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ABSTRACT

Total test scores of examinees on any given standardized test are used to provide reliable
and objective information regarding the overall performance of the test takers. When the probabillity
of successfully responding to a test item is not the same for examinees at the same ability levels,
but from different groups, the item functions differentially in favour of one group over the other
group. This type of problem, defined as differentlal ttem functioning (DIF), creates a disadvantage
for members of certain subgroups of test takers. Test items need to be accurate and valid
measures for all groups because test results may be used to make significant declsions which may
have an impact on the future opportunities available to test takers. Thus, DIF is an issue of concern
in the field of educational measurement.

The purpose of this study was to investigate how well the Mantel-Haenszel (MH) and
logistic regression (LR) procedures perform in the identification of items that function differentially
across gender groups and reglonal groups. Research questions to ba answered by this study were
concerned with threa issues: (1) the detection rates for DIF items and items which did not exhibit
DIF, (2) the agreement for the MH and LR methods in the detection of DIF ftems, and (3} the
eHectiveness of these Indices across sample size and over replications.

The test data used in this study came from the Ministry of Education in British Columbia.
The grade four provinclal reading assessment test (Form M), administered in May, 1988, consisted
of a 36 ftem test which contalned a 20 item Literal Comprehension Subtest and a 16 item inferential
Comprehension Subtest. The data were organized into three types of comparison groups: gender
groups, gender groups within regions, and reglonal comparison groups. Thus, a total of 16
comparison groups were analyzed across several sample sizes and over replications for both
subtests.

Subtest ltems flagged by the associated significance tests of the MH chi-square and LR
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uniform and nonuniform methods were reviewed and classified as DIF items according to
pre-determined standards. Based on the selection criteria for DIF items, both subtests appeared
to contain DIF items.

in general, findings indicated that the DIF detection rates across all conditions were low
for all three indices. The LR uniform procedure performed slightly better than the MH chl-square
procedure in the detection of DIF. All three procedures incorrectly identified approximately 6% of
the unbiased items for both subtests. Agreement found between the MH chi-square and LR uniform
procedures was similar for both subtests: agreement for the classification of items flagged for DIF
was low (5%) while agreement for the classification of tems flagged for not exhibiting DIF was very
high (2% and 93%); disagreament for the classification of tems was very low (3%). A great deal
of varlability was found in the detection rates of all three Indices across sample sizes. Detectlon
rates for large sample sizes were generaliy high, while detection rates for small sample sizes were
low. Thus the statistical indices were found to be unstable in the detection of DIF across sample
sizes. The use of samples of 750 examinees per group or more was recommended to obtain faidy
stable DIF estimates. The findings of this study support the use of both the MH and LR procedures
in the detection of DIF; however, if only one procedure could be selected for application, the LR
procedure would be the procedure recommended. In general, the LR procedure is a more powerful
tool because it can detect both uniform and nonuniform DIF.

Further research investigating the reflability of the standards used to select DIF items and
a replication of this study using different standardized tests, different test Jangths, and larger sample

sizas would be benseficial.
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CHAPTER |
INTRODUCTION

Testing has been and continues to be an Integral part of North American educational
systems; as such, the results of tests have a major impact on decislons made regarding future
opportunities accesslble to students. Therefore, it is extremely important to ensure that tests used
to measure student abllities provide equal possibilities for success for diverse cultural groups. When
the probabllity of successfully responding to a test item s not the same for Individuals of equal
abllity who belong to different groups, the item Is said to be biased in favour of one group over the
other group. Usually the two different groups are referred to as the reference group (RG) and the
focal group (FG). The RG represents the group which is used as a standard agalnst which the
performance of the FG is compared and the FG represents the group of primary Interest (Holland
& Thayer, 1986). While the definition of item bias is dependent in part upon the techniques that are
used to detect differentlally performing items (Baghl & Ferrara, 1990), for purposes of this study, “an
itern Is blased if two individuals with equal ability but from different groups do not have the same
probability of success on the item* (Shepard, Camilli, & Averill, 1981, 319). More recently, item bias
has been referred to as differential item functioning (DIF) (Holland & Thayer, 1986).

According to Mellenberg (1982), DIF can be further defined as uniform and nonuniform.
Uniform DIF exists when there is no interaction between ability level and group membership and the
difference In the probability of correctly answering the item Is greater for one group than the other
group uniformly across all ability levels. Nonuniform DIF exists when there Is interaction between
ability level and group membership; the difference in the probability of answering the item correctly
for the two groups Is not the same at all abllity levels.

Research focusing on DIF In tems used In standardized testing has been and coniinues to

be an Issue of concern In the field of educational measurement (Clauser et al., 1991). Researchers
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continue to build on and refine existing DIF methodologles in order to devise procedures which will
rellably detect DIF so that the cause of DIF can be identifled, removed, and items free of DIF can
be developed (Scheuneman, 1987).

Important aspects which further clarify the concept of DIF have been delineated by various
researchers. Shepard et al. (1981) indicate that DIF for an ftem cannot be detected in isolation; it
Is a contextual property that Is discovered when an item does not fit the pattern established by other
items on the test. Items exhibiting DIF are those that do not function properly and are relatively
more difficult for members of a particular group. Techniques using total test score to determine
ability cannot detect pervasive DIF, that Is, DIF that is exactly the same for all the test items. Rudner
et al. (1979) suggest that DIF is a matter of degree and reference to an item being biased or
unblased simply refers to whether the bias in an item Is considered to be relatively minimal or
substantial. Finally, Shepard et al. (1985) issue a word of caution regarding the use of DIF flags.
They suggest that statistical flags are sometimes inaccurate and should be used as Indicators that
some other factor, other than measured abllity, may be Infiuencing performance on the item.
Therefore, flagged tems should not be automatically discarded, they should be further Investigated
to determine the source of the difficulty.

DIF detection research is a complex field of study; problems and limitations exist for all DIF
detection procedures and the practical application of these approaches in the context of the real
world Is an additional concern. Hambleton and Cook (1983) indicated that the following
assumptions had to be met when using models to investigate DIF: Test items should measure only
one trait or abliity (the assumption of unidimensicnality); it should be stated whether guessing on
a test is assumed to take place or not; An examinee's performance on one item should not atfect
his or her performance on other items (the assumption of local independence}. In addition, It Is
assumed that examinees will answer all test tems and that non-speeded tests will be administered.

Violations of these assumptions can produce misleading and inaccurate results. In some cases,
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results cannot be interpreted. Thus the complexity of issues associated with the phenomenon of
DIF and the tools used to measure DIF still remain a challenging responsibility for all who work In
the field. Researchers are still refining existing models and developlng new ones so that ftems
exhibiting DIF can be detected with confidence.

DIF detection instruments are also of interest to practitioners. Decislons made onthe basis
of standardized test results may have a significant impact on test takers, educators, test developers,
and employers. Therefore, test tems which function differentially for groups of equal ability giving
one group an advantage over another must be detected prior to the administration of a test. Itis
absolutely essentlal that reliable DIF detection tools, which are cost effective and which can be
Implemented with statistical ease, be avallable to practitioners. Thus, it Is important to test DIF
detection Instruments using real data because these Instruments will be applied in the real world by
practitioners.

The purpose of this study Is to examine the performance of different DIF detection
procedures in the identification of items that do and do not function differentlally. More specifically,
this study provides answers to the following research questions: How well do the MH and LR
procedures perform In the detection of ftems which exhibit DIF and the ftems which do not exhibit
DIF? Do the MH chi-square (MHC) and LR untform (LRU) methods show agreement in the
identification of items exhibiting DIF? How effective are each of these procedures over sample sizes
and replications?

Results of this study may contribute to the existing body of knowledge relating to DIF
research by providing empirical results indicating how well the MH and LR procedures perform In
the detection of tems exhibiting DIF, when using real data. Furthermore, the results may provide
Information which enable one to have a better understanding of how these indices perform over
sample sizes and replications.

In the following chapter, a review of the literature is presented, a description of the most
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promising and popular DIF detection procedures and indices is provided, and a review of selected

DIF detection studies found in the literature is presented.



CHAPTER Il

REVIEW OF THE LITERATURE

Overview of DIF Detectlon Techniques

DIF detection technigques of Interest to this study included those which met the following
practical application criterla: (1) Can be used with sample sizes of 1,000 examinees or less; (2)
A known test of significance Is avallable to classify items exhibiting DIF and no DIF; (3) Practical
implementation Is not overly expensive in terms of monetary costs or time; {4) The techniques are
not overly complex statistically and can be understood by a lay public.

During the late seventies and early eighties, a varlety of DIF detection techniques were
compared to determine how effective they were in the detection of items exhibiting DIF and the
degree of concordance among the methods. (Merz & Rudner, 1978; ironson & Subkoviak, 1979;
Rudner et al., 1979, 1980; Diamond, 1981; Shepard et al., 1981, 1983, 1985; Berk, 1982; Ironson &
Cralg, 1982; Subkoviak et al., 1984). Based on the studles reviewed, empirical support was found
for the use of item response theory {IRT) models and Indices, chl-square procedures, and the
transformed item difficulty procedure. The transformed item difficulty approach, also referred to as
Angoff's delta, has been criticized because the deita plot may show evidence of DIF spuriously i
the item discrimination parameters are not equal or if there Is variation In the ability distributions of
the groups examined (Shepard et al., 1981; Crocker & Algina, 1986).

While the IRT models and indices are theoretically preferred and empirically supported by
the literature for the purpose of DIF detection (Hambleton & Cook, 1977; Ironson & Subkoviak,
1978; Shepard et al., 1981, 1983, 1985; Crocker & Algina, 1986; Hambleton & Rogers, 1988, Baghi
& Ferrara, 1989, 1990; Camilli & Smith, 1990), these procedures are costly to implement in terms
of computer time, they are statistically complex to analyze and explain, they require sample sizes

of 1,000 examiness or more to reach stable parameter estimates, and some of the indices such as
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the area method or sum of squares do not have assoclated tests of significance (Hambleton &
Rogers, 1988; Scheuneman, 1990; Ryan, 1991). Therefore, based on the criteria established above,
the IRT models and indices are not used in this study.

In the mid to late eightles and early ninetiss, researchers were still looking for procedures
that could be used with smaller sample sizes, that were less costly, and that could be readily
explained to and used by practitioners. The lterature reviewed revealed a number of articles
relating to the MH technique (Holland & Thayer, 1988, 1986; Hambleton & Rogers, 1988; Zwick &
Erclkan, 1989; Gutlerrez, 1989; Ryan, 1990; DeMauro, 1990; Clauser et al., 1991; Donoghue & Allen,
1991; Fisk, 1991; Gafni, 1991; Mazor et al., 1991). Many researchers considered this chi-square
approach to be the best substitute for IRT-based methods (Hambleton & Rogers, 1888; Baghi &
Ferrara 1989, 1990; Shermis & St. George, 1990; Camilii & Smith, 1990; Ellis, 1990). The MH
procedures are useful because they require smaller sample sizes than the IRT methods, the test
statistics are Inexpensive to compute, the procedures are easler to understand and implement, and
the MHC has a known test of significance. In additlon, empirical evidence has been found In the DIF
literature which indicates that this method Is an adequate substitute for the IRT based models for
DIF detection {(Hambleton & Rogers, 1988; Mazor et al., 1991; Clauser et al., 1991). A major
limitation found with the MH procedure is the inability of the procedure to detect nonuniform DIF.

