and .57 at olb,
= 1.0 to .79 and .67 at oAb, = 1.5 for Chi-5 and Chi-N
respectively). At oAb, = 0 (i.e. for the nonuniform bias
condition), the CHI-5, ICC-3, ICC-1F, CHI-N, TID-MA, TID-45' and
the ICC-1E had correlations of .81, .67, .66, .65, .52, .45, and
.34 respectively with the generated biased state. The correlation

between the true biased state and the results of each of the
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procedures tended to decrease with increase in cda, except those
for the ICC-1F, which displayed a steady increase, and the ICC-3,
which was fairly stable, as olAa, increazsed. At cglda, = 0, all the
procedures, except the ICC-1F, had correlations with generated
biased state, ranging between .76 and .86. The ICC-1F correlated
only .50 with the generated biased state at d¢da, = 0. |

When the résults obtained for the different procedures were
correlated among themselves, the two highest corrglations of .87
and .85 were obtained between the results for CHI-5 and CHI-N, and
the results for CHI-5 and TID-45° respectiyely. The correlations
between the ICC-1F and each of the others were relatively low;
ranging from .40 with ICC-3, to .29 with TID-MA.

Merz and Grossen (1979) examined the effectiveness of six DIF
procedures - the Transfofmed ITtem Difficulty (TID), the Point
Biserial Correlation (PBIS), the Chi-Square (CHI), the Factor
Analysis (FACTOR), the one-parameter ICC-Area Between (BICAL) and
the Three-parameter-Area Between (PARAM) procedures. The study used
simulated three-parameter IRT model data for a 60 item test.
Discrimination (a) and pseudo-guessing (c) parameters were Kkept
fixed at a a=1.0 and ¢=0.05 respectively for all items. Sample
sizés for the tgo study groups were also kept fixed at 1,000
examinees per group. Only the difficulty (b) parameters were
manipulated between groups to create the required amounts of DIF in
the selected items. Two difficulty levels of the test were used: In
one, they maintained 60% of thg items correct while in the secoﬁd

they allowed B80% of the items to be correct. How these test
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difficulty levels translate into item difficulty (b) parameters for
the test items was not mentioned. Three states of bias (0%,10% and
20% of the items biasedj were built into each of the test
difficulty levels. For each of the six resulting experimental
conditions {2 levels of test difficulty and 3 states of bias), two
major comparisons were made: In one, the degree to which each
procedure’s results correlated with ﬁhe generated bias state was
assessed. In the second, the accuracy with thch each procedure
flagged the generated biased items was estimated.

For the data set with 60% test difficulty level, when 10% of
the items were biased, the cofrelation between the true (generated)
bias state and results obtained from the DIF procedures were: .96
for TID, PARAM and BICAL, .86 for CHI, .10 for FACTOR and .07 for
PBIS. When 20% of the items were biased the correlations became .98
for BICAL, .97 for TID, .95 for FACTOR, .94 for PARAM, .91 for CHI
and .36 for PBIS. On the analyses for accuracy of identifying
generated biased items, the results from the 60% test difficulty
data were 83(4) for PARAM, 100(4) for BICAL, 33(7) for PBIS, 83(4)
for TID, 83(2) for CHI, and 0(7) for FACTOR - where the number
outside the bracket gives the percentage of correct identification
and the number inside the bracket gives the number of false-
positive identifications for the 10%—of—items-bia§ed condition. For
t@e 60% test difficulty and 20% of items biased, the results were
83(6) for PARAM, 92(4) for BICAL, 41(4) for PBIS, 92(7) for TID,
83(4) for CHI and 92(5) for FACTOR.
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When the data sets with 80% test difficulty level and 10% of

the items biased were analysed, the correlations obtained between
the results from the DIF procedures and the generated state of bias
were .95 for TID and BICAL, .92 for FACTOR, .8? for PARAM, .75 for
CHI and .54 for PBIS. With 20% of the items biased, the
correlations became .96 for TID, .95 for FACTOR, .75 for PARAM and
CHI, .61 for PBIS and .20 for BICAL. On the accuracy of identifying
generated biased items, the results from the 80% test difficulty'
and 10% of items biased condition were 50(6) for‘PARAM, 83(6) fot
BICAL, 67(6) for PBIS, 100(4) for TID, 33(2) for CHI and 83(5) for
FACTOR. When the number of biased itéms was increased form.IO% to
20%, the results became 69(7) for PARAM, 46(18) for BICAL, 62(3)
for PBIS, 85(4) for TID, 23(3) for CHI and 92(5) for FACTOR - with
numbers in and outside the bracket as defined in the previous
paragraph.

In the four simulated data studies presented above, the study
by Rogers and Swaminathan (1990) is in many ways different from the
other three. The Rogers and Swaminathan study compared only two DIF
procedures each of which was proposed after the other three studies
had been done: The Mantel-Haenszel procedure was proposed by
Holland and Thayer (1986), and the Logistic Regression procedure
was proposed by Rogers and Swaminathan (1989). Thus there is no way
by which the results from Rogers and Swaminathan (1990) could be
compared with those from the other three studies. 'In summary,
however, the main findings of Rogers and Swaminathan (1990) were I

the test statistics of both the LR and the MH procedures had thefﬁ
Y
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expected distributions (i.e. they are both distributed as Chi-
Squares with 1 degree of freedom for the MH procedure and with 2
degrees of freedom for the LR procedure) under nearly all the
conditions examined. They observed that the LR test statistic may
not have the expected distribution for items with high difficulty
(b) and discrimination (a) parameters. II) The LR procedure was
more powerful in detecting nonuniform DIF. III) Both the LR and MH
procedures were equally powerful in detecting Uniform DIF.

Findings from_both the empirical and simulated data studies
were consistent in the Shepard, Camilli and Williams (1985) study.
Among the approximation DIF procedufes, théy obtained the best
result with the Pseudo IRT procedure. The full Chi-Square procedure
was close in accuracy to the Pseudo IRT procedure. The Transformed
Item Difficulty (TID) procedure was found inadequate. However, a
modified form of the TID, in which the p-value differences were
regressed on the item point biserial, was found to bhe as accurate
as the Chi-Square procedure.

Rudner, Getson and Knight (198C) found the three-parameter
ICC~-Area Between (ICC~3) and the Chi-square, with five ability
intervals, procedures accurate under all investigated conditions.
The TID procedure was found to perform well on items with uniform
DIF. On items with nonuniform DIF, the TID performed poorly. These
researchers also found that increasing the number of ability
intervals reduced the power of the Chi-square procedure. The one-

parameter ICC-fit statistic and - Difference in Item Easiness



33
procedureé consistently returned poor correlations with the
generated biased states of the data.

Merz and Grossen (1979) found the TID procedure better than
any of the other five procedures in their study. The three-
parameter and one-parameter Area Betweenlprocedures where next to
the TID procedure. The Factor Analytic procedure came next, in the
hierarchy of power, to the Area Between procedures. The Chi-sguare
prqcedure was less powerful than the Factor Analytic pfocedure
although it was far better than the Point Biserial procedure which
was found to function erratically.’

One‘study that cannot be strictly classified as either a
simulated or an empirical study is the study by Spray (1989). In
this two part study, Spray examined the behaviour of three DIF
procedures: The Standardized Difference in Proportion-Correct (STD)
by Dorans and Kulick (1986), the Mantel-Haenszel Common Odds-ratio
(MH) by Holland and Thayer (1986), and the Root Mean Weighted
Squared Difference in Proportion-Correct (RMWSD) by Dorans and
Kulick (1986). Samples were drawn from a population of examinees
who had taken the three forms (test A, test B and test C) of the
ACT Assessment Program (AAP) test. For each test form a base (B)
and focél (F) samples were drawn from the population of examinees.
Sampie sizes for all B and F groups were fixed at 2,000 each. Test
A and test B had white base and black focal groups. Test C had a
male base group and a female focal'éfoup. The total sample (both
base and focal grouped together) ?Qs used to estimate item
parameters for each of the test forms.

f
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In the first part of the study, Spray defined the theoretical
asymptotic distribution form of each of the three DIF procedures,
Using these theoretical distributions, she defined an arbitrary set
of criteria by which item bias was judged. The asymptotic
theoretical DIF statistic for each of the three prpcedureé was then
computed for each test item. The bias criteria were then applied to
'Judge Qhether an item displayed DIF or not. For each test form, the
bias fesult, obtained by using this theoretical form of the DIF
procedure, was then used as the true bias states of the test items
with respect to the population subgroups used. |
In the second part of the study, the item‘pafameters obtained
earlier for items in each test form were used in simulating test
data for nine sémple size arrangements: Six arrangements had an F
to B ratio of 1:1 (2000/2000, 1000/1000, 500/500, 250/250, 100/100,
50/50) and three arrangements had an F to B ratio of 1:10
(200/2000, 10071000, 50/500). Data generation for each test form
and for each of the nine sample size arrangements was undertaken
and replicated a hundred times. These generated data were then used
to compute the value of the index, for each of the ordinary forms
of the three DIF procedures, for each item. The average value
across items for each index was computed and compared with its
corresponding asymptotic counterpart. Both the STD and RMWSD were
found to overestimate their respective asymptotic averages at all
sample size levels for each of the three test forms.
Spray also coﬁsidered the DIF-item identification power of

each of the DIF procedures at the individual item level. For each
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item. the number of times (out of a hundred replication) it was
flagged by a procedure was determined and recorded in percentage
form. Judgement on items was based on the degree to which the
result for an item reflected the result of the asymptotic
distribution study for the same items in the same test form. In
Test A, for example, items 5, 7, and 19 were identified as
displaying DIF in the asymptotic study. The MH procedure fléqged
these items 46%, 34% and 92% of the times, respectively, for the
250/250 samples. These rates changed to 57%, 46% and 76%
respectively when the samples became 100/100. For the same items,
the STD procedure's rétes were 74%, 56% and 52% respectively for
samples 250/250. When the samples were reduced to 100/100 the rates
became 56%, 73% and 56% respectively for the STD procedure.

In the asymptotic study, items 6, 12 and 20 of test A were
clearly identified as displaying no DIF by the three procedures. In
lthe second part of the study (i.e. using the normal forms of the
indices). The MH procedure flagged these items as biased 0%, 0% and
0% respectively for samples 250/250. These rates changed to 10%,
12% and 13% respectively for samples 100/100. The STD procedure
identified these items 0%, 0% and 2% of the time respectively for
samples 250/250. When the samples became 100/100, the rates changed
to 29%, 29% and 21% respectively for the STD procedure. For the
same items, the RMWSD procedure's rates were 100%, 100% and 100%

respectively for each of the two sample sizes. |
In summary, Spray noted that the MH procedure tended to

slightly underestimate its asymptotic results for samples 2000/2000
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and overestimated it as the sample sizes decrease. The STD and
RMWSD procedures overestimated their asymptotic results for all
sample sizes, The MH and STD procedures flagged truly biased items
at similar rates for samples of size 250 or greater. However, the
STD procedure tended fo misclassify more items as biased in favour
of fhe focal group than the MH procedure for smaller sémples. The
RMWSD, on the other hand, identified almost all items as displaving
DIT even for samples as 1arge as 500 to 1500.

Because of its tendency to classify items as displaying DIF
when, in fact, they do not (i.e. it displafs an unacceptable Type

| I error rate), Spray could not recommend the use of the RMWSD
procedure. The other two procedures, the MH and the STD procedures,
she classified as viable, useful candidates for use in DIF studies.
She, however, draws attention to the unexpected finding of the
tendency of the MH procedure to yield unbiased results for moderate
sample sizes (e.g. 500 to 250) and to underestimate its asymptotic
value for large samples while overestimating it for small samples.
The STD procedure, on the other hand, consistently overestimated
its asymptotic results irrespective of sample size. Since the MH
procedure gives "nice unbiased-like" results for moderate sample
sizes and moderate test lengths, Spray feels this may give it

enough advantage for its use over the STD procedure.

Empirical Data Studies
Schulz, Perlman and Wright (1989) empirically  compared the

Rasch and the Mantel-Haenszel (MH) procedures for detecting DIF.
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This study was undertaken mainly to verify claims of similarities,
between the procedures, which is a result of the fact that both
procedures were based on the one-parameter unidimensional model,
The study examined the magnitude, empirical error variance, total
variance and reliability of the indices generated by the procedures
under selected experimental conditions. Two forms of the Rﬁsch
procedure and three forms of the MH procedure were used. In
addition, the MH forms were used with the studied item included or
excluded from the computation of total test score usea for the
measure of ability for the MH procedure. The number of ability
intervals used for the MH procedure was either seven or all score
levels where each obtained test score becomes an ability level.
Data for this study were obtained from the records of 60,000
examinees who had responded to a 46 item minimum proficiency skill
test. The 60,000 comprised of 30,000 males and 30,000 females,
19,980 of the examinees belonged to cne racial group (labelled race
1) and 20,040 belonged to another racial group (labelled race 2).
Meaﬂs for males and females were similar at 32.0 and 32.1
respectively. Means for the two racial groups were dissimilar at
35.5 and 30.0 for race 1 and race 2 respectively. Both sex and race
contrasts were used in the study. A 1:1 majority to minority
samples ratio was used in all cases in the study. Three sample.
sizes (100, 300 and 1000 per group) were ﬁsed for the sex contrast.
For the race contrast two sample sizes (200 and 666 per group) were
used. Thirty samples were drawn randomly (without replacement) for

each contrast (Sex or Race) in each sample size category. This
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arrangement guaranteed that when the procedures were applied to the
test results, for each index and combination of contrast and sample
size, there would be 30 randomly equivalent, but independent
estimates of DIF for each of the 46 items in the test. Thus for
each procedure and in each experimental condition, the set of
Iestimates formed a matrix of 46 items (rows) by 30 index-values
(columns). |

The error variance (E) of an item was determined by estimating
the Qariance within the item but across the 30 columns - i.e. the
row variénce 6f the métrix. Total variance (T) was estimated by the
varianée of all 46 x 30 (i.e. 1380) values.in the matrix. The net
bias for an index was the grand mean of all 1380 values in the
matrix. This grand mean is expected to be zero if item bias is not
confounded with group differences in test performance. The
reliability (R) of an index was estimated by the ratio of true
(total - error) variance to total vafiance. Thus R=(T-E)/T.

The pooled within item, but across replication, error variance
(E), of the standardized forms of the bias indices, was expected to
be 1.0 in each case. In all the conditions, except the one for the
sex contrast with sample 1000/1000, Rasch error variance was closer
to 1.0 than the corresponding MH error variance. For the random
sample groups, the total variance (T) was less than 1.0. This
matches the expected error vari#nce when there is no DIF - i.e.
when the groups are random samples, the total variance should be
equal to the error variance. This was almost exactly the case in

this study. When groups are not randomly equivalent, the total



39

variance may not be equal to the error variance in which case, the
possibility of bias exists. In such a situation, the total variance
(T) is expected to exceed the error variance (E). In the study,
total variance exceeded error variance for all the sex and race
contrasts. However, the total variance for the MH indices was
noficeably more conservative than for the Rasch counterparts. For
the sex contrasts, the total variance for the Rasch procedures
ranged from 1.37 to 5.66 while those for the MH ranged from 1.00 to
5.60. For the race contrasts the Rasch total variance ranged from
1.41 to 2.56 while those for the MH ranged from 1.24 to 2.68. For
small samples (e.g. 100/100) Rasch total variance was 1.37 while MH
total variance ranged bhetween 1.00 to 1.10. For larger samples
(e.g. 1000/1000) Rasch and MH total variances were similar, 5.66
for Rasch while those for MH ranéed between 5.42 and 5.60.
Comparing the reliabilities of the procedures, Schulz et al.
(1989) found that the Rasch reliabilities exceeded those for MH at
the different samp}e size levels. The advantage of the Rasch over
the MH, in reliability, was greatest when the sample sizes were
small. For example, for sample 100/100, the Rasch reliability
coefficient was .33 while those for the different MH procedures
ranged between .26 and .30. In the race contrasts, the Rasch
reliabilities were about egqual to those for the MH procedure that
includes the studied item when total test score is computed. The MH
procedure that excludes the studied item in total test score
computation yielded sliqhtly larger reliability coefficients than

the corresponding Rasch results. For example, when the studied item
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was included in the computation of total test score, the MH with
each obtained score used as ability interval and the MH with seven
ability intervals gave reliabilities of .36 and .37 respectively
while the corresponding Rasch reliability was .37 for samplas
200/200 in the race contrasts. In the same race contrast, with
samples 666/666, the corresponding reliabilities for the two MH's
became..63_and .64 while that for Rasch bescame .63. When the
studied item was excluded, in the computation of total test score,
the 2007200 sample in the race contrast gave reliabilities of .39
and .39 for the two MH's (all ability intervals and seven ability
intervals respectively). These became .66 and .66 respectively when
the samples increased to 666/666.

