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(ABSTRACT)

The purpose of this study was to examine the effects of
race and gender on omissions in multiple choice tests.

Modest but significant (p <= .05) correlations were
observed between gender and omissions and between race and
omissions on the mathematics subtest of the Tests of
Achievement and Proficiency, a standardized achievement test
administered to all eleventh graders in the Commonwealth of
Virginia. 1Item characteristics (difficulty, discrimination
and an index of differential item functioning) were used as
independent variables in regression equations for the
male/female case and the black/white case. In both cases
item difficulty was the only significant (p <= .05)
predictor of omissions.

Principal components analysis was used to create
composite variables characteriiing school divisions. These
composites together with race (proportion of black students)
were used as independent variables in a regression equation
with omissions as the dependent variable. Race was the only

variable which was a significant predictor of omissions.
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CHAPTER I

INTRODUCTION

Whether to guess, or not to guess, has been a question
of concern to test takers and test makers ever since
multiple—choice tests were introduced about the turn of the
century. In an effort to decrease the influence of guessing
on multiple—choice test scores and increase public
acceptance of these tests, alternatives to number—-right
scoring were developed. The most popular procedure,
commonly referred to as the correction for guessing, uses a
scoring formula which subtracts a fraction of the number of
incorrect answers from the number of correct answers. Just
as important as the formula are the associated directions
which encourage examinees to refrain from guessing unless at
least one choice can be eliminated from consideration.
Although there have been more than 70 years of research and
debate regarding the merits of formula scoring, there is
little solid evidence to suggest that formula scoring is
superior to number-right scoring.

Under number-right scoriné, examinees should be
encouraged to answer all questions, even if their answers
represent sheer guesses. However, to provide such
directions may seem inappropriate to those who fear that to
encourage guessing will unfairly benefit the less well
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prepared examinees. Nonetheless, it is clearly to every
examinee’s advantage to provide an answer to every question
under number-right scoring. Failure to point this out
forcefully in the test directions may benefit testwise
individuals who will recognize this on their own and
penalize naive examinees who may feel obliged to "confess”
their lack of knowledge by omitting questions about which
they are unsure.

The potential impact of less than clear directions
regarding guessing on multiple—choice came to light when
data from a statewide testing program were being analyzed
for another purpose. Riverside Publishing Company’s Tests
of Achievement and Proficiency (Scannell, 1986) are
administered to all eleventh grade students across the
Commonwealth of Virginia. Inspection of the data for 1988
revealed that in some school divisions there were large
numbers of omitted items, and in other school divisions
there were virtually no items omitted. Because number-right
scoring was used, there should have been virtually no
omissions. Moreover, higher rates of omissions were
observed in school divisions héving higher percentages of
black student enrollment. Inspection of the test directions
showed that examinees were not specifically advised to guess
when unsure of an answer. Indeed, the directions were more
nearly like directions appropriate for formula scoring.
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These observations gave rise to the present study. At issue
is not the less than adequate directions, per se, but
whether the omissions possibly precipitated by these
directions were race or gender related..

There is compelling evidence that omitting responses to
items on a multiple—choice test is disadvantageous,
regardless of how that test is scored. This harm is
unavoidable if the test is scored number-right. If black
examinees omit proportionally more than white examinees, the
typically lower level of performance of black examinees is
exacerbated by these omissions. If female examinees omit
proportionally more than male examinees, test results may
not accurately measure the mathematical achievement of
female students. Results of standardized tests tend to have
enduring effects on both individuals and on groups of
students. Test scores are used to determine individual
eligibility for scholarships and special programs, while
programs themselves may be developed or implemented as a
result of group performance. For these reasons, test
validity must be of prime concern to test developers and
test users. If high omissions ére associated with group
membership, validity of the test will be compromised.

This study investigated multiple—choice test omissions
at three basic levels: the individual examinee level, the
item level, and the school division level. At the
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individual examinee level this question was asked: did
black examinees omit more frequently than white examinees,
and did female examinees omit more frequently than male
examinees? At the item level, item characteristics were
examined which could serve to explain the incidence of
omissions for particular types of items. Finally, at the
school division level, demographic features of the school
that might contribute to an explanation of differing rates
of omission among school divisions were examined. Omissions
that occurred on items which were reached by the examinee
are of primary interest. Items are classified as having
been reached if they are followed by answered items; such
omissions are referred to as embedded omissions. Trailing
omissions (which are not followed by answered items) were

studied only at the division level.

THE TESTS OF ACHIEVEMENT AND PROFICIENCY

The State of Virginia, as a component of its
educational assessment program, requires all school
divisions to administer Riverside Publishing Company’s Tests
of Achievement and Proficiency.(TAP) to all eleventh
graders. The complete battery consists of subtests on
reading comprehension, mathematics, written expression,
using sources of information, social studies, and science.
Institutions use scores to make decisions about individuals,
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in addition scores on the TAP are often used as a yardstick
for comparing school divisions in terms of academic
performance. Funding for remedial programs is also linked
to school division performance on the TAP. The percentage
of students in the bottom quartile is used as one measure of
the need for remedial programs. Hence, unnecessarily high
rates of omissions may have a detrimental effect on both

school divisions and individuals.

