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Item Bias

1
Abatract

The possibility that certain features of items cn a reading comprehension
test may lead to biased estimates of the reading achievement of particular
subgroups of gtudents was 1nvest13iied. Item response data on the reading
comprehenaion section of a freqﬁently used achievement test were obtained
from the Anchor Test Study data files. Eight nonoverlapping subgroups of
studen®s wvere defined by the coﬁbinations of three factors: sgtudent grade
level (fifth or sixth), income level of the neighborhood in which the school
vas located (low or middle/above), and race of the student (black or white).
Estimates of student ability and item parameters were obtained separately for
each of the eight subgroups using the three-parameter logistic model. The
abllity scales were then equated across pairs of subgroups and, in any
comparison of a pair of subgroups an item was considered to be biased to the
degree that the probability of getting an item right differed from one
gubgroup to the other when ability was held constant ({.e., tﬁe degree to
which the item characteristic curves (ICCs) differed). Bias indices were
computed based on differences in ICCs for pairs bf subgroups. A criterion
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 1deﬁ:i!1¢d

.28 bilased in four independent comparisons of subgroups of black and white

students. Comparisons of content and format characteristice 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
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content differences. The study did provide strong support for the viability
of the estimation procedure. Some suggestions for improvements in

methodology are offered.
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An Investigation of Item Bias in a Test of

Reading Comprehension

Controversy over mental testing has a history that dates back almost to
the introduction of large-scale testing in World War I (Cronbacﬁ. 1975).

The poasibility that teats underestimate the competence of identifiable
groups, particularly the poor and members of certain racial and ethnic
minoritieg, has been a recurrent issue in the ebb and flow of controversy.
The charge that standardized tests are biased against certain subgroups is a
familiar one. The statement that a test is biased has many different
reanings, however.

Bias is sometimes claimed as the natural consequence of the fact that
tests are culture-dependent. Certainly, performance on a test in Englioh is
an unreagonable basis for making claims about the "verbal ability" of a
child who speaks and reads only Spanish. Such a claim would not only be
“biased"; 1t would be patently absurd. However, the test may provide a
reasonable indication of the child’s current competence in English. Thus,
it is much more meaningful and potentially fruitful to speak of possible
bias in the {nterpretation and use of test results rather than bias in the

test per se.

A\connon use of tests is to predict some future behavior such as job

BT o Attt N R 3300 3

performance or success in school or éollege. For the predictive use of

mShe—— - X eWt8, the issue of possible biss revolves around the question of whether or

not identifiable sub-groups perform better on the job or in college than
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would be predicted from their test scores (Anastasi, i976; Cleary, 1968;
Linn, 1973; Petersen & Novick, 1976).

Prediction is one of the uses made of achievement 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
non-predictive uses of achievement tests, strategies for assessing possible
sources of blas have gene:ally focused on the internal characteristics of
the test. The goal is to identify non-essential characteristics of test
items that result in the misinterpretation 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 combetence 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 words,
the magnitude of group differences in performance would be expected to vary

a8 a function of the extent to which items were dependent on the incidental

characteristics. Once identiffed, the offending items could be revised or

~

The idea of aeirchiug for item characteristics that interact with group

membership in order to reduce posaible bias 1s not new. For example, the
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stated purpose of the landmark study by Eells, Davis, Havighurst, Herrick,
and Tyler (1951) was to "identify (a) those kinds of test problems on which
children from high %ocioecononic backgrounds show the greatest superiority
and (b) those kinds on which children from low socioeconomic backgrounds do
relatively well" (f. 6). intetactiono between item content and sex were
investigated by Coffman (1961), and a number of studies have been conducted
to identify types of items that are unusually difficult for members of
minority groups (e.g., Angoff & Ford, 1973; Cleary & Hilton, 1968).

One of the limitations of the early studies of item—group interactions
is that they reli{ed 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, Note 1). 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 discriminating power of the items. Thus, as stated by Warm (1978), "the
use of classical test theory item parameters is inappropriate for, and can
lead to erroneous 1deni1f1cation of item bias" (p. 128).

Lord (1977a, 1977b), Scheuneman {(in presb), Wright (1977), &nd others
have suggested that latent trait theory provides a éheoreticnlly sounder

approach to the problem of fdentifying items that intersct with group

neubet:hiﬁ than can be achieved using item statistics based on classical

5
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test theory. Several recent studies (e.g., Harms, 1978; Tronson &
Subkoviak, 1979; Rudner, 1977) have compared indices of item bias based on
latent trait theory with indices from several earlier approache;. 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 should be
invariant. That is, they should not depend upon the sample of people on
which the estimates are based. Thus, except for sampling error, the same
estimates would be expected for different groups even thoug; the groups may
differ substantially 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 techniques
uged to detect items that lead to biased estimates of the ability of a
particular group. The analyses conducted for this study were intended to
provide some evaluation of an approach based upon & particular lat »nt trait
model and contribute to the development of better methods of using latent
trait models to detect items that result in biased ability estimates.

The substantive purpose of this study is to investigate the possibilicy

.that certain features of items on s reeding compr-ehension test may lead to

biased estimates of the reading achievement level for black astudents as

compared to white students and/or for children attending schools in low-

income neighborhoods as compared to those attending schools in middle~ or

i
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high-income neightorhoods. 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 as a guide
in constructing and editing reading comprehension tests to minimize bias

against particular subgroups of students.

Strategy for Identifying Bias

Birnbaum“s (1968) three-parameter ‘ogistic model was used to obtain
estimates of ability and of the item parameters in all of the analyses
reported below. The LOGIST computer program (Wood, Wingersky, & Lord,

Note 2) was used to estimate the item parameters and abilities of the
students.

According to the three-parameter logistic model, the conditional
probability 21(0) that a person randomly chosen from all those with ability

@ will answer item i correctly, is

(1) P (8) =c, +

1 + exp(~1.7a,(0 ~ bi)]

4 €
where‘gi, b, and S, ere item parameters. Thus, each item is characterized

by three parameters: The "item discriminating power,™ a, the location or

.. Mdifficulty” of the item, b, and the lower asymptote or probability that
persons with extremely low ability will respond correctly to the item, c.
The graph of<g{0) as a function of © is called the item characteristic curve

(ICC) for item i. According to the model, the probability of getting the

9
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item right is completely determined by & and the three item paraneters.
More specifically, members of different groups with equal ability (i.e.,
equal 8) should have the same probability of getting an item right. 1In
other words, the conditional probabilities, 21(9), and their graphs, should
be ifnvariant from one group to another.

We approached identifying items that function differently for members
of different subgroups by comparing ICCs that were estimated separately for
different éubgtoups. If the ICCs of some items differ from group to group
more than would be expected due to samplirg error, then such items may be
considered biased: the probability of getting an item right is not equal
for persons of the same overall ability who come from different subgroups.

Such bias may be the consequence of multidimensionality. That is, the
probability of getting an iftem right depends on more tham one latent trait
(1.e., more than one &) and the groups differ in their distributions of the
secondary latent traits (Hunter, Note 1). Multidimensionality may still be
considered a form of bias, however, in that it can lead to apparent
differences in the primary ability when, in fact, there are no such

differences.

Procedures

Data for the analyses reported below were obtained from the Anchor Test

Study (Bianchini & Loret, 1974) equating study files. Item response data on

the Reading Comprehension section of form ¥ of the Metropolitan Achievement

Tests (Durost, Bixler, Wrightstone, Prescott, & Balow, 1970) were obtained

for students in grades 5 and 6. Dsata vere available for a total of 15,485 -

- {0
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fifth-grade and 14,843 sixth~grade students. At each gradq level, slightly
over 16X of the students with available data were black and somewhat over
76X were white. All analyses reported below are based on these two groups
of students within each grade.

