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1. INTRODUCTION

The problem of identifying items for which the performance of certain sub-
populations -- often women and minorities —— is unusual and out of line with
their performance on other items or test results has a substantial history. The
book by Berk (1982) summarizes the state of the art as of 1980 and the work of
Lord (1980), Scheuneman (1979), Shepard, et.al. (1981), among others are
relevant. From a statistical point of view, modern methods for the analysis of
multi-way contingency tables seem particularly appropriate to this problem and
some suggestions for their use have been made, (Marascuillo and Slaughter,
1981). In this spirit, the present paper proposes the well-known method of
Mantel and Haenszel (1959) for the analysis of 2x2xK contingency tables as an
easily implemented, powerful technique for the measurement of the degree to
which two subpopulations of examinees perform differently on a given test item.
Modern references to the Mantel-Haenszel procedure include Breslow (1981), Hauck
(1979), and Breslow and Liang {1982). The basis for the use of the Mantel-
Haenszel (herein MH) procedure in the study of differential item performance is
the fundamental notion of the need to compare comparable people when examining
the relative performance of two groups of examinees on an item. This is the
problem of matching and is discussed in section 2. Section 3 gives the relevant
facts about the MH procedure while section 4 discusses various aspects of the MH
procedure and related methods in the context of measuring differential item per-
formance.

2. MATCHING VERSUS CONTROLLING FOR ABILITY

The need to "control for ability" is well established in the differential
item performance literature. It is the fundamental basis for the proposed use
of item response theory methods to study "item bias." Other methods, such as
those of Scheuneman (1979), use test performance as a proxy for ability. The
"delta-plot method," Angoff (1982), controls for ability indirectly by con-
centrating attention on the covariance between the item difficulty indices for
the two groups rather than on their respective mean values.

In my opinion, the "need to control for ability" is an inadequate way to
express a more fundamental idea. When we compare two subpopulations on any
criterion, it is always important to be sure that only comparable members of the
two groups are being compared. What constitutes comparability will depend on
the problem at hand. In the study of differential item performance we are
interested in learning something about a test item and how members of one
subgroup (the "focal group") might react differently to it than do the members
of another subgroup (the "reference group"). If our criterion is performance
(i.e., right or wrong on the test item) then it is improper to compare the per-
formance of reference and focal group members who differ in significant and
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measurable ways that are related to their performance on the item. Differential
item performance means differences in performance on an item between focal and
reference group members that is attributable to characteristics of the item and
not to differences in characteristics of the groups of examinees.

When we confound both examinee characteristics and item characteristics and
simply look at differences in the performance on an item of reference and focal
group members we are measuring what is called impact rather than differential
item performance. For example, comparing the proportion of reference and focal
group members who give correct answers to a given item is a measure of the
item's impact on the focal group relative to the reference group. In measuring
differential item performance members of the reference and focal groups are
first divided into sets of examinees who are matched on relevant criteria before
their performance on the item is compared. Examples of relevant matching
criteria are: scores on related tests, schooling measures, and other group mem-
bership. In many practical settings, matching will be done on related test
scores since these are both available and accurately measured.

The 2x2xK Table: For a given item, say item j, the data from the ith matched
group of reference and focal group members can be arranged as a 2x2 table:

Right on Wrong on

item j item j
Reference A B; nR{
Focal Ci Dy ng{ (1)
Total Ry Wi Ny
For i=1,:.., K = number of matched groups. In (1) A; denotes the number of

reference group members in the ith matched group who answered item j correctly.
B;, Ci, and D; have corresponding interpretations. ng; and ny; denote the
number of reference and focal group members, respectively, in the ith matched
group, while n;; denotes the total number in the ith matched group of examinees.
R; and W; denote the number in the ith matched group who get the item right and
wrong, respectively. Considered together these K 2x2 tables form one big 2x2xK
table. There is one such 2x2xK table for each item being considered. It is
worth emphasizing that once the criteria for matching have been selected, the
2x2xK table of data can be formed from samples of data from the reference and
focal group members. It should also be emphasized that the choice of matching
variables is important and will depend on the availablity, amount, and accuracy
of data as well as on its relevance to item performance.
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3. THE MANTEL-HAENSZEL PROCEDURE

‘In the ith matched group, the odds that a reference group member gets item
j correct is Aj/B;j, while the corresponding odds for a focal group member is
C;i/Di. The MH procedure measures the advantage (or disadvantage) on item j that
reference group members have relative to their matched focal group colleagues by
the ratio of these two odds. This gives us the odds-ratio estimate

ag =4, G A Di (2)
Bi © Dj By Cy
The o estimate a population cross—product-(or odds-) ratio, af, for the ith
matched group.

