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ABSTRACT. Theoretically preferred IRT bias detection procedures were applied to
both a mathematics achievement and vocabulary test. The data were from black and
white seniors on the High School and Beyond data files. To account for statistical
artifacts, each analysis was repeated on randomly equivalent samples of blacks and
whites (n’s = 1,500). Furthermore, to establish a baseline for judging bias indices that
might be attributable only to sampling fluctuations, bias analyses were conducted
comparing randomly selected groups of whites. To assess the effect of mean group
differences on the appearance of bias, pseudo-ethnic groups were created, that is,
samples of whites were selected to simulate the average black-white difference.

The validity and sensitivity of the IRT bias indices was supported by several findings.
A relatively large number of items (10 of 29) on the math test were found to be
consistently biased; they were replicated in parallel analyses. The bias indices were
substantially smaller in white-white analyses. Furthermore, the indices (with the possi-
ble exception of x*) did not find bias in the pseudo-ethnic comparison. The pattern of
between-study correlations showed high consistency for parallel ethnic analyses where
bias was plausibly present. Also, the indices met the discriminant validity test—the
correlations were low between conditions where bias should not be present. For the
math test, where a substantial number of items appeared biased, the results were
interpretable. Verbal math problems were systematically more difficult for blacks.

Overall, the sums-of-squares statistics (weighted by the inverse of the variance
errors) were judged to be the best indices for quantifying 1CC differences between
groups. Not only were these statistics the most consistent in detecting bias in the ethnic
comparisons, but they also intercorrelated the least in situations of no bias.

Researchers (see Bond, 1981; Cole, 1981) have taken three general ap-
proaches to research on the question of test bias: (a) predictive validity studies
in selection situations; (b) investigation of external biasing factors such as the
race of examiner, test-wiseness of examinees, and speed of administration;
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and (¢) construct or content validity studies of the internal structure of the test.
The present research is focused on test item-bias methods, which are sub-
sumed in the last category of inquiry. Item-bias methods are statistical proce-
dures intended to test whether items function equivalently in two groups.
Therefore, they address the basic validity question: Does the test (or individ-
ual items in the test) measure what it purports to measure for both groups?

There are numerous item-bias methods (see Berk, 1982; Rudner, Getson,
& Knight, 1980a; Shepard, 1981). Most rely on an item-by-group interaction
criterion of bias; that is, statistical adjustments are made for overall group
differences, and then items that are relatively more difficult for one group are
flagged as potentially biased.

A standard operating assumption should be discussed regarding item-bias
techniques. Because they lack an external criterion, they can only be used to
detect relative, not pervasive, bias in a test (Petersen, 1977). The various
methods either use total test score (or estimated abilities from the total set of
items), or average p-value differences to define the “typical” difference be-
tween groups; this then becomes the standard of “‘unbiasedness” against
which individual items are compared. Thus, if there is bias in the determina-
tion of this typical group difference, it will go undetected by these techniques.
Despite this limitation, it has been argued that item-bias procedures may be
the preferred approach for understanding the nature of bias and for uncover-
ing irrelevant difficulties in items whose meanings change for members of
different groups (Shepard, 1982). The predictive validity models of test fair-
ness involve an external criterion but are not without fault. Petersen and
Novick (1976) demonstrated that the various models for defining equal regres-
sions (i.e., equal predictive validity for two groups) are mutually contradic-
tory. Moreover, Linn (1982) has recently explained how differential mea-
surement error for two groups could obscure predictive bias. Finally, there is
the actuarial problem (Shepard, 1982). Predictive validity studies look only at
the magnitude of the correlation between test and criterion; they do not
distinguish between relevant and irrelevant sources of relationship. Nor do
they examine whether the combination of predictors that maximize the corre-
lation are equally defensible. Test-item bias methods let us look more directly
at what we are measuring. They leave for a second step the question of how
measures of separate traits should be combined to make selection or other
test-based decisions.