In The Ninth Mental Measurement Yearbook, Keene (1985)
states that the purpose of the TAP is to "provide efficient
and comprehensive appraisal of student progress toward
widely accepted academic goals in the basic skill areas"”
(p. 1611). The maih emphasis of the tests is on the
application of knowledge and skills rather than specific
content. Content validity is considered quite adequate for
these purposes. Furthermore, item response theory
techniques were used to assess ethnic and gender bias of
individual items. The reliability coefficient of the tests
are reported to be at least .82 based on KR—-20 estimates.
Although the TAP was reported to be a relatively easy test
to administer, no discussion of examinee instructions was
given, nor was there mention of the examinee samples used to
test for race and gender bias.

This study focuses on the mathematics subtest of the
TAP. The analysis of the item data for this subtest
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revealed omission rates which varied greatly across items,
ranging from 0.01% to 16%. Across divisions, embedded
omissions ranged from means of close to zero omissions to
1.4 omissions per examinee. Such variation may suggest

faulty test instructions.

TEST INSTRUCTIONS
Individual test taking behavior is likely to be
influenced by test directions. Hence, directions may have
significant effects on test outcomes. The "Student
Directions" given at the beginning of the TAP (p. 2) were as
follows (italics added):
EARNING YOUR BEST SCORE

Some students receive lower scores on
tests than they could receive, simply
because they do not take the test in the
most efficient manner. The information
below is provided to help you earn your
best score.

As you take the test, remember these points

1. If you are not absolutely sure about the
answer to a question, but think you know
the correct answer, mark a choice. You
will earn your best score if you attempt
all questions for which you think you know
the answers. You will not lose any points
for incorrect choices.

2. There are some questions on each test which
you may not be able to answer. Do not
linger over difficult questions; omit these
and go on to easier ones. You may return to
omitted questions at the end of the test if
there is time remaining.
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Since the TAP was scored using number-right scoring,
the optimal score would be earned by answering all questions
whether or not one knew the answer. A critical examination
of the instructions presented above reveals a failure of the
test publisher to explain clearly the best test-taking
strategy. The above instructions leave doubt as to whether
or not to omit items. The instruction identified above as 1
states that examinees also should attempt items for which
they think they know the correct answer. However, it does
not specifically state what examinees should do if they do
not think they know the answer. In fact, it is to the
examinee’s advantage to answer all questions. The préblem
is further exacerbated by the instructions identified above
as 2. Here the directions suggest omitting difficult items
and returning to them only if there is time remaining.

These instructions are more nearly in keeping with and
indeed bear a striking resemblance to directions appropriate
to tests using the correction for guessing.

The SAT is a test which is scored using correction for

guessing. One of the test—taking tips in Taking the SAT
(College Entrance Examination Board, 1990) states (p.6):

You can omit questions. Many students who

do well on the SAT omit some questions. You can
always return to questions you’ve omitted if
you finish before time is up for that section.



Other test-taking tips given make perfectly clear the best
strategy, given the scoring method. However, there is
unquestionable ambiguity in the TAP directions as to whether
guessing is advisable. Examinees taking a test scored by
number—-right scoring should receive unequivocal instructions
to answer all items. Any other instructions may lead to
misguided test behavior and a high rate of omissions, as
apparently was the case for the TAP mathemematics subtest to
be analyzed in this study. Moreover, not only were
omissions widespread, but they were generally highest among
examinees in divisions with high percentages of black
enrollment. On a number-right scored test, it is naive to

omit any item, and this act is detrimental to any examinee.

STANDARDS FOR TEST INSTRUCTIONS

The Code of Fair Testing Practices in Education

prepared by the Joint Committee on Testing Practices (1988)
of the American Psychological Association, the American
Educational Research Association, and the National Council
on Measurement in Education offers guidelines for both test
developers and test users. Itém 18 of the code, relating to
informing test takers, states (p. 2):

Test Developers or Test Users should provide test

takers the information they need to be familiar with
the coverage of the test, the types of question



formats, the directions, appropriate test—taking
strategies, and strive to make such information
equally available to all test takers.
The disregard for these guidelines in TAP directions could
have served to increase the number of omissions, a situation

which warranted investigation of possible patterns of

omissions.

BLACK AND FEMALE STUDENTS AND MATHEMATICS

Mathematics, perhaps more than any other subject in the
American curriculum, has been an area of poor performances
by black students. Although mathematics is relatively free
of the cultural artifacts that might estrange the black
student, blacks tend to be under-represented in mathematics
classes. This phenomenon begins in high school and worsens
at higher levels of education. The TAP mathematics subtest,
however, is sufficiently general so as to lessen the impact
of differential coursework as an explanation for test
results.

