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Identifying Content and Cognitive Skills that Produce Gender Differences in Mathematics:
A Demonstration of a DIF Analysis Framework

Gender differential item functioning (DIF) is a constant concern on large-scale standardized
achievement tests in mathematics because differences between females and males are often
found (e.g., Bielinski & Davison, 2001; Boughton, Gierl, & Khalig, 2000; DeMars, 1998; Garner &
Engelhard, 1999; Scheuneman & Grima, 1997; Willingham & Cole, 1997). DIF is present when
examinees from different groups have a different probability or likelihood of answering an item
correctly, after conditioning on ability. A number of "preferred” DIF statistical methods are
available with theoretical strengths and empirical support that are well documented (Clauser &
Mazor, 1998).

Statistical DIF analyses are often followed by judgmental reviews to identify why items are
functioning differentially between groups (see, for example, Camilli and Shepard, 1994, p. xiii).
Unfortunately, little progress has been made in understanding why DIF occurs using this
approach (e.g., Camilli & Shepard, 1994, Englehard, Hansche, & Rutledge, 1990; Gierl, Bizanz,
Bisanz, Boughton, & Khaligq, 2001; Gierl, Rogers, & Klinger, 1999, O'Neill & McPeek, 1993; Plake,
1980; Sudweeks & Tolman, 1993). For example, Roussos and Stout (1996) reviewed the DIF
literature and concluded, “attempts at understanding the underlying causes of DIF using
substantive analyses of statistically identified DIF items have, with few exceptions, met with
overwhelming failure” (p. 360). More recently, authors of the 1999 Standards for Educational and
Psychological Testing stated:

Although DIF procedures may hold some promise for improving test quality, there has been

little progress in identifying the causes or substantive themes that characterize items exhibiting

DIF. Thatis, once items on a test have been statistically identified as functioning differently

from one examinee group to another, it has been difficult to specify the reasons for the

differential performance or to identify a common deficiency among the identified items. (p. 78)
This impasse represents a fundamental problem in the study of group differences using DIF
statistical methods.

To overcome this impasse, Roussos and Stout (1996) proposed the multidimensionality-based

DIF analysis paradigm. It is a two-stage confirmatory approach intended to bridge the gap
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between substantive and statistical analyses. The first stage is a substantive analysis in which
DIF hypotheses are generated. To understand gender differences in mathematical achievement,
for example, some researchers contend it is critical to identify specific content areas and cognitive
skills that could produce these differences (Gallagher, 1998; Halpern, 1997; see also Gierl et al.,
2001). The second stage is a statistical analysis where the DIF hypotheses are tested. To
evaluate whether specific cognitive skills produce gender differences, for example, items from a
large-scale mathematics achievement test that measure these skills could be identified in a
judgmental review and then tested for DIF. A confirmatory DIF analysis provides better Type |
error control than an exploratory DIF analysis (i.e., a DIF analysis where each item is tested
individually) because only a small number of DIF hypotheses are tested. The DIF analysis
framework also allows researchers to systematically identify and study the sources of DIF and
begin to create a body of confirmed DIF hypotheses. (Stout & Roussos, 1995). These confirmed
hypotheses, accumulated over studies, may lead to a better understanding of why DIF occurs.

In the present study we illustrate and evaluate an application of the Roussos-Stout (1996) DIF
analysis framework to the study of gender differences in mathematics. Four characteristics
distinguish this study from previous research. First, the substantive analysis was guided by past
research on the cognitive and content-related sources of gender differences in mathematics
achievement, as presented in the taxonomy by Gallagher, De Lisi, Holst, McGillcuddy-De Lisi,
Morely, and Cahalan (2000; see also Gallagher, 1998; Gallagher & De Lisi, 1994). This approach
enables us to use the Roussos-Stout framework to test the adequacy of the Gallagher et al.
taxonomy in accounting for gender differences in mathematics achievement. Second, the
substantive analysis was conducted by reviewers who were not only expert in the content domain
but who, by virtue of their experience in tutoring, were highly knowledgeable about the diverse
kinds of cognitive strategies students use to solve particular problems. If gender differences
arise, in part, because males and females tend to use different solution strategies in response to
certain problems characteristics (Gallagher & De Lisi, 1994), then reviewers must be sensitive to
likely cognitive and content differences among problems. Third, three statistical methods were

