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Item Bias in a Test of

Reading Comprehension
Robert L. Linn, Michael V. Levine,
C. Nicholas Hastings, and James L. Wardrop
University of Illinois at Champaign/Urbana

The possibility that certain features of items on a
reading comprehension test may lead to biased esti-
mates of the reading achievement of particular sub-
groups of students was investigated. Eight nonover-
lapping subgroups of students were defined by the
combinations of three factors: student grade level
(fifth or sixth), income level of the neighborhood in
which the school was located (low and middle or
above), and race of the student (black or white). Es-
timates of student ability and item parameters were
obtained separately for each of the eight subgroups
using the three-parameter logistic model. Bias in-
dices were computed based on differences in item
characteristic curves for pairs of subgroups. A cri-
terion for labeling an item as biased was developed
using the distribution of bias indices for subgroups
of the same race that differed only in income level
or grade level. Using this criterion, three items were
consistently identified as biased in four independent
comparisons of subgroups of black and white stu-
dents. Comparisons of content and format charac-
teristics of items that were identified as biased with
those that were not, or between items biased in dif-
ferent directions, did not lead to the identification
of any systematic content differences. The study did
provide strong support for the viability of the esti-
mation procedure; item characteristics, estimated
with samples from different populations were very
similar. Some suggestions for improvements in
methodology are offered.

A common use of tests is to predict some fu-
ture behavior, such as job performance or suc-
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cess in school or college. For the predictive use
of tests, the issue of possible bias revolves
around the question of whether or not identifi-
able subgroups perform better on the job or in
college than would be predicted from their test
scores (Anastasi, 1976; Cleary, 1968; Linn, 1973;
Petersen & Novick, 1976).

Prediction is one of the uses made of achieve-
ment tests, but it is by no means the only use.
More often, achievement tests are used to assess
current status, to evaluate programs, and to

diagnose problems. For the nonpredictive uses
of achievement tests, strategies for assessing
possible sources of bias have generally focused
on the internal characteristics of the test. The

goal is to identify the nonessential characteris-
tics of test items resulting in the misinterpre-
tation of the achievement of certain groups of
students. For example, reading is a skill that is
incidental to the one that is purported to be
measured by a mathematics achievement test.
Dependence of the test results on reading ability
could lead to a biased indication of the relative

competence in mathematics for two groups that
differ in reading ability.

If items on a test differ in their dependence on
the characteristic that is incidental to the skill

being assessed, then the biasing effects of that
incidental characteristic would be expected to
result in an interaction between the items and
the characteristics of the examinees. In other
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words, the magnitude of group differences in
performance would be expected to vary as a

function of the extent to which items were de-

pendent on the incidental characteristics.
The idea of searching for item characteristics

that interact with group membership in order to
reduce possible bias is not new. For example, the
stated purpose of the landmark study by Eells,
Davis, Havighurst, Herrick, and Tyler (1951)
was to &dquo;identify (a) those kinds of test problems
on which children from high socioeconomic

backgrounds show the greatest superiority and
(b) those kinds on which children from low
socioeconomic backgrounds do relatively well&dquo;

(p. 6). Interactions between item content and

gender were investigated by Coffman (1961), and
a number of studies have been conducted to

identify types of items that are unusually diffi-
cult for members of minority groups (e.g., An-
goff & Ford, 1973; Cleary & Hilton, 1968).
One of the limitations of the early studies of

item-group interactions is that they relied upon
sample-dependent item statistics. There is no
sound theoretical basis for expecting a constant
difference in the proportion of people in two
groups that respond correctly to various items.
A second limitation of definitions of item bias

that depend on differences in the proportion
correct for two groups is that proportion correct
is confounded with other item characteristics
such as item discriminating power (Hunter,
1975). The difference in proportion correct for
two groups can be expected to vary from item to
item solely as a function of differences in the dis-
criminating power of the items; and conversely,
proportion correct can be exactly the same for
two groups in the presence of extreme bias.

