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The reliabilities of six item bias indices were inves-

tigated for each of the eleven tests of the Iowa Tests
of Basic Skills, using random samples of fifth-grade
students. The reliability of an index was defined as its
stability from one randomly equivalent group to an-
other. Both racial and sexual bias were considered. In
addition, correlations among bias indices were investi-
gated. The results indicate that the item bias indices
investigated were fairly unreliable when based on
sample sizes of 200 minority and 200 majority exami-
nees. Consequently, this study suggests that, with
sample sizes of about 200, the use of item bias indices
to screen achievement test items cannot be expected to
lead to consistent decisions about which items are
biased.

Biased items can be eliminated from achieve-
ment tests in two stages. First, &dquo;experts&dquo; can judge
the fairness to various groups of the presentation
format and content of potential test items. Items
judged to be unfair, or biased, can then be excluded
from final test forms. Then item bias indices can
be used to screen potential test items as a second
stage. Ideally, bias indices are calculated from item
tryout data. Items identified as biased by the indices
can then be excluded from final test forms in much

the same way that items with low item discrimi-

nation indices are usually eliminated during the
item tryout stages of test development.
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If they are to be useful for screening purposes,
item bias indices should produce stable results.

However, research has suggested that item bias
statistics may be fairly unstable. Scheuneman (1980)
and Linn, Levine, Hastings and Wardrop (1981)
found only modest agreement among item bias in-
dices across independent samples. Linn et al. (1981)
speculated that &dquo;it may be difficult to identify biased
items because of the unreliability of the indices
used&dquo; (p. 170). From a literature review, Ironson
(1982) concludes that &dquo;we need more information
on the reliability of the [item bias detection] meth-
ods&dquo; (p. 152). Studies by Plake (1980) and Qualls
and Hoover (1981) found that statistical measures
of item bias are essentially uncorrelated with item
bias judgments made by experts. These research
studies, however, do not directly address the issue
of the reliability (stability from one randomly
equivalent group to another) of item bias indices.
The present paper focuses on whether item bias

indices are sufficiently stable to be useful in the
identification of potentially biased items in the pre-
test phase of test development. A realistic situation
was designed which included:
1. Sample sizes which were about as large as

those typically available for minority groups
in pretest situations;

2. Selecting examinees in such a way that the
influence of curricular or instructional bias (Linn
& Hamisch, 1981, p. 116) was minimized;

3. Studying a number of tests to allow for some
generalizability of results; and
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4. Studying tests in which item bias statistics were
not used in their development.

This study investigated the reliabilities of each of
six internal-criterion item bias indices, using both
race and sex categorizations, for each of the eleven
tests of the Iowa Tests of Basic Skills (ITBS). Only
unsigned versions of the indices (Ironson & Sub-

koviak, 1979) were investigated since item screen-
ing, as usually conceived, involves eliminating items
biased against any group.
No discussion of the differences among defini-

tions of item bias or among item bias statistics will

be presented here. These issues are discussed in a
variety of sources including Berk (1982), Hunter
(1975), Ironson and Subkoviak (1979), Lord (1980),
Rudner, Getson, and Knight (1980a, 1980b), Mar-
ascuilo and Slaughter (1981), and Shepard, Cam-
illi, and Averill (1981).

Item Bias Indices

Six different item bias indices were investigated
in this study. The Difficulty and Delta indices are
designed to detect group differences (e.g., between
blacks and whites) in relative item difficulty. The
Biserial and Point Biserial indices are designed to
detect group differences in item discrimination. The
Scheuneman and 3-Parameter indices are designed
to detect differences in relative item difficulty by
score level and latent ability level, respectively.

Difficulty and Delta Indices

The Difficulty index used in this study is the
absolute value of the transformed item difficulties

(45° line method) described by Rudner et al. (1980a).
For this index, the within-group item difficulties
are standardized (mean of zero; standard deviation
of one). The Difficulty index for an item is the
absolute value of the difference between the stan-
dardized item difficulties for the two groups. The
Delta index for an item is similar to the Difficulty
index except that the within-group item difficulties
are first transformed using an inverse normal trans-
formation. A similar approach was used by Angoff
and Ford (1973).