Ben—Shakhar & Sinai (1991) found that while females
tend to earn better grades than males in high school
mathematics classes, their scofes on standardized
mathematics tests tend to be lower and their rates of
omission higher. Although female enrollment in mathematics

classes decreases at higher levels, differential coursework



should not be a factor in a test as general in scope as the
TAP.
More to the point of this study, omissive behavior
a) may be greater for black examinees than for white
examinees,
b) may be greater for female examinees than for male
examinees,
c) may vary with item characteristics, such as
item bias, item difficulty, and item
discrimination, and
d) may relate to characteristics of the school
division.
The purpose of this study is to examine the extent to which
the above relationships are evident in the TAP Mathematics

subtest.

HYPOTHESES

A correlational analysis was used at the individual
level to investigate the hypothesis that black examinees had
higher rates of embedded omissions than did white examinees
and that female examinees had higher rates of embedded
omissions than did male examinees. The large number of
omissions in divisions with larger percentages of blacks
initially motivated the hypothesis regarding a difference
for black and white examinees. Multiple regression was the
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primary tool in the investigation of the relationship
between item characteristics, race/gender, and omissions.

At the school division level, this study investigated the
hypothesis that there is a systematic relation between the
average number of embedded omissions, trailing omissions,
total omissions, and demographic variables such as size of
school division, per capita expenditures, dropout rate, etc.
It was expected that financial support, size, racial makeup,
and ability of the student body might be significant factors
in predicting rates of omission for a school division, since
these factors had been observed to be significant predictors

of test scores.
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CHAPTER II

LITERATURE REVIEW

When examinees do not know the correct response to a
multiple—choice item they may either guess or omit. If the
test is scored number-right, it is clearly to the examinee’s
advantage to guess even if completely ignorant with respect
to a test item. Formula scoring was introduced in the 1920s
to discourage guessing. The correction formula for guessing
is: Corrected score = R — W/ (n—-1), where R is the number of
items right, W is the number wrong, and n is the number of
alternative responses per item. While this is not a study
of formula scoring versus number-right scoring, a
consideration of some studies involving formula scoring may
serve to shed light on test-taking behavior on the TAP.
Clearly, test-taking strategy is influenced by test
directions that explain the scoring method. Hence, an
understanding of the effect of scoring directions is germane

to the study of omissions.

STUDIES OF THE EFFECT OF SCORIﬁG METHOD ON TEST RESULTS

Why should guessing be discouraged? Formula scoring
was apparently introduced for moralistic, not technical,
reasons. The argument against guessing was based on a value
judgment; specifically, the examinee who guesses is trying
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to deceive the examiner and should be penalized. This
approach was defended by maintaining that the technical
arguments for correction for guessing were compelling.

Rowley and Traub (1977) point out that the primary
reasons for correction for guessing via formula scoring were
the improvement of the psychometric properties of the test
scores through a decrease in error variance. Although
theoretical studies of Mattson and Lord (1988) argued that
formula scoring increases reliability and validity,
empirical studies, more often than not, show small
differences.

Test instructions that tend to discourage guessing have
been shown to favor assertive (vs. submissive) personalities
(Wiley & Trimble, 1936). Thus, reliability is potentially
increased at the expense of validity, since reliable, but
incidental, personality traits are influencing the scores.

Traub and Hambleton (1972) studied the effects of
scoring instructions on the validity and reliability of
multiple—choice tests. Their results demonstrate that
offering a small reward for not guessing, rather than
imposing a penalty for guessiné, is more effective in
reducing completely random guessing among college students.
They also contend that instructions encouraging guessing,
offering a reward for not guessing, or imposing a penalty
for guessing affect the extent to which various personality
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types fail to guess when they have eliminated an option or
have a hunch. The TAP directions virtually invite the
examinee to decide whether to guess or not, thereby
confounding the validity and reliability for various groups.
A TAP examinee with a low level of testwiseness could
possibly interpret the instructions as providing a penalty
for guessing.

Rowley and Traub (1977) investigated the relationship
between scoring method on the test and test—-taking strategy
by administering the same test with differing statements as
to method of scoring. Examinees were asked to indicate
which of three guessing strategies would be best for the
test. The findings indicate that number-right scoring
possesses the advantage that results were not influenced by
personality characteristics of examinees. Wiley and Trimble
(1936) found that confidence in responses influenced scores,
while Sherrifs and Boomer (1954) found that a penalty for
guessing penalized students who are "characterized by
introversion, rumination, anxiety, low self-—-esteem, and
undue concern with the impression they make on others" (p.
82). 1Indeed one might expect iow self—esteem among many
blacks in a test-taking situation given the record of
standardized test performances of blacks and whites.