The sample of students vas divided into eight subgroups. The subgroups
vere 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
or middle/high). The analyses were based on all black students for whom the
necessary item response data were available. Analyses for white utudentg
wvere based on spaced samples containing roughly the same number of studenil
as wvere in the black student samples attending low income schools. Listed
in Table 1 is the number of students within each subgroup upon which the
parameters of the item characteristic curves were estimated. As can be
seen, group size was roughly 2000 per subgroup for all but the subgroup of
black students attendin; middle~ or high~income schools. The latter was
considerably smaller, ;ontaining approximately 22T as many students, on the

average, as the other three subgroups at each gradc level.

Insert Table ! about hers

e

Undei the assumption that the thrae-parameter logistic model holds for

oo @1l subgroups, the estimated abilities should be on essentially the same

P
L2

scale regardless of the group used to obtain the estimates. The assumption

B e

implies that the different subgroups can differ only by a linear
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transformation from one subgroup to another. Thus, it is ﬁo-uible to equate
the scales by means of linear transformation and then m ke mneaningful
comparisons of the ICCs for different subgroups.

The procedure used to find the linear transformation to equate the
scales for pairs of subgroups is based upon the property of the model that
item difficulties and latent ability estimates of the examinees are
expressed on the same scale. (See Lord, 1977b, for discussion of related
iatent trait theory methods.) In other words, whatever tranaformation is
appropriate for the b's is also appropriate for the ©’s and vice versa.
Since the b’s were estimated for the same items for all subgroups, the
distribution of the b’s should be the same except for sampling error after
the scales are equated.

The specific steps followed to equate the gcales 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 ©’s or item
parameters for the base group). Two constants, A and B, were then found
such that the veighted 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 Qﬁi is the item difficulty of ftem i in the
comparison group after equating and b is the corresponding value prior to

1
equating then

{2) bi* = A+ m;i
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where A and B are the equating constants selected such that the weighted

mean and variance of Q*i in the comparison group are equal to the weighted

mean and variance of the original b’s in the base group. The gfh-weight was

the inverse of the larger of the estimated variances of the b computed from

—1
the comparison group and thegi 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 give?ffzi;tively
less weight in determining thg equating constants than were items for which
the difficulty parameter was better estimated. Detailed formulas used in
estimating the variances and covaricnces of the errors of estimate for the
item parameters and for approximating the standaéd error of a point on an
estimated item characteristic curve are provided ia Appendix A and the
detailed formulas used to obtain the equating constants (i.e., A & B) are
provided in Appendix B. i

Once the A and B in Equation 2 were obtained, the comparison group
ability estimates and estimates of item discrimination were converted to the

base group scale. In particular the transformed @ scale, say ®*, for the

comparison group is given by
{3) 8* = A + B9,
and the transformed a's, say a* , by

(6) a*i = 81186

No transformation of the ¢ parameter estimates is required.

1 Q?
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After the estimated abilities and item paramuters of a comparison group
were transformed to the base group scale, several types of comparisons were
made. Item characteristic curves for each group were plott?d on the common
scale and compared. In order to better cvaluate whether observed
differences in ICCs were attributable siuply 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 "confidence banés"
determined by their standard errors, several indices of item bias were
computed. Three of these indices were described by Ironson (Not: 3), (see
also Ironson & 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. In all, eight bias indices (four weighted and four
unveighted) were computed {(See Appendix C for dotails). (Some discussion of
the desirability of weighting indices accordingito the stability of the
estimates of the ICCs at varicus levels of 6 will be provided at a later
point.) Thus, only the simpler unweighted indices are described here.

The four unweighted bias indices used for the results reported below
are as follows.

l. Base High Area: the size of the region between © = -3 and 6 = +3 {in
which the bgée group ICC is above the comparison ﬁroup Icc.

2; Base Low Area: the size of the region between ©® = =3 and & = +3 in

which the base group ICC is below the comparison group ICC.

. \ «li’
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3. Absolute Difference: the sum of | and 2.

4. Square Root of the Sum of Squares: the square root of the sum of
the squared differenceé between ICCs in the region of @ = =3 to 6 = +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 comparison
group. Such an outcome would indicate that persons in the comparison group

have a smaller probability of getting the item right than persons in the

"base group with equal estimated ability. The direction of the bias~would be

just the opposita“fpr 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 th; distribution of ability in the gfoups of
examinees contrasted.

Estimates of item parameters that were obtained separately for the
eight subgroups defined by grade level, race, and income level of the school
were used to make a total of twelve pairwise comparisons. In each pairwise
comparison, the base group and the comparison group differed in-.only one of
the three characteristics used to define the subgroups. Thus, there were
four 1ndependeni comparisons of the different levels of each grﬁup
ﬁharacterisiié with constant levels. of the other two group characteriatics-\

For example, for a fixed grade and income level of school, comparisons were

S . . . : - \
s—-- _  wade across racial groups, so that four comparisons were made of black and
;ﬁw;“”“”"”Whitﬂ students (fifth~ or sixth-graders from lower-income or middle/higher-
EaeTmate—-ifcome schools). Similarly, income level comparisons were made for each of

four race-by-grade combinations, and grade coﬁpariaona vere made for each of

N NiammE
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four race-by-school income combinations. The base group and comparison

group in each of the twelve comparisons are listed in Table 2.

Insert Table 2 about here

Resgults

The item parameter estimates prior to equating of the b scaleg are
listed in Appendix D for each group. These estimates along with the
equating constants reported in Appendix E may be used to compute the ICCe on
the scale used in any of the comparisons for any item.

A general indication of the comparability of the ICCs for the 12
pairwise comparisons is provided by the distributions of the square root of
the sum of squares bias indices. Whén an item has very similar ICCs for two
groups, the index should be near zero. Distributions of the bias index
values for the 45 items are shown for all twelve pair-wvise comparisons in
Figure 1. The top four distributions provide com@arisona of grade 5 with
grade 6 holding race and income level constant. The middle four
disttibutioas provide income level comparisons holding grade and race
constant, and the bottom four distributions show the results of the ;ac;al
group comparisons with grade and income held constant. The group
gharacteristics that are held constant for a given diattibution‘are )
idertified by the letters and numbers above each histogram. For example,
Jthe léft-hapd histogram in the first row of Figure‘l 1s‘t$e grade compitiion

for white students attendirg schools in low~income neighborhoods and is

6

o kf
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denoted LW. Another example is the M6 over the right-hand histogram = the
bottom row of Figure 1. M6 denotes that the racial comparison in the lower
right-hand histogram is for sixth-grade students attending schools in

middle- or high-income neighborhoods.

Insert Figure 1 about here

An immediate observation that can be made from anzinspection of
Figure ! is that there are fewer large values of the bias index for the fou;
comparisons involving only white students than for any~§f the other
comparisons, that i{s, the compar;son of ICCs across grade for white students
(the two left-hand distributions in the top row of Figure 1) or across
income level for white students (two left-haﬁd distributions in the middle
row of Figure 1). Only one of the 180 bias indices is as large as .2 for
these four distributions. None is as large as .3.

Items with indices less than .2 have quite similar ICCs. Some
1nd1cat1$n of the degree of similarity is provided by the plots shown in
Figure‘z for two items. The plots in Figure 2 compare the ICCs for fifth-
grade white students attending schools in low-income neighborhoods (LWS5)
with their sixth-grade counterparts (LW6). Item 6 has the second largest
index~(square‘rnot of the sum of :quafts.hius\indai’aqunlt -161) of any of

the 45 items. The index for Item 18 is «070, which is closer to the mean of

«076 for the 45 {tems.
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Insert Figure 2 about here

The three solid linea show the ICC, the ICC plﬁs two standard errors of
estimate, and the ICC minus two standard errors of estimate for LW5
students, and the three dashed lines show the corresponding curves for the
LW6 students. The ICCs in Figure 2 are strikingly similar. This provides
rather strong support for the claim of invariance. Even the item with the
largest sum of squares bias index has ICCs with confid;;ce intervals which
.overlap substaniially throughout most of the range of ability. This
evidence of invarfance of the parametefs over grade level and income level
for white students strengthens the case for ug;ng 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 indices for other
pairwiag comparisons can be evaluated.