Biserial and Point Biserial Indices

The Biserial index for an item is the absolute
difference between the within-group biserial cor-
relations of the item with total score. The Point
Biserial index for an item is the absolute difference
between the within-group point biserial correla-
tions of the item with total score.

Scheuneman Index

The Scheuneman index (Scheuneman, 1979) was
calculated for each item using five score levels.
The score levels were defined such that approxi-
mately equal numbers of examinees were in each
level. Scheuneman (1979) claims that her index
could be expected to be distributed approximately
as chi-square with four degrees of freedom when
five score levels are used.

3-Parameter Index

The 3-Parameter index is a modification of the
index proposed by Linn and Hamisch ( 1981 ). This
index was chosen because it can be used with smaller

sample sizes than the more widely recommended
item characteristic curve index suggested by Lord
(1980). For the 3-Parameter index, first the item
and ability parameters of the three-parameter lo-
gistic model are estimated for the combined group
of examinees. For example, item responses for black
and white students are pooled in order to estimate
the model parameters. The two groups of exami-
nees are then separated. For each examinee, the
difference between the examinee’s estimated prob-
ability (p) of correctly answering the item and the
examinee’s actual response to the item ( = cor-
rect ; 0 = incorrect) is found. This quantity is then
divided by [p( 1 - p)] 1/2 and averaged over exam-
inees within each group. The mean for each group
is then squared and the two squared means summed
to arrive at the 3-Parameter index.

Method

The data consisted of item responses of 800 fifth-

grade students who participated in the 1977 na-
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tional standardization of the ITBS. The sample in-
cluded 200 members of each of the following groups:
black males, black females, white males, and white
females. From each school building included in the
study, all of which participated in the ITBS stan-
dardization, equal numbers of each of the four groups
were randomly selected. Thus, the sample was not
only balanced by both race and sex, but the con-
founding of interschool curriculum differences with
ethnic group membership, common to many item
bias studies, was also partially controlled.

In addition, the black students were randomly
divided into two samples of 200 students each with
100 males and 100 females in each sample. The
same procedure was followed for white students.
Item bias indices were calculated for the first sam-

ple of black vs. the first sample of white students.
Indices were also calculated for the second sample
of black vs. the second sample of white students.
The item bias indices were calculated separately
for each of the eleven ITBS tests. Identical pro-
cedures were followed for the female vs. male com-

parisons.
For both race and sex comparisons, the relia-

bility of each item bias index was investigated by
correlating the values of the index across random
samples of examinees. Additionally, items were
classified as either biased or unbiased using the
Difficulty, Delta, and Scheuneman indices. Items
with Difficulty or Delta indices above .75 were
classified as biased in accordance with Rudner et

al. (1980b). Items with Scheuneman index values
which surpassed the .05 critical value of a chi-

square distribution with four degrees of freedom
were classified as biased, in accordance with

Scheuneman (1979). The agreement in classifica-
tion of items across random samples by a given
index was used as another indicator of the relia-

bility of each of these three item bias indices.

Results

An attempt was made to estimate the item pa-
rameters for the three-parameter logistic item re-
sponse model using separate LOGIST (Wood,
Wingersky, & Lord, 1976) runs for each randomly
equivalent sample of 400 examinees. However,

LOGIST failed to converge. Because of these con-

vergence problems, the parameter estimation was
completed using all 800 examinees. The 3-Param-
eter indices were calculated using these parameter
estimates following the same general procedures
as were followed for the other indices. The use of

parameter estimates from the combined sample re-
sults in a dependency between indices across ran-
domly equivalent samples. Therefore, the reported
reliabilities for the 3-Parameter index are probably
overestimates of the actual values of the index. For
this reason, the index was calculated for only two
of the tests. The vocabulary and language usage
tests were chosen because they produced the high-
est reliabilities for the other item bias indices.
The means and standard deviations of raw scores

on each test are presented in Table 1. (The follow-
ing abbreviations for test titles are used in all tables:
Vocabulary (Vocab), Reading (Rdg), Spelling
(Spell), Capitalization (Cap’n), Punctuation (Punct),
Language Usage (Usage), Visual Materials (Vis’1),
Reference Materials (Refs), Mathematics Concepts
(MConc), Mathematics Problem Solving (MProb),
and Mathematics Computation (MComp).) For these
data, the means and standard deviations are larger
for whites than for blacks; for most tests, females
have slightly higher means than males.