used to test DIF hypotheses. Each method is noteworthy because it provides a different kind of
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evidence about these hypotheses. In particular, SIBTEST was used to test DIF hypotheses;
DIMTEST was used to test the dimensionality of the data; and multiple linear regression was
used to determine whether cognitive and content differences among items, as assessed using the
Gallagher et al. taxonomy, predict gender-related DIF. Fourth, the study was conducted using
data from a curriculum-based achievement test developed, in consultation with teachers, with the
explicit goal of minimizing obvious, content-related gender differences. Our study is thus a
particularly stringent test of the extent to which the Roussos-Stout approach, in combination with
a substantive analysis based on the Gallagher et al. taxonomy, is adequate for detecting subtle
gender differences that may reflect cognitive differences between females and males.
DIF Analysis Framework

The Roussos-Stout (1996) DIF analysis framework is based on the multidimensional model for
DIF (MMD) proposed by Shealy and Stout (1993). MMD is a theoretical account for how DIF
occurs. It is based on the premise that DIF is produced by multidimensionality. A dimension is a
substantive characteristic of an item that can affect the probability of a correct response. The
main construct the test is intended to measure is the primary dimension. DIF items are believed
to elicit at least one dimension in addition to the primary dimension (e.g., Ackerman, 1992; Camilli
& Shepard, 1994; Gierl & Khalig, 2001; Kok, 1988; Lord, 1980; McDonald, 1999; 2000; Roussos
& Stout, 1996; Shealy & Stout, 1993; Walker & Beretvas, 2001). Dimensions that produce DIF
are referred to as secondary dimensions. Data are deemed to be multidimensional when primary
and secondary dimensions characterize item responses.
Substantive Analysis

The first stage of the Roussos-Stout (1996) DIF analysis framework requires generating DIF
hypotheses. A DIF hypothesis specifies whether a single item or bundle of items (i.e., two or
more items sharing some important characteristic; see Douglas, Roussos, & Stout, 1996; Gierl et
al., 2000; Nandakumar, 1993) designed to measure the primary dimension also measures a
secondary dimension, thereby producing group differences. To decide whether the data contain
distinct dimensions, organizing principles are used to identify items or bundles of items that share

certain characteristics. Gierl et al. (2001) described four general organizing principles that can
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guide the substantive analysis. These principles include content-related properties (e.g., items
may be bundled according to content categories identified by experienced reviewers),
psychological characteristics (e.g., items that appear to elicit particular problem-solving strategies
may be bundled), test specifications (e.g., items may be bundled according categories outlined
during test development), or empirical outcomes (e.g., items may be bundled according to
outcomes from statistical analyses of the data). Although relatively unexplored, the use of
organizing principles to create bundles greatly enhances the potential of DIF methods for
identifying and interpreting group differences on standardized achievement tests.

Recently, Gallagher et al. (2000) presented a taxonomy of content and cognitive
characteristics to account for gender differences in mathematics (also see Gallagher, 1998). The
taxonomy was based on outcomes reported in the educational and psychological literature.
According to the Gallagher et al. taxonomy, females should perform better than males on items
with contextual characteristics likely to be more familiar or interesting to females, on items that
require a high level of verbal skill, and on items that require mastery of mathematical content.
Males should perform better than females on items that have contextual characteristics likely to
be more familiar or interesting to males, on items that are likely to place heavy demands on
spatial skills, and on items that have multiple solution paths.