Returning to Figure 1, it can be seen that the black subsamples provide
less evidencg Sf invariance across either grade level or income level.

Comparisons involving middle~income black subsamples wight be expected to

show less invariance because the estimates are all less stable due to the

snaller sample eizes. The comparison of black fifthegraders attending =
5= sathools n law-ingcme neighborhoods (LBS5) with black sixth-graders attending s
schools in luw-income neighborhoods (LB6}), however, {nvolves sample sizes

R L s

comparable to the white subgroup comparisons. Yet four of the i{items have

b
e
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indices of .2 or -larger for the LB5 vs. LB comparison. A plot of the ICCs
and the ICCs plus and minus two standard errors for the item with the
largest index in the LB5-LR6 comparison is shown in FPigure 3. Item 35 has
an index of .256 for the LB5-LB6 comparison. As can be seen in Figure 3,
the ICCs show greater divergence for these two groups than was observed fot‘
the LW5-LW6 comparisons ifllustrared in Figure 2. The separation of the
ICCs, however, occurs mainly for 8 values of 2 or above where there are
relatively few examinees in either group. The fact that the ICC, espeéially
for the base group, is poorly estimated for & values greater than 2.0 is ‘
indicated by the divergence of the upper and lower bounds for the ICCs.
Considering that Item 35 1s rhe most discrepant of the 45 items in the
LBS5~LB6 comparison and that the difference occurs only at values of @
greater than 2, one might srill argue that the ICCs are generally quite

similar for the comparisons of black students at different grade levels.

Insert Figure 3 about here:

Svan

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 distribdutions of the square root of the sum of squares bias index for

the four pairwise comparisons between subgroups of white students and.

rubgroups of black students. Large indices are clearly observed with

greater frequency in the four comparisons in the last row of Figure ! than

e
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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 students.

. Using a cutoff of .2 to indicate a possibly biased item, one would so
identify 13 of the 45 items in the LW5~LBS comparison and 7 items in each of
the other three comparisons between racial groups. The number of items
identified as possibly biased obviously depends on the stringency of the
criterion employed. But the ICCs corresponding to the largest indices are
markedly §1fferent.

The agreement among the four independent between-race comparisons
regarding the identification of items as possibly bi-ged is far from
perfect. On the other hand, the agreement is considerably better than would
bg expected if items were randomly identified by the four ihdependent
comparisons. Using the above criterion, three of the items were identified
ir all four pairwise comparisons. If an equal number of items had been
selected at random in each comparison the probability that an item would be
selected all four times is only .00109. Thus, the expected number of items
that would be tdentified four times by a random process is only about .05
(1.e., 45 x .00109). The expected distribution of number of times an item
would be selected by a random process 16 the four independent comparisons is

thown in Table 3. Also provided {n Table 3 is the corresponding observed : =

: ... Gistribution. The top three categories (i.e., where an item was identified SN

DR e Yt L

as biased 2, 3, or 4 times) were collapsed so thatFthe expected frequency -

o e W e s

wai'grexter than 5 for each category (0, 1, and 2 or more) and a Chi-square
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statistic with 2 degrees of freedom was computed to test the goodness-of-
fit. The resulting Chi-square was 12.13, which is significant at the .0l
level. The agreement is clearly better than would be expected on the basis

of chance.

Insert Table 3 about here

Table 4 provides additional information about the agreement among the
four compgri#ons in the identification of possibly‘biasgd items using a .2
cutoff for the square root of the‘sum of squares bias indices. The
agreement between each pair of independent comparisons is shown in Table 4.
Also listed in Table 4 are the phi-coefficients and Chi-square statistics
corresponding to the two-by-two contingency tables. With the exception of
the low-income grade 5 (L5) vs. the middle-income grade 5 (M5) comparison,
the phi coefficients are all significantly different from zero at the .05

level.

Insert Table 4 about here

One final indication of the consistency of the bias indices across

N
S
FNN

iﬁaependenﬁ éﬁﬁﬁarisons;of white and black students is provided ﬁy the
;*“““4~““mpruduct nnﬁenf correlations between the square root of the ‘'sum of squares
st 2188 indices. . These correlations are reported in Table 5. With 45 items, a

correlation of .3 or greater is significantly different from zero. The
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correlations involving comparisons that differ only in income level of the

groups (e.g., L5 with M5) or only in grade level (e.g., L5 with L6) are all
aignificautiy dif{erent from zero. Correlations based on comparisons that

differ both in income and grade level (e.g., LS with M6), while positive,

are not significant.

Insert Table S5 about here

An attempt was made to improve the bias indices by weighting the
differences>between the ICCs by‘tﬁe reciprocal of the estimated standard
error of the difference between ICCs8 at each @ value (see Appéndix < for
computational details). It was reasoned that a weighted index would lead to
the appropriate discounting of differences between ICCs in regions of @
where one or both of the ICCa were poorly estimated. However, results for
the square root of the weighted sum of squares bias indices wvere quite
similar to those for the unweighted indices using either ifndex: Three items
vere 1de§tified as biased in all four of the independent racial group
comparisous. Furthermore, the same three items were so identified with

either index. For this reason we have chosen to report results only for the

ot

t .
simpler unweighted indices to conserve space. 4As will be discussed below,

\hOHQVQT, there are reasons to think that the idea of weighting is a good one

-and that ieproved bias indices may be developed using more refined

estimating and weighting procedures.
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The ICCs for the three items that were identified as possibly biased in
all four comparisons using the square root of the sum of squares bias index
are shown in Figures 4, 5, and &é. Each of these figures presents four pairs
of ICCs plus and minus two standard errors of estimate for a single. item.

In each figure the solid lines are }he I1CCes plus and minus two standard
errors for the white sample and the dashed lines are the comparable figures
for the black sample at the same grade level and income level of

neighborhood.

Insert Figures 4, 5, and 6 about here

From an inspection of Figure 4, 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 8. It;m 3 is less Jdiscriminating
(smaller value for a) for white than for black students in each of the
comparisons, and therefore the ICCs cross and the one for black students is
above the one for white atudents at high values of 8. 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

gf;* sauple falls (i.e., below @ value of © equal to the mean of the white
—lii...student .sample). If more items with ICCs similar to these of Item 3 were
aﬁxamagwwggded to the test, the test pérfoxmagce of most black students would appear

worse than it currently does in comparison to white students. On the other
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hand, elimination of Item 3 would tend to improve the relative standing of
black students.

Item 25, which is depicted in Figure S5, has large bias indices 1n\§11
four comparisons. The large bias indices are brought about largely by ghe
very poor discriminating powar of Item 25 for black students. Item 25 is a
difficult {tem for all subgroups. It discriminates well among high~-ability
sixth-grade white students. The discrimination of Itém 25 for high-ability
black students, however, is problematic. The estimates are poorly
determined due to the small number of black students with 6°s in the region
vhere Item 25 seems to be most discriminating. This poor estimation of the
discriminating power of Item 25 is illustrated by the wide confidence bands
for the ICCs for black students in three of the four cases. In the fourth
case (Figure 5d), the ICC for black students is essentially flat throughout
the -3.0 to +3.0 range of 8. The estimated value of the item discriminating
power is so small (3@ = .01) that the ICC at @ = ~3.0 is essentially equal to
the ICC at 9‘- +3.0.

The results in Figure 6 for Item 3! {llustrate a situvation that is
different from that for either Item 3 or 25. The pairs of ICCs ar; quite
similar for low values of & but for higher values of © the curve for black
students is ebove the one for whites in all four of the comparisons. Thus,
if ;nything. Item 31 would be considered bLiased i; favor of black students
relative to other items on the te?t- Inclusien of more items like Item 31

would tend to improve the relative standing of black students on the test.