Thus, as stated by Warm (1978), &dquo;the use of
classical test theory item parameters is inappro-
priate for and can lead to erroneous identifica-
tion of item bias&dquo; (p. 128).
Lord (1977a, 1977b, 1980, chap. 14), Wright

(1977), and others have suggested that latent
trait theory provides a theoretically sounder ap-
proach to the problem of identifying items that
interact with group membership than can be

achieved using item statistics based on classical
test theory. Several recent studies (e.g., Harms,
1978; Ironson & Subkoviak, 1979; Rudner,
1977; Shepard, Camilli, Averill, 1980) have com-
pared indices of item bias based on latent trait
theory with indices from several earlier ap-
proaches. It is clear that the earlier approaches,
based on statistics used in classical test theory,
are not substitutes for an approach based on
latent trait theory.
The primary advantage of an approach based

on latent trait theory is that to the extent that
the model holds, the item parameters will be in-
variant. That is, they should not depend upon
the sample of people on which the estimates are
based. Thus, after an appropriate linear trans-
formation to adjust for arbitrary differences in
scale, the estimates for different groups would
be expected to be the same, except for sampling
error, even though the groups may differ sub-
stantially in ability level.
This study has two major purposes, one of

which is methodological in nature and the other,
substantive. Refinements are needed in the tech-

niques used to detect items that lead to biased
estimates of the ability of a particular group.
The analyses conducted for this study were in-
tended to provide some evaluation of an ap-
proach based upon a particular latent trait
model and to contribute to the development of
better methods of using latent trait models for
detecting items that result in biased ability esti-
mates.

The substantive purpose of this study, as orig-
inally conceived, was to investigate the possibil-
ity that certain features of items on a reading
comprehension test may lead to biased estimates
of the reading achievement level for black stu-
dents as compared to white students and/or for
children attending schools in low-income neigh-
borhoods as compared to those attending
schools in middle- or high-income neighbor-
hoods. The identification of items that lead to
such estimates would be of particular value if
the items so identified could be characterized by
some generalizable features that could be used
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as a guide in constructing and editing reading
comprehension tests to minimize bias against
particular subgroups of students.

Method

Strategy for Identifying Bias

Birnbaum’s (1968) three-parameter logistic
model was used to obtain estimates of ability
and item parameters in all of the analyses re-
ported below. The LOGIST computer program
(Wood, Wingersky & Lord, 1976) was used to es-
timate the item parameters and abilities of the
students.

According to the three-parameter logistic
model, the conditional probability 7?(0) that a
person randomly chosen from all those with

ability 0 will answer item i correctly is a function
of 0 and three item parameters. Each item is
characterized by three parameters: the item dis-
crimination, a; the location or difficulty of the
item, b; and the lower asymptote or probability
that persons with extremely low ability will re-
spond correctly to the item, c. The graph of 7?(0)
as a function of 0 is called the item characteristic
curve (ICC) for item i. According to the model,
the probability of getting the item right is com-
pletely determined by 0 and the three item pa-
rameters. More specifically, members of dif-
ferent groups with equal ability (i.e., equal 0)
should have the same probability of correctly an-
swering an item. In other words, the conditional
probabilities, ~(0), and their graphs should be
invariant from one group to another.

Comparisons among ICCs estimated separ-
ately for different subgroups were made in order
to identify items that functioned differently for
members of different subgroups. If the ICCs of
some items differed from group to group more
than would be expected due to sampling error,
then such items may be considered biased: The

probability of correctly answering an item is not
equal for persons of the same overall ability who
come from different subgroups.
Such bias may be the consequence of multidi-

mensionality. That is, the probability of correct-

ly answering an item depends on more than one
latent trait, and the groups differ in their distri-
butions of the secondary latent traits (Hunter,
1975). Multidimensionality may still be con-

sidered a form of bias, however, in that it can

lead to apparent differences in the primary abil-
ity when, in fact, there are no such differences.
Indeed, bias may generally be conceptualized as
multidimensionality confounding differences on
a primary trait with differences on a secondary
trait.