The Mantel-Haenszel common-odds-ratio estimate is a weighted average of the

&i that uses the following weighted formula:

. T Wi o
o - i
MH T wj (3)
where
B: C;
wiz 1 1
n+i (4)

Substituting (4) into (3) yields the usual formula for &MH:

- T Aj Dj/nyy

QMH f o RO 5

The Mantel-Haenszel estimate, &MH’ is the average factor by which the likelihood
that a reference group member gets item j correct exceeds the corresponding
likelihood for comparable focal group members. (Likelihood is measured by the

odds of getting item j correct). For example, if &MH = 1 then reference and
focal group members are, averaging across all the matched groups, equally likely

to be correct on the item. When &MH > 1 then the reference group has the advan-
tage whereas when &MH < 1 the focal group has the advantage.

Associated with the estimate &MH is a one-degree-of-freedom chi-square test
of the hypothesis that all of the population cross—product ratios in all of the

2x2 layers of the 2x2xK table are unity (i.e., af = 1 all i). This test is
given by the formula:

z (6)
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where

= =1y = PRi Ri
: = E(A;|a;=1) = K1 ~1 7
wi = E(aglag=1) = 2REZ )
and
c; = Var (A |a;=1) = nRi OFi Ri Wi (8)

(ne1)? (npg-1)
The X;H from (6) will be large if &MH differs from 1.0 significantly in either

direction. Thus, this test will detect differential item performance that
favors either the reference or the focal group.

4. DISCUSSION

The MH procedure is closely related to log-linear model procedures for
estimating a constant two-way interaction across a series of 2x2 tables (see

Bishop, Fienberg, and Holland, 1975). In practical terms, &MH is usually nearly
identical to estimates of the common-odds-ratio that involve complicated itera-

tive procedures. While the formula for &MH is a simple weighted average of the
sample odds-ratio &i: it has been shown (Breslow, 1981) that, over the range of

values relevant to this application of the MH procedure, &MH is nearly optimal

as an estimator.. In other words, no other estimate of the common-odds-ratio can
have a substantially smaller variance. The chi-square test based on XQH is of

high power because it is concentrated into a single degree of freedom rather
than dissipated across several degrees of freedom.

If there is more than one pair of groups that could serve as the reference
and focal group in an analysis then values for &MH and X§H can be computed for
all such pairings.

The parameter A = -2.35 1ln(a) is (approximately) in the scale of differen-—
ces in delta-units of difficulty where delta-units are those used by ETS in

their normal item analysis procedures. This transformation can be used to put

&MH values into units which are familiar to those who use the delta-scale in
test construction and analysis:

Ayg = -2.35 1n(apy) - (9)

Thus, Aqg = -1.0 means that the focal group found the item one delta-unit harder
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than did comparable members of the reference group. The parameter Ayy is simi-
lar to an average shift to the right of -Ayy in the ICC of the focal group rela-
tive to the ICC of the reference group in an IRT model (as estimated by

LOGIST).

The MH procedure can easily be expanded to include an analysis of distrac-—
tor choice for multiple choice tests. For five-choice responses the 2x2 table
in (1) is replaced by the followin 2x6 table

Response on item j

ata

A B c” D E Omit Total
Reference ngRi
Focal ngj
Total ngq

C* is correct answer, for example. Then the MH procedure is applied to the five
2x2 tables formed by juxtaposing the column for the correct answer with a
column for one of the five ways of producing incorrect answers. E.g.,

). als afa
w5

c* A c” B C Omit

Reference

Focal

This yields five MH cross—-product estimates and five chi-square tests for each

item. In some cases these may be used to see if a significant value of &MH is
due to a single type of incorrect answer.

There are a number of important research issues that need to be addressed
in the use of the MH procedure in the study of differential item performance.

What aspects of the criteria for matching examinees seriously affects &MH in
practical settings —- the reliability of the criteria, the fineness of the
matching, the use of other examinee attributes, etc.? How stable are the values
of &MH across different examinee populations? What are the relationships bet-

ween the values . of &MH and other statistical indices used to construct tests -—

i.e., difficulty and discrimination? How should values of &MH for several pairs
of reference and focal groups be combined for the same test item?
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The MH procedure promised to be a relatively inexpensive and yet statisti-
cally powerful technique for identifying test questions that are potentially
”" . " . : . . . . .
biased” or unfair in some way to identified groups of examinees. ETS is
currently embarked on a variety of research projects to see how to best use this
tool for such purposes.
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