© o oned
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For comparative purposes, the ICCs for Items 3, 25, and 3! are shown in
Figure 7 for the between-grade comparison for white students attending
schoole in low-income neighborhoods. As can be seen, Items 3 and 31 have
confidence intervals that overlap substantially for the two groups
throughout the ~3.0 to +3.0 range of 6. For Item 25, the confidence
intervals generally overlap, but ahow some divergence around & equal to 0.
As might be expected from an inspection of Figure 7, Item 25 .has one of the

larger sum of squares bias indices. Indeed, the square root of the sum of

squares bias index for Item 25 is .181, which is the largest value for the '

45 ftems in the LWS-LW6 comparison. Although item 25 has a somewhat flatter
ICC for the LWS sample than for the LW6 sample, the difference is not nearly
as great as the differences for the white and black samples shown in

Figure 5.

Insert Figure 7 about here

The contrastas that are found between groups for the items in Fiéures 4,
5, and 6 may be summarizeé by the four bias indices computed for each of the
contrasts. In order to facilitate comparisons, the indices fér the 45 items
were first rank-ordered with a rank of | given to the item with the highest
value of a particular index for a given contrast. The rank ordeying was

obtained separately for each index and each contrast. The rank order of the

FERPC

bias indices for the three items in Figures 4, 5, and 6 are listed in

&Y
1

-~
4



Item Bias =3

g

24

Insert Table 6 about here

Item 25 has relati-ely large base high bias indices in all four of the
independent racial group comparisons. Indeed, in three of the four
comparisons, Item 25 has the largest or second largest base high bias index.
The white sample was used as the base group and the black sample as the
comparigon group in all four racial group comparisons. Thus, a large §alue
of a base high bias index implies that the ICC for white students tends to
be above ;he ICC for black students. The large base high bias indices for
Item 25 accur;tely reflect the fact (seen in Figure 5) 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 second largest base low bias indices but
relatively small base high bias indices in each of the compa;isona-

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
indices reflect a combination of moderately large base high and base low
differences due to the crossover of the ICCs in all four comparisons.

é:;“ e ~ Items 25 and 31 are probably the two most clearly contrasting items in s

LR

et .. terms of the racial group differences inNICCa.Mgla.n-25uwas‘eenaisten&iyti»~w“ mwr*%éﬁ

~identified as biased against black students while Item 31 was éanggstgntly%‘ R

R
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identified as biased in favor of black students. The items are of quite
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different typea. Item 25 amks cge meaning of the word ";haracter" as it is
used in one of‘the teadiné passages on the test. Item 31, on the other
hand, asks for the "best title" of a story about a fictional baron presented
in another passage.

There are eleven items that ask the meaning of a word as used in a
passage and five items that ask the "best title" of a story. The rank order
of the base high bias index and the base low bias index is listed in Table 7
for the word meaning and "best title" items for each of the four racial
group comparisons (see Appendix F for a complete listing of bias indices for
all 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 ranks on either of the indices. In
addition to Item 25, "character," Items 2, "there," 27, "reigning," i.,
"setting," and 42, "speculate," tend to have fairly high ranks on the base
high bias index. Some of the other word meaning items, however, have

relatively low ranking base high bias indices and may even rank higher on

Insert Table 7 about here

-

-

the base low bias index (e.g., Item 15, "rest"). Thus, genirilizg;iont

based on such surface—-level characteristics of the items do not seem

Mt el SR
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Cumlative Effect

Although the analyses ha§e not led to clear generalizations regarding
the content or structural characteristics of items that result in biag,
there 18 strong evidence that the ICCs of at least a few items are not
constant for groups of white and black students. For some items the ICE for
vhite gtudents tends to fall above the ICC for b};ck astudents and for others
the reverse is true. The overall impact of the difference in ICCs on the
total test score depends upon the p;rticular mix of items on the test and
the degree to which positively biagsed items are balanced by negatively
biased items. The overall effect on total score was evaluated in two
closely related ways. First, test characteristic curves (Lord & Novick,
1968, p. 386) werc computed on the equated @ scale separately for white and
black students in'®ach of the four racial group comparisons. Secondly,
expected observed score frequency distributions were computed separately for
white and black groups at selected points on the equated © scale.

The pairs of test characteristic curves (TCCs) for tﬁe four racial
gfoup comparisons are shown in Figure 8. A TCC for one group that is above
that for another at a particular value of ® impliea that the cumulative
impact of differences in ICCs yields an overall bias against the members of
the group with the lower TCC who are at that ® value. Although the curves
"show"a great deal of similarity, there is a tendency for the TCC for white o

students to be as high or higher than the one for black etudeﬁts, suggesting

a slight cumulative bias against black students.
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Insert Figure 8 about here

The difference in TCCs varies as a function of ®. For exaﬁple, in the
LW5-LB5 comparison (section a of Figure 8), the cﬁrves are almost identical
for low values of 8, say B f =1. At these low values of & the test does not
discriminate very well for either group,~but‘there i8 no systematic bias.
For higher values of ® the TCC for white students is higher than the one for
black students. The difference in the TCCs for LWS5-LBS is .021 at & = 0,
.027 at @ = 1, and .027 at ® = 2. Translated into number of items right on
the 45-item test, these differences would imply a raw score difference of
between .95 and 1.22 points, respectively. Similar comparisons of the pair
of TCCs in the other three sections of Figure 7 suggest that up to about one
raw score pgint difference between the scores of white and black students
may be attributable to the cumglative\impact of group difference in ICCs.

Aithough Oone raw score 901;E\1§ only about one-eighth of the group
difference in mean scores on the Metfopolitan Achievement Tests, even this
amount is non-trivial. At some points on the scale, one raw score point
wopld translate into about a tenth of a grade equivalent unit.

The second analysis that was conducted to evaluate the cumulative

impact of differences in 1CC was the computation of expected raw score : ?

. ‘l,”
/

_freg v distributions for black students and white gtgdgn;,'at selected ) o
points on the equated @ scale. As would be expected, the results of this

analysis are quite consistent with the test characteristic curve results.
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They merely provide an alternative way of considering the cumulative effect.

Therefore only one pair of expectéd raw score relative frequendy

distributions is presented here. Figure 9 shows the expected distributions °

for fifth-grade white and.black students attending schools in low-income
neighborhoods. The distributions were computed for ® = 0 using the item
characteristic curves separately for each group to estimate the probability

that persons from that group with @ = O would get each item right. As can

-

be seen, the distributions are very similar except that the LWS distribution

is shifted up approximately one raw score point relative to the LB5
s
distribution.

Insert Figure 9 about here

An alternative explanation of the results in Figures 8 and 9 is that
there i a systematic error in equating the ability scales. That is, if the
equating constants, A and B in Equation 2, were changed, the TCC in Figure 8
a1 the distributions of expected raw scores in Figure 9 could be made to
coincide more precisely. The two possible explanations cannot be
distinguished. Indeed, the method is not really designed to detect bias
that 18 found consistently in all items. Rather, it can only be expected to

identify 1tams,thit are biaged in one direction or thevéthgr relative to

...other items on the test. Thun,\an‘iquatiag procedure that ma&e-theiTCC' as

£ = T AR

comparable as possible is probably to be preferred. This alternative

approach is currently being investigated.
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Discussion and Conclusions

— VA ep——— -

The analyses involving comparisons of stucents at different grade S ‘ A
levels or who attend schnols located in neighborhoods with different income
levels showed that the ICCs were generally very similar. For example, the
ICCs based on a sample of fifth-grade white students ac:ending schools in
low=-inccome neighbbrhnoda wvere almost indistinguishable from those for a
sauple of their sixth-grade counterparts. The results, showing a high
degfee of simiiarity between ICCs for the within-race compatison involving
differences in the"gther two grouping variay}es, lend ci: dence to the
viability of the general approach. A basiéggasumption of the latent trait
model §s rthat the item parameters, aud therefore the ICCs, are invariant
over different groups of people. Thue, the remarkably good invsriance‘of
the ICCs over grade level and income level within racial groups suggests
that the medel is reascnable for the 45 items oﬁ the test that was analyzed.