Lord (1975) assumed that the difference between the
answer sheet scored with number-right and formula scoring
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(correction for guessing) is that the blanks on the latter
are filled with random responses on the former. This
assumption is equivalent to assuming that all guessing on
multiple—-choice tests is random. Rowley and Traub (1977)
note that many examinees fail to differentiate between
random guessing and informed guessing; some examinees
exhibit a characteristic of testwiseness while others do
not. That is, some examinees fail to answer items for which
they possess at least partial knowledge. Other
investigators, Cross and Frary (1977), Cureton (1966), and
Rowley and Traub (1977), criticize directions against
guessing on the grounds that students’ use of partial
knowledge, on items previously omitted under correction for
guessing directions, results in a better than random chance
of a correct response. Thus, guessing appears to be
advisable for both formula scored and number—-right scored
tests.

The possession of partial information may influence an
examinee’s guessing strategy, and this influence may differ
across ability levels. Angoff and Schrader (1984) proposed
the Invariance Hypothesis, namély that formula scores are
invariant with respect to guessing strategy. They offered
empirical evidence, some of which tended to support the
invariance hypothesis. Angoff and Schrader argue that
partial information may offer a delusive advantage. This is
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to say that partial information may lead the examinee to
choose distractors. An obvious question is whether or not
the disadvantage is greater for one racial group than for
another. Angoff (1974) conducted an empirical study which
suggested that partial information may help higher ability
students while hindering lower ability students who tend to
be fooled by distractors.

In contrast to the Invariance Hypothesis, the
Differential Effects Hypothesis maintains that when using
formula directions, particular students will omit items that
they have a greater than chance probability of answering
correctly. Albanese (1988) studied the effect of formula
scoring on individual scores. An important finding was that
both partial information and misinformation could
significantly affect scores. When formula scoring
instructions were followed, it was found that examinees who
had omitted 15% of the items would experience a .5 SD
increase in their score if they answered those omitted items
with a .55 success rate. Thus a disadvantage is imposed on
the cautious student by a penalty for guessing. Hence,
following instructions not to éuess would lower test scores.

Fischer (1988) investigated the effect of instructions
for guessing on multiple—-choice test performance for fifth-
graders. A significant effect was found for children’s
ability to understand the penalty/reward instructions for

16



the test. More accurately it could be said that
testwiseness was a significant factor of test performance.
Although Fischer’s subjects were fifth—-graders, it is not
implausible to expect similar results with eleventh graders.
The ability to understand test instructions is likely to
influence test performance. Fischer found that cautious
behavior led to an increase in trailing omissions, those
omissions following the last answered item. Angoff and
Schrader (1984) found that there are 29.9% more trailing
omissions for groups given formula scoring directions than

for those given number-right directions.

PERFORMANCE OF BLACKS ON STANDARDIZED MATHEMATICS TESTS
Dossey, Mullis, Lindquiat, & Chambers (1988) report

that although black students have made significant advances
in mathematics test performance during the past 13 years,
there is still a considerable gap in performance of black
and white students at ages 9, 13, and 17 years. The reasons
for these differences are extremely complex social problems.
I have not attempted to address the major causes of this
performance differential, but érgue that the small portion
of this difference which is due to omissions is the most

easily remedied.
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GENDER AND OMISSIONS

Much research has been conducted on gender differences
in the area of mathematical ability and achievement. Maccoby
and Jacklin (1974) provide a review of the literature which
indicates a gender difference in the areas of visual-spacial
and mathematical ability of between .4 and .5 SD at the high
school level.

Ben-Shakhar and Sinai (1991) studied gender differences
in omissions on multiple-choice tests. Citing McManis and
Bell (1968), they argue that there is a greater tendency for
risk taking among high school boys than girls. This risk-
taking tendency by male students resulted in an increased
rate of guessing by male examinees, a tendency which was not

altered by permissive test directions.

METHODS FOR DETECTING DIFFERENTIAL ITEM FUNCTIONING

The literature abounds in studies focusing on
differential item functioning (DIF). They fall roughly into
two categories: first, those that compare various
methodologies used to detect DIF; and second, those that
apply one method of detecting bIF in a particular test, and
seek explanations for the presence of DIF in those items
found to exhibit DIF. Comparative studies of item bias
methods tend to apply several bias detection methods to one
data set and seek to evaluate their findings in terms of
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sample sizes required, cost of the procedure, time required
to analyze data, and other such criteria. ANOVA, chi-
square, item characteristic curves, delta plots, the
standardization approach, and log linear models have all
been used as tools to detect differential item functioning.
Comparative studies of Perlman (1988), Dorans and Kulick
(1986), Hambleton and Rogers (1989), and Camilli and Smith
(1989) lead to the conclusion that for data sets of moderate
size, there are only small differences in items found to
exhibit DIF when using different methods of estimation.
Kulick and Hu (1989) point out that the Mantel-Haenszel
item bias test is a chi-square method which has the decided
advantage of being readily available on several mainframe
statistical packages. Unlike the item characteristic
method, it is non-iterative, thereby costing less to compute
on large data sets. An additional advantage of the Mantel-
Haenszel technique is the index of bias which is provided.
Beck (1982) points out that earlier chi-square methods
studied DIF by utilizing a matching criterion of three to
five score intervals to classify examinees by ability level
ability. Using so few score iﬁtervals tends to confound
differences in true ability with any difference in
functioning that item may exhibit. Researchers now
recommend that each score level be used to classify
individuals. With the Mantel-Haenszel approach, the large
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number of ability levels does not significantly increase the
cost or the time of analysis.