To evaluate the taxonomy, Gallagher et al. (2000) asked two mathematicians with test
development experience to code the content and cognitive attributes for items from the Graduate
Record Exam-Quantitative section (GRE-Q). Standardized mean differences between males and
females were used to compute a gender effect-size measure with data from four administrations
of the GRE-Q to students majoring in three different areas (social sciences, arts and humanities,
or technical sciences). Gallagher et al. found that males outperformed females on all items, but
generally the effect-size difference was greater for items expected to favor males than for those
expected to favor females. Gallagher et al. interpreted these results as support for their
taxonomy because items were classified according to categories that produced gender
differences in performance on the GRE-Q. This conclusion is not entirely compelling, however,

for four reasons. First, items with characteristics that favored both males and females were
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classified arbitrarily as favoring males. This method of collapsing categories may have obscured
possible gender differences consistent with or contrary to the authors’ hypothesis. Second, the
expected pattern of results was statistically significant in only seven of 12 independent tests of
the hypothesis (four types of students x three different administrations). The sources of this
inconsistency are not clear. Third, although Gallagher et al.’s taxonomy contained six
categories—three favoring males and three favoring females—the data were collapsed into only
one superordinate category for male-favoring items and another for female-favoring items. Thus
the analyses are insufficient for evaluating the full taxonomy. Fourth, the finding that male-female
differences were less striking on items supposedly favoring females than those supposedly
favoring males does not confirm that some items favor females. An alternative hypothesis, that
items differ only in the extent to which they favor males and no items favor females, is not
precluded by the data. Because males outperformed females on both types of items, these two
hypotheses cannot be distinguished with statistical tests based on mean differences. A more
sensitive approach would be to use analyses based on differential item functioning procedures, in
which gender differences on individual items can be assessed after overall ability is controlled.
For these reasons the Gallagher et al. taxonomy has not been tested thoroughly. In the present
study we use the taxonomy as the organizing principle to illustrate the substantive component of
the DIF analysis framework and, in the process, evaluate whether the content areas and cognitive
skills identified by Gallagher et al. differentiates females and males on tests of mathematics
achievement.
Statistical Analysis

The second stage in the Roussos-Stout DIF analysis framework is statistically testing the DIF
hypotheses. Statistical analyses are used to see whether the data, so structured using the
organizing principle, reveal distinct primary and secondary dimensions. Two methods will be
used in the current study to evaluate the dimensional structure of the data.

First, SIBTEST was used to quantify the size of DIF and test DIF hypotheses (Shealy & Stout,
1993; Stout & Roussos, 1995). To operationalize SIBTEST, items on the standardized

achievement test are divided into the studied subtest and the matching subtest. The studied
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subtest contains the items believed to measure the primary and secondary dimensions based on
the substantive analysis in the first stage, whereas the matching subtest contains the items
believed to measure only the primary dimension. The matching subtest is used to place females
and males into subgroups at each score level so their performance on items from the studied

subtest can be compared. The amount of DIF in the studied subtest is reflected in the parameter

estimate, BUN, . SIBTEST is used to assess this parameter estimate with the test statistic,

S|B=,-B$,
S (bUNI)

where S (B, ) is the standard error of B, . Shealy and Stout (1993) demonstrated that SIB

has a normal distribution with mean 0 and variance 1 under the null hypothesis of no DIF. The
null hypothesis is rejected if SIB exceeds the 100 (1- a / 2) percentile point from the standard
normal distribution. A technical description of SIBTEST is found in Shealy and Stout (1993).
Second, DIMTEST will be used to test the dimensional structure of the data. Shealy and Stout
(1993) attributed DIF to multidimensionality where DIF items are believed to elicit at least one

dimension in addition to the primary dimension. SIBTEST is used to estimate and test the DIF
effect size measure BUN, based on a substantive analysis of the items believed to measure the