Tﬁe degree of invariance in the ICCs was noticesbly leas for the racial
group comparisons than for either the grade level or income comparisons.

e This 8gggests that there are some items that function differently for black
students than they do for wvhite students. Such items may reasonably be

labeled as biased. Whatever the cause of the difference in the ICCs, the

S effect of including a larger or smaller number of items where the ICC of one Coe
T;m group is sbove that of another is the same. The relative atanding of black f
‘ students would be higher on a test that had fewer fteme where the ICC for |

white students was above the one for black students.
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Although a few items were consistently identified 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.
Fof example, using the criterion that the square root of the sum of squares
bias index yas greater than .2, seven itemg were {dentified as possibly
biased in the comparison of low-income vh1£¢ students in grade 6 with low
income biack students {n grade 6. Of these seven items, 7, 3, and 4 were
also ideniified as possibly biased in the other\three racial group
comparisons (i.e., LW5-LB5, MWS-MBS5, 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 guggests that,
at least for the teét studied, it is apt to be difficult to identify items
that are clearly biased.

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
overall fmpression is that the I(Cs were generally quite similar.
Furthermore, the direction of the bias for the few irems that showed a
consistently large difference was not always against black students. One of
the three consistently 1denti§1ed items was, if anything, biased in favor‘of
black students.

Comparisons of the content and fagmat characteristics of items that -
were fdentified as biased with those that were not, or between items biased
in different directions, did not lead to the identification pf any

systematic differences. For example, items asking the meaning of a word in

-

>
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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.

Analysis of the cumulative impact of the difference in the ICCs
suggesats that these differences might be used to éiplsin about‘one‘point of
the gap between raw score means for white and hlack students. This
difference may be an artifact of errors in equating, however. Thus, it
seems desitgble to explore alterrative equating procedurss. We are
currently investigating a procédure that will sclve for the constants used
for the linear equating of the abilicy scaies such that the differences
between the test characteristic curves are minimized.

There are important advantages in the use of comparisons of ICCs such
as those in this study over apprgaches that simply compare estimated item
parameters. It is possible, as was sometimes observed in our analyses, for
item parameters to be substantially different, yet for there to be no
practical difference in the 1ICCs. This can occur, for example, where the b

parameter is estimated to be exceptionally high for one group. To

11lustrate this, coﬁsiﬁat‘the following pairs of hypothetical item

%&&@«mmwmwparameters for two groups in terms of a common & scale: group 1, a = 1.8, b —

= 3,5, and ¢ = .2; group 2, @ = «5, b = 5.3, and ¢ = .2. The item

ST

'

difficulties and discriminating powers for the two groups are markedly
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different. But the difference in the ICCs 1is never greater than .05 fo§ e
values between -3 and +3. Thus, the suggestion of biaé based on a large
difference in estimated item difficulty or discriminating power might be
misleading. The value of practical concern is the difference in the
probability of getting the item right for people of equal abilif& from
different groups. This is, of course, precisely the difference in ICCs.

The use of estimates of the standardrerrors of the ICCs seems
potentially usefui. 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 being
compared were poorly estimated. The advantages of using eastimated standardi -
errors, however, were not very apparent in terms of a comparison of the
weighted and unweighted bias indices. It may be that better estimation
procedures ;re 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 degl with this problem,
the ability estimates were arbitrarily limited to a range of plus and minus
4.0. For some of the groups sizeable numbers of students had ability
estimates at the loéer exirené. For example, 44 of the ﬁBS sample students

i had estimated 8 of ~4.0. This artifiqﬁal clustering bf\subjects at the . E

;gmme;ﬁw%wwextreme results in estimated standard errors of the ICC at low ab*lity ~w“§

levels that are too small. That is, the inflated number of examinees at the

ol SN

extreme makes it appear as if there is more information at' that ability

*
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level than would be the case without thg need to fix bounds on 6. In future

analyses we plan to deal with this problem by estimating standard errors

after deleting examinees with axtreme @ values or by using estimated ability

distributions.

Despite the limitations noted above and the fact that the results did
not lend themselves to making generaiizationn about features of items that
result in biased estimates of achievement for members of a partiéulnr
subgroup, there are still some noteworthy results from the study. The
results provide strong support for the reasonableness of the three-parameter
wodel for data of this kind. The across grade level comparisons revealed
strikingly similar item characteristic curves. The procedures used for
?lacing confiéence bands around the item characteristic curves yielded
reasonable results, which, with refinements such as those suggested above,
hold the promise of substantially improving the basis for comparing item

parameters and item characteristic curves.
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Appendices

Procedure for approximating the standacd error of a point on an estimated
item characteristic curve.

Procedure for estimating equafing constants.

Procedures for estimating item bias indices.

Item parameter estimates and standard errors for each subgroup prior to
scale equating.

Estimates of equating constants.

kY

Bias indices for each pairwise comparison.
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Appendix A
Procedure for Approximating the Standard Error of a Point on an

Estimated Item Characteristic Curve

A.l1 Motivation and Notation

A plausible measure of the extent to which an item has different
characteristics for different groups is

b
(1) [ [(P(x) - P*x(x))2%dx .
a

Here P(x) is the estimated ICC evaluated ability x for one group and P*(x)
for the other group.
The comments that follow are equally applicable to measures of the form

b
J |P(x) - P*(x)| dx

a

n
- 2
1§1 (P(x,) - P*(x))

iP(x) - Pr(x )] .

(| oo =

i=1
A problem with (1) is that it will be strongly influenced by the least

reliable parts of data. More specifically, if the statistics 'P(x) and P*(x)

have large sampling errors, then the difference between these independent

statistics will tend to be large too. Consequently, the least-well-estimated

LT EE R

to (1), and a confounding between item unfairness and estimation error is

LA
! <
3
A

11

values of P(x) and P*(x) are expected to make a relatively large contribution
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One way to improve upon (1) is to consider introducing weights wix)
that would control the contribution at ability level x to the measure and
give a formula of the form

b
I (P(x) - P*(x))2 w(x) dx .
a

The godl is to give relatively large weight to those values of X such that

P(x) - P*(x) is well estimated and small weight to values of x such that the

difference is poorly estimated. In particular we consider

b
J P(x) - P*(x) Zd
a o(x) X

where 0(x) is an approximation of the standard error of the difference

P(x) - P*(x). To use (2), an approximation of o(x) is needed.

Since P(x) and P*(x) are estimated from different groups (and therefore
independent statistics),

xoz(x) = Variance [P(x) - P»(x)]
= Variance [P(x); + Varia.~e [Px(x)] .

Therefore, it will be sufficient to develop an approximaticn for Var{P(x)]
and Var[P*(x)] separately.

To do this, a more explicit notation is needed. Let P(a, b, c; x) be
the general three-parameter curve evaluated at x, i.e.,

P(a; b, ¢; X) = ¢ + (1~c){l + exp - [a(x=-b)}}"} & -

fa.

We restrict attention to a particular 1i:‘\en¥‘;,‘ éay the first, and let a, §,

.denote the "true" parameter values. Let 8, b, & denote their maximum.

*

N
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likelihood estimates (MLE's), and P be the MLE P(a, b, &, x). Using Taylor's
formula, we obtain the linear approximation
(3) P = P(a, b, ¢; x) + (a-a) Py(a, b, ¢; x)
+ (b-b) Pp(a, b, ¢; x) + (&-¢) P3(a, b, ¢; x)
where P, = g%g(g, b, ¢; x) and P, Py are the other partial derivatives. In

the sequel we use this approximation to extimate o(x).

x

A.2 Rationale for an Approximation of the Standard Error of P

At this time the theory for item parameter estimation is not sufficiently
well developed to precisely specify the conditions under which the maximum
likelihood estimates are consistent and asymptotically normal. In this applied
paper we shall assume that these yet-to-be-specified conditions have been met
and that the parameter estimates obtained from LOGIST are approximately normal
with covariance matrix given by the inverse of an information matrix (Kendal
& Stvart, 1967). In this case_geé, §f§;‘§fé will be approximately multi-
variate normal with zero expectation and with a covariance matrix 6btainab1e
by inverting the information matrix. All of the other terms on the righthand
side of (3) are constants. Thus‘i is approximately equal to a linear function
of multivariate normal ;andom variables and therefore normal.