Data

Data for the analyses reported below were ob-
tained from the Anchor Test Study (Bianchini &
Loret, 1974) equating study files. Item response
data on the Reading Comprehension section of
Form F of the Metropolitan Achievement Tests
(Durost, Bixler, Wrightstone, Prescott, & Balow,
1970) were obtained for students in Grades 5
and 6. Data were available for a total of 15,485
fifth-grade and 14,843 sixth-grade students. At
each grade level, slightly over 16% of the stu-
dents with available data were black and some-
what over 76% were white. All analyses reported
below are based on samples from these two
groups of students within each grade.
The sample of students was divided into eight

subgroups. The subgroups were defined by
grade (fifth or sixth), by race (black or white),
and by income level of the neighborhood in

which the sample school was located (low and
middle or high). The analyses were based on all
black students for whom the necessary item re-

sponse data were available. Analyses for white
students were based on spaced samples contain-
ing roughly the same number of students as were
in the black student samples attending low in-
come schools. Listed in Table 1 is the number of
students within each subgroup upon which the
parameters of the ICCs were estimated. As can
be seen, group size was roughly 2,000 per sub-
group for all but the subgroup of black students
attending schools in middle- or high-income
neighborhoods. The latter was considerably
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Table 1
Number of Students Within Each Subgroup

Used to Estimate Parameters of
Item Characteristic Curves

Síîlâllel, cuntaining approximateiy 22&dquo;~o as many
students, on the average, as the other three sub-

groups at each grade level.

Scale Equating

Under the assumption that the three-pa-
rameter logistic model holds for all subgroups,
the estimated abilities should be on essentially
the same scale, regardless of the group used to
obtain the estimates. The assumption implies
that the different subgroups can differ only by a
linear transformation from one subgroup to

another. Thus, it is possible to equate the scales
by means of a linear transformation and then
make meaningful comparisons of the ICCs for
different subgroups.
The specific steps followed to equate the scales

of two groups were as follows. First, one group
was arbitrarily identified as the base group and
the other as the comparison group. The scale of
the base group was left unchanged (i.e., no
transformation was made of the 8’s or item pa-
rameters for the base group). Two constants, A
and B, were then found such that the weighted
mean and variance of the transformed b’s of the

comparison group were equal to the weighted
mean and variance of the base group. More

specifically, if b:r is the item difficulty of item i in
the comparison group after equating and b, is
the corresponding value prior to equating, then

where A and B are the equating constants

selected such that the weighted mean and vari-
ance of /i’f in the comparison group are equal to
the weighted mean and variance of the original
b’s in the base group. The i‘&dquo; weight was the in-
verse of the larger of the estimated variances of
the b, computed from the comparison group and
the b, computed from the base group. Thus,
items for which the difficulty parameter was
poorly estimated (i.e., had a large estimated
sampling variance) for either of the groups were
given relatively less weight in determining the
equating constants than were items for which
the difficulty parameter was better estimated.
Detailed formulas used in estimating the vari-
ances and covariances of the errors of estimate
for the item parameters and for approximating
the standard error of a point on an estimated
ICC are provided by Linn, Levine, Hastings, and
Wardrop (1980).
Once the A and B in Equation 1 were ob-

tained, the comparison group ability estimates
and estimates of item discrimination were con-

verted to the base group scale. In particular, the
transformed 0 scale, say 0*, for the comparison
group is given by

and the transformed a’s, say a;, by

No transformation of the c parameter estimates
is required.
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After the estimated abilities and item pa-
rameters of a comparison group were trans-
formed to the base group scale, several types of
comparisons were made. ICCs for each group
were plotted on the common scale and com-
pared. In order to better evaluate whether ob-
served differences in ICCs were attributable sim-

ply to sampling error, the standard errors of the
ICCs were estimated; and ICCs plus and minus
two standard errors of estimate were obtained
and plotted for each group.