Kulick and Hu (1989) examined the relationship between
differential item functioning and item difficulty on the
Scholastic Aptitude Test. The significant negative
correlation between DIF and item difficulty was found to be
independent of the index of bias (the Mantel-Haenszel or the
standardization approach). That relationship was strong for
each racial and ethnic group (black, Hispanic, and Asian
American), and there was a stronger relationship between
differential item functioning and item difficulty on the
verbal section than on the mathematical section. The more
difficult items tended to favor the black focal group over
the white reference group.

Zwick and Ercikan (1989) used the Mantel-Haenszel
approach to analyze the NAEP history assessment for
differential item functioning. Conditioning was done on
score, and score plus historical periods studied, for a
focal group of blacks and a reference group of whites. It
was discovered that additional conditioning on historical
periods studied did not decreaée the number of items shown
to exhibit differential item functioning. The use of NAEP
sampling weights had no significant effect on DIF detected

by the Mantel-Haenszel procedure.
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CHAPTER III

METHODOLOGY
THE DATA
The data analyzed for the study were responses for

approximately 67,000 examinees to the TAP mathematics
subtest. The sample included virtually all Virginia 11lth
graders for the 1987-88 academic year. Students whose total
score was less than what would be expected by chance alone
(approximately 3500) were excluded from the study.

Embedded omissions are items that are omitted though
they have been reached by the examinee. The rationale for
examining embedded omissions is that an embedded omission
occurs for reasons other than a lack of time to reach the
item. In the case of an embedded omission, the item has
been intentionally omitted after it presumably has been

considered.

LEVELS OF ANALYSIS
Since the larger number of omissions were in divisions
with greater percentagesigf bléck students, I first examined
the correlation between the number of embedded omissions and
race. The Pearson—product moment correlation between
embedded omissions and black/white group membership was
calculated and tested for significance. Similarly, the
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correlation between gender and embedded omissions was
examined. The second stage of analysis made use of multiple
regression to determine whether the rate of omission for
individual items was a linear function of item difficulty,
item discrimination, and differential item functioning. The
analysis at the school division level made use of principal
components analysis followed by multiple regression to model
school division level omissions.

It is assumed that the reader is familiar with the
methodology of multiple linear regression. The reader
wishing a detailed explanation may consult Pedhazur (1982).
A complete presentation of the Mantel-Haenszel procedure
will be given and some aspects of principal components
analysis will be presented. A detailed presentation of the
methods of principal components analysis may be found in

Tatsuoka (1988).

THE MANTEL-HAENSZEL PROCEDURE

When considering the problem of DIF, the performance of
one group of interest, called the focal group F, is compared
to another group of interest éalled the reference group R.
The reference group may be regarded as the benchmark against
which the focal group is compared. Performance of each
group is compared on each test item to ascertain whether
items function differently for the two groups. An essential
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aspect of this comparison of item performance is that only
like groups of examinees are compared. That is to say, for
a comparison of item performance to be meaningful, groups
must be matched on attributes which relate to the
characteristic being measured by the item in question.
Although there may be numerous attributes of an examinee
which relate to item outcome, total score is most often
chosen as the conditioning variable. For an unidimensional
test, the total score is another measure of the construct
that an individual item measures; in addition, it is readily
available.

To aid in the explanation of the methodology involved
in the detection of differential item functioning, it is
useful to introduce tables summarizing performance of the
two groups on an item being investigated. Table 1
symbolizes information for a matched group on a particular

item.

Insert Table 1 about here

In Table 1 Ay represents the number of members of the
reference group answering an item correctly while B,
represents the number of members of the reference group
answering the item incorrectly. C; is the number of the
focal group answering the item correctly, while Dy is the
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number of the focal group answering the item incorrectly.
The total number in the reference group and focal group are

given by nz; and ng respectively, while the total number of

3
examinees in the j* matched group is given by T;. Now ny,
and ny; represent the total number of correct and incorrect
responses for the j* matched group.

Table 2 presents a similar table indicating population

parameters for data on the studied item.