Tc approximate the constants on the right of (3), we first note that

g(i,iﬁ,_éz X) makes no contribution to the variance of E_and can be ignored.

Lidl

. To estimate the partial derivatives, we replace’the parameter values by their

estimates and approximate

[ee—
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Py(a, b, ¢; x) by Py(4, b, & x) ,
Pz(é, b, E; x) by P,(4, b, & x) ,
P3(a, b, ¢; x) by P3(&, b, & x) .
To approximate the covariance matrix for §:§, §:§. Qgé. we consider a
3 x 3 matrix | = (;ij) which will be shown“to be an approximation~of an infor-
mation matrix. The typical entry, say I;2, in this matrix is comppted as

follows. Let ej be the ability of the 1;3 examinee and éj be its maximum

likelihood estimate. Iy, is given by the formula

3

log [1 - P(&, b, &; 6]

22 .
(4) L, =} P55 log P(3, b, & ©))
h

© o3
+ %‘3333b

where P = P(&, b, &; 9,) and 9=1-P.

3
\The rationale for this formula is obtained by regarding each answer

sheet or vector of item responses as the outcome of a two-stage experiment.

In the first stage an ability O is sampled. In the second stage the vector
of item responses is generated as the outcome of sequence of Bernoulli trials.
Thus, the probability that the 1£h examinee answers item i correct1§‘is
g(éi’-ﬁi’\éi; Bj)‘ (This experiment differs from the usual conceptualization
of latent trait data only in that abilities Bj are regarded as random vari-

ables rather than parameters.)

Relative to this.experiment; the information matrix for the item

ChdA,

fﬁéré will be ohé éuth I x 3 m&ttix for each item. Since the inverse of such

TERSSW omatrx will by anothér “block diagonal™ matrix consisting of the inverses ) =

]
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of the original 3 x 3 matrices along the diagonal, we can restrict attention
to a single item and return to the problem of approximating the typical term.

Relative to the two-stage experiment, the typical information matrix term in

the first block (i.e., for item one) is

2 N ., . .
(5) - F =2—1log TT P(a, b, ¢; @)Y qa, b, &; 6
3adb =1 )

)1‘“13 ,

3

where u g is the item score random variable for the first item and jth
examinee, where Nis the number of examinees, and Q = 1 - P. The symbol "f"
denotes expectation, in this case with respect to both item scores and

abiliries.

The expression (5) can be rewritten as a sum of two terms:

32 N ) P S 0 .
- E *aaabjgl ulj 108 (8) b’ C3 Oj) N
E 32 N, . . *
- §;§§3£1 (l—ulj) log Q(a, b, ¢; Gj) .

Cowputing the expectation of the first term gives

® R * - 2
-N J P{a, b, c3; 9) Sgsg-log P(a, b, c; 8) dF(®) ,

where F is the (unknown) ability distribution function for the N identically

distributed 6,'s. If F {s approximated by the distribution which takes a
==. . step of sgize 1/N at each 8 (1.e., by the sample cumulative distribution of  §

the (unobserved) abilities), then we obtain

: N 2 ' :
TR S rrear = N A M g R hARE T a2 R ae : . ~ e
| j§1 P(a, b, ¢; 8,) 505 log P(a, b, ¢; 9)) . ‘
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Finally, the approximation (4) is obtained by replacingﬂé,ﬂé,_é by &, §.<§
and 6, by its maximum likelihood estimate éj‘

J

A.3 Computational Details

The actual computation of the covariance matrix conformed to the pro-
cedure just outlined, except for some minor exceptions. In computing terms
in the information matrix by (4), examinees who omitted the item of interest
or for whom LOGIST failed to converge were ignored.

The covariance matrix was approximated by inverting the information
matrix. The approximation of the variance of P was obtained from (3), the
covariance matrix, and the usual formula for the variance of a sum of cor-

related variables.

Al . > ~ N T




Item Bias

ﬂiﬁm

45

Appendix B

Procedure for Estimating Equating Constants

Let<311 be the LOGIST estimate of the difficulty parameter for item i
in the base group and giz be the corresponding value 1& the comparison group.
Let EIZ be the item difficulty of item i in the comparison group after

equating. The g:z are obtained by a linear transformation of the 912.

Specifically,

bjp = A+ Bb,,

where A and B are the equating constants. The value of A and of B was com-

puted such that the weighted mean and variance of the b*. was equal to the

~12

weighted mean and variance of the Eil'

» was obtained as follows. Let-!il and 212 be

respectively (see Appendix A

The weight for item‘i,_gi

the estimated sampling variances Of*gil and 212

for procedures used to estimate the variances). The weight for item i is:

NS

-1 .

Vg 1F V2V, e
wy = 1 . ‘ \““n
Vi 1E Yy, 29, .
The w, were used to compute the weighted mean of the‘gil (51) and the ‘
: giz (52)‘ Similarily wgighted standard deviations pf the b's were computed )
e in each group (§1 and}§2). The equating constants were then computed from X .
%L». ;3 B =5,/s,, )”u;
and ;

WS ——
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Appendix C

Procedures for Estimating Item Bias Indices

The comparison group scale was first equated to the base group scale
by a linear transformation (see Appendix B). Weights for the weighted bias
indiceé were based on an estimate of the standard error of the difference
between the ICCs for the comparison and base ‘groups. Areas and weighted
areas between ICCs as well as weighted and unﬁeighted Sumrof-sqﬁares dif-
ferences were computed between © = -3 and 0 = 3,

The areas were approximated by dividing the distance between © = -3 and
0= 5 into 600 equal intervals. The distance between the ICCs at the niddle
of each interval was multiplied by the length of the interval to approximate
the area between the ICCs for that interval. Areas were then summed either
before or after weighting for the appropriate indices, i.e., base high, base
low, and absolute indices. The sum-of-squares indices were computed in a
similar fashion except that the distance between the ICCs at the center of
each interval was first squared, The specific equations ana computational 3
procedures are given below.

Let

9, = -3.0

and

[ 31

0.

j = ej~1 + '01 for j » 1$2, L 606 * . . -

v

8, =0, -.005. S 5 : =
I3
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Let gjl be the height o. the ICC for the item in question when evaluated at

53 using the estimated item parameters for the base group and let gjz be the

corresponding value for the comparison group. Fimall let V and V be
the estimated variances of the ICCs at éj for the base group and comparison
group respectively (see Appendix A).

The four bias 1ﬁdices that were used in the results reported in the

text were:

~
*

base high area,
12 = base low area,
1, = absolute difference, and

I, = cquare root of sum of squares.

Four weighted bias indices were also computed for each item. These were:

-

wl = weighted base high area,

w2 = weighted base low area,

Wg = weighted absolute difference, and

WA = square root of weighted sum of squares.
Detailed results are not reported for the weighted indices since they did
not prove to have clear advantages over the simpler unweighted indices for

the data analyzed for this report. The bias indices were obtained as shown

below. All summations are for j =1 to 600.
I.=¢.01) ) § b,
1 ()Z“

1, = (o) § (1-8,)p, ,

13‘3 I1 + 12

‘;i QQ
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Appendix D

Item Parameter Estimates and Standard Errors

for Each Subgroup Prior to Scale Equatiag

nN.H82
N, 862
.00
1.9R9
0.49%
0. 9%y
0.9?
1.202
0.262
0.9%3%
0.9%1
1.989
3.%4%
1.40%
1.9R3
2.8%
t.9RY
1.QR%
1.9R9
1.919
D.RTY
1,428
1.5%9)
D. k1%
d.188
1.3
0. 750
¢.951
1. 989
1. 989
1.9R9
1.632
1.342
1.989
G.560
1. 758
1.624
1.57%
0. 638
1.98%
1.38y
#2229
0.0%0
2.917
14744

N

Standard

rrroy

0. 080

Q.07

g2
0,490

L3TS
0510
n1%Y
023
0. 08R
.37
0.1
Q.094
186
0. 1%
0.279
0.071
0.293
ons
0. 587
Q. 252
B.1%4
0.%13
0.368
0.576
Q. 266
0450
2. 108
2.383
0.356
0. 169
99.000
L IR 1)
0,258