Indices of Bias

In addition to the comparison of the ICCs and
the confidence bands determined by their stan-
dard errors, several indices of item bias were

computed. Three of these indices were described
by Ironson (1978) and Ironson and Subkoviak
(1979). They involve areas between the ICCs of a
base group and a comparison group. Sums of
squared differences between ICCs were also

computed.
The four bias indices used for the results re-

ported below are as follows.
1. Absolute Difference: the area enclosed by

two ICCs and the two vertical lines, e = -3
and9=+3.

2. Base High Area: the area, if any, between
two ICCs where the ICC for the base group
is above that of the ICC for the comparison
group. As before, only 9’s between +3 and
-3 were considered.

3. Base Low Area: the first index minus the
second. In other words, the area, if any, be-
tween the two ICCs where the comparison
group ICC is higher.

4. Square Root of the Sum of Squares: the
square root of the sum of the squared dif-
ferences between ICCs in the region of 0 =
-3 to 0 = +3.

An item with a large base high area (Index 1)
but small or zero base low area (Index 2) would
be considered to be biased against the compari-
son group. Such an outcome would indicate that

persons in the comparison group have a smaller

probability of correctly answering the item than
persons in the base group with equal estimated
ability. The direction of the bias would be just
the opposite for an item with a large base low
area but zero or small base high area. The bias
in an item with large base high and large base
low areas would depend upon the distribution of
ability in the groups of examinees contrasted.
Estimates of item parameters that were ob-

tained separately for the eight subgroups de-
fined by grade level, race, and income level of
the school neighborhood were used to make a to-
tal of 12 pairwise comparisons. In each pairwise
comparison, the base group and the comparison
group differed in only one of the three charac-
teristics used to define the subgroups. Thus,
there were four independent comparisons of the
different levels of each group characteristic with
constant levels of the other two group charac-
teristics. For example, for a fixed grade level and
income level of the school neighborhood (in-
come), comparisons were made across racial

groups (race), so that four comparisons were
made. Similarly, income level comparisons were
made for each of four race-by-grade combina-
tions, and grade comparisons were made for
each of four race-by-income combinations. The
base group and comparison group in each of the
12 comparisons are listed in Table 2.

Results

A general indication of the comparability of
the ICCs for the 12 pairwise comparisons is pro-
vided by the distributions of the square root of
the sum of squares bias indices. When an item
has very similar ICCs for two groups, the index
should be near zero. Distributions of the bias in-
dex values for the 45 items are shown for all 12

pairwise comparisons in Figure 1. The top four
distributions provide comparisons of Grade 5
with Grade 6, holding race and income constant.
The middle four distributions provide income
level comparisons holding grade and race con-
stant, and the bottom four distributions show
the results of the racial group comparisons with
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Table 2

Base Group and Comparison Group
In Each of the Twelve Pairwise Comparisons

grade and income held constant. The group
characteristics that are held constant for a given
distribution are identified by the letters and
numbers above each histogram. For example.
the left-hand histogram in the first row of Figure
1 is the grade comparison for white students at-
tending schools in low-income neighborhoods
and is denoted LW. Another example is the M6
over the right-hand histogram in the bottom row
of Figure 1. M6 denotes that the racial compari-
son in the lower right-hand histogram is for

sixth-grade students attending schools in mid-
dle- or high-income neighborhoods.
An immediate observation that can be made

from an inspection of Figure 1 is that there are
fewer large values of the bias index for the four
comparisons involving only white students than
for any of the other comparisons, that is, the
comparison of ICCs across grade for white stu-
dents (the two left-hand distributions in the top
row of Figure 1) or across income level for white
students (two left-hand distributions in the mid-
dle row of Figure 1). Only one of the 180 bias in-

dices is as large as .2 for these four distributions.
None is as large as .3.
Items with indices less than .2 have quite simi-