Insert Table 2 about here

The Mantel—-Haenszel Procedure is a non—parametric, non-
iterative contingency table method used to estimate and
test the association between two factors for k matched
groups. It was developed by Mantel and Haenszel (1959) to
study dichotomous outcomes of medical treatments for matched
groups of patients. The Mantel—-Haenszel procedure tests the
null hypothesis of equal odds of success on a given item,

symbolized as:
H, i Dgi/Qyy = Dpi/ sy j=1,...,K.
verses a specific alternative hypothesis

Hy : Ppi/Qgj = @ (Dpi/ dpy) j=1,...,K. for ¢ # 1. We can see

that the null hypothesis is equivalent to « =1 in H;. We

call the parameter a« the common odds ratio in the K 2x2
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tables since

«=2%/P8 - (p g1/ (D Qz;) for allj=1,...,K. The
9z 9rj

Mantel-Haenszel chi-square is calculated as:

(3, (A; - X, E(A))?) /Y var(A;) where E(A;) = (ngm;)/T;.

Note that this is a conditional expectation given the

marginal totals in Table 1. The variance of Ay is given

by: var(a;) = vanaﬂyﬂmu)/(zﬁj(zy—l)). The Mantel-Haenszel

chi-square statistic is often given a continuity correction

given by: MH-CHISQ = ((|} A;-)  (E(A)] - %)2)/2; var (4;) .

An important advantage of the Mantel-Haenszel method of
detecting DIF over log linear models, or even the IRT
models, is that it provides an estimate of the common odds

ratio across the K 2x2 tables. The estimator of a is given

A.D. B.C. . . .
by: @&, = (2: ;:’)/(2:-—%;1)- An odds ratio of 1 indicates

no DIF and is equivalent to the null hypothesis. Holland
and Thayer (1985) suggest a log transformation to convert
this ratio into a symmetrical scale. This transformation is

given by : A, = -2.35(1n(&,,) . This scale is referred to as

the ETS "delta scale" where the optimal range of delta is
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observed to be 1/3 < @ < 3 , which is equivalent to
-2.6 < Ay, < 2.6. Variance estimates of A,,; have been
developed by Breslo (1981), Hauck (1979), Flanders (1985)

and Phillips (1987). Holland and Thayer (1988) suggest the

estimate given by Phillips:

var (A,;)

1/2U2§: [T;72(A;D; +&,;;B;Cy) (A; + Dy + &5 (B;+C,) )]

Where U

3., (A0, /T;.
Although MH-CHISQ is a test statistic and A,; can be

tested for being significantly different from zero, the
application of this index of DIF has no statistical
criterion for application to individual items. Its use
requires a judgment as to what level of DIF is large enough
to exclude an item. 2Zwick and Ercikan (1989) cite rules

developed by ETS for interpreting the Mantel-Haenszel DIF

index.

i.) Items with an index not significantly
different from zero (alpha = .05) or which
have an absolute value less than 1 are
considered free of DIF.

ii.) Items which exhibit an index significantly

different from zero and have an absolute
value between 1 and 1.5, or an absolute
value of at least 1 but not significantly
greater than 1, should be considered as
candidates for replacement, provided there
is a sufficient step of items with a
smaller DIF index.
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iii.) Items which exhibit a DIF index of which

has absolute value greater than 1.5 and

where the index is significantly greater

than 1 should only be used in extreme

cases.
The DIF analysis of this data will be done using SAS PROC
FREQ with the Mantel-Haenszel chi—-square option and an ¢«
level of .05. The log transformation to the delta scale was

done as a hand calculation.

DIVISION LEVEL ANALYSIS

The hypothesis that the level omission rate at the
school division level is a function of demographic variables
was investigated via multiple regression. I first applied
principal components analysis to 19 division level
variables, followed by varimax rotation to reduce the number
of variables involved in the regression analysis. A four-
factor solution was chosen based upon the fact that four
eigenvalues were greater than 1. The principal components
analysis was used as the basis of a simple index
construction suggested by Kim and Mueller (1978). This
construction consists of "summing all the variables with
substantial loadings and ignoring the remaining variables

with minor loadings. The scale created in this way is no
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longer a factor scale but merely factor-based ... " (p. 70).
The variables were first standardized before the index was
constructed.

The testing directors of the two school divisions with
virtually no trailing omissions were contacted by telephone.
They indicated that students were instructed to answer all
items. Since students in these divisions received special

instructions, they were excluded from this study.
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CHAPTER IV

RESULTS
RESULTS AT THE INDIVIDUAL EXAMINEE LEVEL

The correlation of embedded omissions with race was
computed to be -0.057 with a p—value of 0.0001 for n =
57877. Since white students were coded with a 2 while black
students were coded with a 1, this correlation indicates
that black examinees tend to have slightly, but
statistically significant, higher levels of embedded
omissions. The correlation of embedded omissions with
gender resulted in a correlation coefficient of -0.033 with
a probability value < .001 for n = 63915. Although female
examinees tended to have higher levels of embedded omissions
than male examinees, the gender/omission correlation was

extremely small.