LB
N Standard

) Error
~0.626 0.122
-0, 110 0.07h
1.91% 0.13¢
1.9 0,092
1.13 0. 14}
-0.00 0.N66
-0.02% 0.069
0.R7S 0.0%4
1.873% 0,359
0.47 0.006
0.786 0.068
1. 991 0.094
1.095 0.125
0. 285 0.047
-0.224 0,032
™L1RE 0.07)
1.688 0.065%
03 0.100
n.49® 0.032
AR 0, 04k
D.430 0.073
1. RaB 0. 089
0.96% . 0.049
1,343 o110
5.61% 2.910
1.13% 0.054%
6RO 0,445
-0.021 0.0%9
1.408 0.0%2
2.200 0.148
2046 o.11!
1.482 0.063
1.138 5.0%8
2.009 .09
1879 1.3383
2.099 0143
1,504 Q.06R
2081 L8 2%
1,499 0,161
.87 0. 840
2.238 0.183
1.9%2 0. 204
226.886 99.000
0. 8% 0.0R3
1,329 | 0.062

L

e

N

0. 220
0. 220
G. 220
N.220
Q.220

0. 220
0,253
n.
O»éﬁ!
025w
0.220
0.266
0.220
2,190

Item Bias

Standard
krror
0. 032
9.92%
1.914
0.011
0.030
o.n23
0.023
G.01?
a.H70
.02
0.020
0.711
0.02F
2.0919
N0l
0.027
0.012
0.010
2.012
2.813
o022
9.012
0.01%
002
o302
.01
.08
0:.020
0.01)
0.011
0.012
0. 014
0.01%
a.011
0.022
0.013
o013
0. 013
0.02&
0.012
0.012
022
0. 204
0. 022
9.013
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Standard ) Mandard Standard

E Frror h keror ¢ krror

! ek . 060 -8 L e 0. 228 Q. 06}

R LR . 08% <1.440 0.1} 0, 322% 0.046

* RIEAN 0.4 0. 668 D.186 n.22% 0.047

- .29 018} 1.017 0.082 0,225 0.017
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.64}
0.727
0.382
1.0
0.8
0. 802
1.02%
1.001
0.68)
0.929
1.018
1.887
0.475
1.611
1.310
0.7a8
0. 581
1.790
1.882
1.43%
1.187
0,887
1.021
1.189
0.877
1.238
0.98?
1.1%7
1,431
1.256
0.382
1.2
1.45¢
2.000
2.000
2.721
2.000
1.431
1.356
1.98%
1.000
. 443
2.000
J.403
1.273

Standard
trror
0.08)
0.087
0,068
0. 134
0.08%
0. 086
0.082
0.073
0.064
0.0Mm
0.07%
0.180
0.06%
0.129
0.100
0.063
o.oNn
0.15%
0.130
0.10%
0. 086
0.081
0.078
0.092
0.145%
0.0086
G, 106
0.08%
0.10%
0.147
0.307
0. 120
0.107
0. 169
0.293%
Q.121
0.150
0.12%
. 107
0.1%0
D.223

.\0.09?
0.2%
0330
0.121

6

-2.133
-2.121
=0.2%¢
0.830
«~0.544
~1.492
-1.178
-1.009
=0.492
-1,.06%
=0.902
0.940
-0.21%
-3 372
“l.434
-1.3%3
0.1y
0.61)
=1
«0.400
-0.731
0.122
~0.476
-0.074
1.37%
-0.179
0,468
=1.034
=0.167
0.928
1.2%%
2.3}
=-0.112
© 0.636
1.37%
1.2%%
Q.00%
0.327
=014
0. 788
0.932
1.110
1.112
=0:450
0.42%

Standard
Ervor
0.283
0. 231
0. 442
0.041
0. 106
[ IS TYY
0.123%
0.092
0. 145
0. 10%
0.09¢6
0.03%
0. 241
0.071
0.086
0.157
0. 1%
0.033%
0.0%)
0.058
0.05
0. 083
0.08)
0.0862
0.0%
0.085
0.084
0.088
0.053
0. 052

0.128%
0.0%0
0. 051
0.031
0. 051
0.103
.08
0, 050
°»n$!
0.0
0.03%
0.19%
Q. 040
0084
0.03%

2

0.240
0. 240
0. 240
0.230
0.240
0. 240
0. 240
0. 240
0. 240
0. 240
0.240
0. 240
0.240
0. 240
0. 240
0. 240
0.240
0.230
0. 240
0.2%
0. 240
0. 240
0. 240
0. 240
0.240
0.181
0. 240
0. 240
0.240
09,260
. 240
0.260
0.2
0.192
0. 240
0. 240
0.230
0.260
0, 260
0,240
0.240
0. 240
0,240
8,240
0.230
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Standard
Error
0.08?
0.07%
0.088
0.016
0.9
0.03%
0.048
0.038
0.044
0.040
0.03%
0.013
0.0%8
0.03%
0.03%
0.0%)
0.042
0.01&
0.0
0.027
0.032
0.030
0.032
0.026
0.011
0.024
0.02)
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0:.63)3
0,021
0, 024
2.018%
0.013
0.027
0.020
0.022
0.028
0.01%
0.018
0. 049
0. 013
0.0
0.022
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0.0%9
0.048
0. 043
0.072
0. 048
0.044
0.027
0.068
0. 046
0.042
0.063
0.050
0.026
0.03?
0.044
0. 044
0.036
0.037
0. 041
0.122
0.034
0.02%
0. 0kd
0.031
0.028
0.027
0.040
0.032
0.026
1.297
0.03?
0.031
0,044
0.002
0.026
0.027
0.0%6
2.025
0.045
6.031
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0.58%
0.883
.77
1.839
0,580
1.140
1.222
1.77%
0.407
0.950
1.033
1.512
0.612
1.518
1.262
0.87
1.64%
2. 000
2.000
1.703
1.036
1.769
1,241
0.8%4%
9.312
1.070
1,82
1.046
1.908
1.839
.23

1.132

1.383
2.0C9
2.000
2.000
1- 481
1.427
2.000
1.9%
2.000
0.77%
2.000
G+ 824
1.220

\

Standavd
Error
0.08)
0.07}
0. 141}
0.37%
Q. 080
0.990
0.094
0.15?
0.08)
0.083
0.098
0.397
0.079
0.121}
0.09?7
0.07%
0.236
0.342
0. 141
0.178
0.100
0. 244
0. 119
0. 099
0.166
0.0923
0.420
0.088
0.221
0.368
0.264
0.157
0.1%7
0.351
0.611
0.472
o.1n
0.232
0.21%"
0.724
0. 580
o.ias
.48
0.979
0,173

L3S

&

-0. 729
~0.336
1.714
1.84)
0. 844
~0. 284
=0, héh
0.50¢
1.3
0.018
0.482
1.894
0.73%
-0.010
-0.457
-0.214
1. 402
1.654
0. 0%0
0. 870
0.473
1. 364
0. 566
0. 869
3.766
0.55%
1. 968
~0.079
0.943
1.203
1. 306
1,296
0.956
1.801
2.18B4
1.939
1.117

1.510 |

1.127

,296
2.022
2,008
2.690
0,343
1.349

St‘nd;td
Error
2.130
0.090
0.113)
0.0R2
0.124
0.066
0. 064
Q.040
0.263
0.07%
0.068
0.0%9
0.117
0. 049
0.062
0.08S
0.0%9
0. 061
0.012
0. 045
0. 066
0.054
0.056
0.080
1.068
0.035
0.102
Q.0N
0.042
0.079
0.121
0.07%
0.05%6
0.067
0. 128
0.089
0.033
0.075
0.0}
0. 158
0,109
0. 198
0. 287
Q.01%
0.075