lar ICCs. Some indication of the degree of

similarity is provided by the plots shown in Fig-
ure 2 for two items. The plots in Figure 2 com-
pare the ICCs for fifth-grade white students at-
tending schools in low-income neighborhoods
(LW5) with their sixth-grade counterparts
(LW6). Item 6 (Figure 2a) had the second largest
index (square root of the sum of squares bias in-
dex equals .161) of any of the 45 items. The in-
dex for Item 18 was .070, which is closer to the
mean of .076 for the 45 items.
The three solid lines show the ICC, the ICC

plus two standard errors of estimate, and the
ICC minus two standard errors of estimate for
LW5 students; the three dashed lines show the

corresponding curves for the LW6 students. The
ICCs in Figure 2 are strikingly similar. This pro-
vides rather strong support for the claim of in-
variance. Even the item with the largest sum of
squares bias index has ICCs with confidence in-
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Figure 1
Distributions of the Square Root of the Sum of Squares Bias Indices

for the Twelve Pairwise Comparisons s
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Figure 2
Item Characteristic Curves and Confidence Intervals

for Fifth- and Sixth-Grade White Students

Attending Schools in Low-Income Neighborhoods (Items 6 and 18)

tervals that overlap substantially throughout
most of the range of ability. This evidence of in-
variance of the parameters over grade and in-
come level for white students strengthens the
case for using ICC comparisons to identify items
that result in biased estimates for particular
subgroups. The distributions of indices for the
four pairwise comparisons of white subsamples
also provide a base rate against which the in-
dices for other pairwise comparisons can be
evaluated.

Returning to Figure 1, it can be seen that the
black subsamples provide less evidence of in-
variance across either grade or income level.

Comparisons involving middle-income black

subsamples might be expected to show less in-
variance because the estimates are all less stable
due to the smaller sample sizes. The comparison
of black fifth-graders attending schools in low-
income neighborhoods (LB5) with black sixth-
graders attending schools in low-income neigh-
borhoods (LB6), however, involves samples sizes
comparable to the white subgroup comparisons.
Yet, four of the items had indices of .2 or larger
for the LB5 versus LB6 comparison.
The comparisons of primary interest in Figure

1 are, of course, those between white and black

subgroups of students, since it is there that the

presence of biased items is most suspected. The
last row of Figure 1 shows the distributions of
the square root of the sum of squares bias index
for the four pairwise comparisons between sub-
groups of white students and subgroups of black
students. Large indices are clearly observed with
greater frequency in the four comparisons in the
last row of Figure 1 than in the across-grade or
income level comparisons for white students.
Only occasionally are the indices for the racial
group comparisons more extreme than they are
for the within-race comparisons for black stu-
dents.

Using a cutoff of .2 to indicate a possibly
biased item, 13 of the 45 items in the LW5-LB5

comparison and 7 items in each of the other
three comparisons between racial groups would
be so identified. The number of items identified
as possibly biased obviously depends on the
stringency of the criterion employed. The ICCs
corresponding to the largest indices, however,
are markedly different.
The agreement among the four independent

between-race comparisons regarding the identi-
fication of items as possibly biased is far from
perfect. On the other hand, the agreement is

considerably better than would be expected if

items were randomly identified by the four inde-
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pendent comparisons. Using the above criterion,
three of the items were identified in all four pair-
wise comparisons. If an equal number of items
had been selected at random in each compari-
son, the probability that an item would be
selected all four times is only .00109. Thus, the
expected number of items that would be identi-
fied four times by a random process is only
about .05 (i.e., 45 x .00109). A chi-square statis-
tic with 2 degrees of freedom was computed to
test the goodness of fit of the observed occur-

rences of 0, 1, and 2 or more identifications of an
item to that expected if the four comparisons
were independent. The resulting chi-square was
12.13, which is significant at the .01 level. The

agreement is clearly better than would be ex-
pected on the basis of chance.
The ICCs for one of the items that was identi-

fied as possibly biased in all four comparisons
using the square root of the sum of squares bias
index are shown in Figure 3. Four pairs of ICCs
plus and minus two standard errors of estimate