Among item-bias techniques, the theoretically preferred method is the
three-parameter item response theory (IRT) or item-characteristic-curve
(ICC) method. It is preferred because of its sample invariant properties that
make it less likely that true group differences will be mistaken for bias. Hunter
(1975) and Lord (1977) have demonstrated heuristically that bias techniques
based on classical test theory (such as p-value differences or point-biserials)
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will produce invalid indices of bias in the presence of group mean differences.
Because p differences interact with item discrimination, items that are merely
more discriminating (i.e.. better measures of the trait in both groups) will have
bigger differences in performance. Furthermore, the variability of a particular
group and how “‘centered’ an item is for that group will artifactually control
the item’s discriminating power. Methods such as empirical ICCs (Green &
Draper, 1972) and chi-square procedures (Scheuneman, 1979) were intended
to be approximations to the IRT method. These procedures are crude, how-
ever, and will still confound real group differences with bias because of regres-
sion effects. The one-parameter latent-trait method (or Rasch model) shares
the theoretically sample invariant properties of the three-parameter model.
However, the Rasch model is not recommended for bias detection because it
will confound other sources of model misfit (particularly differences in item
discrimination) with item “bias’ (see Divgi, 1981; Ironson, 1982; Shepard,
Camilli, & Averill, 1981).

The conceptual definition of bias using the three-parameter IRT model and
specific procedures will be explained in the Method section. The three-
parameter IRT method was applied in this study because it is theoretically the
most sound. Its superiority is relative, however, rather than absolute; bias
detection using IRT is not without problems. First there are estimation prob-
lems due to sampling fluctuations. Even with reasonably large sample sizes, as
in this study, it is possible that misestimated item parameters for separate
groups could create or obscure item-characteristic curve differences when the
two groups are compared. More important, there may be larger sources of
error when samples are very different. Even the theoretical claims for the
model are said to be true only when the model holds. The following discussion
is focused on the potential for obtaining invalid bias indices, even with IRT
methods. First, however, a digression is in order regarding substantive
intepretation of bias indices. Difficulties encountered when trying to make
substantive interpretations of bias analyses may be linked to the problem of
statistical artifacts.

Substantive Interpretations of Bias

Given the increasing concern over cultural bias in tests, a strong impetus to
the development of statistical screening techniques was the apparent failure of
judgmental methods for identifying biased test questions. That is, even minor-
ity experts, sensitive to the issue of cultural loading in test questions, could not
predict with better than chance success what type of items would be difficult
for members of particular groups (Jensen, 1977; Plake, 1980, Sandoval &
Miille, 1980). For example, Jensen (1976) found that an item on the WISC
often cited for its dependence on white middle-class values, “What is the thing
to do if a fellow (girl) much smaller than yourself starts to fight with you?”” was
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actually easier for blacks to answer. If biased test questions were not obvious
to expert judges, then perhaps statistical detection procedures could uncover
more subtle changes in the meaning of items for different groups.

A more disappointing result—after numerous statistical bias studies—has
been that here too expert judges are often at a loss to explain the source of
bias in items with large bias indices. For instance, in an early study, Lord
(1977) found that 46 of 85 items on the verbal SAT were significantly different
for blacks and whites (bias was sometimes against whites). But, in studying the
items identified as biased, no particular insights could be gained to explain the
differential performance. It was hoped that the use of statistical bias tech-
niques would lead to substantive generalizations about the nature of items
found to be biased against specific groups. For example, Scheuneman (1979)
found that negatively worded items were biased against blacks. This type of
consistent finding turned out to be more the exception than the rule. Raju (in
Green et al., 1982) described the serious problems faced by test publishers
who may decide to discard statistically deviant items even though they are
unable to explain why they are biased “in terms of the content.” The discon-
certingly large number of uninterpretable statistically-biased items leaves the
test maker with a dilemma. Has the statistical indicator uncovered a real
instance of bias, revealing a blind spot in the conceptualization of the test
construct, or is the large bias index a statistical artifact, that is, not a valid sign
of bias? (see Shepard, 1981). We are aware of the potential for artifactual
errors in the bias methods. These artifactual explanations become all the more
plausible when the bias results seem uninterpretable.

Control of Statistical Artifacts

There are both random and systematic sources of error associated with IRT
bias indices. For example, because the current statistical theory for maximum
likelihood estimation in item response theory is only approximate, conclusions
regarding group differcnces may be sample dependent (Bougon & Lissak,
1981; Lord, 1980). In fact, Lord (1980) proposed that replication or reliability
studies should be carried out on independent but randomly equivalent groups
of blacks and whites. One purpose of this research is to conduct such stability
comparisons.

There is also some art involved in implementing IRT procedures. Choices
made in applying computer programs to arrive at maximum likelihood esti-
mates can have small but important effects. In the use of IRT specifically for
studying item bias, a difficult stage in the procedures is the equating phase.
Parameters must be estimated separately for two groups but then equated to
the same scale for comparative purposes. Errors in the equating can produce
spurious instances of bias. In simulation studies, for example, three-parameter
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indices of bias only correlated on the order of .80 with generated bias (see
Merz & Grossen, 1979; Rudner, Getson, & Knight, 1980b). Because the
three-parameter logistic model was initially used to create bias in these data,
near perfect correlations might have been expected between simulated and
detected bias. One must conclude that either sampling fluctuations or some
implementation problem, as suggested above, prevented better “recovery” of
the bias that had been built in.