More recently, a potentially promising DIF detection procedure which Is able to identify both
uniform and nonuniform DIF and which has been described as an extension of the MH procedure
is the LR technique proposed by Rogers and Swaminathan (1990). While this technique is a
logistic model, according to Swaminathan and Rogers (1990), it Is more cost-effective 10 implement
than IRT-based methods. In addition, this procedure has an assoclated test of significance. Very
fow articles relating to LR have appeared in the literature; therefore, further research testing the
utility of this technique in detecting items which exhibit DIF seems to be needed.

Thus, this study focuses on the MH and LR DIF detection procedures.



Mantel-Haenszel Procedures
The MH technique uses a chi-square test of significance. According to Holland and Thayer
(1986), the MH approach was proposed by Mantel and Haenszel for the study of matched groups
in the medical field in 1959. This procedure was adapted by Holland (1985) for DIF identffication
and further refined by Holland and Thayer (1988). Based on the total test scores, score intervals
are formed for RG and FG examinees. A two-by-two contingency table (see Table 1) Is used for
each score category (j) in order to evaluate the performance of examinees from the RG and FG at

the same abillity level.

Table !: Two by Two Contingency Table for Matched Reference and Focal Groups
at Score Category | (Holland & Thayer, 1986, p. 3)
SCORE ON STUDIED ITEM
GROUP CORRECT SCORE = 1 | INCORRECT SCORE =0 TOTAL
RG A B My
FG G D ny
TOTAL m, My, T

where A and G denote the number of examinees in RG and FG who answered correctly;
B, and O denote the number of examinees in RG and FG who answered Incorrectly;
m,, and my denote the total number of examinees who answered the item correctly and
incorrectly, raspectivaly;
ny and i, denote the number of examinees in the RG and FG respectively;

T, denotes the total number of examinees in the jth score group (ability level).

A sampling model Is required to express the hypothesis for the data in Table 1. According
to Holland & Thayer (1986), this is done by acting as though the valuss of the marginal totals (n
and ry,) for the RG and FG are fixed and thought to be drawn as random samples from the

population .



MH Chi-Sguare
The null hypothesis for the MHC index corresponds to the null hypothesls glven
as H,: Py = Py j=1,-k
where Py and Py denote the probabilitles of success on the item of the RG and FG,
respectively, at the jth score category;
J Is the abillity level.

The MHC statistic is distributed with one degree of freedom and has the form:

(IZA -ZEA)) - %

MHC =
T, Var(A)
where E(A) = nymy /T,
and Mgy Mgy My My,
var(a) =
-

Values of the elements In the equations are taken from a number of contingency tables
similar to Table 1. If the MHC statistic s significant, then the item Is said to be performing
differentially for one of the groups (Baghi & Ferrara, 1989). Gutierrez (1989) indicated that the MHC
only flags DIF when the DIF is against or in favour of the same group along the abllity scale. DIF
Is assumed to be uniform; the MH procedure does not readily detect nonuniform DIF.

According to Holland and Thayer (1986), the MHC statistic provides the uniformly most

powerful unblased test of H, versus H,.



MH Alpha

The null and alternative hypotheses for MH alpha (MHx) are as follows:

H: Py / Gy = Py /G =1, K
and H: Py /Gy =a Py /Qy j=1..K
where Q and Qy denote the probabilities of fallure on the items of the RG and FG,

respectively, at the jth score category.
For the alternative hypothesis at 1.

The estlmated MHx is denoted by the following formula:

MHE = APy

- Y B/ Ty

The MHz value Is the average factor by which the odds are greater that an
examinee from the RG would succeed on the item as compared to an examinee with the same
abllity from the FG. When the MHzx has a value equal to one, no difference is found betwean the
two groups. When the MHx value is iess than one the focal group performs better on average than
the reference group and for values greater than one the reference group performs better on average
than the focal group (Holland & Thayer, 1988).

MH Delta

The MH delta (MHA) Is used to indicate the amount of DIF for each test item. The MHa is

transformed from MHx by the following equation:

MHs = —E%ln(bﬂ{a) = -2.35 In(MHx)

Delta values denote the difierence in difficulty of an item for the examinees of the reference
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group compared to examineas of the focal group within the same ability levels. A MHA value of
zero Is Interpreted as an absence of DIF; a negative value Indicates that the item Is easler for the
reference group while a positive value Indicates that the tem is easier for the focal group. This
index does not have a test of significance. MHA can also be expressed as MHZ by means of a
logarithmic transformation of the MHa: MHZ = -1/1.7 In{MHe). Both MHA and MHZ have an
expected value of zero and an unknown standard devlation; thus the value of zero represents tha
absence of DIF.

Holland and Thayer (1986) recommend that the MH statistics be computed in two steps:
(1) MH statistics are calculated for all test items and based on the tolal scores, score groups are
selected. Using the MHC test of significance, items found significant exhibit DIF. The MHA and
MHZ statistics indicate the amount and direction of the difference In item difficulty for the
comparison groups; (2) ltems exhibiting DIF are omitted from the test and the total test scores of
the remaining items plus the studied item are computed again. Items identified as significant exhibit
DIF. In this study, step two was not conducted because of the short length of the subtests used;
by eliminating items exhibiting DIF to purify the matching criterion, the reliabitity of the test would
be questionable.

Logistic Regression Procedures

Rogers and Swaminathan (1990) Indicate that the LR model for DIF detection is given by:

e (Boy + ﬁ:J‘Blj’
[1 + e(BoJ "51:01.'”]

, i=1,...,m,7 =12,

P(uij = 1|91j) =

where
P predicts the probability of a correct responss to item i for group |

U, is the itern score of examinee i in group |; a value of one represents a correct



11
response and the valua of zero represents an incorrect response;
0, 4 is the ability of examinee i observed in group j;

Boy Is the Intercept parameter for group |;

B4 Is the slope parameter for group .

Saparate equations are stated for the two different groups of interest to detact DIF. If the
LR equation values are the same for the two groups, the LR curves for the two groups are equal
and no DIF Is present in the item. This is indicated when B, = #, and B, = B;,. Uniform DIF
may be Inferred when the slope parameters of the two groups are equal and the intercept
parameters for the two groups differ: B, = B, and &, + f,. Nonuniform DIF may be inferred
when the slope parameters for the two groups differ. B, + B,. In the refinement of the LR
procedure, Swaminathan and Rogers (1990) treated ability as a continuous variable Instead of a
discrete varlable so that both uniform and nonuniform DIF could be identified.

While Swaminathan and Rogers (1990) present a chi-square statistic with two degrees of
freedom 1o test the null and the alternative hypotheses simultaneously, it is also possible to test
each of the two logistic regression equations (uniform and nonuniform DIF) separately with two chi-
square tests each with one degree of freedom. When the chi-square statistic for either of the two
equatlons equals or exceeds the critical chi-square values, the hypothesis of no DIF is rejected.

Rogers and Swaminathan (1990), pointed out that the major advantage of the LR technique
was its completeness. While most DIF detection techniques focused only on the identification of
uniform DIF, the LR procedures could identify both uniform and nonuniform DIF, Since the
estimation of parameters In the LR procedure Is iterative, the researchers Indicated that
computations would cost three to four times more than those of the MH procedure. They further

noted that this would still cost a lot less than IRT procedures.
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Studies Examining Detection Rates and the Effects of Sample Size

of the MH and LR Procedures

A review of studies which examined the detection rates and/or the effects of sample size
of the MH or the LR procedures was conducted. Studles found most relevant Included those in
which the true state of the items is known, Rogers and Swaminathan (1990), compared the
performance of the MH and LR procedures in the detection of unlform and nonuniform DiF. The
true state of items was known in this study because items exhibiting uniform and nonuniform DIF
were simulated and items with no DIF were generated. Of particular interest to this study, were the
effects of sample sizes of 250/250 and 500/500 and test lengths of 40 and 80 items on the power
of the MH and LR procedures in the detection of DIF. The results indicated that sample size had
a strong effect on the detection rates for both procedures. Detection rates increased by 15% when
the sample size increased from 250 to 500 examinees. With samples of 500 and 250 examinees per
group, ftems with uniform DIF were identified with 83% and 68% accuracy, respeclively, using MH
and 80% and 66% accuracy, respectively, using LR. With samples of 500 and 250 examinees per
group, nonuniform DIF was Identified with 46% and 35% accuracy, respectively, using MH and 69%
and 50% accuracy, respectively, using LR. Test length did not appear to affect detection rate for
either procedure. The authors concluded that in the detection of items with uniform DIF both the
LR and MH procedures were equally powerful and in the detection of tems with nonuniform DIF,
the LR procedure was more powerful than the MH procedure.

In another study, Swaminathan and Rogers (1990) examined the effects of sample sizes of
250/250 and 500/500 and test lengths cf 40, 60 and 80 items on the power of the MH and LR
procedures In DIF detection. Uniform and nonuniform DIF were induced In 20% of the items for
each test. Twenty replications were computed for the sampie of 500 examinees and the 80 item
test to test the power of the MH and LR procedures. The authors found that tems with uniform DIF

were detected with 100% accuracy for both procedures with samples of 500 examinees per group
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across all test lengths. With samples of 250 examinees per group, tems with uniform DIF were
detected with 75% accuracy for both procedures across all test lengths. The MH procedure was
not able to detect nonunitform DIF under any condition. Using the LR procedure, with samples of
500 examiness per group, iteins with nonuniform DIF were detected with 50% accuracy with a 40
item test, 83% accuracy with a 60 ftem test and 75% accuracy with an 80 tem test. With samples
of 250 examinees per group, items with nonuniform DIF were detected with 50% accuracy across
all test lengths. The false positive rates, that is, identifying items which have no DIF as exhibiting
DIF, was 1% for the MH procedure and 4-6% for the LR procedure over all conditions.

Mazor et al. (1991) investigated the size of sample required to detect items exhibiting DIF
using the MH procedure. Items exhibiting DIF were simulated; thus, the true state of the items was
known In advance. In this study, tests with 75 items and sample sizes of 2000, 1000, 500, 200 and
100 examinees per group were examined for groups of equal and unequal ability distributions. Two
replications of the resuits were conducted for samples of 200 and 100. For groups with equal and
unequal ability distributions, the MH procedure identified items exhibiting DIF with 74% and 64%
accuracy, respectively, in samples of 2000 examinees per group, 61% and 58% accuracy,
respectively, in samples of 1000 examinees per group, 38% and 31% accuracy, respectively, in
samples of 500 examineas per group, 28% and 24% accuracy, respectively, in samples of 200 per
group, and 18% and 9% accuracy, respectively, in samples of 100 examinees per group. Thus,
using samples of 500 or more with groups of equal ability distributions, the MH procedure
produced more accurate results.