primary and secondary dimensions. However, SIBTEST is not a direct test of dimensionality.
DIMTEST, by comparison, yields a direct test of dimensionality. DIMTEST, with a refined bias
correction method (Froelich, 2000; also see Froelich & Habing, 2001), was used to determine if
the studied subtest items were dimensionally distinct from the matching subtest items. The
refined bias correction method is based on a bootstrap procedure that eliminates the need for the
assessment subtest 2, which was required in the original DIMTEST for bias correction (Stout,
1987). Froelich (2000) demonstrated that the new DIMTEST procedure provides better Type |
error control and increases power compared to the original DIMTEST procedure in a variety of
simulation conditions. To operationalize DIMTEST, items on the standardized achievement test
are divided into the assessment subtest (AT) and the partitioning subtest (PT). In the current

study, AT contains the studied subtest items (i.e., subtest containing DIF items believed to be
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dimensionality homogeneous with one another but distinct from matching subtest). PT contains
the matching subtest items. Under the assumption of unidimensionality, the DIMTEST statistic is,

TL' T_G
J1+1/ N

where T, is original DIMTEST test statistic, '?G is an estimate of the DIMTEST test statistic

averaged across simulations using data generated from a specified examinee ability distribution
with the nonparametric item response functions estimated from each item in the dimensionality
analysis, and N is the number of simulations. Froelich (2000) demonstrated that T has a
normal distribution with mean 0 and variance 1 under the null hypothesis of unidimensionality.
The null hypothesis is rejected if T exceeds the 100 (1- a / 2) percentile point from the
standard normal distribution. A technical description of DIMTEST with the new bias correction
method is found in Froelich (2000).

For the SIBTEST and DIMTEST analyses, problems were characterized by a single category
in the Gallagher et al. (2000) taxonomy. That is, a problem may be classified as requiring spatial
skills or verbal skills, but not both. However, mathematical problems often contain several
different characteristics (e.g., Mabbott & Bisanz, submitted) that may elicit diverse strategies. To
the extent that no single characteristic is dominant in every problem, conventional DIF analyses
may be misleading. To determine if the results from SIBTEST and DIMTEST were insensitive to
the influence of multiple features within single problems, multiple regression was used. In

particular, the salience of each category from the Gallagher et al. taxonomy was used to predict

gender differences across problems, as indexed with BU,\" :

Method
Student Sample and Achievement Tests
Data from the 1996 and 1997 administrations of a Grade 9 mathematics achievement test
were analyzed in this study. The achievement tests were developed and administered in the
Canadian province of Alberta by the government ministry in-charge of education, Alberta

Learning. Data from 6000 females and 6000 males were selected randomly from the 1996 and
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1997 databases, and analyzed in this study. Each database contained, approximately, 36000
students.

Each test contained 45 multiple-choice items and 10 numeric response items. All items were
scored dichotomously. In addition, twenty-six multiple-choice and six nhumeric-response items
were identical for the 1996 and 1997 administrations. Items were classified into four curricular
content areas--number, patterns and relations, shape and space, and statistics and probability.

The tests were developed using a comprehensive process with many quality control checks
designed to screen out content-related gender differences. Items were developed by teachers
nominated to serve on item-writing committees. All items are based on concepts, topics, and
facts from the province-wide curriculum (Alberta Learning, 1996). The items undergo an internal
review before they are field tested. Members of the internal review committee are from the
achievement testing unit at Alberta Learning. The purpose of the internal review is to examine
the field test items for content validity, curricular validity, item appropriateness (e.g., wording,
length, interest), bias (e.g., gender, cultural, disability), balance to the test blueprint, and tone.
Once reviewed, the field test items are administered throughout the province to participating
schools. Teachers and students are encouraged to comment on the field test items. Field test
results are then evaluated using a classical item analysis. These sources of information—
comments of the internal review committee, teachers'’, and students’ along with the statistical
results—are considered by the test developers during the selection of the final test items. The
final form of the mathematics test is then created. A second internal review is conducted after the
test developer has made his or her final selection of test items. The committee for this review
includes the achievement test developers and five teachers. The review panel scrutinizes each
test item looking for content and curricular match, item appropriateness, and possible biases.
The final version of the test is then read by two editors who check the final version for
grammatical accuracy. These editors also examine the test for any possible biases and attempt
to balance the gender-related content by equalizing the number of pictures or references to males
and females. The validation of the final form is conducted by two teachers who are currently

teaching the academic subject but have not participated in the test development process just
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described. They examine the test for accuracy of information presented in each item, wording,
and possible biases. The strengths of this test development process were documented and
recognized in a review by the General Accounting Office (General Accounting Office, 1993).
Substantive Analysis