The Rasch and all the variations of the MH procedures did not
confound bias with differences in test performance when the groups
were randomly equivalent. When the groups were not randomly
equivalent, only one variation of the MH procedure (i.e. the MH
variation with all score levels and studied item included in total
test score computation) was equal to the Rasch in terms of not
confounding bias with differences in groups' test performance. The
MH variation that did not confound bias with differences in groups’
performance was then compared with the Rasch in terms of detecting
biased items. The two procedures displayed disagreements on eight
of the items. For each of these items one of the procedures flagged
it as displaying DIF while the other did not. Each of the eight

items displayed strong 'misfit' with the Rasch model. The
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researchers therefore concluded that these items may possibly be
vioclating some of the assumptions of the MH procedure.

In conclusion, the researchers found no empirical basis for
arguing the superiority of the MH procedure over the Rasch
procedure based on their findings on a) confounding bias with
between-groups differences in achievement, and b) statistical power
- of procedure defined in terms of reliability.

Hambleton and Rogers (1988) compared the IRT Area and the
Mantel-Haenszel (MH) procedures. The study focuséd on three major’
areas: agreement between methods in identifying DIF; possible
reasons.fo; disagreement between methods, when they occur, and
behaviour of DIF statistics when the ability distributions of the
two groups are considerably different. The study utilized the
results of 23,000 students who had taken the 1982 administration of
the New Mexico High School Proficiency Examination (NMHSPE). The
examination was a 150 item test that assesses "Life skills". Of the
23,000 students, 8,000 were Anglo-Americans while 2,600 were
Native-Americans. These two subgroups were the study groups in the
experiment. Four samples - two from each subgroup - each of 1,000
students were randomly selected. To establish a 'cutoff' value for
the IRT Area index, two randomly equivalent samples were drawn from
the Native-American subgroup. The largest area index value obtained
with these two randomly eqguivalent Native-American samples was
;accepted as the largest value of the index that is likely to occur

by chance.,The study used only 75 of the 150 items in the NMHSPE.
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Two independent DIF analyses were undertaken using the two
Anglo-American and the two Native-American sampies. The second
comparison was designed to aid in establishing the degree of
cqnsistency of each of the two procedures.

To examine the effect of discrepancy in scbre distribution on
the area index, the ability interval, over which the area index was
calculated, was modified to reflect the region in the ability scale
where most of the Native-Americans were located. For the MH index,
the effect of score distribution differences was examined by way of
a matched-group analysis. The matched-group analysis used a sample
of 650 N;tive—hmericans whose score distribution closely matched
the score distribution of a sample of 650 Aqglo-Americans.

In the consistency study, both methods peffbrmed relatively
poorly. The area method flagged 20 of the 75 items in one
comparison but not the other. The MH method flagged 15 of the 75
items in one comparison but not the other. The overall consistency
for the area method was 73% while that for the MH method was 80%.

To compare the bias results obtained by the two procedures,
only items consistently flagged by a procedure across the two
comparisons were counted. In all, the two methods together flagged
16 of the 75 items. The area method consistently flagged 14 of the
16 items while the MH method consistently flagged nine of the 16
items. Of the nine items flagged by the MH method, seven were
common to the area method. Thus two items were flagged by thg MH
method and not by the area method. Seven items were flagged by the

area method and not by the MH method. Of the seven flagged by the
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area method and not by the MH method, two were flagged in one of

the two MH analyses. Thus a Type II error could have caused the

problem with the MH method. Of the remaining five items, four were

observed to display nonuniform DIF to which the MH procedure is not

sensitive. The remaining item, which potentially displayed DIF

against the Anglo-American group, had ICC's that were clearly

different. This made it easily detectahle hy‘the area methdd. The

MH procedure failed to flag this item because the region, on the

ability scale, where the largest differences in probability of

success were recorded, was a region where very few_Anglo—Aﬁericans‘
fell. Of the two items consistently flagged by the MH and not by

the area method, one was flagged by the area method in one of the
two analyses. Thus, the failure of the second area analysis to flag

this item can be associated with a Type II error in the area

method. The second item displayed uniform DIF but the ICC's were

not mafkedly different for the two subgroups. Thus the area between

the ICC's was smaller than the established 'cutoff’.

In the study with the modified ability range, the area method
flagged 12 of the 14 items flagged in the original study. One of
the two items, not flagged in thisrstudy, had ICC's that crossed
within the modified ability range but did ﬁot diverge markedly
within this new range. Other items[1with crossed ICC's, which
displayed ~irge area values in the original study, tended to give
relatively low area measures in the modified ability study..The

rank-order correlation between the area method and the MH method
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for the first original comparison was .32 while for the modified-
ability the correlation was .48.

The MH procedure's matched samples results displayed very
little change. Fourteen items, which included the nine in the
original study, were flagged in the matched sample study. Four of
the remaining five were flagged in one of the two original
analyses. One additional item which was not flagged in the original
study was flagged in this study.

A study to examine the réliabilityland validity of éome IRT
and non-IRT DIF detection procedures was underfaken by Skaggs and
Lissitz (1988). They used samples from two independent populations
to test the stability of the different indices. The IRT procedures
used in this study were Area Between ICC's, Lord's Chi-Square, the
S0S2 and the S0S4. The non-IRT procedures were the Full Chi-Square,
the Mantel-Haenszel Chi-Sguare (MH CHI) and the Mantel-Haenszel
Delta (MH Delta). The test déta used in the study were from two
differént adminstrations of a curriculum-based general mathematics
tes£ for eight graders in a large suburban public school district
in the U.S.A. Approximately 2,600 students took the test in its
"field-testing" stage in the spriﬁq of 1386. In the spring of 1987,
about 4,000 students took the first operaﬁional administration of
the test. This study used 92 of the items in the te's-t.

All DIF comparisons were made between samples of males and
females. With respect to the eight graders in the study, the raw
score distributions for males and females weré identical. Males and

females were compared onﬂegch item under the following conditions:
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I) 1986 sample (n=650 females, 650 males); II) 1987 sample (n=2000

females, 2000 males); III) Reduced 1987 sample (a stratifisd sample
to approximate the 1986 sample size and sex breakdown n=650
females, 650 males). Both the two- and three-parameter IRT models
were used in each of the three conditions for the IRT DIF
procedures. Stratified random samples (2,000 students in each
sample) were used in baseline studies for each of the indices. In
the basaline study also both the two- and three-parameter IRT
models were used. No formal test of fit of data to the two- and
three-parameter IRT models was undertaken. However, factor analysis
on the results from the 1987 adminstration revealed one dominant
factor accounting for between 15 and 17 percent of the total
variance in each case. Each additional factor accounted for not
more thaﬁ 3 percent of the total variance. |

Means for each IRT index were compared across the two- and
three-parameter IRT models. The largest differences in mean values
between the two- and three-parameter model results were 0.06 for
the area method on the 1987 sample, 1.20 for Lord's Chi-Square on
the reduced 1987 sample, 0.20 for S0S2 on bhoth the 1986 sample and
the full 1987 sample, and 0.73 for S0S4 on the full 1987 sample,
Sample size was found to affect the means of the Chi-Square
indices. The largest mean for each Chi-Square index was obtained
for the full 1987 sample which was abou£ 3 times the size of the
other samples. The mean Lord;s Chi-Square values for the two- and
three-parametef model results (in the full 1987 sample) were 11.16

and 10.17 respectively while the highest mean for Lord's Chi-Square
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in both the 1986 and reduced 1987 samples was 6.96. Except for the
Lord's Chi-Square index, the mean baseline study value for each
index was less than the mean values obtained in all the other
analyses for each of the IRT indices, The Lord's Chi-Square index
gave mean baseline values of 7.89 and 7.57 for the two- and three-
parameter analyses respectively. These baseline meahs turned out to
be larger than the means obtained for both the 1986 and reduced
1987 samples. Like the full 1987 samples, the baseline samples were
also about three times the size of the 19836 and reduced 1987
sémples. This may have caused the higher mean values for the
baseline Eord's Chi-Square index over the means of the 1986 and
reduced 1987 samples. The SOS indices also tended to prﬁduce larger
means for larger sample sizes although this did not affect the
baseline value as much as in the case of the Lord's Chi-Square
index.

Spearman rank order correlations (r;) were computed for each
IRT index with itself across the different experimental conditions.
The S0S54 gave the highest r, values which ranged from .37 to .89.
The SOS52 was next with r, values ranging from .31 to .77. The area
method gave r, values ranging from .18 to .72 while Lord's Chi-
Square was last in the group with r, values ranging from .16 to
.68. However, the r, values for the different IRT indices computed
across IRT models (i.e. the two- and three-parameter models) and
across samples were lower than those computed across IRT models but
within the sample. For the MH Chi-Square and the full Chi-Square

procedures r, values ranged from .15 to .55, when correlated with
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themselves between the 1986 and reduced 1987 samples. Between the

1986 and full 1987 samples the MH - and Full Chi-Square gave
correlations ranging from .24 to .69 with themselves.

Agreement between the DIF indices was evaluated in terms of
intercorrelations betwéen procedures in each of the experimental
conditions. The correlation between the two signed indices (MH-
Delta and S0854) were the highest and ranged from .84 to .90. These
two indices, however, correlated close to zero with each of the
unsiéned indices. The correlation between MH Chi-Square and Full
Chi-Square ranged from .57 to .B84. The area method and Lord's Chi-
Square correlated from .80 to .88. All the other indices correlated
poorly ranging from .40 to .60.

Consistency with which items were flagged by each prbcedure,
across experimental conditions, was also examined. There were six
experiméntal conditions (two IRT models x three samples - 1986,
reduced 1987 and full 1987 samples), for the IRT procedures and
only three for the non-IRT procedures. The area method flagged no
single item in all six conditions; only three items were
consistently flagged in five of the cbnditions. Lord's Chi~Square
consistently flagged 1 item in all six conditions. The $052 and
85054 consistently flagged four and five items respectively in all
six conditions. For the non-IRT procedures, the MH Delta,‘MH Chi-
Square and Full Chi-Square consistently flagged five, six and four
items respectively in the three conditions. There was no item

flagged by all the procedures in all the conditions.



48

Skaggs and Lissitz (1988) observed that in their study, the
correlation results indicated that reliability of each index
declined when totally independent samples (i.e. samples from the
1986 and 1987 grade 8 student population) were used. In general,
the sizes of the correlations obtained were quite small as measures
of reliability. This casts a serious doubt on the indices' ability
to ‘identify DIF with any degree of consistency 1in reélistic
situations. |

Seong and Subkoviak (1987) compared Linn and Harnisch Pseudo
IRT(2), Angoff Revised TID, and the Full Chi—Square‘techniques in
terms of their performance in detecting item bias. The data used in
this study were from a test (given to white and black examinees) in
which some of the items were constructed biased in favour of
blacks. Because in real life testing situations the number of
minority group members is normally much smaller than the number or
majority group members in the total examinee sanple, éhis condition
was built into its framework of the experiment.

The test used was a standard vocabulary test into which 10
"black slang" items were included. The test was made up of 50
multiple-choice items which included the 10 "black slang" items.
The 10 "black slang" items were constructed by black experts and
were classified as biased against whites purely on judgemental
basis. The test was administered to an examinee sample containing
1,022 whites and 1,008 blacks. In the analyéis for the study, all
of the white examinées”were used and only 300 black examinees were

used.
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For the analysis, both signed and unsigned indices for the
three procedures were computed. An a priori bias index was devised
which assigned (1) to each of the 10 black slang items and (0) to
each of the other 40 items. How well a procedure recaptures the
original bias in the data was measured in terms of the point
bisérial correlation coefficient between the a priori (0,1) codings
of the test items and the index value for each item obtained for
each procedure. An agreement statistic (i.e. percentage of items in
agreement with a-priori state) was also computed. The résearchers
also egxamined the degree of agreement, among the different
' procedﬁres, in terms of their Pearson correlation coefficients.

In terms of agreement with the a-priori bias state of the
data, the IRT(Z) and the Full Chi-Square indices correlated .71 and
.69 respectively (for their unsigned indices) and .76 and .80 (for
their signed indices) with the a-priori bias state. The signed and
unsigned Revised TID procedure correlated only .52 and .35
respectively with the a-priori bias state. The percentage agreement
with the a-priori bias state in the data for the IRT(Z), the Full
Chi-Square and the Revised TID were 92%, 92% and 76% (for unsigned
measures); 98%, 100% and 94% (for signed measures) respectively.
For the signed and unsigned, measures respectively, the correlation
between IRT(Z) and the Full Chi-Square were .89 and .90; IRT(Z) and
TID were .45 and .40; the Full Chi-Square and TID were .50 and .35.

From the results above, the researchers concluded that the
Full Chi-Square index was slightly more accurate than the IRT(Z)

index in detecting bias. The Revised TID was considerably worse
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than any of the other two procedures in bias detection. There was
high agreement in the results obtained by the IRT(Z) and the Full
Chi-Square as evident in their high intercorrelations (.90 and

.89).

Known Strengths and Wesknesses of
Existing DIF Procedures

IRT Procedures

In situations where there are large enough samples and
multiple-choice test items with nonuniform discrimination
parameters, the only justifiable IRT DIF detection procedures are
those based on the three-parameter IRT mﬁdel. These procedures
include: I) procedures based on the area betweenlthe ICC's of the
studied groups (Rudner, 1977; Shepard et al., 1981; Linn et al.,
1980, 1981), II) procedures based on the sum of squared differences
in probability of correct response [P;(8)] between the groups (Linn
et al., 1980, 1981; Shepard et al., 1984), IIIl) procedures based on
a pseudo IRT model (Linn & Harnisch, 1981) IV) the Lord's Chi-
Square procedure - even though this procedure ignores the pseudo-
guessing (c) parameter (Lord, 1980)), V) procedures based on visual
examination of ICC's (Linn et al., 1980, 1981) and VI) procedures
based on empirical item response functions (Hulin et al., 1982,
1983; Bougon and Lissak, 1981).

The "Area Between ICC's" DIF procedures designed by Rudner and
by Shepard et al. differ from each other only in the fact that

Rudner's procedure uses a simple summation operation while the
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procedure designed by Shepard et al. uses calculus in the form of
an integral operation. Rudner's procedure can be equated to the
procedure, designed by Linn et al., which uses the absolute values
of the area measures that are summed. The two procedures will yield
the same results in all cases. However, if the Linn et al. base-
high and base-low version of the Area Between procedure is used on
items displayving nonuniform DIF, the results will be different from
those obtained by ﬁsinq Rudner's procedure for the same items. In
any comparative study on DIF detection procedures, including one
version of the area between procedures should be enough. In this
study, an area between measure is used to fix the amount and
direction of bias in the simulated biased items. It is believed
that this will qiﬁe an undue advantage to any Area Between
procedure included in the study. For this reason, none of the Area
Between procedures is included in the'study.