The reliabilities of item bias indices for the race

comparison are presented in Table 2. The reliabil-
ities were generally very low to (at best) moderate,
with few surpassing the .05 critical value. The re-
liabilities for the Language Usage test were the only
ones which were consistently moderate across in-
dices. Overall, the Difficulty and Delta indices tended
to produce more reliable results than any of the
other indices for the race comparison. However,
Hunter (1975) has illustrated how mean differences
between groups can lead to large values of these
bias statistics, even when the item is not biased.
Thus, the reliability of these indices may have been
more an artifact of the substantial mean differences
between blacks and whites than reliability for de-
tecting item bias per se. The Scheuneman index
tended to produce the least reliable results for the
race comparison. For the Vocabulary and Lan-
guage Usage tests, the 3-Parameter index tended
to have a lower reliability than the other indices.
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Table 1
Means and Standard Deviations of Raw Scores by Race and Sex

The reliabilities of the item bias indices for the
sex comparison are presented in Table 3. The re-
liabilities were generally very low. In fact, there
is little evidence to suggest that the reliabilities for

any index, except possibly the Scheuneman index,
were above zero.

For the sake of completeness, the reliabilities of
signed versions of all but the Scheuneman index
were calculated for both the race and sex compar-
isons. The reliabilities for signed versions of the
Difficulty, Delta, Biserial, and Point Biserial in-
dices were calculated as described above except
that the absolute value of the difference was not
taken. The signed 3-Parameter index was the over-
all index described in Linn and Hamisch (1981).
Although the reliabilities for the signed indices were
somewhat greater than for the unsigned indices,
the conclusions stated above still hold. I

’Tables for the signed mdices, correspondmg to Tables 2 and
3, may be obtained from the first author on request

Additionally, the values of each item bias index
were pooled over all of the items in the test battery,
and the reliability of each index and the intercor-
relations among indices-across randomly equiv-
alent samples-were estimated. The intercorrela-
tions among item bias indices across all tests for

the race comparison are shown in Table 4. The
diagonal entries represent the indices’ reliabilities
across tests. These reliabilities were fairly low. The
values above the diagonal represent the average
intercorrelations among indices across samples. For
example, the .29 value in the table represents the
average of two correlations. The first was the cor-

relation between the Difficulty index for the first
random sample and the Delta index for the second
random sample. The second correlation included
in the average was between the Difficulty index
for the second random sample and the Delta index
for the first random sample. The values above the
diagonal were used in combination with the reli-
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a Index computed only for tests with values given.

a Index computed only for tests with values given.
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abilities to arrive at the disattenuated correlations

presented below the diagonal in Table 4.
The disattenuated correlations strongly suggest

(1) that the Difficulty and Delta indices both reflect
the same item bias property, (2) that the Biserial
and Point Biserial indices both reflect the same item
bias property, and (3) that the Difficulty and Delta
indices reflect a very different item bias property
than that reflected by the Biserial and Point Biserial
indices. Additionally, the disattenuated correla-

tions suggest that the Scheuneman index reflects

properties reflected by both the Difficulty/Delta in-
dices and Biserial/Point Biserial indices of item
bias.

Table 5 presents the intercorrelations among bias
indices for the sex comparison. The reliabilities as
well as the intercorrelations among indices were

negligible. Disattenuated correlations are not pre-
sented since all of the reliabilities in the table failed
to surpass the .05 critical value. Overall, the results

suggested little or no consistency for the sex com-
parison across random samples for any index.
The numbers of items classified as biased by the

Difficulty, Delta, and Scheuneman indices are pre-
sented in Table 6 for the race comparison and in
Table 7 for the sex comparison. Items with Dif-
ficulty or Delta indices above .75 or Scheuneman
indices above the .05 critical level for a chi-square
distribution with 4 degrees of freedom were clas-
sified as biased. Items with Scheuneman indices

above the .20 critical value were classified as biased
in a second classification for race. In these tables,
the number of biased items in both samples refers
to the number of items classified as biased in both