Figure 3
Item Characteristic Curves and Confidence Intervals

for Four Independent Racial Group Comparisons (Item 3)

are shown in Figure 3. The solid lines are the
ICCs plus and minus two standard errors for the
white sample and the dashed lines are the com-
parable figures for the black sample at the same
grade and income level.
From an inspection of Figure 3, it is apparent

that the four independent comparisons show a

great deal of consistency. In each comparison,
the ICC for the white students is above that of
the black students for low and mid-range values
of 0. Item 3 is less discriminating (smaller value
for a) for white students than for black students
in each of the comparisons, however. The ICCs
thus cross and the ICC for black students is
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above the ICC for white students at high values
of 0. Although the direction of bias depends on
the value of 0, Item 3 is generally biased against
black students in the region where the majority
of the black student sample falls (i.e., below a
value of 0 equal to the mean of the white student
sample). If more items with ICCs similar to
those of Item 3 were added to the test, the test

performance of most black students would ap-
pear worse than it currently does in comparison
to white students. On the other hand, elimina-
tion of Item 3 would tend to improve the relative
standing of black students.
Figures for the other two items (Items 25 and

31) that were identified as possibly biased in all
four comparisons are not presented here due to
space limitations but can be found in Linn, Le-
vine, Hastings, and Wardrop (1980). The large
bias indices for Item 25 are brought about large-
ly by its very poor discriminating power for
black students. Item 25 is a difficult item for all

subgroups. It discriminates well among high-
ability sixth-grade white students. The dis-

crimination of Item 25 for high-ability black stu-
dents, however, is problematic. Consequently,
the probability of correctly answering Item 25 is
less for the blacks with high 8’s than for their
white counterparts. On the other hand, the

probability of correctly answering the item is

slightly higher for blacks with near average 8’s
than for whites with equal 0 values.
The pairs of ICCs for Item 31 are quite similar

for low values of 0; but for higher values of 9, the
curve for black students is above the one for
whites in all four of the comparisons. Thus, Item
31 would be considered biased in favor of black
students relative to other items on the test. In-
clusion of more items such as Item 31 would
tend to improve the relative standing of black
students on the test.
The contrasts that are found between groups

for Items 3, 25, and 31 may be summarized by
the four bias indices computed for each of the
contrasts. In order to facilitate comparisons, the
indices for the 45 items were first rank-ordered
with a rank of 1 given to the item with the high-

est value of a particular index for a given con-
trast. The rank ordering was obtained separately
for each index and each contrast. The rank or-
der of the bias indices for Items 3, 25, and 31 are
listed in Table 3.
Item 25 has relatively large base high bias in-

dices in all four of the independent racial group
comparisons. Indeed, in three of the four com-
parisons, Item 25 has the largest or second larg-
est base high bias index. The white sample was
used as the base group and the black sample as
the comparison group in all four racial group
comparisons. Thus, a large value of a base high
bias index implies that the ICC for white stu-
dents tends to be above the ICC for black stu-
dents. The large base high bias indices for Item
25 accurately reflect the fact that the ICC for
white students is generally above the one for
blacks. The relatively smaller, but nonzero, base
low bias indices for Item 25 reflect the fact that
the ICCs cross in all four comparisons. Item 31,
on the other hand, has either the largest or sec-
ond largest base low bias indices but relatively
small base high bias indices in each of the com-
parisons.
Item 3 has base high and base low bias indices

that generally rank among the highest third of
the items. Thus, the relatively large overall in-
dices reflect a combination of moderately large
base high and base low differences due to the
crossover of the ICCs in all four comparisons
(see Figure 3).