Procedures based on the sum of squared differences in P(8) -
the probability that an individual with ability 6 will answer an
item correctly ~ have a basic similarity: Each of the procedures is
built around values obtained by finding the differences between
P(B8)s for the studied groups at fixed ability (6) vélues. Some of
the indices in this ¢group are signed (e.g. S0S3 and S0S4) while
other are unsigned (e.g. SOS1l, S0S2 and the Weighted Square Root of
Sum of Square procedure proposed by Linn et al.). The Linn et al.
index divides the ability scale into intervals and only P(8)s at
the midpoints of these ability intervals are used in obtaining the

index. The S80S procedures, on the other hand, use all the ability
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(8) values obtained by members of both studied groups. Some of the
indices (e.g. Linn et al's., S0S2 and S0S4) are weighted by the
inverse variance error of the P(9) differences, so as to take care
of large differences in the P(é)‘s which may be the result of poor
estimation of parameters due to insufficient data at an ability
level, (8). Others (e.g. S0S81 and S0S3) are not weighted. The Linn
et al. procedure also defines its index in square root form while
the others do not. By using only the P(B)'s at midpoints of ability
intervals, the Linn et al. procedure does not utilize all the
information in the data. The S0S procedures, on the other hand, use
every obtained ability value and so utilize all the information in
the data. However, if parameter estimations are poor, at any level
of the ability scale, because of insufficient data, the S0S1 and
50S3 will be inappropriate because they have no built-in mechanism
to take care of this problem. From the points raised so far, the
only contenders, for place in a comparative study, among the Sum of
Squared differences indices.are the 80S2 and the 80S4. Since the
5082 is unsigned while the 8S0S4 is signed, both of them were
included in the study.

The Pseudo IRT model procedures proposed by Linn and Harnisch
(1981) are "Lack of Fit" procedures designed to address the most
practical problem encountered by prospective users of IRT models,
large sample size requirement. In everyday testing situations, it
is difficult, if not impossible, to meet the large sample size
requirement of particularly the three-parameter IRT modei. A

procedure that can be used with small samples will be of immense
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value in the everyday testing situations. Shepard et al., (198%)
reported very favourably for the Pseudo IRT procedures, relative to
other IRT procedures, when sample size is 300 or less. They also
found the Pseudo IRT(Z) procedure more powerful in detecting items
with DIF, than the full Chi-Square. Seong and Subkoviak (198M
found the full Chi-Square procedure more powerful than the TRT(Z)
procedure. The Pseudo IRT procedures' claim to effectiveness with
small samples, the mixed evaluation reports (as in the tﬁo studies
mentibned.above) they have received, and the fact that they have
not been included in the same comparative study with more recent
procedures like the logistic regression procedure, make them strong
contenders for places in any contemporary comparative study of DIF
procedures. However, in this study, neither the Pseudo IRT(Z) nor
the Pseudo IRT (D) were included. The only reason for not including
these indices in the study is one that has to do with the available
finances and time at the disposal of the researcher. It is hoped
that they will surely be included in future studies being
considered by the researcher.

Not many comparative studies have included Lord's Chi-Square
procedure. This is probabkly due to the mathematical scophistication
of the procedure. Even though it utilizes two (difficulty (b) and
discrimination (a)) out of the three item parameters in a three-
parameter model, its theoretical soundness cannot be easily
compromised. This index is on; of those used in this study.

The visual procedure proposed by Linn et al., (1980, 1981) is

gquite an attractive procedure in terms of simplicity. All it
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involves is plotting the ICC's (of the studied groups) and their
confidence intervals on a common scale. However, the suggestion of
using plus and minus twice the standard error, of each group's P(8)
values, to determine the confidence interval for that group's ICC
cannot be objectively defended as the basis for judging DIF. This
procedure is excluded from the study.

DIF deteétion procedures based on empirical item response -
functions (EIRF) have a weakness similar to those of the S0OS1 and
the S083. In the ability intervals created, it is possible to have
some ability intervals into which very few subjects fall. If, for
example, pnly five subjects in a papticular group fall into
interval g, and suppose four out of the five got the item correct,
then the proportion of correct response for that group, in interval
g, is 0.80. Suppose there is an ability interval K which is at a
higher level than g; and suppose in the same group of subjects, 400
subjects fall into interval K. If 300 of the 400 subjects got the
item correct, then the proportion of correct response for the group
in interval K will be 0.75. Clearly there is a discrepancy in such
results; the only explanation that could be advanced for such a
situation is that of insufficient data in interval g. For this
reason, the EIRF procedure needs some more refinement if it is to
be coﬁsidered a contender for a place in any serious comparative

study on DIF procedures.



Non-IRT Procedures

Among the Chi-Square DIF procedures, the Scheuneman's (1979}
procedure has been criticized on the grounds that thelxﬂgntnn index
is not distributed as a Chi-Square (Baker, 1981; Marascuilo &
Slaughter, 1981). This creates a problem in terms of its
theoretical soundneés. However, the weakness in Scheuneman's
procedure was addressed by Camilli (1979) who developed the full
Chi-Square procedure thaf utilizes both the correct and incorrect
responses. The resulting index from the full chi-square procedure
is known to be distributed as a Chi-Sqﬁare. The full Chi-~-Square
procedure has been featured in severalrcomparative studies on DIF
procedures. Its ratings from these comparative studies can best be
described as mixed: Shepard et al. (1985) rated the full Chi-Square
second to the Pseudo IRT(Z) which received the highest rating among
the set of DIF procedures studied. Seong and Subkoviak (1987) gave
a superior rating, over the Pseudo IRT, to the full Chi-Square
procedure. Rudner, Getson and Knight (1980) placed the Chi-Square
procedure on the same level as the one- and three-parameter area
between procedures with respect to DIF detection power. Merz and
Grossen (1979) found the Chi-Square procedure's power better than
only the point biserial index which was described as behaving
erratically. Despite the mixed evaluation reports on the Chi-Square
procedure it still receives meaningful attention in test
development situations. For these reasons, the full Chi-Square

procedure is one of the procedures examined in this study.
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The Mantel-Haenszel (MH) DIF procedures are among the high
popularity DIF procedures used in the field today. Apart from the
cost, small sample size and less complexity advantages  these
procedures have over other popular procedures (e.g. those based on
the three-parameter IRT model), results from comparative studies
have shown very strong agreements, in terms of DIF identification,
between the MH procedures and other leading DIF detection
procedures (see, for example, Hambleton & Rogers, 1988; Welch,
-Ackerhan & Doolittie, 1987; Wright, 1986). Holland & Thayef (1986)
highlighted some technical advantages the MH procedures have over
other procedures, espeéially other procedures based on the Chi-
Square distribution. The most important of these advantages is the
fact that the MH procedure tests the hypothesis of no bias (H,)
against a specific alternative hypothesis (H)). The main criticisms
of the MH procedures are 1) insensitivity to nonuniform DIF (see
Swaminathaﬁ & Rogers, 1¢39, 1990; Hambleton & Rogers, 1988), 2) the
general large sample effect on the Chi-Square index and 3) like all
other procedures that use contingency tables, the MH procedures are
also charged with loss of information when the ability measure,
which is basically a continuous measure, is ¢transformed into
discrete measufes. The inability to detect nonuniform DIF can be
appreciably taken-care-of by using "signed-forms" of the
procedures. With respect to the large sample effect on the Chi-
Square test of siqnificé%lé, there is not much that can be done.
However, in most of the DfF detection studies in normal practical

situations, the samples are not expected to be very large. It is
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only with national and state examinations that large samples will
bhe a problem. It is true that converting a continuous variable into
a discrete variable will normally be accompanied by some loss of
information. In any case, the loss of information can be minimized
by using an optimum number of discrete intervals, making sure that
there are several categories in the- paét of the underlying
distribution where the score density is high (Shaw, Hoffman &
" Haviland, 1987). Both the MH Chi-Equare and the MH Delta are
included in this study.

A& very recently proposed DIF procedure is the Logistic
Regression (LR) procedure proposed by Swaminathan and Rogers
(1989). The procedure uses a standard logistic regression model for
predicting a dichotomous dependent variable from given independent
variables. In the procedure, the probability of a correct response
to an item is modelled toc depend on both group membership and
ability. The index is distributed as a Chi-Square with two degrees
of freedom. In their studies, Swaminathan and Rogers (1989, 1990)
found the LR procedure to have an egqual amount of power, in
detecting uniform DIF, as the MH procedure. On the detection of
nonuniform DIF, the LR procedure was found to be much more powerful
than the MH procedure. Being a Chi-Square test of significance, it
is expected it will have the same weakness, with respect to large
samples, like all Chi-Square procedures. To tﬁis end, both the LR
and MH procedures can be described as having the same weaknecs. The
LR procedure, on the other hand, has the advantages of a) treating

the ability variable as a continuous variahle, and b) being
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sensitive to nonuniform DIF. So far, only the researchers who
proposed the LR procedure have reported comparative studies in
which the procedure was compared to the MH procedure (Swaminathan
& Rogers, 1989, 1990). The validity of the <claims made by
Swaminathan and Rogers (1989, 1990) is worth testing in some other
studies 1involving other DIF procedures. The LR procedure is
therefore one of the‘procedures-examined in the current study.

Spray and Carlson (1986, pp.13) drew attention to the weakness
in using models, based on contingency tables, in analysés where at
least one of the variables is a continuous variable. They also
highlighted (pp.12-13) the conditions under which loglinear and
logit models lead to the same exact results. Swaminathan and Rogers
(1989) also mentioned the similarity between Mellenberg's (1982)
loglinear DIF procedure and their logistic regression procedure
which is built on a logit model. Because of the similarity between
the loglinear and the logit models a decision was taken to include
only the logistic regression procedure in this study.

DIF procedures based on transformed item difficulty (TID) have
one very strong criticism: That item difficulty is confounded with
both abilify and item discrimination. This is a weakness in the
theoretical framework of procedures based on transformed item
difficulty. However, in some comparative studies, these indices are
known to have performed fairly efficiently (Burrill, 1981; Rudner
et ai;, 1980; Merz & Grossen, 1979) relative to the more
theoretically sound procedures. In addition to these positive

comparative study results, TID procedures are relatively low in
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implementation cost, less sophisticated statistically, and
relatively easy to interpret to the lay public. For these reasons,
it was decided to include a modified form of the TID procedure in
this study.

Dorans and Kulick (1986) developed a standardized procedure
and its root mean weighted squared differences (RMWSD) procedure,
In reporting the develoapment ©f their DIF indices, they reported
that their indices were criticized by Hollandeho demonstrated to
ther that their indices are biased because they retain all the
sampling errors in their point estimate of success probabilities.
Their reply to Holland's criticism was that the problem wés a
~sample size related problem, and that the problem could be overcome
by taking "Large" samples. They, however, failed to indicate how
large the samples should be. Because of this, the two procedureé by
Dorans and Kulick - The Standardized Differénce (STD) and its Root
Mean Weighted Squared Difference (RMWSD) were not included in this
study.

The Multivariate Factor Structure Analysié model was also used
to develop DIF detection procedures (Lei & Skinner, 1983; Rock &
Werts, 1979; Merz, 1376, 1973; Green & Draper, 1972). Merz (1576,
1973) and Green and‘Draper (1972) based their procedures on the
exploratory factor analysis model while Lei and Skinner, (1983) and
Rock and Werts (1979) based theirs on the confirmatory factor
- analysis model. Against certain other procedures for detecting DIF,
procedures based on the factor analytic model have the advantage of

addressing the underlying true abilities of the examinees (Rudner,
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Gotson, & Knight, 1980). There are however two major problems with
these procedures: (i) factor analysis is bhest suited for situations
where the underlying measurement structure is a continuous one
rather than a dichotomous one (Hulin, Drasgow & Parson, 1983); (ii)
factor analysis involves some decision making problems such as type
of correlation matrix to use, type of factor analysis model to use,
number of factors to‘extract, and type of rotational scheme to
emple (Nudner, Getson, and Knight, 1980). All this decision making
will clearly introduce subjectivity into the procedures. Rudner,
Getson, and Knight, (1980) reported that in a comparative study
undertaken by Rudner and Convey, the factor analytic procedure
yielded unsatisfactory results. In the study by Merz and Grossen
{1979, the factor analytic procedure's results were not consistent
over the different conditions, when 10% of the items were biased it
identified 0% and 83% respectively for the 60% and B80% Test
difficulty conditiens. Mainly Dbecause of the subjectivity
introduced by the decision processes mentioned earlier, none of the
factor analytic procedures was included in the study.

Item-test correlation has also been used to define DIF
procedures. Stricker (1982) and Green and Draper (1972) developed
DIF¥ procedures bhased on iﬁem-test cétrelation. Stricker (1982)
based his index on a partial correlation model while Green and
Drapg;z(1972) based their index on the ﬁoint biserial correlation
.modei. The main criticism of the point biserial procedure was
presented in Angoff (1982).. Angoff indicated that the point

biserical index would find some items to display DIF against one
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group even when the two studied groups are only randomly different.
This is because the point biserial index is such that it would
yield a significantly less than perfect correlation even between
two highly similar groups. Angoff went on to report a study by
Hunter in which Hunter clearly demonstrated that the point
biserial DIF procedure would always indicate DIF as long as the
items in the test do not have a uniform difficulty index
irrespective of the fact that the items were unbiased. In
comparative studies based on simulated data (Shepard, Camilli, &
Williams, 1984; Ironson & Subkoviak, 1979; Merz & Grossen, 1979)
ﬁhe correlations between the true state of bias in the data and the
bias results obtained by the point biserial procedure were very
low. In comparative studies based on real data (Shepard, Camilli,
& Williams, 1984; Ironson & Subkoviak, 1979) the correlations
between the results obtained by other DIF procedures and the point
biserial procedure were very low.

The procedure based on the partial correlation model received
some better comments from Angoff (1982) than the point biserial
model procedure. This was mainly due to the fact that.the partial
correlation DIF procedure automatiﬁally controls for ability
differences that migﬁt exist between groups, by partialling out the
effect of ability. ﬂowever, Stricker (1982) indicated a weakness in
the procedure. This weakness is in the procedure’s inability to
detect cases ofrnonuhiform DIF. It has the tendency to label a
nonuniform DIF item aslan item with no DIF. This is because the

bias at different ability levels (in the case of nonuniform bias)
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will cancel out and so return a no DIF index for the item. So far,
not much has been done in terms of comparative studies, involving
the partial correlation procedure, that might establish this
procedure as a contender among established DIF detection
procedures. Both the partial correlation and the point biserial
correlation DIF procedures were left out of the current study
because of the weaknesses highlighted above.

Veale and Foreman (1983) proposed a DIF detection procedure
based on the analysis of the distributions of incorrect responses,
distractor analysis (DA). Rudnef, Getson, and Knight, (1980) found
the DA procedure appealing because it avoids the assumption (made
by some other procedures) that total test scores are perfect
indicators of true ability. They claimed that the approach will
help save the practice of discarding an entire item in order to
purify a test instrument, because it helps identify particular
distractors that may be causing bias. Scheuneman (1982), on the
other hand, expressed concern over the model's assumption that the
overpull, for the reference group against which the other group's
performance is being compared, is zero for all options. It is also
pﬁssible that the pull index for a group is more a reflection of
the group's mean ability rather than a function of culture, as
assumed by the model. This could be the case because the different
groups are not matched on ability. The data simulation process used
in this study would not permit the DA index to be used: The DATAGEN

program is used to generate only the 0,1 (incorrect, correct) type
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of data. No provision is made for distractors. Thus the DL
procedure was not used.

Hills (198%) attempted to summarize the results frow
comparative studies on DIF procedures. Findings from different
studies were used to evaluate the different procedures in terms of
their advantages and disadvantages. Based on these results,‘Hills
went on to classify the DIF procedures in terms of those that are
most useful to practitioners and those that are not. One concern
with Hills' work had to do with his definition of the bases for
comparison of'the procedures. The studies upon which his evaluation
was made were different in many ways. Each study dealt with a
different seé' of DIF procedures, used different data. sets,
different populations, different sample sizes, and even different
research procedures. Given these varied conditions of the studies,
it is difficult to see how a common measure could be definel and
used in evaluating the different DIF procedures. Results from such
an evaluation would be much more valid when the DIF procedures,
about which judgement is to be made, are studied under the same
conditions.

So far, studies like Shepard, Camilli and Williams (1%85):
Rudner, Getson and Knight (1980), and Merz and Grossen (1979)
compared a number of DIF procedures under uniform experimental
conditions. The main problem with these studies is that they were
done before the development of some of the currently prominent DIF

procedures like the Mantel-Haenszel (MH) procedures (Holland &

Thayer, 1986) and the Logistic Regression procedure (Swaminathan &
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Rogers, 1989). Most of the other studies found in the literature
dealt with two, three or, at most, four DIF procedures (e.g.
Swaminathan & Rogers, 1990; Spray, 1989; Schultz et al., 1989;
Hambleton & Rogers, 1988; Seong & Subkoviak, 1987; Wright, 1986).
The study by Skaggs and Lissitz (1988) compared seven DIF
procedures (4 IRT procedures and 3 non-IRT procedures) on empirical
data obtained from real testing situations. In this study, however,
the true state of bias in the data was not known. The only
comparison was in terms of the degree of agreement between the DIF
procedures in the study.