One relevant issue Investigated in a study conducted by Ryan (1991), focused on the
stabllity of the MHC and MHA procedures in detecting DIF across different sample sizes for Black
and White test takers. Of the four samples examined for this purpose, RG (White test takers)
samples ranged from 1,221 to 1,263 examinees per group and FG (Black test 1akers) samples

ranged from 141 to 179 examinees per group. A baseline study of a large sample, consisting of



14

5,015 White examinees and 670 Black examinees, was used as the criterion agalnst which the
stabllity of the four small samples was assessed. Pearson product-moment correlation for the MHA
values and Spearman rank-order correlations for the MHC values were low. Thus, it was suggested
that larger sample sizes than those used in the study were required to obtain stable estimates using
the MH procedure.

MHC was one of the procedures used by Shermis & St. George (1990}, In a study which
was conducted to examine the detection of DIF for items for the 50 item Progressive Achievement
Test for Mathematics (PAT Math) for 63 Maori and 726 Pakeha students in New Zealand. Dueto
small sample sizes, the total test scores were divided into three strata of perfarmance: high,
medium, and low. The MH chi-square statistic detected four DIF items for the 50 item tes. While,
this approach was found to be the most conservative one used in the detection of DIF, high
agreement appeared to be found for conclusions drawn by the chi-square approach and other
methods used.

Camilli and Smith (1990) compared the MHC test with another procedure to determine DIF
detection rates for a 30 item mathematics subtest contained within a New Jersey baslc skills
placement exam. The sample consisted of 1,085 white students and 300 black students. Using
both real data and simulated data generated from a three-parameter IRT model, findings indicated
that the MHC statistic was abie to detect small amounts of DIF in small samples moderately well,
and this index was also good at detecting moderate DIF when the discrimination parameter was
high.

One of the relevant issues examined in a study by Baghi and Ferrara (1990), concerned the
stabllity of the MHC statistic in the detection of DIF across different sample sizes. Test data used
in the study was taken from the Maryland Test of Citizenship Skills which contained 45 multiple
cholce items. DIF items were defined using a three-parameter IRT technique. Samples of 1,000,

750, 500, and 200 examinees per group were used to assess the stabllity of the MHC statistic.
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Resuits for this study indicated that the MHC index detected fewer DIF items as the sample sizes
decreased: the index detected seven DIF items for the sample of 1,000 and was unable to detect
any DIF items for the sample of 200. Researchers concluded that the MHC could be substituted
for the three-parameter approach for sample sizes of 750 or more.

Hambleton and Rogers (1988) compared the MH procedure to an IRT method to determine
how well the MH statistic would perform In the detection of DIF. Test data (75 test items) and
examinee samples of 1,000 Anglo American and Native American examinees per group were taken
from the 1982 New Mexico High School Proficlency Exam which assessed life skills for five different
areas. The true state of the item was not known; therefore, items detected by the three-parameter
mode! were used as the standard for DIF detectlon. Findings of this study Indicated that the MHC
procedure was able to detect DIF with 80% consistency over two separate comparisons.
Furthermore, it was suggested that the MH method could be used for DIF detection studies as long
as additional measures were taken to detect nonuniform DIF.

Based on the literalure reviewed, It appears that very little work has been done on the
consistency of the MH and LR DIF detection techniques over different sample sizes. Further
rasearch Is required to provide more information regarding optimal sample sizes required to abtaln
consistent DIF detection results when using the MH and LR procedures. While evidence Indicates
that larger sample sizes will produce more stable results, the question of how large still remalns
unanswered. Thus, the issue of sample size in DIF detection over replications is examined in this
study.

The methodology for this study is described in the next chapter.
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CHAPTER Il

METHODOLOGY

The methodology used to Investigate the detection rates, agreement, and stabllity of the
MHC, LRU, and LR nonuniform {LRN) procedures is presented in this chapter. This chapter is
divided into three sections which include a description of the following: the measuring instrument
used to obtain measures of performance, the comparison groups formed for observation, and
procedures used for the analysis of the data.

The search for an instrument was originally based on three major criteria which a
standardized provinclal test with demonstrated reliability; test data which Included a large aboriginal
population; test data which was avallable by item. Using a standardized provincial test was
desirable because it would provide results from a large number of respondents and it would have
been previously tested for reliabllity. Using an aboriginal population was desirable because the
comparison of two diffierent cultural groups would be possible. By definition, DIF detection
procedures Indicate whether an item favours one group over another at the same ability level. This
is Important because all ethnic groups in Canada should be able to write a test with the knowledge
that test items provide equal advantage to all test takers. Contact was made with educational and
aboriginal representatives In Ontario, Manitoba, Saskatchewan, the North West Territories, and
British Columbla. It was found that standardized provincial tests which were avallable did not
include designators for different ethnic groups, therefore, it was not possible to meet the second
criterion. While this was a great disappointment, the Ministry of Education in British Columbia had
test data which was designated by reglon and met the first and third criteria stated previously. This

seemed to be the most reasonable compromise in meeting the second criterion.
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Measuring Instrument

Provincial assessments within the province of British Columbia have been an annual
exercise since 1876 when the Provinclal Learning Assessment Program was implemented. The
Reading and Written Expression assessments for 1988 were used to test approximately 100,000
British Columbla students In grades 4, 7, and 10 in the areas of reading comprehension, attitudes
toward reading, and background characteristics. Test data for this study include item responses
from the Form M Achlevement Survey. Form M includes a tota!l of 36 multiple-choice items, with
four response options, designed to assess the reading comprehenslion skiils of grade four students;
twenty test ftems assess literal comprehension and 16 test items assess inferential comprehension.
For literal comprehension items, students were required to read a passage and answer direct
questions about it. For the inferentlal comprehension ftems, students were required to read a
passage and perform more complex operations to answer questions, such as reorganizing
information, drawing conclusions, or making predictions, etc.

Stimulus materlals for which test items were written included narrative passages (16 tems},
poetry (5 kems), and informative passages (15 iteme). Test ftems were developed by teams of
resource teachers at the appropriate grade levels. Tes! items were reviewed and screened for
appropriateness, difficulty-level, and interest-level by a number of review panels at various locations
in the province. ltems were then field tested using groups of 100 students each from grade 5.
Grade four students were not included in the field test because all grade four students were required
1o write the test. The final test for Form M for grade 4 students was tested for Internal consistency
using the Cronbach Alpha. The rellability coefficient for the total test which consisted of 36 ltems
was 0.88: the reliabllity coefficients for the 20 Iiteral comprehension items and the 16 inferential
comprehenslon items were 0.82 and .76, respactively. Therefore, it is assumed that the length of
the two subtests Is adequate because the reliability coefficients for both subtests were acceptable.

During development, Form M was not screened statistically for DIF.
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In this study, statistics were computed and assessed separately for the two subtests in order

to account for the two different kinds of comprehension skills being tested. In addition, the content
of the subtests was assessed by review panels throughout the province. Therefore, it is assumed
that the two subtests meet the conditions of unidimensionality. The Literal Comprehension Subtest
included items 1 to 4, 8 to 10, 16 to 18, 22 to 25, and 29 to 34. The Inferential Comprehension

Subtest included items 5 to 7, 11 to 15, 19 to 21, 26 to 28, 35, and 36.

Comparison Groups

Student populations were taken from a dataset containing the responses of 33,809 grade
four public school students who completed assessment tests administered throughout the province
of British Columbia in May, 1988. Since student respondents came from many diverse locations
and ethnic backgrounds, it was desirable to control some of these differences by incorporating them
into this study. Thus, different comparison groups were formed to help lsolate and explain
differences among the student population. The student population was examined on the basis of
two cultural factors: gender and regional location. The gender distributlon for this population was
approximately equal with 17,081 (51%) male students and 16,416 (49%) female students. The
Student Assessment Branch of the Ministry of Education for the Province of Britlsh Columbia formed
five reglons for the 76 school districts of British Columbia. These reglonal categories were created
on the basis of the geographic distribution of the student population, ethnicity and other cultural
factors. Thus, the regional factor was assessed using these 5 regions: Vancouver Island, the Coast
Region, the Lower Mainland Region, the B.C. South Region, and the B.C. North Region. {See
Appendices A and B for maps showling the British Columbla school reglons and the British Columbla
school districts.)

The Lower Mainland Region is very different from the other reglons because it covers the

smallest geographic area and includes the largest grade four student population (16,429 students),
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the second largest number of school districts (16), the greatest number of schools (457), the
greatest number of communities (8) with populations over 26,000, and the greatest diversity In
ethnic group composition (Japanese, Chinese, East Indlans, aboriginal groups, and others). The
number of grade four students found In the schools ranged from 21 to 100.

The B.C. South Reglon covers the second largest geographic area and Includes the second
largest grade four student population (6,731 students), the largest number of school districts (28),
and the second largest number of schools (249). The majority of school districts (18) are found in
communities with populations of less than 5,000, and the number of grade four students in the
schools ranged from 1 to 60,

The Vancouver Island Reglon covers the second smallest geographic area and includes the
third largest grade four student population (5,658 students), eleven school districts, and the third
largest number of schools (180). The majority of school districts (6) are found in communities with
populations less than 5,000 while the remaining five districts are found in communities with
populations of 6,000 to 100,000. The number of grade four students found in the schools ranged
from 1 to 80, and this reglon Is known to be quite prosperous.

The B.C. North Reglon covers the largest geographic area and includes the second smallest
grade four student population (3,172 students), the smallest number of school districts (9), and the
second smallest number of schools (134). The majority of school districts (5) are found in
communitles with populations less than 5,000. The number of grade four students found in the
schools ranged from 1 to 60, and this region inciuded the most Isolated communities.

The Coast Region is also very distinct from the other regions because it covers the third
largest geographic area and includes the smallest grade four student population (1,819 students),
the second smallest number of school districts (11), and the smallest number of schoois (80). It
is the only reglon which does not have a community with a population larger than 26,000. It

Includes the smallast number of grade four students in the schools ranging from 1 to 40, and
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according to the staff in the Student Assessment Branch in Victoria, British Columbia, this reglon
includes the largest number of aborlginal students.

Thus, it appears that the larger urban regions of the Lower Mainland and Vancouver island
might be considered similar because they have a larger number of grade four students in thelr
schools, these reglons include a greater number of cities with populations greater than 26,000, and
they have very diverse ethnic populations. The smaller rural regions of the Coast and B.C. North
might be also be considered similar because they have fewer schools and smaller numbers of grade
four studants in their schools, these regions include smaller towns, and they probably have a fewer
number of different ethnic groups and a greater number of aboriginal students attending thelr
schools. Differences in the comparison of urban and rural regions might well be expected.

Different comparison groups were used in this study to create a variety of conditions under
which the detection rates and effects of sample size for the MH and LR indices could be studled.
All comparison groups were created by randomly selecting cases by gender and/or region across
six levels of sample size: 1000/1000, 750,/750, 500,/500, 300/300, 200/200, and 100/100 examineos
per group. These sample sizes were selected for investigation because they covered a broad range
In order to determine how well the DIF Indices would perform. In additlon, a greater number of
sample sizes were selected because this was thought to reflect the kinds of sample sizes available
to practitioners. The 16 comparison groups used in this study are displayed in Table 2, by region,
sample size and number of replications.

Procedures
Procedures are presented for the computation of the statistics for the selected

methodologies, the standards for the classification of DIF items, and the descriptive statistics.