ITEM LEVEL RESULTS
Embedded omissions on the TAP mathematics subtest items
varied from a .01% omission rate to almost 16% over
individual items. Standard procedures were used to compute
item difficulty (proportion answering an item correctly),

item discrimination (point-biserial correlation between the
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item score and the total score), and & (the population
estimate of a correct response likelihood ratio for the
reference group to the focal group); & was also computed

for each item. From this AMH was calculated. In addition,

the average number of embedded omissions for each item were
tabulated. Correlations between these four variables are
reported in Table 3 for the black/white student comparison

and in Table 4 for the male/female comparison.

Insert Table 3 about here

Two of the correlations reported in Table 3 are relatively
large in comparison to the others. The correlation between
the percentage of omissions and the DIF index delta was
-0.280, but was not significant (p > .05). The correlation
between item difficulty and percent omissions was —0.5432
and significant (p < .05). The relation between difficulty
and embedded omissions is to be expected since, as item
difficulty increases, omissions increase.

In Table 4, which shows the male/female comparison, the
correlation between p—-value with the percentage of embedded
omissions is relatively large in comparison with the other

correlations reported. The correlation between delta and
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embedded omissions is —0.044, a considerably smaller

correlation than for the black/white comparison.

Insert Table 4 about here

The mean embedded omissions for each item was then
regressed on item difficulty and item discrimination, and

A, for both a black/white as well as a male/female

comparison.

Table 5 shows the results of regressing embedded
omissions on the other three item characteristics for the
black white comparison. As indicated by the t—values, only
item difficulty made a significant (p < .001) contribution
to the equation, accounting for approximately 30 percent of

the variation in omissions.

Insert Table 5 about here

It appears, therefore, that although the delta values are
significantly correlated with ?ercentage of omissions as
shown in Table 3, the use of delta values does not improve
the prediction of percentage of embedded omissions over and

above the prediction possible on the basis of item
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difficulty alone. Table 6 shows the results of regressing
embedded omissions on the other three item characteristics

for the male/female comparison.

Insert Table 6 about here

Once again the results show that only item difficulty
makes a significant contribution to the prediction of
embedded omissions, with item difficulty accounting for

approximately 24 percent of the variation in omissions.

DIVISION LEVEL RESULTS
An observation of striking interest is the wide
variability in omissions across school divisions. The
following tables summarize the omission rates for divisions

with more extreme values.

Insert Tables 7 and 8 about here

The rates of omission range from a low of 0.09 omissions per
student in Bath County to 1.36 omissions per student in

Madison County. Those cities and counties with a higher
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percentage of black students tended to have higher omission
rates than those that were predominately white divisions.

A data set was created in which the principal unit of
analysis was the school division. Data for a 137 divisions
were analyzed. Variables included were total enrollment,
end of year enrollment, pupil teacher ratio, average teacher
salary, percentage promoted to the 9*® grade, TAP scores
(mathematics, reading, written expression, using sources of
information, social studies, and science), percentage of oth
graders graduating, percentage of students continuing their
education, percentage dropouts 8-12, total population in the
school division, local composite index (ability to pay),
local percent contribution to cost of schooling, local
amount per pupil, total expenditure per pupil, racial
composition (percentage black), and rate of omissions
(embedded, trailing, and total). All but the last four data

items were taken from Facing Up—23 published by the Virginia

Department of Education (1988). The means, standard
deviations, and intercorrelations among all of these
variables are presented in Appendix A.

The rotated factor pattern loadings of the principal
components analysis are presented in Appendix B. The

highlighted loadings indicate the variables defining each of
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the four factors. All variables included in the analysis
were standardized, and four composite variables were created
by summing the standardized values for variables loading on
a factor with a loading of .4 or greater.

A multiple regression of mean number of embedded
omissions on composite variables 1 through 4 and percentage

of black enrollment yielded the results shown in Table 9.

Insert Table 9 about here

Testing the model indicates that only the percentage of
black enrollment was a significant (p < .05) predictor of
mean embedded omissions per division.

Separate multiple regressions of trailing omissions and
total omissions on level composite variables 1 through 4 and
percentage of black enrollment produced results similar to

the regression involving embedded omissions.