Like the studies by Shepard, Camilli apnd Williams (13985},
Rudner, Getson and Knight, (1980), and Merz and Grossen (1979),
this study compares a number of DIF procedures. In addition, it
includes the most currently popular DIF procedures that were
developed after 1985.

A total of eight DIF detection procedures are examined in this
study. These include three IRT procedures and £five non-IRT
procedures. The eight procedures are described in the next chapter

which gives a brief description of the study.



CHAPTER III

Description of Current Study

The eight DIF procedures used in this study will be described
below. Procedures based on the IRT will be presented first,
followed by the non-IRT procedures. The chapter will end with the

presentation of the purpose of the study.

IRT DIF Procedures

From the item reéponse theory standpoint, an item displays DIF
if examinges of comparable ability but from different population
subgroups do not have the same probability of success on the item.
Effectively, this translates into a difference between the ICC's of
the item, for the two subgroups, drawn on a common scale. From
earlier sectiéns of this chapter, it is evident tﬁat there are
currently quite a number of procedures based on item response
theory. However, for the different reasons given in an earlier
portion of this chapter, only the S0S2, the S0S4 and the Lord's

Chi-Square procedures are used in this study:

1) S0S82 (Sum of Squares 2).
This is an unsigned IRT index proposed by Shepard, Camilli and
Williams (1984). To obtain this index, the.studied item's succeass

probability P(8), at each obtained ability (8) level in both the
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Reference (or majority) group and the Focal (or minority) group, is
determined for both Reference and Focal groups. The difference
between the P(8)'s for each group member is computed and squared.
These are then summed over all ability (8) wvalues. This sum is
divided by the product of the total number of examinees in both the
réferehce and focal groups and the variance of the difference in

the success probabilities,. Mathématically, the index is given by:

na+nE

S0S2 = 1/(ng + ny) Z {Pif8;) = Piu(B)}}

‘o )
i=l T¥gleh ~ Fipid)

Where:
ng = number of examinees in the Reference group,
ny = number of examinees in the Focal group,
i = subscript that counts all instances of 8 for
either group (n; + ng),
P;(8;) = estimated probability of success on item i at
the j** instance of 8,
dhlu,.p”w, = estimated variance error of the difference in

estimated probabilities.

(Shepard et al., 1984)

2) S0S4 (Sum of Squares 4)

This index can be described as the signed form of the S082
proposed by Shepard, Camilli and Williams (1984). The only
difference between the S0S2 and the S0S4 is that in the S0S2 the
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P(8) difference is squared before summing while in the S50S4, the
P(9) difference is multiplied by its absolute value before summing.

The 50S4 index is given by.

oyt 0
5084 = 1/(ng + np) Z 1Pip(8;) = P80 {|Pi(8;) = Put8ilt
i=1 U%ii‘a\ - Pipor

where:
ng, ng, j, Pi(8;), and dpip - pir are as defined for S0OS2

(Shepard et al., 1984)

3) Lord's Chi-Square

This is an asymptotic significance test which simultaneously
tests the equality of the discrimination (a) and difficulty (b)
parameters estimated for the two studied groups. This procedure was
proposed by Lord {(1980). In this procedure, the a and b differences
are weighted by various entries in the variance-covariance matrix
combined for the two groups. The index obtained is distributed gs
a Chi-Square with 2(two) degrees of freedom. For the studied item

i, the index is given by:

2 ;
Xi= Vi - Vi)' (Zia + Ziga) HVigsr = Vigan)
Where:

j = 1 for one subgroup and 2 for the other

subgroup,
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Vi.;, = Vector for a and b parameters for subgroup
j, and
Z,,; = Covariance matrix for.vectors of a and b

parameters for subgroup j.

(Lord, 1980)

" NON-IRT DIF Procedures

In earlier diséussions,_ the reasons for selecting the
following five non-IRT DIF procedu:es forlthis study'were given.
- The procedures are The Transformed Item Difficulty (TID), the Full
Chi-Square (x'i;1) also known as the Camilli Chi-Square, the Mantel-
Haenszel Chi-Square (MH xl), the Mantel-Haenszel Delta (MH Delta)

and the logistic regression (LR} procedures.

1) Transformed Item Difficulty (TID)

The TID procedure was first proposed by Angoff (1972). Since
then a series of modifications to the original version have
surfaced. The form used in this study is based on a modification
suggested by Angoff (1982). This modification is expected to take
care of the item discrimination effect on the index.

To obtain the index, the proportion of examinees answering an
item correctly is computed for each of the two studied groups (the
reference and focal groups). This proportion, p-value, is computed
for all the items in the test. Each item's p-value is normalized

for each group by converting it to a Z score, corresponding to the
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(1-p)'* percentile, which is obtained from the table of the normal
curve. The normal deviate Z, score soc obtained is divided by the
item's point biserial correlation coefficient (Py.} to obtain 4.'

The Z;' value is then transformed into delta-values (A') by the

linear transformation:
A;' = 4Z;' + 13

The delta values from the two groups, for each item, are used as
co-ordinates for a point which is plotted on a number plane where
the vertical axis represents the delta values from one group while
the horizontal axis represents the delta values from the other
group. When all the points, defined by corresponding deltas for
each item, have been plotted, the scatter-plot normally assumes an
elliptical shape. A line, that minimizes the perpendicular
deviations from the points, is then fitted onto the graph.
Normally, this 1line defines .the Major-axis of the ellipse.

Mathematically, Angoff and Ford (1973), defined this major axis as:

Y=AX + B

where,

A = (8, - 84) % y{(st - &) + ar}sisl)

2r,S;S, '

and

B =M - AN,
with

M, = Mean of the deltas plotted on the y-axis

Variance of the deltas plotted on the y-axis

w
N
]
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r,, = Correlation coefficient between the deltas

for the two groups

The DIF index is defined as the perpendicular distance (D) of each

point from the major-axis. For item i, D; is given by:

D; = AX; - ¥; + B
T(A2 + 1)

(Angoff & Ford, 1973)

2) Full Chi-Square (X2?g;)

In general, the chi-square procedure attempts to determine
whether examinees of the same ability level have the same
probability of a correct response for the studied item irrespective
of group membership. This index was proposed by Camilli (1979). It
is also called the Camilli Chi-Square.

To obtain the index, the total test score for each examinee in
both the reference (R) and focal (F) groups is computed. The lowest
and highest obtained test score in both groups, taken together, are
determined. The range of scores between the lowest and the highest
obtained scores is then divided into a fixed number of intervals
(in this study six intervals were used). The number of examinees
falling i1nto each score interval, j, N;; and Nj;, for the reference
and focal groups respectively, is determined. Within interval 3J,
the proportions, pj3 and pj;, of examinees in the reference and focal
qréups respectively who answered the item correctly, are

determined. Reference and focal groups are combined and the
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proportion p;j, in the combined group, for interval j, students who
answered the item correctly is determined. For the combined group,
in each interval, g; = 1l-p; is computed. The index xi“| for the

studied item is then computed by:

j
A2 = = [N (o= pi)2 + Nir (pir_= p;)%]
j=1 Pid; Pid;

with j(G-1) degrees of freedom
Where:

G = number of population subground
= number of score intervals

(Camflli, 1979)

3) Mantel-Haenszel Chi-Square (MH g2

Holland and Thayer (1986) made the following observations
about the Full Chi-Square DIF procedure: i) That the Full Chi-
Square procedure tests the hypothesis of equal proportion answering
the studied item correctly, in each score interval for the groups
under study, against a very general alternative hypothesis that is
simply a negation of H, (the hypothesis of equal proportion); and
ii) that only the hypothesis, H,, is tested by the procedure, and
produces no parametric measure of the amount cf DIF exhibited by
the studied item. To take care of these problems, Holland and
Thayer (1986) proposed a procedure based on a method developed by
Mantel and Haenszel (1959) for studying matched groups. This

procedure, now Kknown as the MANTEL-HAENSZEL CHI-SQUARE DIF
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procedure, tests H, (the hypothesis of equal proportion) against a
specific alternative hypothesis (H;) given by
Hiv pei/gs, = « prj/an; i=12,...,k, and
o ¥ 1
where,
R = One of the two studied groups labelled the
"reference group",
F = the other studied group labelled the "focal group'",
p = probability of answering the item correctly,
q = (1-P), the probability of answering the item
incorrectly,
j = the j' score interval (j=1,2,...,k),
o = parameter called the common odds-ratio across the k
2x%2 tables -- an example of a 2x2 table for the 5t

score interval is given below:

SCORE ON STUDIED ITEM
1 0 TOTAL

R A; Bj Ngj
GROUP
TOTAL M;; M T;
where,

R, F and j are as given abhove

A; = number of examinees in R answering item correctly,
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Bi = number of examinees in R answering item

incorrectly,

0
I

number of examinees in F answering item correctly,
D; = number of examinees | in F answering item

incorrectly,

ng; and ng; number of examinees in Reference and Focal groups
respectively at the j'* score interval,
m;; and my; = number of examinees in the i** interval answering
the item correctly and incorrectly respectively,

and

T, = total number of examinees in the j'' interval.

The Mantel-Haenszel Chi-Square statistic is given by:
A = (|=3 - TEQR)| - 4]2/=Var(A)
3 3 J

) With 1 degree of freedom.
where,

[l

E(A;) = ng; + m/T;

Var(3;)

|

ngingmime; /T2 ((T; - 1)
(Holland & Thayer, 1986)
An estimate of the common odd;—ratio, a, across the 2xz2
tables, is also provided'by Mantel and Haenszel (195%). This is

given hy:

gy = (ZAng/T,-)/(ZBjCj/T,-)
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The scale of this odds-ratio extends from O to @, When a = 1, this

gives the null hypothesis, H,, given by:

Het pii/di; = Pri/dij j=1,2,....,k

4) Mantel-Haenszel Delta (MH Delta or ap,)

Using the natural Logarithm of oy, results in a convenient
symmetric scale in which 0 (the log of 1) becomes the value for the
null hypothesis. Holland and Thayer (1986) further modified this
log scale to fit the ETS "delta scale" which is a standardized

scale. Their modification, 4;;, is given bhy:
AIH = —4/1.7 ln(alg) = =-2.35 ln(a")

5) Logistic Regression (LR

This procedure, proposed by Swaminathan and Rogers (1989), is
based on the standard logistic regression model for predicting a
dichotomous depeﬁdent variable from given independent variabhles. In
the procedure, the probability of a correct response to a
differentially functioning item is modelled to depend on both group

membership and ability. The model is given by:

P(U;;=1) = exp(Boy; + BXi;)/[1 + exp(By; + BiXij)]
with i =1,2,...,0; 5 = 1,2
where,

Uj; = response of person i, in the i** group, to the item,



2
0

the intercept pravameter for the 3% gvoup,

=
"

Y
the slope parameter for the 3 group. and

=
i

the ability of person 1 in group 7.

When the logistic regression curves for the two groups are

identical,
By = By and By = By

thus the item does not behave differentially.

When the two curves are not parallel, then
By = By but By # By

thus the item displays nonuniform DIF.

When the two curves are parallel and non-coincidental, then
By # By but 8 = 8y

thus the item displays uniform DIF.

(Swaminathan & Rogers, 1939)

Swaminathan and Rogers (1989) state that the parameters (f;, B,
Ry, and B£;) are asymptotically normally distributed. Thus, the

statis%ic for testing the hypothesis of no hias, H.,, given by:
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H,: By=B; and B,=8y
is a chi-square with two degrees of freedom.
The eight DIF detection procedures presented above are used in

this study.

Purpose of Stud

Half of the number of DIF procedures in this study produce
indices that are distributed as chi-square. These are Lord's Chi-
Square, Full Chi—Sguare, Mantel-Haenszel Chi-Square and the
Logistic Regression procedures. It is a well known fact that the
Chi-Square test statistic is inflated by sample size. This general
weakness of the chi-square is not strong enough to override its
strength when optimum samples are used. To this end, it becomes the
responsibility of users, of the chi-square procedure to examine the
effect of different sample sizes on it. With knowledge of the
effect of sample size, on the chi-square index being used, the
researchers would be able to meaningfully evaluate the result of
the test statistic relative to the sample size used. For DIF
procedures, like the four mentioned above, with indices distributed
as chi-square, a study of their performance under different sample
sizes will provide valuable knowledge for future users of the
procedures. For the other four procedures, the S082, S0S4, TID and
MH Delta, because their performance will be compared to those of
the four procedures with indices distributed as chi-square, knowing

how the non-chi-square indices perform within the same sample sizes



on which the chi-square indices are examined will greatly help the
comparisons of procedures.

Test length (i.e. the number of items in a test) is known to
have an effect on some DIF procedures. The length of the test
affects the accuracy of total test score; longer tests produce more
reliable total test scores than shorter tests. For procedures like
the LR, MH chi-square and Full Chi-Square, where total test score
may be used as a measure of ability, a longer test, which gives
more reliable total test score, may also result in improved
estimates of the indices of such procedures. In this study the
performance of the different procedures when a short test and when
a longer test are used is a condit’on on which comparison is made.
It should be mentioned here that the concept of test length used
here is modified to mean the number of items in a subtest that
measures only one particular underlying trait. To this end, each of
the tests used will be considered unidimensional.

All things being equal, the probability of success on an item
strongly depends on ﬁhe examinee's ability. Other factors that
influence the examinee's probability of success on an item are the
item discrimination and the item difficulty parameters. In item
response theory, the two item parameters are represented by 'a’ and
'b!' the slope and intercept of the item;s'ICC, respectively (see
Hambleton & Swaminathan, 1985; pp. 27-29). By the definition of DIF
adopted in this study, an item is said to display DIF if examinees
of comparable ability but from different subgroups within the

target population do not have the same probability of success. This
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definition clearly rules out difference in ability as a factor
affecting DIF. It 1is alsuv true that in real 1life testing
situations, it.is difficult (if not impossible) to find a test in

which all the items have the same 'a' and the same 'b' parameters.

Estimation of the power, of each DIF procedure, to reproduce
the true state of bias simulated in generated test data at
different experimental conditions shall be examined.

To summarize, this study is divided into two parts: A null (no

DIF) study and a known DIFAstudy.

1. The Null {(no bias) study:
The objective of this study is to examine the effects of
sample size, test length and selected arrangements of
item discrimination values on the distribution of the
eight indices.

In addressing this objective, an attempt will be made to

answer the following questions:

- Are the cutoffs estabiished at the .01, .05 and the .10
false-positive rates affected by sample size, test
length, and/or arrangements of 'a' values?

- For indices distributed as chi-square, how do the cutoffs
at the .01 and .05 false-positive rates compare with the
tabled values of chi-square?

2. The known DIF study:
The objective in this study is to examine .the effects of
sample size, test length, discrimination arrangement,

item difficulty level and type of DIF
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(Uniform/nonuniform) on the power of the DIF prucedures
to reproduce the true state of bias simulated in the data

and to compare their relative power in doing so.

To achieve this objective, answers to the following guestions

will be sought:

Is the power to reproduce the true state of bias in the
data affected by sample size, test length, discrimination
arrangement, difficulty level, and type of DIF for each
of the procedures?

How is the false-poéitive rate of each procedure affected
by sample size, test length, discrimination arrangement,
difficulty level and type of DIF?

What is the percentage of generated DIF items flagged by

each procedure in each of the experimental conditions.
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CHAPTER IV
Methodolaogy

This study aims at (i) investigating the effect, if any, of
sample size, test length and item discrimination arrangement on the
distributions of the eight DIF detection procedures menticned
earlier; and (ii) investigating the effect, if any, of sample size,
test length, item discrimination and item difficulty on the power
of the eight DIF procedures in detecting items with DIF. This
" current chapter describes the methodology used in the study. The
chapter is divided into sections which include: Data Collection,
Assumptions Made in Study, Characteristics of Items,
Characteristics of Samples, Data Simulation Model and Program, and

Cutoffs and Data Analysis procedures.