Table 2

1. Gender Groups of Total Population
Female (16,418) Mals (17,081)

Comparison groups by region, sample size, and over repications.

SAMPLE SIZE REPLICATIONS

21

e e e ey

COMPARISON GROUPS & POPULATIONS

One

Five

I - S I S—

1000, 750, 500, 300
200, 100

2. Gander Groups for Lower Mainland

1000, 750, 500, 300

Tn some cases the gender group populations do not add up to the total regional populations

Femnale (8,038)  Male (8,255) 200, 100
3. Gender Groups for B.C. South 1000, 750 500, 300, 200, 100
Female (3,229} Male (3,411)
4. Gender Groups for Vancouver Island 1000, 750, 500 300, 200, 100
Female (2,736} Male (2,872}
5. Gender Groups for B.C. North 1000, 750, 500, 300 200, 100
Female (1,508)  Male (1,641)
6. Gender Groups for the Coast 750, 500, 300 200, 100
Female (505) Male (902)
7. Lower Malnland & B.C. South 1000, 750 500, 300, 200, 100
{16,429) (6,731)
8. Lowsr Mainland & Vancouver Island 1000, 750, 500 300, 200, 100
{5,558)
9. Lower Malnland & B.C. North 1000, 750, 500 300, 200, 100
(3,172)
10. Lower Mainland & the Coast 1000, 750, 500, 300 200, 100
(1,818)
11. B.C. South & Vancouver Island 1000, 750 500, 300, 200, 100
12, B.C. South & B.C. North 1000, 750, 500 300, 200, 100
13. B.C. South & the Coast 1000, 750, 500, 300 200, 100
14, Vancouver Island & B.C. North 1000, 750, 500 300, 200, 100
15, Vancouver Island & the Coast 1000, 750, 500, 300 200, 100
16. B.C. North & the Coast 1000, 750, 500, 300 200, 100

because the question regarding gender was not completed by the students.
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Computation of Statistics
Computations of the MH and LR statistics were performed using programs developed by

Ackerman (1987) and Spray (1989), respectively. These programs were used bacause they were

widely available, they were reasonably efficlent to use In terms of computer time, and they have

been used by other research organizations (the American College Tesling Program and the

Educational Testing Service). No response to a test item was interpreted as an incorrect answer.

The MH, LRU, and LRN chi-square statistics were used to detect ftems which exhibited DIF at the

.05 level of significance. Thus the critical value of 3.841 was used as the cutoff score for flagging

DIF kems. This level of significance was selected to improve the probability of DIF detection at

smaller sample sizes. The MHZ values were used to determine the divection of DIF.

Standards
ltems flagged as statistically significant by the MHC, LRU, and LRN procedures were
reviewed and classified as DIF items if thay met one of the following standards.

Standard Ona: For comparison groups which were computed over five replications for
samples of 1,000, DIF items were defined as those which were flagged
three, four or five times out of the five replications.

For example, In the comparison of gender groups for the total population, listed in Table 2, the

sample size of 1,000 was used as the standard to determine which items, flagged by the indices,

exhibited DIF. if any of the three indices flagged the item three (60%), four (80%), or five (100%)

times, over the five replications, the item exhibited DIF.

Standard Two: For comnarison groups which were replicated only once at sample sizes
of 1,000, 750, and 500, DIF items were defined as those which were
fiagged by the same index two out of three times over the three sample
sizes with one item flagged In the sample of 1,000. DIF ltems were also

defined as those which were flagged by both the MHC and LRU Indices for
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samples of 1,000.

For example, in the comparison of gender groups for B.C. North, samples of 1,000, 750, 500, and

300 ware replicated only once due to the small size of the population. Therefore, tems which were

flagged by the same statistical procedure at sample size 1,000 and one of the other sample sizes

of 750 or 500, were identified as exhibiting DIF,

Standard Three: For comparison groups which were replicated only once at samples of
1,000 and 750, DIF items were deflned as those ttems which were flagged
by both the MHC and LRU Indices at samples of 1,000 or those items
which were flagged by the same Index in both sample sizes.

For example, in the comparison of gender groups for B.C. South, samples of 1,000 and 750 were

replicated once. Therefare, items which were flagged in both samples of 1,000 and 750 by one

procedure, were found to exhibit DIF. Items which were flagged by both the MHC and LRU
procedures at the sample size of 1,000, also were found to exhibit DIF.
Descriptiv tisti
Frequencles were tabulated for items which exhibited DIF and for ltems which did not
exhibit DIF, for false positive (FP) items (those which have been flagged as DIF items when they are
not biased), and for items which showed agreement and disagreement for the MHC and LRU
Indices. Descriptive statistics were also tablulated for the test scores of all the comparison groups.

In the next chapter, the results and a discussion of the findings are presented.
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CHAPTER IV

RESULTS AND DISCUSSION

The results of this study are presented in two sections. Section one Includes the results for
the 20 item Litera! Comprehension Subtest and section two Includes the results for the 16 tem
Inferential Comprehension Subtest. In both sections, results from the analyses of the MH and LR
detection of DIF and false positive items are displayed for gender groups, gender groups within
regions, and within reglonal comparison groups. Next, a summary of the MHC, LRU, and LRN DIF
detection rates over all conditions is given. Then the agreement of the MHC and LRU indices in the
Identification of DIF items is provided. Finally, MH Z values are displayed in order to observe the
conslistency with which the direction of DIF was found In the results for all groups.

Following the presentation of the resuits for both subtests, the findings are discussed In

relatlon to the research questions posed in Chapter One.

Section One - Resuits for the Literal Comprehension Subtest
Results for the Literal Comprehension Subtest are presented in three sections: detection
rates for gender groups from the total population, and detection rates for regional comparison
groups. This is followed by a summary of the overall DIF identification, the consistency of direction
of the MHZ values for DIF items, and agreement of the MHC and LRU Indices.
Detection Rates for Gender Groups from the Total Population
The resuits displaying the detection of DIF and FP items by the MHC, LLRU, and LRN
procedures for the comparison of gender groups from the total population across sample slzes and
over replications are found in Table 3. A detailed explanation of the information In this table is
provided to facilitate famillarity with the organization of the results. This is important because all

other tables showing the same information for different comparison groups for both the
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Table 3
DIF detection rates and FP for the Literal Comprehension Subtest for gender groups across sample

sizes and over five replications at the .05 level of significance for the total population.

Sample Percent of DIF Hems Identified Mean Meoan

Size Percent Percant
item 9 ltem 30 em 32 of FP

MHC | LRU | WHC | LRU | MHC | LRU | MHC | LRU | MHC | LRU | LRN

oo | w0 | @] o]l ol 1 | 1 1

750/750 a0 | 40| 60| e | 4 | 4] 47| 4| 8 1 11
500/500 o | 20| 40| 40| 20| 20| 20| 2| 18] 18 1
300/300 20| 20| 40 | 0| 20 20| 27| 2 9 12 4
200/200 0 0 0 0 0 0 0 0 5 8 2
100/100 0 0 20 0 0 0 7 0 2 6 s |l
TOTAL 12 | 6] 32 | 28] w© | 6| 20] 0] 8 [ 1] S Il

Literal Comprehension and Inferential Comprehension Subtests are set up in the same way.
Furthermore, all the statistical results displayed in all the tables In this study were found at the .05
level of significance.

An examination of Table 3 Indicates that results for each of the three statistical indices are
organized under three main headings: (1) the Percent of DIF ltems Identified, which includes the
results for each specific tem found to exhibit DIF for the six levels of sample size; (2) the Mean
Percent, which includes the averaged sum of the totals for the DIF items for each index across each
sample size; (3) the Mean Percent of FP, which inciudes the averaged sum of the totals for the
itams which were falsely identified as DIF when they were not blased, across each sample size. It
is important to note that results which were computed over one replication are denoted by an

asterisk (*) jocated in front of the sample size; if there isn't an asterisk in front of the sample size,
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the results for the sample size have been replicated five times. Thus, resuits for all sample sizes in
Table 3 have been computed over five replications. Next, the sample slze(s) used to establish the
standards for the selection of DIF items is highlighted by a big bold box. In this particular

case, the sample of 1,000 examinees per group, was used to define DIF items; thus, items which
were flagged three (60%}, four (80%), or five (100%) timas out of five, exhibited DIF. Therefore,
items 9, 30, and 32 were found to exhibit DIF because they were flagged 80%, 100%, and 60% of
the time, respectively, by the MHC and LRU Indices. The LRN index did not detect any DIF tems;
therefore, results for this index are not found listed under the Percent of DIF Items Identified.

DIF detection rates for the MHC and LRU indices for samples of 750, 500, 300, 200 and 100
are listed below the sample slze(s) used as the standard(s). Whlie the overall mean percent of DIF
correctly detected by both the MHC and LRU procedures was the same, it can be seen that a
greater percentage of DIF was identified by the LRU index for item 9 and the MHC index detected
a greater percentage of DIF for item 30. The highest detectlon rates for both indices were found for
item 30 which is consistent with the degree of certainty shown for DIF identHfication of the tem
found in the standard.

Table 3 also displays the mean percent of the FP rates for each procedure. The highest FP
rates were detected by the LRU index and the lowest by the LRN index. While the MHC and LRU
indices detected the same percentage of DIF items, the LRU index had a 3% higher FP rate than the
MHC index. This is important because the amount of Type 1 error, that Is, tems incorrectly
identifled as DIF tems when they are not blased, with which the index Is functioning can be
compared to the amount of DIF being detected. How much error is acceptable will depend on the
purpose of the study, the impact it will have in the circumstances, and the researcher.

The detection rates for both the MHC and LRU statistics decreased with decreasing sampie
sizes; thus, detection rates for both indices were best for samples of 750 examinees per group and

for samples of 200 and 100 examinees per group, both indices performed poorly because they were
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unable to detect DIF.
Detection Rates for Gender Groyps Within Regions

The resuits for the MH and LR detection rates for gender groups within regions for the
Literal Comprehension Subtest are found in Tables 4 to 8.

Lower Mainland

MHC, LRU, and LRN detection rates for female and male comparison groups within the
Lower Malnland are displayed in Table 4. The sample of 1,000 examinees per group was used as
the standard to select DIF ftems: for this data set items 4 and 30 were found to exhibit DIF for both
the MHC and LRU indices. The LRN Index did not identify an’’ DIF items.

DIF detection rates for the MHC and LRU Indices differed, with the LRU index detecting a
greater percentage of DIF for both items. The highest and lowest detection rates for both Indices
were found for tems 30 and 4, respectively, which Is consistent with the degree of certainty shown
for DIF identification of the items found in the standard. Except for the MHC results for item 4, the
detection rates for both the procedures showed variability and decreased with decreasing sample
slzes. Detection rates for both Indices were best for samples of 750 and 500 examinees per group
and for samples of 200 and 100 examinees per group, both indices were very poor indicators of
DIF.