Items 25 and 31 are probably the two most
clearly contrasting items in terms of the racial
group differences in ICCs. Item 25 was consist-

ently identified as biased against black students,
and Item 31 was consistently identified as biased
in favor of black students. The items are of quite
different types. Item 25 asks the meaning of the
word &dquo;character&dquo; as it is used in one of the read-

ing passages on the test. Item 31, on the other
hand, asks for the &dquo;best title&dquo; of a story about a
fictional baron presented in another passage.
There were 11 items that asked the meaning of

a word as used in a passage and 5 items that
asked the best title of a story. The rank order of
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Table 3
Rank Order of Bias Indices for the Three Items Identified

as Possibly Biased in All Four Comparisons

the base high bias index and the base low bias
index is listed in Table 4 for the word meaning
and best title items for each of the four racial

group comparisons. The simple comparison of
these two types of items does not reveal a clear
tendency for one type to be biased against black
students and the other biased in their favor.
With the exception of Item 31, the best title
items have few high rankings on either of the in-
dices. In addition to Item 25, Item 2, &dquo;there&dquo;;
Item 27, &dquo;reigning&dquo;; Item 17, &dquo;setting&dquo;; and
Item 42, &dquo;speculate&dquo; tended to have fairly high
ranks on the base high bias index. Some of the
other word meaning items, however, have rela-
tively low-ranking base high bias indices and
may even rank higher on the base low bias index
(e.g., Item 15, &dquo;rest&dquo;). Thus, generalizations
based on such surface level characteristics of the
items do not seem warranted.

Discussion and Conclusions

The analyses involving comparisons of stu-

dents at different grade levels or who attend
schools located in neighborhoods with different
income levels showed that the ICCs were gen-
erally very similar. For example, the ICCs based

on a sample of fifth-grade white students attend-
ing schools in low-income neighborhoods were
almost indistinguishable from those for a sam-
ple of their sixth-grade counterparts. The re-

sults, showing a high degree of similarity be-
tween ICCs for the within-race comparison in-

volving differences in the other two grouping
variables, lend credence to the viability of the
general approach. A basic assumption of the la-
tent trait model is that the item parameters, and
therefore the ICCs, are invariant over different

groups of people. Thus, the remarkably good in-
variance of the ICCs over grade level and income
level within racial groups suggests that the

model is reasonable for the 45 items on the test
that was analyzed.
The degree of invariance in the ICCs was

noticeably less for the racial group comparisons
than for either the grade or income level com-
parisons. This suggests that there are some

items that function differently for black students
than they do for white students. Such items may
reasonably be labeled as biased. Whatever the
cause of the difference in the ICCs, the effect of

including a larger or smaller number of items
where the ICC of one group is above that of

another is the same. The relative standing of
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Table 4
Rank Order of Base-High and Base-Low Area Bias Indices

For the Four Racial Group Comparisons
Involving Word Meaning and Best Title Items 

_

black students would be higher on a test that
had fewer items where the ICC for white stu-
dents was above the one for black students.

Although a few items were consistently identi-
fied as biased in each of the four independent
comparisons, the consistency of identification at
different grade levels and/or different income
levels was far from perfect. For example, using
the criterion that the square root of the sum of

squares bias index was greater than .2, seven
items were identified as possibly biased in the
comparison of low-income white students in

grade 6 with low-income black students in Grade
6. Of these seven, Items 7, 3, and 4 were also
identified as possibly biased in the other three
racial group comparisons (i.e., LWS-LBS,
MW5-MB5 and MW6-MB6, respectively). Only
three items were identified as possibly biased in
all four comparisons. The modest amount of
agreement among the independent comparisons
suggests that, at least for the test studied, it may

be difficult to identify biased items because of
the unreliability of the indices used. Further-
more, in many practical settings, it is difficult to
obtain large enough samples to get stable esti-
mates of the item parameters. Simulation
studies now in progress are being used to deter-
mine the statistical power of the tests for bias
with given sample sizes.
The use of .2 as a cutoff for identifying an item

as biased depended on observing within-race
distributions of bias indices. Such an approach
may be feasible in practical situations, even

though the minority group sample size is not

large enough to divide into subgroups. Distribu-
tions of bias indices comparing subgroups of the
majority group could still be obtained and used
as a base for judging indices obtained from ma-
jority group versus minority group comparisons.
Although the ICCs were substantially different

for white and black students for a few of the
items in one or more of the comparisons, the
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overall impression is that the ICCs were general-
ly quite similar. Furthermore, the direction of
the bias for the few items that showed a consis-

tently large difference was not always against
black students. One of the three consistently
identified items was, if anything, biased in favor
of black students. Thus, eliminating Items 3, 25,
and 31 from the test would have only a trivial net
effect on group differences.