Data Collection

Both parts of the study aim at examining certain
characteristics of the eight DIF procedures identified previocusly.
If meaningful - evaluation of these characteristics is to be
achieved, provision should be made, in the study, for the
manipulation of factors that are believed to have effects on the
characteristics of interest. For the characteristics of interest,
such factors are sampie size, test length, item discrimination and
item difficulty. Manipulation of these factors can only be possible
in a simulation study. This form of study permits the simulation of

the conditions of the factors within which the researcher will want
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1

to evaluate the performance of the different DIF detection
procedures. A real data study will not provide similar amount of
freedom to the researcher.

In the second part of the study, where the power tuo detect
items with DIF is evaluated, unless the true state of DIF in the
data is known, there is, as yet, no known means by which a valid
examination of the power, of a given procedure, to detect DIF can
be evaluated. There are some known studies (e.g. Shepard, Camilli
& Williams, 1985; Subkoviak, Mack, Ironson & Craig, 1984) in which
real data were used, and which claim to have examined the power of
DIF indices to detect items with DIF. In such studies one of two
methods is used to determine the "true state" of bias in the test
data used. In one method, a crossvalidated result of DIF in the
test data is obtained by using one of the three-parameter IRT ﬁIF
procedures. This result is then accepted as the true state of bias,
in the test data, against which other DIF procedures’ powers are
evaluated. In the second method, items were constructed, by
experts, to be biased against one of the studied groups. These
items were then combined with other items, believed to be DIF free,
to form a test. This test was then administered to the studied
groups. The results from this adminstration of the test constituted
the study data. It was then claimed, by the study, that the true
state of bias in the data is defined in the resglts of the two sets
of items ‘(with respect to their bias nature, as spelled out above)
combined to form the test. In the first method mentioned above, a

~

major weakness is based on the fact that no DIF procedure currzntly
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exists that is a hundred percent fool proof with respect to it's
DIF detection performance. A big flaw therefore exists in accepting
a DIF procedure's result, crossvalidated or otherwise, as a full
definition of the true state of bias in a set of test data. For the
second method, despite the common Gestalt fact that the whole is
more than the sum of its parts, there is the established fact that
very little, if any, similarity exists between judgemental and
statistical DIF procedures. Using a judgemental method to establish
DIF in test items is no guaranteg that the item will be flagged by
any statistical DIF procedure. Both methpds are thus not fool proof
methods of defining the true state of bias in real test data. Power
study results from such procedures cannot be accepted as valid.

This study takes the form of a Monte Carlo study in which the
experimental conditions are simulated. This form also allows for
replications to be made.

In general, the levels of the sample sizé, test length, item
discrimination and item difficulty are crossed to form the
experimental conditions within which the performance of the DIF
procedures are evaluated. Within each experimental condition, the
test item parameters will be determined as spelled out in the item
characteristic section below. Examinee samples are randomly
generated with abilities from a N(0,1) distribution. Item response
strings are simulated. These response strings fcrm the raw data
used in the computation of the indices for the different DIF
procedures. Within each experimental condition, 100 replicatioas

are performed. The values of the index obtained for the different
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DIF procedures are then analyzed to determine the effect, 1f any.

of the different experimental conditions.

Assumptions

In this study, certain assumptions are made. The DIF detection
procedures used in the study are all designed to address situations
where the test measures one underlying trait. To this end, it is
assumed in this study that each of the tests wused is
unidimensional. There ére alsc procedures (e.g. the Mantel-Haensczel |
and the Logistic Regression procedures) in which total test score
is used as a measure of ability. It is therefore assumed that total
test score is an efficient measure of the single underlying ability
measured by the test. Another assumption made in this study has to
do with the number of test items necessary and sufficient for the
production of reliable ability measures. It is assumed here that
tests of 42 and 66 items will result in reliable ability measures.
Ability measures are basically on continuous scales. For the
particular abilities measured by each item in the tests, it is
assumed that dichotomous (0,1) scoring of items will result in no
loss of informaticn. The tests used in this study are assumed to be
power rather than speed tests. Thus, each examinee is allowed
enough time to answer all the items in each test. Guessing is
assumed to be minimal and at the same level for groups of examinees

used in the study. Finally, it is assumed that local independence



4

|27}

holds among items in each test - i.e. the performance on one item

in no way influences the performance on another item in the test.

Characteristics of Test Items

A. Null (No DIF) stud

The average length for subtests of most standardizced
achievement tests is around 40 items. Thus a 42 item test and a 66
item test could not be considered far removed from reality; and yet
they have a difference in test length that is large enough to allow
a test length effect to be observed. In the study, the two tesﬁ
lengths (42 items and 66 items) were used. Each of the two tests
used in the study is a unidimensional test with uniformly
distributed item difficulty (b) parameters. The item difficulty
parameters ranged in value from -2.0 to 2.0 with a mean of 0.0.
This arrangement is expected to result in normally distributed
total test scores for examinee éamples with normal (0,1) ability
distribution (Anastasi, 1976, page 201; Lord & Novick, 1368, page
392: Nunnally, 1967, page 250).

Theoretically, both the item discrimination, a, and the item
difficulty, b, parameters are defined on a scale ranging from -® to
+o, However, in real life, negatively discriminating item are not
included in any test, and it is not usual to find a test item with
'a discrimination value greater than 2.0. So that the range of the
'a'! parameter found in real life testing situations is from a=0.0

to a=2.0. (see Hambleton & Swaminathan, 1985; page 36). Based on
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this range of the discrimination, a, value, a=0.67 to a=1.34 was
classified as the range with medium discrimination. Items with
discrimination values within this medium range are expected to have
ICC's that are neither very "steep" nor very "gradual". Thus, the
probability of success, on such items, do not differ drastically
for a small change in ability level. Most test items in real life
are found to have discrimination values within this medium range.
Two discrimination, a, values (a=0.80 and a=1.20) were selected to
be used in this stu@y. These two a values were chosen because they
repv-sent the "lower" and "upper" extremes of the range of a values
w.: in which most test items fall. To examine the effect of these

‘.#" and "high" "a" values, four arrangements, of the two values,
were used: In the first arrangement, all the items in the test are
given a discrimination value of a=0.80. In the second arrangement,
the first half of the test has a=0.80 while the second half of the
test has a=1.20. For the third arrangement, the first half-test has
a=1.20 while the second half-test has a=0.80. In the fourth
arrangement, all the items have a=1.20.

In practice, the difficulty, b, values, found in tests, range
from -2.0 to +2.0 (Hambleton & Swaminathan, 1985; page 36). In this
study, this difficulty range was equally divided into low, medium
and high difficulty regions. In the study‘the performance of the
eight DIF indices at each of the three difficulty regions would be
examined. The 42 item test was divided into a first half (items 1
to 21) and a second half (items 22 to 42). In the first half, the

first item was given a difficulty, b-value, of -2.0. The b-value of
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the other items were obtained by adding 0.20 to the b-value of the
item that preceded each. In the second half of the test, item 22
was given a b-value of -2.0. The b-values of other items were
obtained in a similar manner to those in the first half test. In a
similar way, the 66 item test was also divided into two half tests
with the first item in each half test receiving a b-value of ~2.0.
In this case, the b-values of other items were obtained by adding
0.125 to the b-value of the preceding item.

The pseudo-guessing (c) parameter for all items in each Lest
was Fixed at 0.15. The decision to use this fixed value for the c-
parameter, for each item, was arrived at because of the problem
with convergence when the LOGIST computer program is used to
estimate both person and item parameters. Using a fixed c-value
improves the chances for convergence on the other parameters when
a three-parameter IRT model is used. Also, the researcher intended
to keep guessing at a low level for each study group.

The tables of item parameters for the two tests are given in

Appendix 1A and 1B.

B%. Known DIF study

Two test lengths, 42 items and 66 items, were used in the
known DIF study. The item difficulty parameters for each test were
assigned in the same way as those in the null study. The only
differences were in the difficulty parameters for the items that
were given uniform bias. The item discrimination parameters were

also arranged in the same way as in the null study ezcept for the
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items given nonuniform bias. The pseudo-guessing parameter for all
items was fixed at 0.15 as in the null study. Sample sizes and
their ability distributions were the same as those used in the null
study.

In this study, the b-values in each half test were classified
into low, medium and high difficulty levels. Items in the low
difficulty level were those with b-values from -2.0 to less than -
0.6. Items in the medium difficulty level were those with b-values
from -0.6 to 0.6. Items with high difficulty were those with b-
values greater than 0.6 to 2.0. This translates into an equal
number of items (seven for the half test of the 42 item test and 11
for the half test of the 66 item test) in each of the three levels.

In each test, six items (14% of the 42 item test and 9% of the
66 item test) were biased by altering either their b-values or
their a-values for the minority group test. Three items (one in
each of the three levels of difficulty defined above) in the first
half of the test were given uniform bias by altering the b-value
for the minority group. Three items in the second half of the test,
with difficulty values corresponding to those items given uniform
bias in the first half test, were given nonuniform bias by altering
the discrimination, a-value, for the minority group test. For both
uniform and nonuniform bias and in each of the biased items, the
measure of bias was fixed at an area-between value of 0.6 which is
supposed to be a medium bias measure (Rogers & Swaminathan, 1990).

To obtain this (0.6) measure of bias, between the ICCs, Raju's
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(1988) formulae for altering the a-value and the b-value were used.

The item parameter tables are given in Appendix 1C and 1D.

Characteristics of Samples

Because the study is interested in examining the effect of
sample size on each of the 8(eight) DIF procedures, three different
levels of sample size arrangement were simulated. In each
arrangement, the majority to minority sample ratio of B:3 was-
maintained. This ratio is in agreement with wmost real life
situations where the size of the focal group is usually smaller
than the size of the reference group. The 8:3 ratio is not
significantly removed from the 3:1 majority to minority sample
ratio found in a number of DIF studies using real data (e.q.
Hambleton & Rogers, 1988; Shepard et al., 1985). A 2 to 1 ratio was
maintained between samples in the first arrangement (1600/600) and
samples in the second arrangement (800/300) and between the second
arrangement (800/300) and the third arrangement (400/150). Each
majority and each minority sample was generated from N(O,1) ability

distribution.

Data Simulation Model and Program

All datﬁ were generated based on the three-parameter IRT
model. This model represents real life situations, where tests with

multiple-choice items are used, better than the one- or two-
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parameter models (Traub, 1983). DATAGEN (Carlscon, 1983) program was
used in all cases. This program is designed for use in generating
data for a one-, two- or three-parameter IRT model. Provision is
also made, in the program, for the user to input values for the
discrimination (a) and the pseudo-guessing (c) parameters, for each
simulated item, when the three-parameter model is used to generate
data. The program was modified by L. Fleming (a computer programmer
formerly with the Computer Services Department, University of
Ottawa) to allow for inputting the difficulty (b) value for each of
the simulated items and also to hold the 'a', 'b' and 'c¢' values
constant over the 100 replications performed in each experimental
condition. The discrimination (a) and difficulty (b) values used,
for each of the two tests, were as specified in the
"Characteristics of Items" sections above. DATAGEN also makes
provision for sample abilities (thetas) to be generated randomly
from a normal (0,1) distribution.

Under normal conditions, some guessing is always present in
situations were power tests with multiple-choice items are used. In
classical test theory, a ccmmon index, used to determine the amount
of guessing when a multiple-choice item is used, is defined by 1/x
(where x is the number of answer options the item has). Thus, in
the case of items with four options, the value of the guessing
index will be % or 0.25. This definition of the guessing index
suggests that all the options were equally attractive or equally
repulsive for the group of examinees. This situation, although

possible, . is a very rare one to observe in real life. In the
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extreme case where no examinee knows the correct response to an
item, however equally plausible all the options might seem, some of
the options become more attractive, to the examinees, than others.
Thus, the use of 1/x for the guessing index of an item cannot be
defended for the majority of cases in real life., There is hardly
any convincing argument for the defense of using any particular
arbitrary value for the guessing parameter (c). So that, the only
option here is to use a computer program like LOGIST (Wingersky,
Barton & Lord, 1982) to estimate the pseudo-guessing (c¢) parameter
for each item. However, it has been found that the "c" parameter is
not easy to estimate even when the sample size is large (Lord,
1980). For this reason, in most simulated DIF studies, based on the
three-parameter IRT model, a fixed "c" value {which appears
reasonable to the researcher) is used for all the items in the test
(e.g. Rogers & Swaminathan, 1990, 1989; Merz & Grossen, 1979).
Values found in the literature for the fixed "c¢" are commonly in
the range .05 and .25. In this study a fixed pseudo-guessing (c)
value of 0.15 is used for each item, in the two test, within each
experimental condition.

The ability generation processes for the majority and the
minority samples were however started with different random
numbers. Alsc, different random numbers were used as starting
values for the ability estimations in each of the 100 replications.

After the ability (theta) value had been simulated for an
examinee, for any given item, i, the item parameters for item i and

the theta value for the examinee were used in the three-parameter
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IRT model to estimate the examinees probability of success on item
i. A random uniform deviate between zero and one was generated for
the particular examinee; if this number was greater than or equal
to the examinee's probability of success, he was given a score of
1 (for correct) on item i; otherwise, he was given a score of 0
(for incorrect) on item i. The (0,1) test data generated from each
simulation constituted a set of raw data that was analysed using
each of the eight DIF procedures.

The following software were used to estimate indices: Mantel-
Haenszel indices were estimated using a program by Ackerman (1986).
A Logistic Regression program written by Spray (1991) was used.
This program is a two-in-one program which treats uniform DIF and
nonuniform DIF in separate analysis. The program therefore uses two
separate 1(one) degree of freedom Chi-Square indices. Software to
estimate Lord's Chi-Square, Full Chi-Square, Transformed Item

Difficulty, S0S2 and $S0S4 were written locally.
The Cutoffs

The cutoff values were obtained only in the null (no DIF)
study. For the obtained index value for each DIF procedure within
_éach experimental condition, percentiles of .99, .95 and .90
(false-positive rates of .01, .05 and .10) for each item over the
100 replications were computed. THe method of wusing the
distribution of each item, over the 100 replication was adopted

rather than that of using the distribution of each replication over
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all the items in the test. In the former case, 100 values will be
used to define the distribution while in the latter only 42 or 66
cases (depending on the test length) will be used. The value of the
index at each of these rates was recorded for each item. For signed
indices (e.g. the S0S54 and MH Delta), the absolute value of the
indices were used to transform each item’s distribution so that a
one-tail distribution (from which the percentile values were

determined is obtained).

DATA ANALYSIS

A. Null (No DIF) Study:

In this study? three levels of sample size, two levels of test
length and four_lévels of item discrimination arrangement were used
as independent variables. When the levels of these independent
variable were crossed, 24 experimental conditions were obtained.

To examine the distribution of each index across the 24
experimental conditions, Multivariate General Linear model
(Multivariate GLM) and Uni#ariate General Linear model (Univariate
GLM) methods in SAS were used to test for differences in the mean
values of the percentiles obtained for each item in each test over
the 24 experimental conditions. The decision to use the GLM methods
stems from the fact that the two test lengths were different; so
that half of the cells will have 42 observations wﬁile the other
half will have 66 observations. Thus MANOVA and ANOVA which are

sensitive to differences in cell sizes could not be used. The GLM
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procedures are modifications of the MANOVA and ANOVA procedures
designed to handle cases where cell sizes are different. The
multivariate procedures were mainly undertaken as omnibus test to

control for the Type I error.

B. Known DIF Study:

For each index, the three percentile values obtained in the
null study, for a parficular item, were used individually in
comparison with the value of the index obtained in each of the 100
replications, in the known DIF study, for the item that corresponds
to the particular null study item. Whenever a replication value was
qreater than or equal to a percentile value, it was counted as one
incident, out of the 100 replication, that the item is flagged as
displaying DIF at that particular percentile. The proportion of
times (out of the 100 replications) that the item is flagged was
subsequently determined.