The FP rate was highest for the LRU index and ‘owest for the MHC Index. While the LRU
procedure was able to detect a greater percentage of DIF, this index had a slightly higher error rate
than the MHC procedure. It seems that in this instance, one would have to decide which was more
Important, the technique which had the better detection rate and a higher error rate, or, the

procedure with the Tower detection rate and a lower error rate.
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Table 4

DIF detection rates and FP for the Literal Comprehension Subtest for gender groups from the Lower

Mainland.
Sample Percent of DIF items Idantified Mean Percent | Mean Percent
Size of FP

tem 4 Rem 30

MHC | LRU | MHC | LRU | MHC | LRU | MHC | LRU | LAN

Loooyow | o] 0l o0l | | | |

750/750 20 40| 100 | wo| e | 70 8 12 12
500/500 20 20 60 | 60 | 40 01 10 " 5
300/300 20 20 20 40 20 | 1 11 8
fl 200/200 0 0 20 20 10 10 2 3 3
" 100/100 0 20 20 | 20 10 | 20 0 2 7
“ TOTAL 12 20 4 | 4| 8| n| s 8 7
B.C South

MHC, LRU, and LRN detection rates for female and male comparison groups within B.C.
South are shown In Table 5. The samples of 1,000 and 750 examinees per group were used as the
standard to select DIF items: for this population, items 9, 30, and 34 were found to exhibit DIF for
both the MHC and LRU indices; item 3 exhibited DIF for the LRU index; item 29 exhibited DIF for
the LRN index.

DIF detection rates for the thres items identified by both the MHC and LRU indices were
very similar. For these items, the highest and lowest detection rates for both indices were found for
items 30 and 9, respectively. Detection rates by the LRU and LRN were very low for tems 3 and 29.
in general, the detection rates for both the procedures decreased with decreasing sampie sizes.

Detection rates for the MHC and LRU Indices were best for samples of 500 and 300



Table 5
DIF detection rates and FP for the Literal Comprehension Subtest for gender groups from B.C.

South.
ﬁ_———_‘
Sample Parcent of DIF hems identified Mean Percent Mean Parcent
Size of FP
tem | Hem 9 tem | Hem 30 tern 34
3 29
LR MH| LR | LR MH| LR | MH LR | MH LR LR | MH LR | LR
u c u N C U c u c U N C u N
*1000/1000 100 | 100} 100 100 | 100§ 100{ 100 | 100
*750/750 100 0 0 100 0 0 0 1]
500/500 20 60 60 20 80 80 40 60 60 55 20 6 5 5
300/300 0 20 20 20 60 40 40 40 30 20 6 11 6
200/200 40 0 0 0 20 20 o 0 7 15 0 6 4 5
100/100 0 0 0 0 0 0 0 0 0 0 0 5 5 2
TOTAL | 15 | 20| 20[ 10 | 40| 40' 20 Hﬂ 25 | 10| 6 nn

*One replication only.

examinees per group and for samples of 200 and 100 examinees per group, both indices were poor
indicators of DIF.

FP rates were the same for the MHC and LRU Iindices and slightly lower for the LRN index.
Van rl

MHC, LRU, and LRN detection rates for female and male comparison groups within
Vancouver Island are shown in Table 6. The samples of 1,000, 750 and 500 examinees per group
were used as the standards to select DIF ftems: items 4, 9, and 30 were found to exhibit DIF for
both the MHC and LRU Indices and item 16 exhibited DIF for the LRN index.

DIF detection rates for both the MHC and LRU indices were highest for items 30 and 4 and



Table 6

DIF detection rates and FP for the Literal Comprehension Subtest for gender groups from

Vancouver lsland.

Sample Percent of DIF Rems kientified Mean Mean
Size Percant Percent
item 4 tem 9 em ltemn 30 of FP
16
MH| LR | MH| LR | LR MH| LR | MH | LR LR MH | LR | LR
c U C U N Cc U C u N C U N

*1000/1000

*750/750
*500/500

3007300 50| 4 o 0 0 so| so| 33| 40 0 10
200/200 20| 4] o} o 0 so| so| 27 40 0
20

3 | s
3 | 3| s
100/100 20| 13 o] 5| e

HE--II- eo ol ajel -

*One rephication only. -

ne repiication oniy.

8

lowest for tem 9; The LRU index detected more DIF than the MHC Index In tems 4 and 30. The
LRN was unable to detect DIF for tem 16. The detection rates for both procedures were better than
expected for samples of 300 and 200 examinees per group. For the sample of 100 examinees per
group, both indices were poor indicators of DIF,

The FP rate was highest for the LRN index, and lowest for the MHC index. Again in this
data set, the DIF detection procedure with the higher detection rate had the higher error rate.
B.C North

MHC, LRU, and LRN detection rates for female and male comparison groups within B.C.

North are displayed In Table 7. The samples of 1,000, 750, and 500 examinees per group were
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Table 7

DIF detection rates and FP for the Literal Comprehension Subtest for gender groups from B.C.

North.

Sample Percent of DIF iema Identified Maean Mean

Size Percent Percent
tem | Hem | hem 8 e 30 fem | lem 34 of FP
1 4 a2
L M M L M L L L M L L MIlL L
R H H R H R R H R H R|R H|R]|R
N C c U C U U Y Cc Ui N CJU|N

*1000/1000 100 100 100 | 100 100 | 100 | 100 | 100 | 100

*750/750 100 100 100 § 100 100 ] 100 100 { 100 | 100
*500/500 0 0 0 0 0| 100 | 100)] 100
*300/300 0 0 100 | 100 0 0 | 100 0 0 25| 50| O 13| & 0

replications at each sample size.

*Qne replication only.

used as the standard to select DIF items: for this population, items 9, 30, and 34 were found to
axhibit DIF for both the MHC and LRU indices; item 4 exhibited DIF for the MHC index; item 32
exhibited DIF for the LRU index; item 1 exhibited DIF for the LRN index.

The lowest DIF detection rates for both the MHC and LRU Indices were found for item 34,
and the highest DIF detection rates for this MHC and LRU indices were found for items 9 and 30,
respectively. The LRU index performed slightly better than the MHC Index In the identification of DIF

items for this population. The MHC and LRU procedures performed the best in detecting DIF with
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Table 8

DIF detection rates and FP for the Literal Comprehension Subtest for gender groups from the Coast.

Sample Percent of DIF tems Mean Percent | Mean
Size Identified Percent
of FP
hem tem 30

18

LAY MHC | LRU | MHC | LRU | MHT | LRU | LBN

*750/750 100 | 100 | 100
*500/500 100 0 | 100
*300/300 100 | 100 | 100
raoofeoo 0 60 | e0| e | 30} 7 6 3

*One replication only.

samples of 300. They were poor indicators of DIF in samples of 100.

The FP rates were highest for the LRU procedure, slightly lower for the MHC procedure and
lowest for the LRN procedure.
Coast

MHC, LRU, and LRN detection rates for female and male comparison groups within tha
Coast are shown in Table 8. Due to the limited population size, the largest sample for this group
was 750 examinees per group. The samples of 750, 500, and 300 examinees per group were use
as the standards to select DIF items: for this population, both the MHG and LRU indices detected
DIF for item 30 and the LRU Index detected DIF for item 18. The LRN index did not detect any

ltems exhibiting DIF.
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DIF detection rates were highest for the MHC and LRU indices for item 30. The LRU index
was not able to detect DIF for item 18. The MHC procedure performed better than the LRU
procedure In the detection of DIF. Detection rates were best for the sample of 200 axaminees per
group. The FP rates for the three procedures were very similar and relatively small.

Detection Rates for Reglonal Comparison Gr

The results for the MH and LR detection rates for the comparison of regional groups for the
Literal Comprehension Subtest are displayed In Tables 9 to 18.

Lower Mainland and B.C. South

Results for the groups from the Lower Mainland and B.C. South are shown In Table 9. The
MHC and LRU indices detected DIF In items 4, 25, and 32. The LRM Index did not detect DIF for
items In this data set.

While detection rates were highest for the LRU index, In general, detection rates were very
low. fnthls case, one might find that the standard used to detect DIF Is too lax, because the LRU
index only detected 15% of the DIF In item 4 and did not detect DIF in the other two items. The
MHC index only detected DIF for one replication in the sample of 300. FP detection rates were
approximately the same for all three indices.

Lower Mainl nd Van r Islan

The MHC, LRU, and LRN procedures did not detect DIF items for regional groups from the
Lower Mainland and Vancouver Island. The FP rates for the three indices were relatively small:
both the LRU and LRN indices had the highest rates of 4% and the MHC had the lowest rate of 3%.
Lower Mainl B.C. North

The MHC, LRU, and LRN procedures did not detect DIF for regional groups from the Lower
Malnland and B.C. North. FP rates for the three Indices were as follows: the LRU Index had the

highest rate of 7%, the LRN index had a 5% rate and the MHC index had the lowest rate of 4%.



Table 9
DIF detection rates and FP for the Literal Comprehension Subtest for groups from the Lower

Mainland and B.C. South,

Sample Parcent of DIF ltems identified Mean Mean Percent

Size Percent of FP
tern 4 ltem 25 term 32

MHC | LARU | MHC | LRU | MHC | LRU | MHC | LRU | MHC | LRU LAN

*1000/1000
*750/750
500/500 0 20 0 0 0 0 0 7 7 8 5
300/300 20 20 0 0 0 0 7 7 5 5 5
200/200 0 0 0 0 ] 0 0 0 2 2 2
100/100 0 20 0 0 0 0 0 s 5 1 6
TOTAL 5 15 0 ] 0 ) 2 5 5 4 5
* One replication only.
B.C. h and_Van r sl

The MHC, LRU, and LRN procedures did not detect DIF for regional groups from
B.C. South and Vancouver Island. The FP rates for this population were low with the LRU (5%) and
LRN (5%) Indices having the highest rates and the MHC (3%) the lowest.
B.C. h B.C. North

The MHC, LRU, and LRN indices did not detect DIF for regional groups from B.C. South and
B.C. North. The FP rates were highest for the LRU index {6%) and lowest for the MHC Index (4%).
Vancoyver island and the Coast

The MHC, LRU, and LRN indices did not detect DIF for regional groups from

Vancouver island and the Coast. The LRN procedure showed a high FP rate of 8% while both the



Table 10

DIF detection rates and FP for the Literal Comprehension Subtest for groups from the Lower

Mainland and the Coast.
Sample Maan Mean Percent of FP
Size Percent
Hem 25
LRN MHC LRU LRN

*1000,/1000

Note, To reflect the appropriate percentages, the totals are calculated for the tota! number of

replications at each sample size.

*One replication only.

MHC and LRU Indices showed rates of 4%.

Low inl th t

Detection rates for groups from the Lower Malnland and the Coast are presented In Table

10. The LRN procedure identified DIF for item 25; DiF was not detected by the MHC or LRU
Indices.

In this particular case, DIF was only detected for the sample of 300. The FP rate was

highest for the LRU and lowest for the MHC. Agaln, the FP for both the LRU and LRN seemed
higher than usual,
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Table 11

DIF detection rates and FP for the Literal Comprehension Subtest for groups from B.C. South and
the Coast.

————ammy
—

Sample Mean Mean Percent of FP
Size Percent
Hem 4

MHC LRU MHC LRU LAN

*1000,/1000

*750/750

Note. To reflect the appropriate percentages, the totals are calculated for the total number of
replications at each sample size.

*One replication only.