Insert Tables 10 and 11 about here

Again, the percentage of black enrollment was the only
significant predictor of trailing omissions and of total

omissions. These results differ from the hypothesized
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results of an effect due to composite variables 1, 2, 3 and
4. The following chapter considers the discrepancy between

the results expected and those obtained.
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CHAPTER 5

DISCUSSION

The central question of this study is whether or not
embedded omissions on the TAP were systematic. That is to
ask, were omissions related to group membership? The item
characteristics: item difficulty, item discrimination, and
DIF index were expected to be significant predictors of rate
of omission. This relationship was anticipated for the
black/white comparison as well as for the male/female
comparison. This type of result would be consistent with the
research of Kulick and Hu (1989). However, regression
analysis demonstrated only item difficulty was a significant
predictor of rate of embedded omissions on an item. With a

correlation of -0.280 between A,, (black/white) and embedded

omissions, it is worth mentioning that a high DIF index is
associated with low omission rates. While more difficult
items were more frequently omitted, the study of Kulick and
Hu (1989) found that the more difficult items sometimes
tended to favor the focal groub, the black examinee. Hence
if this were true for the TAP, omitting could sometimes
serve to penalize black examinees more than their white

counterparts. Items which exhibit significant DIF are
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functioning differentially for matched groups whose scores
are in the middle of the score range much more than those at
the extremes. That is to say that the differential
functioning is not uniform. Although, overall, blacks had a
higher rate of omission than did whites, there is no
evidence from this study to suggest that omissiveness is
associated with DIF. However, there is sufficient variation
at the division level to warrant division level
investigation.

The rate of embedded omissions for a test on which no
items should be omitted represents a measure of
testwiseness. My hypothesis for division level data was
that larger, predominately white, higher ability,
financially strong divisions contained more sophisticated
test takers, and hence would tend to have fewer embedded
omissions than their counterparts in smaller, less
homogeneous, lower ability, financially weaker divisions.
What interpretation can be made of the resulting
significance of only the race variable in this model? The
size of a school or of a community appears to contribute no
decided advantage in terms of this aspect of testwiseness.
Rate of embedded omissions is not related to size of the

school division, nor are embedded omissions related to the
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composite variable designated achievement (see Table 9).
Although higher test scores tend to be associated with
larger schools, embedded omissions appear, at the school
division level, not to be significantly related to the
composite achievement variable. Focusing on mean scores for
divisions, however, obscures the fact that at the individual
level, embedded omissions are significantly correlated with
score. Hence, individual test outcomes can be affected by
omissions.

The financial support composite variable also failed to
be a significant predictor of embedded omissions. Larger
school divisions tended to spend more per pupil, to be more
able to contribute to the total amount spent, and to pay
teachers higher salaries. None of these school
characteristics, however, helped to explain behavior related
to omissions.

Although the composite variables incorporate a great
deal of division level information, they also are subject to
severe limitations. Size alone fails to encompass many
school characteristics, characteristics that might be
important in explaining test taking behavior. An
examination of the five divisions with the highest and

lowest levels of omissions (Tables 6 and 7) reveals no clear
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pattern of attributes, aside from race, which serve to
explain even these extreme cases.

The only teacher—-related variables which were available
in this data set were pupil-teacher ratio and average
salary. It is more likely that information such as teaching
experience and education would be useful in modeling
omissions. Variables which relate to parental influence may
be important but are unavailable in this data set, as are
measures of student attitudes.

Although the subject matter of the test is sufficiently
broad, data on individual coursework, or when mathematics
was most recently taken, would also be potentially valuable
information. Division level data is perhaps too broad to
capture the subtleties which relate to test—-taking behavior.

The significance of race in predicting omissions should
not be ignored by test publishers, test users, teachers and
guidance counselors. Omission of reached items contributes
to the already lower scores of blacks, a fact which suggests
that a focus on test-taking strategy for blacks would
produce scores which more realistically reflected
achievement of that group. The ambiguity of the TAP

directions is a violation of the spirit of The Code of Fair

Test Practices in Education (Joint Committee on Testing
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Practices, 1988). A clarification of test taking directions
for the TAP is unquestionably the obvious first step in
ensuring that omissions will not cloud future test results,
even if bias was found to be unrelated to omissiveness in

this study.
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Table 1

Item Summary for the jt" Matched

Reference and Focal Group

Item Score

1 0
Group
F C; D; Ny
Total m; My T
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Table 2.

Population Parameters for the jth

Matched Reference and Focal Group

Score on Item

1 0 Total

Group
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Table 3

Correlations among Item Characteristics on the

TAP Mathematics Subtest

Black White Comparison (n=48)

Statistic 1 2 3 4

1 delta (B/W) 1.000 0.250 0.076 -0.280
2 p-value 1.000 0.015 -0.543
3 pt-biserial 1.000 0.017
4 %omit 1.000
MEAN 0.001 0.575 0.418 3.281
SD 0.538 0.178 0.101 4.305
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Table 4

Correlations among Item Characteristics on the TAP

Mathematics Subtest

Male Female Comparison (n = 48)

Statistic 1 2 3 4

1 delta(M/F) 1.000 0.332 0.122 -0.044
2 p—value 1.000 0.016 -0.543
3 pt-biserial 1.000 -0.017
4 sSomit 1.000
MEAN 0.000 0.575 0.418 3.281
SD 0.516 0.178 0.101 4.305
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