For procedures with known tests of significance (e.q.
procedures with indicés distributed as Chi-square)}, their tabled
values were also used on each of the known DIF study results across
the 100 replications to determine the proportion of times (out of

100) that the item was flagged.
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CHAPTER V

Results and Discussion

Results of the study are presented and discussed in this
chapter. The DIF procedures are treated individually. However,
because of the similarity of the results of the 5052 and the S0S54,
their results are presented as one. For each procedure, the results
obtained for the null study are presented first followed by the
results for the power study. The null study results are presented
for the distribution of the index in terms of (i) the aobtained
means, in each experimental condition, for the three percentile
(90', 95" and 99%) values; and (ii) the GLM results on the effects
of the independent variables on the means of the percentile values,
For the power study, the results for each DIF procedure will be
presented in terms of (i) the number of times, out of 100
replications (given in proportion form) that an item, simulated
ﬁith bias (uniform and nonuniform) was flagged by an index; and
(ii) the number of false-positive 1identification (qiven. in
proportion over 100 replications of the simulated unbiased items)
for each index. For procedures with known tests of significance,
results (at alpha = .05) for «correct and false-positive
identifications, will also be presented and compared with the
results obtained when the 95' percentile cutoff from the null
study. Both the null study and the power study results are
discussed in terms of the nature of the particular procedure and

also in terms of results from past studies.
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For each item, three percentiles were estimated, over the 100
replications, for each index. Thus for the 42 item test, there were
12 experimental conditions (four discrimination levels by three
sample sizes). In each condition, there were 42 estimates per
percentile per index. Similarly, with the 66 item tests, there were
66 estimates, per percentile, per index, in the 12 experimental
conditions. Means for the 42 and 66 values {(as the case may be),
per percentile, for each index, are reported for the null study.
Multivariate GLM analysis on these means, usinq sample size, test
length, and discrimination arrangement as independent variables,
were performed. After a significant multivariate effect, all
necessary univariate GLM analyses were performed by index and
percentile. A .01 alpha level was used in all multivariate and
univariate GLM analyses. Whenever post hoc analysis was necessary,
the Scheffe procedure (with the alpha level adjusted to prevent an
inflation of the Type I error rate) was used.

For ease of presentation and discussion of results, the
following notation system is adopted for the different levels of
the independent variables: Sample size, test length, discrimination
(a-values) and difficulty (b-values). For sample size, 51, S2 and
S3 represent the sample size (majority/minority) arranqementé,
1600/600, 800/300 and 400/150 respectively. For test length, TL1
and TL2 represent the 66 item test and the 42 item test
respectively. For discrimination (a-value) arrangements, D1, D2,
D3, and D4 represent the discrimination (a-value) arrangements: a)

Where all items in the test had a-values of 0.8, b) Where all items



ag
in the first half of the test had a-values of 0.5 and all items in
the second half of the test had a-values of 1.2, ¢} Where all items
in the first half of the test had a-values of 1.2 and all items in
the second half of the test had a-values of 0.8, and d) Where all
items in the test had a-values of 1.2 respectively. For the item
difficulty (b-value) arrangements (i.e. for the power study), Low
Diff, Medium Diff and High Diff represent a) the item difficulty
(b-values) ranging from -2.00 to -0.66, b)'where all the items had
difficulty (b-valggs) ranging from -0.65 to 0.66, and c) where all
the items had difficulty (b-values) ranging from 0.67 to 2.00
respectively. The results for procedures based on the IRT model are
presented first. This is followed by the results of the non-IRT

procedures.

IRT Procedures

The Sum of Square {S0S) Indices

As was mentioned earlier, the results obtained for the S0S2
and the S084 ﬁere very similar. Thus, only one (that for the S0S2)
is presented. ‘After simulating the (0,1) test data for the
diffe;ent experimental conditions in the null study, a problem was
encountered when the (0,1) test data were subjected to LOGIST
analysis for the estimation of parameters and probabilities of
success. It was observed that for the two smaller sample size
arrangements (82 and S53), LOGIST failed to converge, and so the

program halted, in the majority of cases. On the other hand, stable
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estimates were obtained only for the 1600/600 sample in each of the
experimental conditions. Because of the unavailability of other IRT
estimation programs, like BILOG, a decision was taken to drop the
two smaller samples (S2 and S3) from the study of all the IRT based
DIF procedures. So only one sample size arrangement (S1) was used

for the S80S indices.

Distribution study results (S0S2)

The GLM analysis (see Table 1) produced significant test
length and discrimination effects for Py, Py and Pyy. The results
for Py, and Py were identical: For each of these two percentile
values, TL1l produced means that were significantly larger than the
means produced by TL2. The discrimination effects on Py and P
indicated that D1 produced means that were significantly larger
than the means for any of the other discrimination arrangements
(D2, D3 or D4). Also D2 and D3 each produced means that were
significantly larger than the means for D4. The test length result
for Ps was similar to those for Py and Pj: TL1 produced
significantly larger means than those produced by TL2. For the
discrimination effect on Py, only D2 was found to produce

significantly larger means than D4.

Power study results (S0S2)

In general, the bias detection rate of the index was

relatively low. For uniform bias, the rate was .32 while the rate
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for nonuniform bias was .0l1. The overall false-positive rate was
.053. See Tables 2 and 3.

The bias detection rates for TL1 and TL2 were slightly
different when the items were uniformly biased: TLl_produced a
detection rate of .37 which was slightly larger then .34, the
detection rate For TL2. When the bias was nonuniform both test
lengths (TL1 and TL2) produced rates lower than .01. The false-
positive rates for TL1l and TL2 were similar at .053.

Considering only the case of low discrimination (a = 0.8) and
high discrimination (a = 1.2), that is the case of Dl compared to
D4, with uniform bias D4 produced a bias detection rate of .49
while D1 had a rate of .36. When the bias was nonuniform both D4
and D1 had identical bias detection rates of .0l. The false-
positive rates for D4 and D1 were .04% and .064 respectively.

With uniformly biased items, items with medium difficulty had
the highest detection r&te of .53. Items with low difficulty had
the second highest bias detection rate of .49. Items with high
difficulty were very poorly detected at .04. When the bias was
nonuniform, the S0S2 was unable to detect items with medium
difficulty (detection rate was .00). The bias detection rate for
nonuniform bias was identical for items with low and high
difficulties (rate of .01 in each case). Medium difficulty items
had the highest false-positive rate of .091. Low and high
difficulty items "had false-positive rates of .036 and .030

respectively.
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The results in Table 1 clearly indicate that test-length
consistently affected the size of each of the three percentiles of
the S0S2 index. A positive relationship was observed between test
length and the size of the percentiles; with longer tests
consistently producing significantly larger values, of each of Lhe
three percentiles, than shorter tests. From the definition of the
S0S2 index, disregarding sample size, two qﬁantities determine the
size of the iﬁdex. The first is the sum of the squared differences

in the P{(8) values. This is given by:

ngtng

2, [Pii(8) - Pir(8) )

=1
and the other is the variance of these values:

given by:

di‘ig(@l = pifth.

If the former increases (everything else being equal), the index
will increase, and if it decreases, the index will decrease. on the
other hand, if the latter (the variance) increase (everything else
being equal) the index will decrease and if it decreases the index
will increase. Since the obtained test length effects indicates an
increase in the value of the percentiles with increase in test
length, one or both of the following conditions should be

responsible: As test length increase, either the sum of the squared
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differences in P(8) values increases or the value of the variance
of the P(8) differences decreases.

When a test is longer, theta estimates would tend to be more
accurate tending to reduce the numerator of the S082. It should
also reduce considerably, the variance of these differences thus
tending to make tﬁe SO0S52 have a higher measure.

The means of the a-values in each of D1, D2, D3 and D4 were
0.8, 1.0, 1.0, and 1.2 respectively. From the obtained results
(presented in Table 1) it appears that (i) when the mean
discrimination values of two tests are different, the test with the
smaller mean a-value produces significantly larger Py, and Py values
than the test with the larger mean a-value, and (ii) when the mean
a-value of two tests are the same, no significant differences are
observed in the Py; or Py; values of the two tests.

In general, the higher the a-value of an item, the steeper the
item characteristic curve (ICC) of that item. Thus, for any group
of examinees, if the item's a-value 1is high, most of the
probabilities of success, P(8), associated with the ability levels
of the examinees, will be concentrated closer to the lower
asymptote (in this case, the pseudo-guessing parameter) for less
abled examinees, and closer to 1.0 (the upper asymptote) for the
more abled examinees. For each of the two (reference or focal)
. gqroups, given an item with a high a-value, the P(8)'s for each
group will cluster around the upper and lower asymptotes. in such
a situation, the difference between the P(8)'s, for the two groups,

at any given ability level, will be very close to, if not exactly
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equal to zero. Thus even when such differences are squared and
summed over all the ability levels in the two groups, the sum is
expected to be small. This implies that the 35082 index for such an
item (i.e. with a high a-value) will be small. On the other hand,
when the a-value is low, the ICC will have a fairly gentle slope
for each group. Here, the chances are greater that the group's P(8)
differences will be further away from zero. This will produce a
larger sum of squared P(8) differences when taken over the range of
abilities in both groups. Thus with a smali-a—value, the 5082 index
for such an item is expected to be large.

There are, so far, very few comparative‘ studies in the
literature that have included the SO0S2 indices. Two such studies
are Shepard, Camilli, and Williams (1985) and Skagg and Lissitz
(1988). The study by Shepard, Camilli, and Williams (1985) was in
two parts. In the first study, the S0S2 and 5084 were used in a
crossvalidation study to establish the bias criterion in the test
data set. The established criterion was then used to test the power
of bias detection of other DIF Procedures. In the second study,
which was a simulation study, both the SOS2 and SOS4, together with
other DIF procedures, were examined for their power to identify
known uniform bias built intoc the simulated test data. in this
second study, the 8082 and S0S4 flagged four and five items
respectively out of the 18 biased items. This gives 9 bias
detection rate of .22 and .28 respectively for the SOS2 and 50354.
However, when only moderately biased items were used, the bias

detection rates of the SO0S2 and 8054 changed to .33 and .44
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respectively. In the current study, only moderately biased items
were used. The bias detection rate for uniformly biased items in
the current study was .32 for both the S0S2 and S0S4. The false-
positive rates of the SOS indices were very low in both studies.
Clearly this result is similar to that obtained for the S052 (with
only moderate uniformly biased items) in the Shepard, Camilli, and
Williams {(1985) study.

Skagg and Lissitz (1988), were mainly concerned with the
reliability and validity of the different DIF procedures. There is,
therefore, not much comparison that could be madelwith the current
study. However, one finding of Skagg and Lissitz (1988), that is of
major importance to the current study, is that they found sample
size to affect the size of the S052 and SO0S4 indices; with larger
samples producing larger values of the indices. The current study
was designed to include sample size as an independent variable. For
reasons given earlier, the sample size variable was excluded from

the study of the SOS indices.

The Lord's Chi-Square Index
For the same reasons given for the SOS indices, the two
smaller sample size arrangements (S2 and S3) were excluded from the

study of Lord's chi-square.

Distribution study results (Lord's x
With respect to the two independent variables (test length and

discrimination) in the study of Lord's chi-square, no significant
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results were found for any of the three percentiles (Py. Py and Pud

involved (See Table 4).

Power study results (Lord's x!

For both uniform and nonuniform bias Lord's chi-square
produced a perfect bias detection rate of 1.00. In general, the
false-positive rate of .081 was higher than any of those for the

S0S2 and S0S4, the other IRT based DIF indices in the study. These
results are presented in Table 5.

The false-positive rate for Lord's chi-square was negatively
affected by test length: The longer test produced a lower false-
positive rate than the shorter test. The false-positive rate for
the longer test was .071 while that for the shorter test was .092.
A slight negative relationship was also observed between the falsé—
positive rate and item discrimination (a-value): Items with low
discrimination (i.e. items in D1) produced a false-positive rate of
.086 while items with high discrimination (i.e. items in D4)
produced a false-positive rate of .082. Item difficulty also
displayed a negative relationship with false-positive rate: For
low, medium and high difficulty items, the false-positive rates
were .088, .085 and .071 respectively (See Table 6).

Although sample size was excludeu from the study of Lord's
chi-square, it is expected that the index, being a chi-square
index, will be affected by sample size. However, it is worth noting
that the performance of the index, in this study, was outstanding.

These results were not surprising since the index involves the
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simultaneous comparisons of the difficulty (b and thie
discrimination (a) parameters, of the studied item, for the two
groups.

Shepard, Camilli, and Williams (1985) found Lord's chi-square
not effective in detecting weakly biased items and sowmewhat
effective in detecting moderately biased items. The bias detection
rates for weak and moderate hiases were .11 and .56 respectively,
The false-positive rate for Lord's chi-square reported in Shepard,
Camilli and Williams (1985) was .028. Although the current study
inveolved only moderate bias, the result for moderate bias in
Shepard, Camilli, and Williams (1985) is significantly different
from the results obtained in this study for Lord's chi-square.
Whereas the bias detection rate for Lord's chi-square was 1.00 in
the current study, the Shepard, Camilli and Williams (198%) result
that corresponds to the current study result was a detection rate
of .56. Also the two studies differ in the false-positive rates
reported for Lord's chi-square. The current study produced a false-
positive rate of .081 as against .028, the rate observed by
Shepard, Camilli and Williams (1985). In the current study, after
the test data were generated for the specific item and person
parameters, for the groups, LOGIST was used in the
reparametization. Here, the prbblem of unstable parameter estimaktes
was observed for S2 and S3 even for the 66 item test. Clearly the
condition involving 52 (the'sample with 800'and 300 majority and
minority s#mples respectively) and the 66 item test is not far

removed from the Shepard, Camilli and Williams (1985) condition of
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1,000 and 300 majority and minority samples and 54 items. Thus it
seems likely that they were also troubled by sample size. Such a
situation would definitely strongly affect the Lord's chi-square
results,

Skagg and Lissitz (1988) found that sample size had a very
strong effect on the Lord's chi-square index. Larger saﬁples
consistently produced larger values of the index. In a baseline
study, they used samples that were about 3 times larger than the
samples used in two of the conditions they studied. This resulted
in baseline values that were larger than the index values produced
by any of the two smaller samples. As was mentioned earlier, this
was not surprising since the index is distributed as a chi-square

which is known to be sensitive to sample size.

Non-IRT Procedures

The Transformed Item Difficulty (TID) Index

The TID is one DIF index that has received mixed reviews based
on results from comparative studies. Seong and Subkoviak (1987)
found the TID performed worse than éither the IRT-Z index or the
full chi-square index. Shepard, Camilli, and Williams {1985} found
it‘inadequate. Rudner, Getson, and Knight (1980) found the TID
performed well on items with uniform bias but very poorly on items
with qonuniform bias.rMerz, and Grossen (1979) found the index gave

a‘better performance than any of the other indices they considered.
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Distribution study results (TID)

Results €from this study indicated that the three
percentiles (P:;, Py, and Puy) of the TID index were significantly
affected by sample size and test length. A significant interaction
effect, between sample size and test length was also observed far
Pyw (See Table 7).

Following the significant sample size and test length
‘rinteraction for Py, the simple effect analyses produced the
following results: For the longer test, the Py means for 83 and S2
were not significantly different. However, each of S3 and S2
produced Py; means that were significantly larger than those for S1.
For the shorter test, the Py means for S3 were significantly larger
than the means for either S2 or S1. Also the means produced by 352
were significantly larger than the means for S1. At each of the
three sample size (S1, S2, and S3) levels, TL1 produced Py means

that were significantly larger than those produced by TL2.

Power study results (TID)

The performance of the TID index was significantly better on
items with uniform bias than on items with nonuniform bias (see
Table 8). Overall, the bias detection rates for uniform and
nonuniform hias were .62 and .05 respectively. The false-positive
rate (see Tablé 9) was .072.

Sample éize displayed a positive relationship with uniform
bias detection rate for the TID. When the items were uniformly

biased, the detection rates were .92, .64, and .29 for S1, 82 and
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S3 respectively. When the items were nonuniformly biased, the
detection rates dropped considerably to .04, .04, and .05 for S1,
§52, and S3 respectively. The corresponding false-positive rates for
S1, 52 and S3 were .072, .062, and .085 respectively.

Test length did nét appear to affect the detection rates nov
the false-positive rates of TID. For uniform bias detection, the
rates were much better than for nonuniform bias.