The study began with a comprehensive review of the 1996 and 1997 mathematics items. Two
reviewers with diverse skills were recruited specifically for this study. The two reviewers were not
only familiar with the content area and achievement tests but also with the way students solve
problems through their tutoring experiences and educational training. The first reviewer was a
third-year female undergraduate engineering student who completed her secondary education in
Alberta. She had extensive coursework in mathematics, she was familiar with the provincial
achievement testing program (having written the exams as a secondary school student), and she
had extensive experience tutoring secondary school students in mathematics. The second
reviewer was a second-year male graduate student in educational measurement who completed
his undergraduate degree in mathematics education. He also completed his secondary school
education in the province of Alberta. Much like the first reviewer, he had extensive experience
with mathematics, he was familiar with the provincial achievement testing program, and he
tutored secondary school students in mathematics. He was also familiar with the provincial
mathematics curriculum through his undergraduate teacher training.

To begin, the reviewers were told that females and males may have different mathematical
problem-solving skills and, consequently, may solve the same item in different ways; that specific
item characteristics may be differentially appealing to females and males, thereby producing
different responses; and that researchers had identified some of the item characteristics believed
to produce gender differences in mathematics. However, the reviewers were not told which
content areas and cognitive skills in the Gallagher et al. (2000) taxonomy were believed to favor
females or males. Then, the reviewers received a training session prior to classifying the 1996
and 1997 test items in which they worked independently and applied the Gallagher et al. (2000)
taxonomy to a sample of items from previously administered mathematics achievement tests to

practice the classification task. Once the independent classification was complete, the reviewers
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met to discuss their results with one another and with the authors of this study. All disagreements
were discussed, debated, and resolved as a way of ensuring the categories in the Gallagher et al.
(2000) taxonomy were interpreted in the same manner by each reviewer.

During the training session, some noteworthy changes were made to the Gallagher et al.
(2000) taxonomy. Gallagher et al. identified six categories in their taxonomy that were expected
to produce gender differences. Five of the Gallagher et al. categories (Al-3, B1-2 in Table 1)
were used in this study with little modification.

However, our reviewers found Gallagher et al.’s (2000) sixth category, mastery of
mathematics content, difficult to apply because it was too inclusive. As a result, this category was
split into three mutually exclusive categories: the first involved the application of routine
mathematical solutions to new, unfamiliar situations; the second involved application of routine
mathematical solution to familiar situations; the third involved symbolic processes. The reviewers
also identified the need for a new cognitive category, memorization, for items that required
examinees to recall key information. The modified taxonomy, summarized in Table 1, was used
for item classification.

Next, all items from the 1996 and 1997 tests were classified by the reviewers. For analyses
with SIBTEST and DIMTEST, reviewers were asked to identify the most salient characteristic for
each item using the modified Gallagher et al. (2000) taxonomy. This summary allowed us to
classify each item into one of the nine categories. For the multiple regression analyses,
reviewers were asked to rate all salient characteristics associated with each item on a 4-point
scale rating from 1-Not at All Salient to 4-Very Salient. This summary allowed us to classify each
item according to one or more of the nine categories. The reviewer rating form is presented in
Appendix A.

Disagreements between reviewers were infrequent (11 of 110 items) and resolved in
consultation with the authors. Six and five items from the 1996 and 1997 administrations,
respectively, were scrutinized by the two reviewers and the four authors. Consensus was not
reached for three items from the 1996 and two items from the 1997 administrations, and these

items were excluded.