In addition to the replication or cross-validation method to control for
unreliability, the degree of error in bias indices also can be assessed by base-
line studies. Lord (1980) created random groups which he called “reds” and
“blues” to check on the number of “‘significantly” biased items in a condition
where there should be no bias. Similarly, Ironson and Subkoviak (1979) used
white-white comparison groups to assess the validity of both classical and
latent-trait bias indices. In this research we will use white-white comparison
groups to study not only the amount of bias due only to sampling errors but
also to establish numeric baseline values for interpreting bias indices that lack
distribution theory.

Artifactual problems associated with random sampling error will be ex-
acerbated when the groups to be compared differ in mean ability on the test.
Angoft (1982) suggested that the classical p-value method would be more
valid for detecting bias (rather than confounding differential difficulty with
item discrimination) if groups were equal or nearly equal on the trait initially.
For example, we might expect fewer artifactual problems in most male-female
comparisons than with black-white comparisons. Even the three-parameter
indices, which are theoretically sample invariant, may be unstable when differ-
ences between groups are large. We know, for example, that latent-trait
equating procedures are more stable for horizontal equatings (different tests,
same grade) than for vertical equatings (same test, different grades). The
vertical equating problem, where groups are located in very different regions
of the ability continuum, is analogous to bias studies where groups have large
mean group differences. Again referring to classical methods, Angoff (1982)
suggested that an appropriate baseline for interpreting bias indices would not
be just randomly equivalent white groups but white groups that differed in
mean ability. This is the same analysis strategy used by Jensen (1974) when he
created pseudo-ethnic groups; that is, white groups selected on age (with a
mean difference of two years) to simulate the average black-white differences.
When we know that the statistical techniques are intended to correct for group
differences but may do so imperfectly, the point is to simulate with all-white
data what the effect might be of mean differences only. In the current re-
search, pseudo-ethnic comparisons are used in addition to randomly equiv-
alent white groups.
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Purpose Summary

The substantive purpose of this research is to study item bias between black
and white examinees on both a mathematics and vocabulary test. The theoret-
ically preferred three-parameter IRT approach will be used with optimal
techniques for computing bias indices based on previous research. The major
focus of the research is methodological rather than substantive. To assess the
amount of artifactual (i.e., spurious) bias identified, both randomly equivalent
white groups and extreme white groups (pseudo-ethnic comparisons) will be
used. To identify the particular instances of unstable bias indices, cross-
validations or replication analyses will be performed with randomly equivalent
black and white groups.' Finally, items found to be consistently biased will be
inspected for substantive characteristics. It is hypothesized that once arti-
factual instances of bias are better controlled, the results should be more
interpretable than they have been in previous bias studies.

Method
Data Source

The data used for this investigation are from the High School and Beyond
(HSB) data files available from the National Center for Education Statistics.
The HSB sample includes over 30,000 high school sophomores and 28,000
seniors, from a representative probability sample of the nation’s tenth- and
twelfth-grade populations. The test and questionnaire data were collected in
the spring of 1980 by the National Opinion Research Center under contract
with the National Center for Educational Statistics. The particular examinees
selected for study were black and white seniors. Unless otherwise specified
(e.g, when pseudo-ethnic groups were created), the subsamples used were
selected at random from the larger group of 3,377 black or 17,928 white
seniors (excluding Hispanics). The following study samples were created’:

Math Test
Comparison 1: W1, B1 n = 1,500 whites, 1,500 blacks
Comparison 2: W2, B2 n = 1,500 whites, 1,500 blacks

"The design employed in this study is characterized by two replications of the
black-white contrasts. Although two replications are better than one instance of the
comparison, we realize it is an arbitrary decision to stop at two. A number of tech-
niques are suitable for repeating the comparison from a fixed number of observations
including jackknifing and bootstrapping (see Efron, 1982). However, because one step
in any resampling procedure must be the execution of IRT analyses, repeated sampling
experiments using IRT software would be prohibitively expensive.

% In keeping with the constraints of LOGIST, examinees were excluded if their scores
on the relevant test were 0% or 100%. Abilitics (8’s) cannot be accurately estimated
for subjects who are at the ceiling of the test; zero scores may not represent a valid
administration and surely do not indicate that the examinee has been “measured.”