The uniform bias detection rate was slightly better, at .65,
for items with low discrimination (i.e. D1) than for items with
higher discrimination (i.e. D4) which had a rate of .60. When the
items were nonuniformly biased, the detection rates were .07 and
.02 for D1 and D4 respectively. False-positive rates of Dl and D4
were .070 and .074 respectively.

With uniformly biased items, low, medium and high difficulty
items had rates of .61, .58, and .67 respectively. For nonuniformly
biased items the rates were .04, .02 and .08 respectively for low,
medium, and high difficulty items. The corresponding false-positivé
rates for low, medium and high difficulty items were .055, .004,
and .156 respectively.

One of the main criticisms against the TID DIF index is that
it confounds DIF with item discrimination. Angoff (1982) suggested
the use of the item-test correlation to correct this confounding
problem. This study used the Angoff (1982) suggested modification.
From the results of the dist;ihution study, and also from the power
study, it is clear that there was no confounding of bias with

discrimination. In the distribution study, no significance was



117
found for item discrimination. If discrimination was confounded
with bias, the distribution study would have shown an effect of
item discrimination on the three percentiles. In the power study
also, with the said confounding effect, one would have expected a
significant difference in Ehe bias detection rates for low and high
discrimination items. This was clearly not the case in this study.

In Shepard, Camilli, and Williams (1985), the results for
moderately biased items, in study two, is the only one that could
be meaningfully compared with any part of the results obtained in
the bias detection power section of the current study. This is so
because the study by Shepard, Camilli, and Williams (1985) only
dealt with power of detecting uniformly biased items. They also
included weakly and moderately biased items in their study. In the
current study, however, only items with moderate bias were
examined. For the moderately biased items in their study, Shepard,
Camilli, and Williams (1985) observed a bias detection rate of .67
for the TID procedure. The false-positive rate was .25. In the
current study, for uniformly bhiased items the TID bias detection
rate was .62 with an overall false-positive rate of .072. The major
difference in these two results is in terms of the false-positive
rates obtained in the two studies. However, when they used a
modified TID (in the form of a residualized index), their observed
detection ratg stayed the same (.67); but the false-positive rate
dropped to .111 which is not very much different from the .072

false-positive rate observed in this study.
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Rudner, Getson and Knight (1980) found that when items were
uniformly biased the TID bias detection results correlated highly
(.80 and .87) with the generated bias state of the data. However,
when the bias in the data was purely nonuniform (i.e. only in the
a-value), the correlation, with the generated bias state, dropped
to .52 and .45. These correlations deo not say much about the actual
detection rates of uniformly ﬁnd nonuniformly biased itenms.
However, both studies found no significant effects of test length
on the bias detection performance of the TID. |

In Merz and Grossen (1979) when the overall test difficulty
was .80, the bias detection rate of the TID was 1.00 and .92
respectively for 10% and 20% of the items biased in a test of 60
items. The corresponding false-positive rates in the two situations
were the same, at .074 in each case. When the overall test
difficulty was .60, the bias detection rates of the TID were .83
and .92 respectively for 10% and 20% of the test items biased. The
corresponding false-positive rates in the two situations were .074
and .13 respectively. Merz and Grossen used only uniformly biaéed
items. The bias detection rates observed by Merz and Grossen were,
in all cases, higher than the rate of .62 observed for uniformly
biased items in the present study. This may be explained in terms
of the differences in the forms of the TID used in the two studies.
However a common pattern appears to have surfaced in the two
studies when the percentage of biased items in the test is less
than 20%. In the current study, the percentage of biased items was

less than 20% in all cases. For low difficulty items, a detection
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rate of .61 was ohserved for uniform bias. When the difficulty was
moderate, the detection rate dropped to .58 for uniform bias. In
the Merz & Grossen (1979) study, when the difficulty level of the
test rose from low (80%) to moderate (60%) the detection rate
dropped from 1.00 to .83 for the test with 10% of the items biased.
The overall false-positive rates for the two studies were similar.

Seong and Subkoviak (1987) also used a signed form of the TID.
The signed form produced a bias detection rate of .80 and a false-
positive rate of .025. Although the modified form of the TID used
in the current study was the same used by Seong and Subkoviak, the
methods by which bias was built into the test data were different.
However, the two results do not show much disagreements in terms of

bias detection or False-positive rates.

The Full Chi-Square (xiu.il

The mean percentile values obtained for the full chi-square
were quite small considering this had a six degree of freedom chi-
square distribution. These mean percentile values and the GLM
results are presented in Table 10. Significance was found for
discrimination for Py and Py; and for test length and
discrimination for Pys.

Considering the two main discrimination levels D1 (items with
low discrimination) and D4 (items with high discrimination), the
Pyy, Py:, and Py; results indicate that the means for D4 were, in each
case, siénificantly larger than the means for Di. If these findings

are replicated in other studies it would mean a serious problem for
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the full chi-square index. Its chi-square distributional claims
would have to be re-examined. The results imply that the Py value
would be larger for items with high discrimination vafues: and
lower for items with low discrimination values. This definitely
does not translate into the normal situation where the chi-square |
tabled value at a = .05 is used as the cutoff value. The tabled
cutoff value depends only on the degrees of freedom which will be
the same for both items. |

Test length displayed a positive relationship with the means
for Py. This finding may be a result of the intervals for the long

test having greater variability than those for the shorter test.

Bias detection power study (xh“l

In general, the performance of the full chi-square index, in
bias detection, was poor. The results are presented in Tab;e 11,
for bias detection, and Table 12, for false-positive rates. For
items with nonuniform bias, the detection rate was .4l which was
better than the detection rate for uniform bias which was .25. This
result was a big surprise because this study used the signed form
of the full chi-square index which tends to ignore the existence of
nonuniform DIF. This surprising result seems to be related to the
difficulty levels of the items. For uniform bias, the bias
detection rates for low, medium, and high difficulty items were
.19, .19, and .38 respectively. For uniform bias therefore the
rates only change when the difficulty changes from medium to high.

For nonuniform bias, however, the bias detection rates for low,
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medium and high difficulty items were .13. 5. and .66
respectively. For nonuniform bias, therefore, the bias detection
rate shows a significant positive relationship with the item
difficulty levels. What seems to be happening here is that bias
tends to be confounded with difficulty level when the item
difficulty changes from medium to high for uniformly biased items.
When the item is nonuniformly biased, the confounding of item bias
with item difficulty is apparent between any two of the levels of
difficulty. This is clearly a weakness in the index. The false-
positive rates also tend to support the claim of confounding bias
with item difficulty. The false-positive rates for low, medium and
high difficulty items were .038, .105 and .263 respectively.

The observed test length effect on bias detection rates is
very interesting: When the bias was uniform, the longer test
produced a slightly higher bias detection rate of .23, against the
rate of the shorter test, of .21. When the bias was nonuniform, the
longer test produced a lower detection rate (.37) than the shortef
test (.44). The false-positive rates tend to be negatively related
to test length. The false-positive rates for the long and short
tests were .113 and .157 respectively.

Bias detection rate tends to have a positive relationship with
sample size for both uniform and nonuniform bias. For S1, S2 and
$3, the bias detection rates were .33, .23 and .19, for uniform
bias; and .59, .40 and .22 for nonuniform hias respectively. The
false-positive rates displayed a similar trend with 165, .130 aqd

.109 for S1, 82, and 83 respectively.
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Considering D1 (items with low discrimination) and D4 (items
with high discrimination), both the bias detection rate and the
false-positive rate diSplayed a positive relationship with D1 and
D4.

Bias detection and false-positive rates were also estimated
for the full chi-square index using the tabled chi-square values at
y = .05 with six degrees of freedom. The bias detection results
were worse than thqse obtained with the Py valﬁes from the no-DIF
study. Fewer biased items were detected although the false-positive
rates were reduced when the tabled values were used.

Shepard, Camilli, and Williams (1985) and Rudner, Getson, and
Knight (1980) both gave the xh“the second highest ranking, among
the DIF indices in each study, with respect to detecting simulated
biased items. Unlike the results inlthe current study - where the
full chi-square performed better with nonuniform bias - Rudner,
Getson and Knight (1980) found the result for uniform bias better
(a correlation of .86 with simulated bias) than the result for
nonuniform bias. As in this study, they found no significant effect
of test length on the index’'s bias detection rate..

The bias detection results obtained for the full chi-square,
by Merz and Grossen (1979) were in some ways similar to the results
obtained in this study. In both studies the TID performed better
than the full chi-square. When the test difficulty increased from
.80 to .60 the bias detection rates increased from .33 to .83, when

10% of the items were biased:; and from .23 to .83 when 20% of the
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items were biased. Similarly, the detection rate increased with
difficulty of items in this study.

Seong and Subkoviak (1987) ranked the signed full chi-squarve
better than all the other indices, with respect to bias detection
power. Even the IRT-Z index was 5ligﬁtly inferior to the signed
chi-square index in their study. This contradicts the results of
Shepard, Camilli, and Williams (1985) in which the best performance

was recorded for the IRT-Z index.

The Mantel-Haenszel Chi-Sguare zﬁql

Distribution Study

Table 13 gives the means and results from the GLM analysis for
the M-H chi-square. Significance was found for sample size Eor Py,
and Py;. Test length was significant for Py. For Py;, S1 and S2 each
produced means that were significantly larger than the means for
$3. For P;:, only Sl produced means that were significantly larger
than the means for S3.

Test length tended to have a positive relationship with the
means of the Py values: The longer test produced significantly
larger means than the shorter test for Py. This test length effect
for P;; could have been caused by smaller number of observations at

each score intervals as there were more score intervals for the

longer test. '
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Bias detection power study

The bias detection result is presented in Table 14 while the
false~poéitive results are given in Table 15. The bias detection
performance was significantly better on uniform bias than on
nonuniform bias. The rates were .96 and .56 for uniform and
nonuniform bias respectively. The overall false-positive rate for
the M-H chi-sguare was .095.

When the items were uniformly biased, the detection rates were
negatively related to item difficulty. When the items were
nonuniformly biased, a much lower detection rate was obtained for
items with medium difficulty. This undoubtedly is related to the
fact that the intersection of the two ICC's occurred close to the
middle of the distribution. The corresponding false-positive rates
for low, medium, and high difficulty items were .075, .111, and
.094 respectively.

Test length displayed no significant effect on the bias
detection rate of the M~H chi-square. However, a very slight
increase in detection rate was observed for the longer test. For
uniformly biased items, the detection rates were .97 and .96 for
the long and short tests respectively. For nonuniformly biased
items the detection rates were .57 and .56 respectively for the
long and short test. False-positive rate was smaller for the longer
test than for the shorter test.

Sample size showed a consistent positive relationship with
bias detection rate: For uniform bias, S1, S2 and S3 had rates of

1.00, .99, and .91; while for nonuniform bias the rates were .63,
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57 and .42 respectively. Like the detection rate, the false-

positive rate also had a positive relationship with sample sice.

The bias detection rate of the M-H chi-square, showed no
significant effect of item discrimination. The bias detection
results when tabled values were used are given in Table 16. These
fates are lower by .03 and .12 respectively, for uniform and
nonuniform bias, than the rates obtained from the Py cutofE’values.
The largest difference in bias detection rates for the two bias
decision makind procedures (i.e. tabled value and Pyy) was observed
in the smallest sample size (53) used in the study. For uniform and
nonuniform biases the differences were .09 and .18 respectively.
The smallest detection rate differences for both uniform and
nonuniform bias were .00 and .04 respectively. These lowest
difference rates were observed for the largest sample size (S51).

Although Hambleton and Rogers (1988) was an empirical data
study comparing the M-H chi-square and the ICC area between
procedures, some aspects of their findings, with respect to the
bias detection power of the M-H chi-sgquare, are worth mentioning
here. Among other things, Hambleton and Rogers (1988) observed that
of the 16 items in the bias criterion set the M—H‘chi—square
‘consistently flagged 9 items (detection rate = 56).

Of the seven criterion items not consistently flagged in the
two independent comparisons, two items were flagged in one
comparison but not the other. These two were classified as false-
negative cases. Of the remaining five items, the ICC's of four of

them indicated nonuniform bias (i.e. they crossed) to which the M-H
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chi-square is known to be less sensitive. The ICC's for the
remaining item showed that the region on the ability scale which
corresponds to the largest differences in probabilities of success,
P(B), was a region where very few members of cne of the groups
fell. These results bring out two of the weaknesses of the M-H chi-
square index: It is less sensitive to nonuniform bias and in a
situation where the ability region with the largest group
differences in probabilities of success corresponds to the ability
region where very few members of one of the groups fall, the index
will behave poorly.

Rogers andlSwaminaEhan {(1990) compared the M-H chi-sguare and
Ehe logistic regression DIF procedures. Their findings are very
similar to the findings in the current study. They found that for
test data generated by the 3-parameter IRT model (which is what was
used in the current study), the bias detection rate was .73. This
rate, however, was an average taken over different measures of DIF,
(.2, .4, .6, .8) an independent variable in their study, which they
found to have a positive relationship with DIF detection rate. The
current study used only one measure of DIF - an area between value
of .6. Thus, if their average detection rate was .73, it 1is
reasonable to assume that for an area between DIF measure of .6,
the observed rate would be much higher than .73. This will put the
detection rate for uniform bias, with area between value of .6, not
very far removed from .96 which was the rate observed in the

current study.
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The current study alsc produced M-H chi-square results similar

to those obtained by Rogers and Swaminathan (1990) for test length,

sample size and item discrimination effects on bias detection vates
for both uniform and nonuniform bias.

Sample size effects, similar to the one observed in this

study., were also reported by Schulz, Perlman, Rice, and Wright

(1989) and Skaggs and Lissitz (1980).

The Mantel-Haenszel Delta (M-H A)

Of all the earlier studies, mentioned in Chapter II, that used
a Mantel-Haenszel index. Only the study by Skaggs and Lissitz
explicitly mention the use of the M-H A index in their comparative

study.

Distribution study results (M-H A

The results from the GLM analysis are presented in Table 17.
These results indicated that the Py of the M-H delta index was
significantly affected by sample size, discrimination and sample
size by discrimination interaction. The Py and Py values of the
index were significantly affected by each of the three independent
variables, sample size, test length, and item discrimination, used
in the study.

Following the significant sample size by discrimination
interaction effect, the simple effect analyses produced the
following results: For S1, D4 produced significantly larger means

than either D3 or D1. D2 also produced significantly larger means
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than D1. For S2, D4 produced significantly larger means than either
D3, D2 or D1. For S3, D4 produced significantly larger means that
either D3, D2 or D1. Alsa D3 and D2 each produced significantly
larger means than Dl. Considering the two main discrimination
levels, D1 (low discrimination) and D4 (high discrimination), it is
clear that at each sample size level D4 consistently produced
significantly larger means than D3 and D1.

At each of the four discrimination levels, D1, D2, D3 and D4,
sample size was negatively‘rélated to the Py value of the M-H
delta.

For Py:, sample size was observed to be negatively related to
the size of the mean of the M-H delta. Test length was also
negatively related to the size of the M-H delta mean for Py. In
terms of D1 and D4, discrimination indicated a positive
relationship with the means of the index for Ps.

For P;;, sample size again displayed a negative relationship
with the index. On the other hand test length was found to be
positively rela;ed to the index. Discrimination is again observed
to have a positive relationship with the index when only D1 and D4
are considered.

The main implication for these results is that whenever the M-
H delta index is used, the user must remember that the bias
decision method must take into account the sample size, test length
.and item discrimipation in the particular situation being studied

for bias. For example, if a baseline statistic is used to make the
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bias decision, the sample size used in the baseline study must be

the same as that used in the bias study.

Power study results (M-H A)

Bias detection results and false-positive rates, for the M-H
delta, are presented in Table 18 and Table 19 respectively. The
results show that the M-H delta index performed significantly
better on items with uniform bias than on items with nonuniform
bias. For uniform bias the detection rate was .92 while the rate
for nonuniform bias was .44. The overall false-positive rate was
.081. |

'The bias detection rate, for uniformly biased items, displayed
a negative relationship with difficulty level. There was almost a
perfect detection rate (.99) for low difficulty items with uniform
bias. The rate dropped for items with medium and high difficulties.
When the items were nonuniformly biased, the detection rates were
similar Ffor Dbiased items with low and high difficulties
respectively. Medium difficulty items with uniform bias were very
poorly detected at a rate of .05. The false-positive rate tends to
have a relationship with item difficulty that is similar to that
observed between item difficulty and bias detection rate.