Cognitive Skills and Gender DIF 12

Statistical Analysis

Once the substantive reviews of the math items were completed, the items were sorted into
each category using the reviewers' rating of the most salient characteristic and the items were
tested using SIBTEST and DIMTEST. A four-step procedure was used to identify dimensions
that elicited gender differences (see Gierl et al., 2001). First, all DIF items were identified with

SIBTEST using a single item analysis (i.e., studying one item at a time and using the remaining

~

items as the matching subtest) to obtain the DIF effect size measure, b for each item.

UNI ?

Second, items were grouped by the nine cognitive categories using the reviewers' classification

and the BUN, values for these items were graphed by category. Third, bundles were identified by

visually examining the graphs and looking for interpretable patterns. Fourth, the interpretable
bundles were tested. For the SIBTEST analysis, the studied subtest contained the bundle
associated with a specific category that produced a gender difference. The matching subtest
contained bundles with no identifiable systematic source of gender difference. For the DIMTEST
analysis, AT contained the bundles associated with a specific category that produced a gender
difference. PT contained bundles with no identifiable systematic source of gender difference.
That is, AT and PT in the DIMTEST analysis contained the same bundles as the studied and
matching subtests in the SIBTEST analysis.

A multiple regression analysis was also conducted using the reviewers' ratings of all salient

characteristics associated with each item. In this analysis, b,,, served as the dependent

UNI
variable and the reviewers' saliency rating for each category served as the independent variables.
Results

Psychometric Characteristics of the Achievement Tests

The psychometric characteristics on the mathematics achievement tests are presented in
Table 2 to provide the reader with a brief summary of the achievement tests used in this study.
Four general outcomes are highlighted. First, mean test performance was comparable within and
between groups for the 1996 and 1997 administrations. Males outperformed females in both

years, although the differences were small. Second, skewness and kurtosis were similar
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between the two groups for each test across years, indicating that the shape of the distributions
were comparable between females and males. Third, overall item difficulty and discrimination
values were similar for both groups across years. Fourth, internal consistency was also
comparable within groups across years. Thus, the test developers were successful at minimizing
gender differences, at least at the level of test scores.
Analyses Using Rating of Most Salient Characteristics

Frequency of most salient characteristics. Table 3 contains the frequency of the most salient
characteristics. For the items on both the 1996 and 1997 tests, the most salient characteristic
was application of routine mathematical solutions to familiar situations (42% and 40%,
respectively) followed by verbal skills (23% and 26%). No items were judged to have contexts
favoring males or females. Thus test developers were successful in eliminating gender-based
differences in content. More generally, the uneven distribution of items across categories can be
expected when analyses are based on organizing principles not used in the development of the
test.

SIBTEST results. The category bundles for the 1996 and 1997 mathematics achievement

tests are shown in Figure 1. The x-axis shows the nine categories and the y-axis represents the
BUN, value for each item. Positive BUN, values favor males, whereas negative values favor

females. The items from the 1996 administration are open circles whereas the items from the
1997 administration are solid circles. From this analysis, bundles associated with spatial and
memorization skills are apparent and favor males and females, respectively. Items for the
remaining five cognitive categories are evenly distributed, for the most part, between the two
groups revealing no systematic gender differences.

Table 4 contains the outcomes from the statistical tests of the two interpretable bundles using
the 1996 and 1997 results. In these analyses, the two studied subtests contained items
associated with spatial skills and memorization, respectively. The matching subtest contained
items from the remaining bundles. All hypotheses were tested with a directional test using an

alpha level of 0.05. Males in Grade 9 performed better than females with comparable
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mathematics test scores on items requiring spatial skills. Females in Grade 9 performed better
than males with comparable mathematics test scores on items requiring memaorization skills.

The stability of this outcome was also evaluated by comparing the 32 common items across
the 1996 and 1997 results. Recall, both 1996 and 1997 tests were created using the same test
specifications and development process. The results are shown in Figure 2. Items from 1996 are
shown as open circles and items from 1997 are shown as solid circles. Bundles associated with
spatial and memorization skills, again, are apparent and favor males and females, respectively,
whereas common items in the remaining three cognitive categories are evenly distributed
between the two groups. These results reveal that differential bundle functioning (DBF) is stable
over a two-year period using a different group of examinees, and they support the interpretation
that males and females systematically differ in two categories.