Sample 1 and Sample 2. The agreement of clas-
sifications across samples was evaluated using chi-
square tests of independence with Yates’ correc-
tion. For the race comparison, the statistics were
4.70 for Difficulty, 3.32 for Delta, .66 for
Scheuneman 1, and .63 for Scheuneman 2. Only
the test for the Difficulty index surpassed the .05
critical value of the chi-square distribution with 1

degree of freedom. For the sex comparison, the
statistics were 7.86 for Difficulty, 10.72 for Delta,
and 2.09 for Scheuneman, with the tests for Dif-

ficulty and Delta exceeding the .05 critical value.
The results presented suggest that there was, at

best, minimal agreement across randomly equiv-
alent samples.

Discussion

This investigation employed both correlation and
classification consistency approaches to study the
reliability of item bias statistics. The correlation

statistic, as used here, represents the proportion of
variability in item bias statistics that is due to the
variability in item bias parameters for a test. (An
item bias parameter is the expected value of an
item bias statistic over repeated sampling from a

Table 4

Correlations Between Item Bias Indices Across All Tests for Race

Note. Underscored diagonal values are reliabilities across all
tests. Values above the diagonal are average correlations
between indices across all tests. Values below the

diagonal are disattenuated correlations between indices
across all tests. Correlations were based on 423 items.

Downloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227.  
May be reproduced with no cost by students and faculty for academic use.  Non-academic reproduction  

requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ 



179

Table 5
Correlations Between Item Bias Indices Across All Tests for Sex

Note. None of the correlations surpassed the .05 critical value.
Underscored diagonal values are reliabilities across tests.
Values above the diagonal are average correlations between
indices across all tests. Correlations were based on 423
items.

Table 6
Number of Biased Items for Race

for Samples One and Two, and Both Samples

population of examinees.) The remaining variabil-
ity is due to error. As such, the correlations are a
useful index of reliability of item bias statistics over
all items in a test. Classification consistency is also
an important consideration since decisions about
item bias are often made using a particular cutoff
value. However, no generally accepted guidelines
exist for specifying these cutoffs. For this reason,

and because there is much precedent for using cor-
relations in the study of item bias (see Ironson &

Subkoviak, 1979; Scheuneman, 1980; and She-
pard, et al. 1981, for some examples), correlations
were emphasized. However, both approaches sug-
gested that the item bias indices studied were not
very reliable with the present data.

Standard errors in estimating item bias statistics
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Table 7

Number of Biased Items for Sex
for Samples One and Two, and Both Samples

were not used in the present study because expres-
sions for them have not yet been developed. Even
if these standard errors had been available, how-
ever, they would not necessarily be comparable
across different indices since each index is scaled

differently. Additionally, separate standard errors
would probably be required for each parameter value
of a given statistic. Thus, an individual standard
error probably would not be an indicator of error
variability across all items in a test. As mentioned
previously, however, one minus the correlation
across independent random samples represents the
average error variability for an index over items in
a test. Since the correlation is standardized, it is

comparable across indices.
One potential explanation of the instability of

the indices in the present study is that there is little
bias on the ITBS. Recall that item bias statistics
were not used in the development of these forms
of the ITBS. However, the items were screened
for bias by experts before inclusion in final forms.
If there is little bias on the ITBS, then it would

appear that the expert review procedures avoid bias
and, consequently, the use of item bias indices

could be expected to provide little additional in-
formation about bias. If this reasoning is correct,
the use of item bias statistics during the pretesting
phase in this testing program is unwarranted.
The results from this study suggest that item bias

indices may not lead to reliable decisions about
bias. Further research is needed to ascertain the

sample sizes necessary to produce sufficiently sta-
ble results to be useful. Because of the difficulty
of obtaining samples of sufficient size and samples
where race and interschool curriculum differences
are not hopelessly confounded, such research may
be virtually impossible to carry out using real sub-
jects. One possible approach would be to do monte
carlo studies in which the degree of bias is exper-
imentally manipulated and then crossed with var-
ious sample sizes.
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