Bias detection rates, for both uniform and nonuniform bias,
displayed no meaningful differences between TL1l and TL2.

For both uniform and nonuniform bias, bias detection rates and
false positiQe rates were higher for larger samples than for

smaller samples.
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Item discrimination does not seem to affect bias detection
rate or false-positive rate of the M-H delta in any way.

The M-H chi-square and the M-H delta bias detection results
displayed identical patterns in their relationships with the
different independent variables; although the rates obtained for
the M-H delta were lower on every level of the independent
variables. The pattern of the relationships between the independent
variables, test length, sample size, and discrimination, and the
false—positive rate were identical for both the M-H chi—squafe and
M-H delta. However, the false-positive rates at corresponding
levels of the three independent variables (test length, samples
size, and discrimination) were lower for the M-H delta at every
level. The false-positive rates at the different levels of item
difficulty displayed different patterns for the M-H chi-square, the
false—posiﬁive rates for low, medium and high difficulties were
.075, .111, and .094 respectively. For the M-H delta, on the other
hand, a negative relationship was cbserved.

The study by Skaggs and Lissitz (1988) reported a slight
superiority, in terms of bias detection consistency, of the M-H
chi-square over the M-H delta in the three sample size conditions
examined in their study. This is in line with the findings in this
study where the M-H chi-square returned a better detection rate in

all t..e experimental conditions.
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The Logistic Regression (LR) Index

As was mentioned in the methodoclogy section, two separate
procedures (one for uniform DIF and one for nonuniform DIF) were
used for the LR procedure. The means and GLM énalysis results for
the uniform DIF procedure (LR1) are presented in Table 20 while
those for the nonuniform DIF procedure (LR2) are presented in Table
21. The bias detection results of the two LR procedures are:
presented together in Table 22. The false-positive analysis results
are presented separately in Table 23, for LR1; and in Table 24,
for LR2. The bias detection results when tébled values (at alpha =

.05) are presented in Table 25.

Distribution study results (LR)

From Table 20, the only significant result observed for LRl is
for test length for Py. Longer tests produced significantly larger
means for Py than shorter tests.

The results reported in Table 21 for LR2, indicate
significance found for sample size and the sample size by test
length interaction for Py; plus a significant test length effect
for Py; and Pyy. Following the significant sample size by test length
interaction effect, simple effects analyses were undertaken. For
the long test, no significant differences wéfé cbserved for Py,
between the sample size levels. However, for the short test, S2
produced means that were significantly larger than those for S1 for
Piy. No significant differences were observed between the long and

short test means atcéach sample size level.
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For P;; and P:y, the short test produced significantly larger
means than the long test. For Py, however, the long test produced

significantly larger means than the shorter test.

Poﬁer study results (LR)

First of all, it must be noted that for each of the six biased
items results were reported in Table 22. It should be noted that
results for LR1 were used for all three uniformly biased items and
for nonuniformly biased items with high difficulty. With LRZ,
results were feported for nonuniformly biased items at the low and
medium difficulty levels. This was done because both indices are
available wﬂen bias decisions are made. The results for false-
positive rates are presented in Table 23 and Table 24 for LRl and
LR2 respectively.

In general the LR procedure performed significantly better in
detecting uniform bias than in detecting nonuniform bias items. The
bias detection rates were .96 and .87 for uniform and nonuniform
bias, respectively, with the Py cutoff value. When tabled values
(at alpha = .05) were used the detection rates for uniform and
nonuniform bias were .95 and .80 respectively. The false-positive
rates (with Py) were .087 and .076 for uniform and nonuniform bias
respecktively.

For both uniform and nonuniform biases the detection rate of
the LR procedure increased as item difficulty decreased. The

highest false-positive rate was observed for items with medium
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difficulty while the lowest false-positive rate was observed for
items with low difficulty.

Test length showed no effects on the bias detection rates of
both uniform and nonuniform biases when the Py; cutoff was used. The
tabled values (at a = .05) showed a very slight nonsignificant
negative trend, for test length on bias detection. A negative trend
was observed for the test length effect on false-positive rate.

Both the Py cutoff and the tabled value (at alpha = .05)
results produced positive relationships between sample size and
bias detection rate for both uniform and ncnuniform bias. The
false-positive rates for S3 and S2 were equal at .078. The false
positive . rate was higher for S1, than those observed for S3 and S2,
by about .02. No discrimination effects were observed, for uniform
‘or nonuniform bias or false-positive rates, in the results from
either the Py cutoff or the tabled values (at alpha = .05}.

The LR index was proposed by Rogers and Swaminathan (198%9) out
of their concern for one major weakness in the Mantel-Haenszel DIF
procedure. The weaknessrwas the fact that the M-H DIF procedures
seemed to be less sensitive to nonuniform DIF - in particular,
nonuniform DIF with no difference in the item's b-value for the
studied groups. In Rogers and Swaminathan (1989, 1990) the logistic
regqression produced results that indicated this particular weakness
of the M-H procedure, is appreciably handled by the logistic
regression procedure. In the current study, much as both the M-H
chi-square and tﬁe logistic regression procedures performed equally

well on items with uniform bias, when the bias was nonuniform, with
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no b-value difference between the studied groups, the M-H chi-
square and the LR procedures produced detection rates of .56 and
.87 respectively.

The summary of findings, limitation of this study, and
suggestions for further studies will be presented in the next

chapter.
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CHAPTER VI

Conclusion

This chapter will contain the following sections: Summary of
findings, limitations of study, and suggestions for further

research.

Summary of Findings

The method of presentation of the summary will be the same as
that‘used in the result presentation section: The summary will be
presented first for the distribution study followed by the

presentation for the power study.

Distribution study

Three independent variables were used in this study. These
were sample size, test length and item discrimination. However, for
indices based on the IRT model, the sample size independent
variable was omitted. Thus, only the non-IRT indices were examined
for sample size effect. Of these, four were ocbserved to have sample
size effects. These were the transformed item difficulty (TID), the
Mantel-Haenszel chi-square (M-H chi-square), the Mantel-Haenszel
delta (M-H delta), and the Logistic regression (LR) for nonuniform
DIF. Test length was found to affect all but one of the eiqht

indices .. The only index not affected by test length was Lord's chi-
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square. Discrimination effects were observed for the SO0SI, M-H

delta, and the full chi-square indices.

Power study

The summary is presented in terms of the performance of the
indices with respect to their detection rates for uniform and
noﬁuniform bias and their false-positive rates. This being the
case, it is not possible to rank order the indices with respect to
their performance in the power study. The results clearly show that
there is no index, in the study that, that would occupy the same
hierarchical position in each of the three areas of performance -
uniform and nonuniform bias detection rates and false-positive

rates.

Uniform bias detection

The results show that the logistic regression, the M-H chi-
square, the M-H delta and Lord's chi-square performed very well on
uniformly biased items. Each of these had a detection rate greater
than .90; with Lord's chi-square returning a perfect 1.00,
detection rate. The TID performed averagely; with a detection rate
of .62. The SOS2 and the full chi-square did not perform very well
in this study. The detection rates for uniformly biased items were

.32 and .25 for the SOSZ and the full chi-square respectively.



153

For the detection of nonuniform bias, Lord's chi-square stands
uniquely alone in the greater then .90 rate class. Again, Lord's
chi-square gave a perfect, 1.00, detection rate. The next best
performance on nonuniform bias detection was observed for the
logistic regression index which produced a detection rate of .87 in
this class. Three indices, the full chi-sguare, the M-H chi-square,
and the M-H delta produced detection rates between .40 and .60;
with the M-H chi-square leading with a rate of .56. The TID and the

5082 performed very poorly with rates of .05 and .01 respectively.

False-positive rates

The false-positive identification results show the S0S2 with
the best performance in this class. It produced the lowest rate of
.0583. The M-H delta and Leord's chi*squafe had the next best
performance - eacn with a false-positive rate of .081 - to the
S0S2. Not far behind the M-H delta and Lord's chi-square was the
logistic regression index with a false-positive rate of .082. The
M-H chi-square and the full chi-square had false-positive rates of
.094 and .135 respectively.

From the results summary above, Lord's chi-square certainly
appears to perform very well., Its detection rates were the best and
its percentiles were not affected by either test length or item
discrimination. Wh;-rtabled values were used, Lord's chi-square
produced bias'detection-results similar to the one for Py reported

in Table 5. The tabled value results also produced an improvement
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in terms of reduced false-positive rates. However, the false-
positive rates (Table 6) were still higher than those produced hy
the 8082. In retrospect, one would like to know how well it might
do with smaller sample sizes.

Of the other indices, the Mantel-~Haenszel and the logistic
regression indices seemed the bes:. The full chi-sguare had a
number of problems. Its tabled values were not at all useful for
detection of bias. The TID was somewhat better but does not have a
significant test associated with it. One would need to rely on
baseling‘studies if one were to use it. Even so, since sample size
and test length had effects on the TID percentiles; care must be
taken to make sure that the baseline study sample size and test
length are the same as those used in the bias study.

For uniform bias, either Mantel-Haenszel chi-square or
logistic regression would be recommended while for nonuniform bias
logistic regression would be appropriate. It is interesting to note
that Lord's chi-square was effective for detecting either kind of
bias.

It is a well established fact that sample size is related
positively to chi-square values. In the study, however, even though
samples as large as 1,600 subjects and as small as 150 subjects
were used, for each of the chi-sgquare indices, the observed values
were considerably lower than tabled values. Of course, these were
conditions where no bias was present except those that might have
been randomly induced in data generation. The observed and tab;ed

value relationship, mentioned above, could be ezplained either in
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terms of a high statistical power (i.e. a high probability of
rejecting the "no bias" null hypothesis, when the alternative - or
"hias present” hypothesis is true) or perhaps it is those instances
where hias is truly present thdt larger sample sizes allow a much
easier identification of biased items. Certainly, the proportion of
biased items detected was greater for large sample sizes for the
full chi—squére, the M-H chi-square and the LR chi-square indices.
Because of the overall high datection rates this phenomenon could
not be observed with Lord's chi-square.

It should be noted that in this study, all the obtained values
for the chi-square indices for Py were smaller than the
corresponding tabled values (at alpha = .05). To this end, it would
appear safer to use the tabled values whenever bias studies,
involving chi-square indices, are done. This will avoid the

apparent conservative nature of the Ps; baseline value.

Limitations of Study

.The manipulation of independent variables, made possible by
the use of a simulated study, may be considered the greatest:
limitation in this study. However carefully a simulation study is
Planned, it will always lack the human aspects in real life data
studies. The complex nature of the human mind, which is normally
called into action in a problem solving situatipn cannot be modeled
in simulation studies of any form. In simulation studies, only a

few of the factors (some of those we know of) are built into the
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simulation model. Some of the factors we know of, but believe theiv
influence will be minimal in the study; and those other factors we
do not know about, are all not included in our study. Thus, theve
is much more involved in real life data studies than we look at in
simulated data studies.

It is also possible that the results in a simulated data study
are purely a reflectionlof the restriction applied to the data.-
There is a possibility that if this study is repeated with
different ievels of the independent variables the results may be
elteEEd considerably. All the restrictions imposed on the different
parameters used in this study may have affected the results
obtained to some extent. However, if for a series of similar
studies, with different restrictions placed on the same parameters,
results that are similar to those in this study are Eound, a lot
more confidence could then be placed on the obtained results of

this study.

Suggestions for Further'Studies

From the end part of the last section, it follows, that two
forms of this study should be recommended for further research: In
the first place, although the result of this study could be
generalized to similar data sets, I would like 'to see this study
replicated with all the parameters identical, in forms and

measures, to this study. Secondly, I would also like to see the
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study replicated on data sets obtained from the use of different
values than the parameters used in this study.

In the distribution study, the independent variables were
observed to affect the three percentile values of the indices in
varying combinations. Such results are indications of problems with
the index concerned. If, for example, it can be establishied beyond
all doubts that sample size affects the percentile values of our
index, then using any of the percentiles in bias decision making
must take into account the particular sample size used in thé bias
study. If, on the other hand, the index claims to have a known
statistical test of significance, for example, the M-H chi-square,
which does not take sample size inte account, the sample size
_effect may be distorting the obtained bias result in a very serious
way. Since longer test are known to produce better astimates of a
person's true score on the ability measured by the test, it stands
to reason that a kias detection index that displays test length
effect may be confounding bias with group ability. A similar
argument could be presented for confounding discrimination with
bias.

From the results obtained from the distribution studies four,
seven and three of the indices.wére affected by sample size, test
length and item discrimination respectively. Other research results

are needed, for the effects of these indepehdent variable, to
:’verify the findings in this study. For if fhese results are true,
beyond all reasonable doubt, this puts a big question mark on the

validity and reliability of such indices.
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In this study, the effect of sample size on the I[RT DIF
procedures was inconclusive because of the convergence problem with
LOGIST. If computer programs, that avoid this limitation of LOGIST.
for example, BILOG, could be accessed, it is worth examining the

effect of sample size on the SOS indices and Lord's chi-square.
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APPENDIX Al

ITEM PARAMETERS FOR 42 ITEM TEST (NO BIASED CONDITION)

No. a b
1 80 -2.00
2 80 -1.80
3 .80 -1.60
4 .80 -1.40
5 .80 -1.20
6 .80 -1.00
7 .80 -0.80
8 .80 -0.60
9 .80 -0.40
10 .80 -0.20
11 .80 .00
12 .80 .20
13 .80 .40
14 .80 .60
15 .80 .80
16 .80 1.00
17 .80 1.20
18 .80 1.40
19 .80 1.60
20 .80 1.80
21 .80 2.00
22 .80 -2.00
23 .80 -1.80
24 .80 -1.60
25 .80 -1.40
26 80 -1.20
27 80 ~1.00
28 . 80 -0.80
29 .80 -0.60
30 .80 -0.40
31 ! .80 -0.20
32 .80 0.00
33 .80 0.20
34 .80 0.40
35 .80 0.60
36 .80 0.80
37 .80 1.00
a8 .80 1.20
39 .80 1.40
40 .80 1.60
41 .80 1.80
42 .80 2.00



ITEM PARAMETERS FOR 42 ITEM TEST (BIASED CONDITION)

No.

APPENDIX A2

a
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.34
.80
.80
.80
.34
.80
.80
.20
. 34
.80
.80
.80
.80
.80
.80

NP RS, O00000

.00
.80
.60
.40
.20
.00
.14
.60
.40
.20
71
.20
.40
.60
.55
.00
.20
.40
.60
.80
.00
.00
.80
.60
.40
.20
.00
.80
.60
.40
.20
.00
.20
.40
.60
.80
.00
. 20
.40
.60
.80
.00

)
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APPENDIX Bl

a
.80
.80
.30
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80

.80

.80
.80
.80
.80

.00
.88
.75
.63
.50
.38
.25
.13
.00
.84
.75
.63
.50
.38
.25
.13
.00
.13
.25
.38
.50
.63
.75
.84
.00
.13
.25
.38
.50
.63
.75
.88
.00
.00
.88
.75
.63
.50
.38
.25
.13
.00
.64
.75
.63
.50
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Appendix Bl (cont'd)

Ne.

47
48
49
50
51
52
53
54
55

57
58

60
61

63
64

66

.80

.80
.80
.50
.80
.80
.80
.80
.80
.80
.80
.80
.80

.80
.80
.80
.80
.80

[ |
o oo

MR PRREEPO000000Cw

.38
.25
.13
.00
13
.25
.38
.50
.63
.75
.84
.00
.13
.23
.38
.50
.63
.75
.88
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ITEM PARAMETERS FOR 66 ITEM TEST (BIASED CONDITION)

Na.

O~ U B LA

APPENDIX B2

a
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80
.80

b

.00
.88
.75
.63
.50
.38
.25
.13
.00
.14
.75
.63
.50
.38
.25
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Appendix B2 (cont'd)

No
47
48
49
50
51
52
53

55
56

58
59
60
61
62

64
65
66

-80
.80

.80
.80
.80
.40
.80
.30
.80

.80
.80

.80
.80

.80
.80
.80

[ |
NHHHHHHHHOOOOOOOOPPP.U‘

o9