B.C. South and the Coast

Detection rates for regional groups from B.C. South and the Coast are displayed in Table
11. As Indicated in Table 11, DIF was detected for item 4 by the MHC and LRU procedures. DIF
was not detected by the LRN procedure.

While, the MHC index performed better than the LRU index, only a very small amount of DIF

was detected by this procedure. FP rates were highest for the LRU procedure and lowest for the
MHC procedure.
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Table 12

DIF detection rates and FP for the Literal Comprehension Subtest for groups from Vancouver Island

and B.C. North.
e e——— e
Sample Percent of DIF Hems Identified Mean Mean Percent
Size Percent of FP
tem 2 Hem 8 ltem 23

MHC | LARU | MHC | LRU | MHC | LRU | MHC | LRU | MHC | LRU LRN

*1000/1000
*750/750

*500/500

Vancouver Island and B.C. North

Detection rates for the regional groups from Vancouver Island and B.C. North are presented
In Table 12. As shown in Tabla 12, items 2, 8, and 23 were found to exhibit DIF by both the MHC
and LRU procedures. DIF was not detected by the LRN procedure.

While the LRU procedure was the better Indicator of DIF, detection rates for both indices
were low. The best results were found for samples of 300 for both procedures. The LRU had the
highest mean percent for the identification for FP and the MHC Index had the lowest.

B.C. North and the Coast
The MHC, LRU, and LRN did not detect DIF for reglonal groups from 8.C. North and the

Coast. FP rates were low: the LRU procedure had the highest rate of 4%, the LRN had a



3% rate, and the MHC had the lowest rate of 2%.
m f || DIF Identification

A summary of the overall detection rates for the MH and LR procedures over all conditions
is displayed in Table 13. These results indicate the mean percent of DIF that was detected in the
Literal Comprehension Subtest. As Indicated In Table 13, the LRU procedure performed slightly
better than the MHC procedure In the detection of DIF, however, It also had a higher FP rate than
the MHC procedure. The overall results clearly showed that sample size greatly effects the DIF
detection rates of the MHC and LRU procedures. Detection rates for both indices were best in the
samples of 750 in which the indices detected more than half of the DIF items. Both the MHC and

LRU procedures were poor indicators of DIF with samples of 200 and 100. It should be noted that
the findings for the LRU procedure are based on two more ftems than the MHC procedure; the
results for the LRN procedure are based on four DIF items.

Finally, the FP rates for all three indices were slightly higher than expected with the LRU
procedure having the highest percentage of FP. Swaminathan and Rogers (1990) found that the
MH procedure consistently produced 1% FP and the LR procedure produced 4-6% FP at the .01
level of significance.

Consistency of Direction of MHZ Values for DIF Items

An examination of the DIF items exhibiting positive and negative MHZ values was necessary
to determine if DIF was consistently found in the same direction for the tems. The results of the
assessment of the MHZ values showed that there was complete agreement in direction for each

replication of each DIF item.



Table 13

Summary of the DIF detection rates and FP for the Literal Comprehension Subtest.

Sample Number of Mean Percontof DIF | Mean Percent of FP

Size Replications —
MHC LRU LRAN MHC LRU LAN
“ 750/750;‘% 10 54 50 8 12 12
“ 500/500 20 30 a2 20 9 9 4
| 300/300 “ 33 24 27 17 8 8 5
200/200 “ 50 14 14 0 4 6 5
100/100 50 9 9 25 3 5 5
Total 163 26 28 16 6 8 -]

Agr nt_of MH i
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A suimmary of the agreement and disagreement of the MHC and LRU indices Is shown in

Table 14. It can be seen that the MHC and LRU indices agreed 5% and 92% of the time when

classifying items as DIF or NO DIF, respectively. The mean percent disagreement was very Tow.

This means that the same decision would result over all replications 92% of the time. It Is

recognized that the DIF or NO DIF agreement does not mean that the decision was correct. It

simply indicates that agreement between the two indices occurred. In other words, the resulits for

agreement and disagreement Included all tems that both Indices fiagged or did not flag at the .05

level of significance.



Table 14
Agreement and disagreement of the MHC and LRU indices for the Literal Comprehension Subtest.

COMPARISON GROUPS Mean Percent Mean Percent

Agreement Regarding Disagreement

Classification of tems

DIF NO DIF
Gender Groups for Total Population 11 86 3
Gender Groups for Lower Mainland 10 87 3
Gender Groups for B.C. South 8 a0 2
Gender Groups for Vancouver island 7 89 4
Gender Groups for B.C. North 7 88 5
Gender Groups for the Coast 5 83 2
Lower Maintand & B.C. Seuth 4 94 2
Lower Mainland & Vancouver Island 3 g5 2
Lowar Mainland & B.C. North 4 92 4
Lower Malnland & the Goast 6 87 7
B.C. South & Vancouver lsland a g5 2
B.C. South & B.C. North 4 94 2
B.C. South & the Coast 4 94 2
Vancouver Island & B.C. North 4 92 4
Vancouver Island & the Coast 3 95 2
B.C. North & the Coast 1 96 3
MEAN PERCENT OF TOTAL . 5 a2 3

Section Two - Results for the Inferential Comprehension Subtest
Resuits for the Inferential Comprehension Subtest are presented In three sections: detection
rates for gender groups from the total population, and detection rates for regional comparison
groups. This is followed by a summary of the overall DIF identification, the consistency of direction

of the MHZ values for DIF items, and agreement of the MHC and LRU indices.
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Table 15

DIF detection rates and FP for the Inferentlal Comprehenslon Subtest for gender groups for the total

population.

Mean Psrcent of DIF Rems Mean
Size idantified Percent

tem 13 Rern

|| 750/750 0 0 20 7 5 8
" 500,/500 40 40 20 4 5 9
I 300/300 0 0 0 5 8 3

2007200 0 20 20 3 3 4
“ 100/100 0 0 0 4 12 12
|| TOTAL 8 12 | 12} s 7 7

Detectipn Rates for Gender Gr from the Total Population

Detection rates for the MHC, LRU, and LRN procedures for the comparison of gender
groups from the total population for the Inferential Comprehension Subtest are displayed In Table
15. As Indicated in Table 15, tem 13 was found to function differentially for the MHC and LRU
Indices and items 26 was found to function differentially for the LRN index. The LRU procedure
performed 4% better than the MHC procedure in the detection of DIF. The DIF detection rates were
found 1o be very low for all three procedures. The highest rates of DIF were detected by both the
MHC and LRU indices with samples of 500. The FP rates were also low for all three indices,

however, both the LRU and LRN procedures had higher FP rates than the MHC procedure.
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Table 16

DIF detection rates and FP for the Inferential Comprehension Subtest for gender groups from the

Lower Mainland.

Sample Mean Percent Mean Percent of FP
Size of DIF
tern 26
LRN MHC LRU LRN

Detection Rates for r Gr Within Region:

Detection rates for the MHC, LRU, and LRN procedures for the comparison of gender
groups within the five reglons for the Inferential Comprehension Subtest are displayed In Tables 16
1o 20.
Lower Malntand

MHC, LRU, and LRAN detection rates for gender groups within the Lower Mainland are
shown In Table 16. The RN procedure detected DIF for tem 26 while the MHC and LRU
procedures were not able to detsct DIF ior this population. The DIF detection rate for the LRN
procedure was very low and OIF was only identified in samples of 500 and 200. FP rates were low

with the LRN procedure !:aving ti highest rate and the MHC the lowest.



Table 17

DIF detection rates and FP for the Inferential Comprehenslon Subtest for gender groups from B.C.

South.
Sample Mean Percent of DIF Mean Percant of FP “
Size
e 20 Hem 35
MHC LAU LAN MHC LRU LAN
*1000/1000 100 100 100
*750/750 0 0 100
*500/500 100 100 0
— T

300/300 0 20 20 5 9 3

" 200/200 20 20 0 0 1 5

I 100/100 0 0 0 4 7 5
TOTAL | 7 s | 7 s | s

—_—— |

*One repiication only.

B.C. South

Detaction rates for the gender groups in B.C. South are presented In Table 17. It can be
seen that both the MHC and LRU techniques detected DIF in tem 20 and the LRN technique
detected DIF In item 35. In general, detection rates were low with the LRU index having the highest
rate. DIF was found In samples of 300 and 200 and DIF was not detected In the sample of 100. FP
rates were low with the LRU index showing the highest rate and the MHC showing the lowest.
Vancoyver Island

Detection rates for gender groups within Vancouver island are displayed in Table 18. As
indlcated in Table 18, the MHC and LRU procedures detected DIF for ftems 13 and 36; the LRN

procedure did not detect DIF for this population. Both the MHC and LRU procedures detected very



Table 18
DIF detection rates and FP for the Inferentlal Comprehension Subtest for gender groups from

Vancouver Island.

Sample Percant of DIF tems identified Mean Mean Percent

Size Percent of FP
tem 13 tem 36

MHC | LRU | MHC | LRU MHC LAU | MHC | LRU LRN

*1000/1000
*750/750
*500/500
300/300 0 | 0] 4 40 40 40 10 5
" 200/200 w0 | % 20 20 30 40 4 7 3
|1oo/1oo 0 | 4 0 20 20 30 3 4 10
e S R

*One replication only.

similar rates of DIF. At samples of 200 for item 13 and samples of 100 for item 36, the LRU Index
was a better Indicator of DIF than MHC index. FP rates were similar for all three indices.
B.C. North

Detection rates for the MHC, LRU, and LRN procedures for gender groups within B.C, North
are shown in Table 19. Results Indicated that all indices performed very poorly because the DIF
detected for ftems 27 and 20 in the standard were not identified by the procedures. FP rates varied

with the LRU index having the highest and the LRN index having the lowest.



Table 19
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DIF detection rates and FP for the Inferentlal Comprehension Subtest for gender groups from B.C.

North.

Sample
Size

Mean Percent of DIF

Rern 27

tem 20

Mean Percent of FP Wl

MHC

LRU

LBN

MHC

LRU

|

*1000/1000

*750/750

Note.

replications at each sample slze.

*One repiication only.

Coast

Detection rates for gender groups from the Coast are displayed in Table 20. the LRU

procedure detected DIF for tem 6 and the MHC procedure detected DIF for item 35. Both indices

detected DIF with samples of 200, but, did not detect DIF for samples of 100. The MHC procedure

performed better than the LRU procedure in the detection of DIF for this population. The FP rates

were highest for the LRU procedure and lowest for the MHC procedure.



Table 20

DIF detection rates and FP for the Inferentlal Comprehension Subtest for gender groups from the

Coast.
Sample Percent of DIF tems Mean Mean
Size Identified Percent Percent
of FP
tem 6 Rem 35
LRY MHC MHC LRU | MHC LR | LRN

| 200/200

100/100 o 0 0 0 4 7 8

TOTAL 10 20 20 10 4 8

*One replication only.

Detection Rates for Regional Comparison Gr

The results for the MH and LR procedures for the comparison of regional groups for the
inferential Comprehension Subtest are shown in Tables 21 to 24.
Lower Mainl Van d

Datection rates for the regional groups from the Lower Malnland and Vancouver island are
displayed in Table 21. 3zcording to the standards, ifie MHC and LRU procedures detected DIF for
item 19 and the LRN procedure detected DIF for item 21. As indicated by the resuits in Table 21,
the MHC and LRU were very poor indicators of DIF because they did not detect DIF in ltem 19 for
any sample size. in addition, the LRN procedure detected DIF for item 21, but, this was only for the

samples of 300. The FP rate was highest for the MHC and LRU procedures and lowest for the LRN
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Table 21
DIF detection rates and FP for the Inferential Comprehension Subtest for groups from tha Lower

Mainfand and Vancouver Island.