DIMTEST results. SIBTEST was used to estimate and test the DIF effect size measure,
BUN, , using the modified Gallagher et al. (2000) taxonomy where the data were structured and

tested according to primary and secondary dimensions. SIBTEST, however, is not a direct test of
dimensionality. DIMTEST, by comparison, yields a direct test of dimensionality. Therefore, to
evaluate this assumption about dimensionality, DIMTEST was used. The dimensional
distinctiveness of the spatial and memorization subtests was evaluated against the remaining
items that formed the matching subtest. The results are presented in Table 5. The spatial
subtest was dimensionally distinct from the matching subtest for both 1996 and 1997. The
memorization subtest, on the other hand, was not dimensionality distinct from the matching
subtest in either year. Thus DIMTEST only confirmed one of the dimensions implied by the
SIBTEST analyses.
Analyses Using Rating of All Salient Characteristics

Frequency of all salient characteristics. SIBTEST and DIMTEST are based on the assumption
that each item can be classified in a single, dominant salient category. Test items can be

associated with more than one salient category, however. Table 6 contains the frequency of all
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were verbal skills (28% in 1996 and 30% in 1997) and application to familiar situations (22% and
26%). When categories other than the most salient are counted, the frequency of problems with
shortcuts becomes notably larger. Items with female content still do not exist, and only 3% of
problems have male content that is judged to be salient.

Multiple regression results. Finally, to evaluate whether the reviewers' rating of all salient
characteristics would predict b, , multiple regressions were conducted. The reviewers' saliency

rating for each item in each category, ranging from 1-Not at All Salient to 4-Very Salient, served
as the independent variables. As evident in Table 6, the distribution of items across categories
was uneven and some categories were present rarely or not at all. Consequently, categories that
were infrequently represented (fewer than 10% of the total number of judgments) were deleted

from analyses. In all cases, the categories excluded contained items that were not related to

BUN, (r's ranged from -0.16 to 0.17, p's > 0.20). In the analysis of 1996 data, five independent

variables (shortcuts, spatial, verbal, applications unfamiliar, applications familiar; see Table 6)
accounted for 17% of the sums of squares in BUNI , F(5, 46) = 1.87, p =.12. Spatial ability was

the only significant predictor, t(1, 46) = 2.81, p < .05, and it favored males. The four independent
variables used for the 1997 analysis (shortcuts, spatial, verbal, applications familiar) accounted
for 14% of the sums of squares, F( 4, 48) = 2.01, p = .11. Males performed better that females on
items requiring spatial ability, t(1, 48) = 2.13, p < .05, and verbal ability, t(1, 48) = 2.09, p < .05.
Conclusions and Discussion

In the present study we illustrated an application of the Roussos-Stout (1996) DIF analysis
framework to the study of gender differences in mathematics. The DIF analysis framework was
used to study content and cognitive skills believed to produce gender DIF in mathematics, as
described by Gallagher et al. (2000). The DIF analysis framework requires a two-stage
approach. The first stage is a substantive analysis. In the current study, two reviewers used a
modified version of the Gallagher et al. (2000) taxonomy to classify the content and cognitive
characteristics of items taken from two large-scale standardized achievement tests in

mathematics. The reviewers' judgments were based on their knowledge of the content area, the
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our conclusion must be tempered. We used mathematics test that were designed with the explicit
goal of minimizing obvious, content-related gender differences. Consequently, the tests in our
study had an uneven distribution of items across categories which is to be expected when the
organizing principle was not used to guide test development. Different results might be found
using tests designed without the explicit goal of minimizing gender differences.