Comparisons of the content and format char-
acteristics of items that were identified as biased
with those that were not, or between items
biased in different directions, did not lead to the
identification of any systematic differences. For
example, items asking the meaning of a word in
context sometimes appeared to be biased in one
direction and sometimes in the other. Thus, no

generalized principles that would be useful in
avoiding items that tend to show bias can be
stated for guiding the future construction of

tests of reading comprehension. Instead, only a
post-hoc analysis procedure that may be useful
in eliminating biased items after the items have
been administered can be offered.
There are important advantages in the use of

comparisons of ICCs such as those in this study
over approaches that simply compare estimated
item parameters. It is possible, as was some-
times observed in the present study, for item pa-
rameters to be substantially different yet for
there to be no practical difference in the ICCs.
This can occur, for example, where the b pa-
rameter is estimated to be exceptionally high for
one group. To illustrate this, consider the follow-

ing pairs of hypothetical item parameters for
two groups in terms of a common 0 scale: group
1, a = 1.8, b = 3.5, and c = .2; group 2, a = .5,
b = 5.0, and c = .2. The item difficulties and
discriminations for the two groups are markedly
different; but the difference in the ICCs is never

greater than .05 for 0 values between -3 and +3.
Thus, the suggestion of bias based on a large dif-
ference in estimated item difficulty or discrim-
ination might be misleading. The value of prac-
tical concern is the difference in the probability
of correctly answering the item for people of

equal ability from different groups. This is, of
course, precisely the difference in ICCs.
Major reliance was placed on the square root

of the sum of squares bias index for the initial

screening of items in this study. Reliance on the
absolute value index would have led to very simi-
lar results. Analyses were also conducted using
bias indices that were weighted by estimated
standard errors of the difference in ICCs (Linn
et al., 1980). The weighted indices yielded very
similar results.
The use of estimates of the standard errors of

the ICCs seems potentially useful. By plotting
bands of two standard errors on either side of
the ICCs, it became evident that some seemingly
large differences in ICC curves were occurring
only in regions where one or both of the ICCs be-
ing compared were poorly estimated. The ad-
vantages of using estimated standard errors

were not very apparent in terms of a comparison
of the weighted and unweighted bias indices,
however. It may be that better estimation proce-
dures are needed for this purpose.
One problem that may limit the utility of the

standard errors as they were estimated in this
study is caused by the tendency for the LOGIST-
estimated abilities of some subjects to diverge.
To deal with this problem, the ability estimates
were arbitrarily limited to a range of +4.0 and
-4.0. For some of the groups, sizeable numbers
of students had ability estimates at the lower ex-
treme. For example, 44 of the MB5 sample stu-
dents had estimated 9’s of -4.0. This artificial

clustering of subjects at the extreme results in
estimated standard errors of the ICC at low abil-

ity levels that are too small. That is, the inflated
number of examinees at the extremes makes it

appear as if there is more information at that

ability level than would be the case without the
need to fix bounds on 0. In analyses now under-
way, this problem can be dealt with by esti-
mating standard errors after deleting examinees
with extreme 0 values or by using estimated abil-
ity distributions.
Despite the limitations noted above and the

fact that the results did not lend themselves to
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making generalizations about features of items
that result in biased estimates of achievement
for members of a particular subgroup, there are
still some noteworthy results from the study. It
provides strong support for the reasonableness
of the three-parameter model for data of this
kind. The across-grade level comparisons re-

vealed strikingly similar item characteristic

curves. The procedures used for placing confi-
dence bands around the item characteristic
curves yielded reasonable results; and, with re-
finements such as those suggested above, they
hold the promise of substantially improving the
basis for comparing item parameters and item
characteristic curves.
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