Sample Mean Percent of DIF Mean Percent of FP
Size

tem 19 tem 21
MHC LRU LRN MHC LRU LAN

*$000/1000

*750/750

*One replication only.

procedure.
B.C. Soyth and B.C. North

Detection rates for regional groups from B.C. South and B.C. North are presented in Table
22. In accordance with the standards, item 20 was found to exhibit DIF for the LRU procedure. The
MHC and LRN procedures did not detect DIF for this population. DIF detection rates by the LRU
index were low with equal rates of DIF being identified for samples of 300 and 200. The LRU Index
did not detect DIF for the sample of 100. FP rates were low for all three Indices with the LRU index

having the highest rate and the MHC index having the lowest.



Table 22

DIF detection rates and FP for the Inferential Comprehension Subtest for groups from the B.C.
South and B.C. North.

Sample Mean Percent Mean Percent of FP
Size of DIF
ltem 20
LRU MHC LRU LRAN

*1000/1000

*750/750
*500/500

300/300 20 3 3 6
[_200/200 20 3 a 3
I 100/100 0 1 5 3 |
TOTAL 13 2 4 4 |

*One replication only.

B.C. South and the Coast

Detection rates for regional groups from B.C. South and the Coast are displayed In Table
23. In accordance with the standards, the MHC and LRU indices detected DIF for items 12 and 28
and the LRN index Ildentified DIF for item 36. In general, the LRU Index was a slightly better
indicator of DIF than the MHC index with the LRU index identifying 4% more DIF. The detection of
DIF was the same for the MHC and LRU procedures for item 12 for samples of 300 and 100,
howaever, the LRU procedure detected DIF for item 28 for the sample of 300 examinees per group,
whereas, the MHC procedure did not. The LRN procedure performed poorly as an indicator of DIF
because the index only detected a low rate of DIF for the sample of 200. The results showed that

the LRU procedure had a 3% higher FP rate than the MHC and LRN procedures.
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Table 23

DIF detection rates and FP for the Inferential Comprehension Subtest for groups from B.C. South

and the Coast.
— e ———— —— ————————————
Sample Percent of DIF Hems Identifled Mean Mean Percent
Size Percent of FP
tem 12 ltern 28 Hem 36
MHC LRU | MHC LRU } LAN MHC LAU | LAN | MHC LRU LRN

#1000/1000
7507750

*500/500

*300/300 100 100 0 100 0 50 100 0 14 14 0

200/200 0 o | 20 20 | 20 10 10| 20 6 8 5

10 10

t o refiect the appropriate percentages, the totals are calcufated for the total number o

replications at each sample size.

*One replication only.

B.C._North and the Coast

Detection rates for reglonal groups from B.C. North and the Coast are presented In Table
24. As shown in Table 24, the MHC and LRU procedures detected DIF for item 12. Tha LRN
procedure did not detect DIF for this population. Detection rates for the MHC and LRU procedures
were low and the LRU performed somewhat better than the MHC statistic by identifylng 9% more

DIF. The highest FP rate was detected by the LRU index and the lowest by the MHC index.



Table 24

DIF detection rates and FP for the Inferential Comprehension Subtest for groups from B.C. North

and the Coast.
Sample Maan Mean Percent of FP
Size Percent
tem 12

MHC LRU MHC LRU LBN

*1000/1000 100 100

*750/750 100 100

*500,/500 0 ]

*300/300 0 0 7 7 6

200/200 20 20 4 5 5

100/100 20 40 5 ] 8
I TOTAL 18 27 5 7 6

Note, To reflect the appropriate percentages, the totals are calculated for the total number of
replications at each sampie size.

*One replication only.

nex Findings for Six Regional Gr
While differences among the comparison of urban and rural regional groups were expected,
the spuriously high DIF detection rates found for six of the ten reglonal comparisons for the
Inferentiai Comprehension Subtest, were unexpected. Since an excessive number of DIF items was
found for the comparison of the urban and rural groups, these resuits were not included in this
study. These six comparison groups and the number of DIF ftems that each identified are listed
below:

for groups from Vancouver Island & the Coast, 14 DIF items were detected;
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for groups from Vancouver Island & B.C. North, 15 DIF tems were detected;

for groups from Vancouver Island & B.C. South, 16 DIF items were detected;

for groups from the Lower Mainland & the Coast, 13 DIF items were detected;

for groups from the Lower Mainland & B.C. North, 12 DIF items were detected;

for groups from the Lower Malnland & B.C. South, 16 DIF items were detected.

Thus, on average, DIF was detected in 14 of the 16 items (88%) for each of the six regional
comparison groups.

Possible explanations for the extreme results obtained by the six regional comparison
groups were considered. An examination of the signs of the Z values for the DIF items indicated
that the responses provided by the students of these six groups were distributed equally for both
groups, therefore, tha items on the subtest did not appear to give an unfair advantage to one group
over the other. In addition, a review of the mean test scores, displayed in Table 25, for the regional
groups suggested that reglonal groups were similar In mean ability. Onlya 3% difference was found
between the mean scores of any of the regional groups.

Attributing the excessive detection rates to the short langth of the subtest cannot explain
why these results were found for 60% of the reglonal groups and not for the remaining 40% of the
groups whose performance was not affected by the length of the test. The large number of DIF
ftems cannot be satisfactorily explained by examiness who did not respond to questions because
the number of ltems not answered by examinees was greater In the Literal Comprehension Subtest
(No response for 1.7% of items) than the Inferential Comprehension Subtest (No response for 1.3%
of the items}).

The excessive number of DIF items found for the six regional comparison groups appears
to be related to urban and rural differences among the groups. As was previously stated in Chapter
Three, both the Lower Mainland and Vancouver Island were urban regions which were considerably

different from the Coast, B.C. North and B.C. South Regions: they Included numerous
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Table 25

The distribution of the mean and standard deviation scores for reglonal groups for the Inferential

Comprehenslon Subtest.
Reglonal Group Mean Score Standard Deviation
Lower Mainland 10.791 3.229
B.C. South 10.872 3.264
Vancouver Island 11.021 3.217
B.C. North 10.882 3172
Coast 11.217 3.446

urban centres which were highly populated with diverse ethnic populations. The Coast, B.C. North,
and B.C. South Regions were found to be similar because they covered larger geographic areas and
the populations were more spread out and Isolated. Communities were smaller for these reglons
and throughout these areas larger pockets of aboriginal groups might be found. According to staff
of the Ministry of Education in British Columbia, the Coast Region included a large number of
aboriginal students.

According to the Technical Report (Jeroski, 1989) which provided the results of the 1988
student assessments, 49%, 9%, 6%, and 5% of the grade four students indicated that they used
different readers that were listed on the questionnaire, 17% of the grade four students Indicated that
they used readers that were not on the list, and 16% of the grade four students indicated that they
did not use a reader at all. This may be an indication that the curriculum taught by teachers in rural
areas may not be the same as the curriculum taught by teachers in the urban centres for the
development of Inferential comprehenslon skills. In addition, the teaching methodologies used by
the urban and rural teachers may have had an impact on the performance of the students. It would
be interesting to find out if the different readers and the teaching methodologles used in the

classrooms were consistently used by urban and rural teachers.
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An examination of the 36 item test showed that the five reading passages included on the
test were about animals or fish and one was about the creator of Garfield. it was also noted that
15 of the 16 inferential test tems were placed at the end of the serles of the questions for each
reading passage. This may have had an impact on the way the students responded to the
questions; by the end of the passage they may have tired of the content arca. In addition, the
Inferential comprehension ltems were considered the more difficult questions because they required
students to use more sophisticated reading and thinking skills. This indeed was refiected In the
mean performance on the test items; the student population had a mean performance of 74% on
the Literal Comprehension Subtest and a mean performance of 68% on the Inferential
Comprehension Subtest. Inferential items 19 and 35 were found most difficult with 25% and 34%,
respectively, of the students answering the questions correctly.

Parhaps these unexpeciad findings can be aftributed to any number of different
combinations of the factors which have been previously considered. Further investigation of the
urban and rural comparison groups would prove insightiul and worthwhile.

f | DIF Identification

A summary of the overall detection rates for the MH and LR procedures for the Inferential
Comprehension Subtest is displayed in Table 26. The detection rates for this subtest over all
conditions were very low. The LRU procedure performed slightly better than the MHC procedure
in the detaction of DIF and this Index also showed very similar FP rates when compared to the MHC
and LRN Indices. The overall results indicated that sample size does effect the DIF detectlon rates
of the MHC and LRU procedures. While DIF was not detected by the MHC and LRU indices for
samples of 750, it must be kept in mind that this sample size was only used in two of the
comparison groups for the detection of DIF. Therefore this finding is not surprising. While, both
the MHC and LRU indices performed bast in the detectlon of DIF for samples of 500, it should be

noted that only two comparisons were made at this sampla size. Both indices performed poorly in



Table 26

Summary of the DIF detection rates and FP for the Inferential Comprehension Subtest.

Sample Number of Mean Percent of DIF Mean Percent of FP
Size Replications [— —1
MHC LRU LRAN MHC LRU LRN
" 750/750 10 0 0 10 10 11 9
‘ 500/500 10 40 40 20 5 6 7
300/300 33 17 28 5 8 a 4
“ 200/200 50 16 18 10 4 5 5
100/100 50 8 1 0 3 7 7
Total 153 16 19 9 | 6 7 6

the detection of DIF for samples of 200 and 100. Overall, the LRN procedure performed poorly in
the detection of DIF across all samples.

P rates were similar for all indices with the LRU procedure having a slightly higher rate.
FP rates for all three indices wera slightly higher than expected; at the .05 level of signilicance one
would expect a 5% possibllity of error.

nsistency of Direction of MHZ Values for DIF Item

An examination of the DIF items exhibiting positive and negative MHZ values was necessary
to determine if DIF was consistently found in the same direction for the items. The results of the
assessment of the MHZ values showed that there was complete agreement in direction for each
replication of each DIF item.

Agreement of MH LBY Ingl

A summary of the agreement and disagreement of the MHC and LRU indices is shown In
Table 27. it can be seen that the MHC and LRU indices agreed 5% and 93% of the time when
classifying ltems as DIF or NO DIF, respectively. The mean percent disagreement was very low.

This maans the same decision would result over all replications 93% of the time. !t Is recognized



Table 27

Agreement and disagreement of the MHC and LRU indices for the inferential Comprehension

Subtest.
COMPARISON GROUPS Mean Percent Mean Percent “
Agreement Regarding Disagreement
Classification of Hems
DIF NO DIF
Gender Groups for Total Population ;] Al 3
Gender Groups for Lower Mainland 6 92 2
Gender Groups for B.C, South 3 95 2
Gender Groups for Vancouver Island 8 89 a
Gender Groups for B.C. North 3 94 3
Gendar Groups for the Coast 5 02 3
Lower Mainland & Vancouver laland 6 94 0
B.C. South & B.C, North 2 95 3
B.C. South & the Coast 3 04 3
|_B.C. North & the Coast 5 90 5
MEAN PERCENT OF TOTAL | 5 1 83 3

that the DIF or NO DIF agreemem does not mean that the decision was correct. It simply indicates

that agreement between the two Indices occurred.