Using the Roussos-Stout Framework

Substantive analysis. The tests of differential bundle functioning and dimensionality used in
this study require that each item be associated with only one category in the Gallagher et al.
(2000) taxonomy. It should be noted, however, that this coding requirement tends to oversimplify
the cognitive complexity elicited by the test items. We demonstrated, for example, that the
mathematics items contained multiple content and cognitive characteristics, as items elicited an
average of 2.6 salient categories. This finding strongly suggests item classification that requires
a mutually exclusive rating is an oversimplification of the categories actually needed to
characterize mathematics items. To overcome this limitation, the reviewers were asked to
identify all characteristics associated with each item and rate the salience of each characteristic
on a 4-point scale. In this case, classifying items according to single or multiple categories did
not substantially affect our conclusions about gender differences.

A far more problematic outcome in the substantive analysis stemmed from the fact that item
coding is often strategy dependent. Our reviewers revealed that ratings were based on the
strategy most likely to be used by students. This inference was required to classify items into one
category even though the reviewers identified multiple strategies that could be used to correctly
solve some items. To illustrate this point, an example item is presented in Appendix B. Our
reviewers believed this item could be solved by memorizing the concept or by drawing a diagram.
If the reviewers believe that memorization is the more likely strategy, (i.e., the examinee
remembered that a z-score of 2.0 is always two standard deviations below the mean), then they
would classify the item as memorization. Alternatively, if the reviewers believe that a spatial
strategy is more likely to be used (i.e., the examinee sketched a diagram of the normal

distribution and shaded the region of the distribution associated with a z-score of -2.0), then they
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would classify the item as spatial. Thus, coding depends on the reviewer's judgment about which
strategy is used more frequently. This approach is problematic because the reviewers can make
an erroneous judgement about strategy use or students can use both strategies. The
consequence in either case is that the final code misrepresent the characteristics of the items
when solved by students using different strategies. This problem is not overcome by using
multiple codings per item because different strategies can be linked with different categories. For
instance, when the reviewers deemed the memorization strategy to be more likely for the
Appendix B item, the salience categories were verbal skills, application of routine mathematical
solutions to familiar situations, and memorization. However, when the reviewers believed that a
spatial strategy was more likely, the salient categories were spatial ability, verbal skills, and
application of routine mathematical solutions to familiar situations. This outcome shows that any
rating can misrepresent the content and cognitive skills elicited by an item when the item can be
solved correctly using different strategies.

Statistical Analysis. The value of using multiple statistical methods is demonstrated by the
finding that different procedures yielded converging evidence about spatial ability but diverging
evidence about memorization and verbal skills. The use of multiple methods is particularly
important when clear criteria are lacking for interpreting statistical results, as is currently the case
when SIBTEST is used for DBF analyses.

Potenza and Dorans (1995) note that, to be used effectively, a DIF detection procedure needs
an interpretable effect size measure. Effect size measures are commonly used to increase the
interpretability of DIF analyses and guidelines exist for interpreting many DIF effect size

measures (e.g., Dorans, 1989, p. 226; Jodoin & Gierl, 2001; Shealy & Stout, 1993, p. 181; Zieky,

1993, p. 342). Unfortunately, no guidelines exist for interpreting B on a bundle of items and,

UNI
as a result, there is no agreement on how to distinguish statistical from practical significance in
DBF research. Creating interpretative DBF guidelines is further complicated by the potential for
amplification. Amplification occurs when small but systematic performance differences on single
items combine to produce a large performance difference for a bundle of items. This outcome

implies that small item-level differences, which may go unnoticed, can be magnified when the
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same difference is evaluated with a bundle (Nandakumar, 1993). To overcome this limitation, we
supplemented the SIBTEST analysis using DIMTEST to evaluate the dimensional structure of the
data that is merely assumed in SIBTEST. These results were consistent across statistical
methods for the spatial but not the memorization dimension. This inconsistency might be
attributed to lack of adequate effect size criteria for interpreting the DBF analyses using
SIBTEST. To overcome the reliance on statistical significance testing, research is needed to

identify and evaluate supplemental effect size criteria to promote DBF interpretations that are

substantively meaningful.
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