Discussion of Qverall Findings
Research questions posed in Chapter One of this study were concerned with the degree of
DIF exhibited by test items, how well the MH and LR procedures performed in the detection of DIF,
the extent of the agreement between the MHC and LRU procedures in the identification of DIF, and
the stability of these procedures across different sample sizes and over replications. The overall

findings are discussed in relation to these guestions.



Detectlon Rates for the MH [{ P

The mean percent of DIF detected by the MHC, LRU, and LRN procedures followed simliar
patterns in both the Literal Comprehension and the Inferential Comprehension Subtests, however,
detection rates for all three indices were higher for the Literal Comprehension Subtest. This
difference may be a result of the total number of comparisons made for each subtest: the resits for
16 comparison groups were included for the Literal Comprehension Subtest while the results for
only 10 comparison groups were included for the Inferential Comprehension Subtest. The MHC,
LRU, and LRN procedures detected 10%, 9%, and 7% more of the DIF items, respectively, for the
Literal Comprehension Subtest than the Inferentiai Comprehenslon Subtest. The LRU procedure
petformed slightly better than the other two indices in the detection of DIF for both subtests.

The detection rates for all procedures across all conditions were lower than expected.
These findings may be explained by the procedures used to define the DIF detection standards In
this study. Larger sample sizes were used to set the standards for the ldentification of DIF items:
for 14 of the 16 comparison groups, samples of 1,000 and 750 were used as standards to detect
DIF and for 10 of these groups, samples of 500 were also used as standards to detect DIF. Thus
the majority of the DIF detection results were based on samples of 300, 200, and 100. While the
pattemns of DIF detectlon for smaller sample sizes might be simllar to those found by larger sample
slzes, there Is little doubt that larger sample sizes would have provided higher detectlon rates than
those provided by the smaller sample slzes.

it was interesting to note that DIF was not detected in six of the regional comparison groups
for the Literal Comprehension Subtest: these groups included the Lower Mainland and Vancouver
Island, the Lower Mainland and B.C. North, B.C. South and Vancouver Island, B.C. South and B.C.
North, Vancouver Island and the Coast, and B.C. North and the Coast.

The FP rates for the MHC and LRN procedures were the same for the two subtests, while

the FP rates for the LRU procedure were slightly higher for both subtests. FP rates for MHC were
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higher than expected while the LRU and LRN were similar to those found in a previous study.

Agreement Between the MH LRU P r

in general, agreement between the MHC and LRU procedures in the classification
of tems for both the Literal Comprehension and Inferential Comprehension Subtests was almost
identical; agreement for the classification of items consistently flagged for DIF was low while
agraement for the classification of tems consistently flagged for not exhibiting DIF was very high.
Disagreement for the classification of tems by both procedures was very low In both subtests.
Keep In mind that the items flagged for exhibiting DIF and not exhibiting DIF included all items
showing agreement, in this particular instance, the use of standards to define DIF were not taken

Into conskderation.

The DIF detection rates of the MHC, LRU, and LRN proceduras varled considerably across
sample sizes for the two subtests; In general, the MHC and LRU procedures showed that a
decreasing amount of DIF was detected as the sample size decreased. The MHC and LRU indices
showed higher DIF detection rates for samples of 750 and 500 for the Literal Comprehension
Subtest and higher DIF detection rates for samples of 500 and 300 for the inferential Comprehension
Subtest. Detection rates for both the MHC and LRU indices were very low for samples of 200 and
100 for both subtests; samples of this size should be used with caution. The resuits for the LRN
index showed that detectlon rates varied for both subtests without following a particular pattern;
detection rates were best for the samples of 100 for the Literal Comprehension Subtest and for the
samples of 500 for the Inferential Comprehension Subtest. Lowest DIF detection rates for the LRN
Index were found for the samples of 200 for the Literal Comprehension Subtest and the samples of
100 for the Inferential Comprehension Subtest. It shouid be kept In mind that the findings for the
LRN Index are based on the detection of three DIF items for the Literal Comprehension Subtest and

four kems for the Inferential Comprehension Subtest.
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Overall, the LRU procedure performed sfightly better than or as well as the MHC procedure

In the detectlon of DIF across all sample sizes.
Based on the findings, it appears that samples of 750 or more should be used to obtaln

stable DIF estimates which identify 50% or more of the DIF items.

In the final chapter, a summary of the findings, limitations of this study and suggestions for

future research are discussed.
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CHAPTER V

SUMMARY AND CONCLUSIONS

The MHC, LRU, and LRN procedures were compared In this study to answer three research
questions: (1) How well do these procedures perform in the detection of items which exhibited DIF
and items which did not exhibit DIF? (2) Do the MHC and LRU methods show agreement in the
identification of DIF tems? and, (3) How effective are each of these Indices over sample size and
replications? The answers to these questions are discussed In a summary of the findings followed
by a discussion of the limitations of this study and suggestions for future research and implications
for practitioners.

Summary of Findings

Test data from a grade four British Columbia provincial reading test, consisting of a 20 item
Literal Comprehension Subtest and a 16 ltem Inferential Comprehenslon Subtest, were analyzed to
determine the detection rates of the indices, the agreement and stability for the three indices ovar
sample sizes and replications. Subtest items flagged by the assoclated significance tests of the
MHC, LRU, and LRN methods were reviewed and classified as DIF items according to the pre-
determined standards. Based on the selection criteria for DIF items, both subtests appeared to
contain DIF ftems.

The DIF detection rates, over all conditions, were low for the MHC, LRU, and LRN indices:
26%, 28%, and 16% of the DIF items, respectively, were detected for the Literal Comprehension
Subtest, while 16%, 19%, and 9% of the DIF ltems, respectively, were detected for the Inferentlal
Comprehenslon Subtest. The LRU procedure performed slightly better than the MHC and the LRN
procedures in the detection of DIF items for both subtests. The MHC and LRN indices had FP
rates of approximately 6% for both subtests while the LRU index showed slightly higher rates of 7%

and 8% for the subtests. The FP rates for all three indices were slightly higher than expected.
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Agreement betweun 1h2 MHC and LRU indices In the classification of tems consistently
flagged for exhibiting DIF or not exhibiting DIF was almost identical for both subtests: agreement
in the classification of items fRlagged for DIF was 5% for both procedures and agreement in the
classification of items flagged for not exhibiting DIF was 92% and 93% for the Literal and Inferential
Comprehension Subtests, respectively. Disagreement in the classification of items was very low
{3%) for both subtests.

In assessing the stability of the indices in the detection of DIF across sample slzes, a great
deal of variability was found. Thus, all the statistical indices displayed considerable instability in the
detection of DIF items across sample sizes. This supports the findings of previous research
(Hambleton & Rogers, 1988). Overall, there was a tendency for the Indices to detect a decreasing
amount of DIF as sample sizes decreased. This was expected and supports the findings of previous
research (Mazor et al., 1991; Baghi & Ferrara, 1990). Detection rates were highest for both the LRU
and MHC Indices, 59% and 54%, respectively, for samples of 750 for the Literal Comprehension
Subtest, The use of samples of 200 and 100 when using the MH and LR procedures Is not
recommended. Based on the findings of this study, the use of samples of 750 are recommended
in order to obtain fairly stable DIF estimates in DIF detection studies.

Spuriously high DIF detection rates were found In six regional comparison groups for the
Inferentlal Comprehension Subtest. While it appeared that the problem might be related to urban
and rural differences in regional groups, further Investigation of this finding would be desirable.

in conclusion, the results of this study confirm the findings of previous studies and support
the use of the MH and LR procedures for the detection of DIF. While both methods appeared to
produce similar results in the detection of uniform DIF, the LR procedure has the added advantage

of having an Index to detect nonuniform DIF.
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Limitations of the Study

One of the major limitations of this study is the use of real data. By using real data, the
amount of DIF for each item on the subtests Is unknown. Therefore, it Is assumed that the tems
flagged by the indices and classified by the established DIF criteria, do exhibit DIF.

This leads one to ask the following questions which also create limitations for a study of this
nature: What standards were used to determine when an item exhibited DIF or NO DIF? Were these
standards adequate, 100 lax, or too stringent? Certainly, this is of prime Importance since the
standards established will have a major impact on the type of results obtained. This was Indeed
the case for the findings of this study. By using the larger sample sizes to set the DIF standards
for each comparison group, the DIF detection rates for the indices appeared to be lower than they
might have been because the majority of the findings were generated for samples of 300 or less.

Using two subtests which were relatively short In length may have had an impact on the
results for the smaller sample sizes of 300 or less.

Identification of the ethnlc origins of the students taking these subtests would have been
beneficial since it would have provided more precise Information regarding the composition of the
students Iin the reglonal groups. Thus, a clearer delineation of the regional comparison groups
might have made it possible to pinpoint and explain differences found in these groups.

The findings found in this study apply to the specific tests used in this study and
generalization may be limited; however, it should be kept in mind that the effect of sample slze

found in this study has been found elsewhere.

Suggestlons for Future Research and Implications for Practitioners
There is a need for future studies to Investigate the reliability of standards used to define
DIF items. Determining what standards provide optimal results for the statistical Indices would

certainly give researchers more confidence in the results of the study.
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A replication of the present study using data from different standardized tests, longer test
lengths, and larger sample slzes for the detection of DIF would be beneficiai in finding support for
the findings of this study. This would provide evidence for the use of these indices over all sample
sizes.

Based on the resuits of this study, the following suggestions are provided for practitioners
who are Involved with DIF detection Investigations: 1) The use of large samples (at least 750) Is
recommended in order to obtaln faldy stable DIF estimates; 2) The use of longer tests (at least 20
items) will provide a bette;' measure of the results; 3) How the standards are set up to determine
which items exhibit DIF will have a major impact on the results; therefore, this area should be given
serious deliberation during the research design; 4) While this study supports the use of both the MH
and LR DIF detection indices in certaln circumstances, the use of the LR procedure Is
recommended because this procedure measures both uniform and nonuniform DIF. For those who
use the MH procedure, measures should be taken to detect nonuniform DIF.

There are a number of important generic questions which need to be addressed by
aducational practitioners in relation to DIF detection practices. If siandardized tests are used by
provinclal educational ministries in Canada, do assessment units of these provinces conduct DIF
detection Investigations for these tests? Should this be a standard operational procedure? Wil this
make a meaningful difference in the results obtained in the testing process? What role should
university measurement specialists play In this process? Finally, would it be possible to convince
provinces who administer standardized tests to include ethnic group designators on these tests?

The findings from this study would indicate that the use of both the MH and LR procedures

In the detection of DIF in future studies would definitely be worthwhile.
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APPENDIX A

BRITISH COLUMBIA SCHOOL REGIONS
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APPENDIX B
BRITISH COLUMBIA SCHOOL DISTRICTS
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