LStandard
Errar
0.037
0.031
0.02!
0.012
.08
0.927
0.02?
0.01?
0.043
0.027
0.023
0.012
0. 031
0.022
0.027
0.029
0.014
0.012
0.015
0.016
0.023
0.014
0.021
0.024
0. 049
0.019
0.012
0. 027
0.015%
0.012
0. 013
0,018
0.017
0.010
0.012
0.012
0.01%
8.015
0.01%
0.012
0.013
P.022
8.012
0.025
0.017
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Standard
trvor
9. D68
0.0
0.076
€. 133
8. 068
G. 0735
G Chs
0.084
0.020
0.073
0. 086
0.108
3.01
0.161
Q. 127
¢.0713
0. 080
0.1%3
0. 160
0. 100
0. 090
0. 081
G. 081t
0.094
0. 130
0.0R?
2. 199
£.09%
0.110
0. 219
0110
0.128
D.112
0.139
0.238
a1l
0.156
0.150
0.118
0191
8.250
0. 094
.27}
9,136
0.138

LwWo

N
h

-i.810
-1.93%

0.40%

0.573
-0.3%%
~1.598
-1.626
=0.758
-0.261
~-1.004
-0.672

0.956
-0.0%2
-1.0%&
-1
~1.284

0.208

0.578
-0.903
~0.308

~0.4663-

0.272
-0.431
-0.018

1.230
-0.13%

0. 688
-0, 796
-0.107

0.808

31302

0.419
-0.020

0.539

1.07%

0.89%

0.174

0,346
-0, 068

0.989

1.061

0. 744

.197
«0. 252

0. 448

“tandagd
Error
0.199
0.200
0.293
D.045%
0.132
0.138
0.122
0. 0B
0. 124
0.112
0. 080
0.084
0.132
0. 056
0. 069
0.125%
0. 104
0.039
0.950
0. 080
0.075
2. 106
0.083%
0.066
0. 089
0. 069
0.038
0.075
0. 0%%
0.039
0.132
£.0582
0.0%0
0. 04
0.038
0. 082
0.038
0.042
0.087

0.041 ~

0.040
o.118
0,042
0,051
0.049

<

0.230
0.230
0.230
Q. 230
0.230
0.230
0. 230
0. 230
0. 230
0.230
0. 230
0.230

- 0,230

0.230
0.230
0.230
0.230
0.230

.29
0.230
Q.230
0.230
0.230
0. 230
0.235
0. 210
0.2%
0.230
0.23%
0.3086
0.230
0. 260
0.210
0. 140
0.23¢
0. 230
0. 218
0.235
0. 260
8.210
0. 248
©: 230
. 230
.20
0.230

Standard
Frrar
0.087
0. 069
U068
0.019
0.043
0. 053
0.050
G. 0636
0. 04}
0.043
0.035

. 0.027
0. 041
0.032
0.036
0.948
0.034
0.01?
0.029
0.02?
©.033
0.035
0. 034
0.027

0.024

0.029
0.017
0.035
0.026
0.017
0.033
0.022
0.023
0.015
0.014
0.02?
0.019
0.019
0.026
0.016
0.01%
0.036
0.014
0,026
0.021
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1.08}
1.01%
0.818
0.87%
0.943
.83
1.15¢
2. 000
0.782
1.018
0.936
1.2%9
¢.339
1.188
0.83¢%
0.945
1.11¢6
1.477
2.000
1.6
1. 364
1.064
1.076
1.303
0.010
1.268
1.309%
1.25%6
1.750
1. 300
0. 802
1.9
2.000
1.475
1,126
1.074
2.000
1.134
2,000
2.000
2. 000
0.1373
. 000
1292
1.053%

Standard
Error
0.171
0. 162
0.197
0.187
0.186
0. 142
0.181
0.32%
0.176
0.164
0.167
0.409
0.145
0.186
0.145
0.154
0,260
0.253
0.321
0.280
0.229
0.310
0.191
0.232
0.032
Q. 224
0. 354
0.201
0.310
0.381
0. 306
0.312
0Q.361
Q. 366
0.412
0.37%
0.370
2.219
0374
0.549
0.710
0.21%
0.380
¢ 2%
0.283

MBb

b

-1.011
-0.869
0.713
1. 088
0.284
=-1.096%
-0.932
-0.11%
0.45)3
=0.702
=-0.169
. 1.489
0.295
=0. 842
-1.1%8
-0.763
0.718
0.802
=0. 565
0.188
-0.02%
0.577
0.027
.27
95.172
Q. 302
1.216
=-0.574
g.418
1.332
1.644
0. 980
0. 4387
1.343%
1.637

1.539

0. 463
0.930
0. 430
1.290
1.510
}. 707
1. 744
0. 292
1.060

57

Standard
Error
0. 183
0.187
0.178
0.135
0.1%¢%
0.246
0.167
0.07%
0.193
0.180
0.177
0.157
0.332
0.160
0. 245
0.197
0,227
0.081
0.09%4
0.089
. 114
0.089"
0. 145
0.113

81.489
0.112
6.12&
0. 148
0. 086
0.135
8. 257
0.128%
0.079
0.108
0.200
0. 188
0.082
0,134
0.0%2
0.093
o.117
0. 539
0.158
8.128
0. 147

-

0.230
0.230
0.230
0.092
0.230
0.230
0.230
0.210
0.230
0.230
0.230
0.230
0.230
0.230
0.230
0.230
0.230
0.108
0-210
0.230
0.230
0.230
0.230
0.230
0.230
0.210
0.230
0.2%0
0.230
0.230
0.230
0.320
0.230
0.127
0.230
0.230
0.230
0.230
6.230
0.203
0.230
0.230
0.230
6,230
0.210

Standard
Error
0.078
0.076
0.05%%
0.03%
0.05%7
0. 087
0.073
0.043
0. 062
0.073
0.06%
0.033
0. 089
0.07}
0. 087
0.076
0.045
0.028
0.0533
0.042
0.051
0.037
0.0%7
0.040
0.457
0.048
0.43%
0.065
0.039%
0.03%
0. 048
0. 040
0.036
0.026
0.03%
0.038
0.038
0. 044
Q§G3a
0.029
0.029
0.118%
0.028
9. 951
0.043
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0. %99
0,580
0,294

1.3
i
-
0.69

0.784
0.61%
0.673
0.207
1.010
0.363
1135
1.124
0.620
0.449
1-184
2.000
1.199
1.0%1
0-626
0.87?
1.104
1.172
1.12%
1.239
a.379
1.126
1.222
0.37%
1.357
14320
1-668
1.17%
0.401
1.421
1114
1.246
1.14%
1.817
0.596
2.000
1.432
1.308

Standard
Error
0.070
0,078
0.07%
0. 110
0. 065
0.07M
0.082
0.063
0.063
0.063
0. 069
0. 109
0.068
0.099
0.099
0. 066
0.065
0.103
0. 188
2,090
0. 082
0.070
0.0M
0. 085
0.145
©.08%
0.108
0.1
0.088
0. 114
0.102
o 110
0.0%8
0.127
0,156
0.092
0.108
0.09)
0. 095
0.120
0.188
0. 08
0.21
8. 112
0.11)

b

-2.512
~2.683
=~0.445%
0.492
-0.878
=-2.269
-2.850
-1.874
-0.845
-1.757
-1.481
0.676
-0.733
=-1.932
-1.971
=2.142
-0.518
0.25¢6
=1.%528
=0.877
=1.204
-0.156
-1.097
-0.450
1.038
-0.598%
0.247
~3.6327
-0.8%7
0.482
1.52%
0. 041
-0.523
0. 358
1.213
0.8
-0.211
-0.087
-0.619
0. 662
0.81)
0.474
0.910
-0, 684
0. 150

Standard
Error
0.432
0.392
Q. 882
0.057
0.1%3
0.304
0.433
0.191
0. 200
0. 240
0.186)
0.066
0.571
0.132
0.135
0. 332
0.1332
0. 060
0.068
0.082
0. 108
0.15%9
0.128
0.079
0. 059
0.081
0.0%9
0.13
0. 082
0.055
0. 260
0.0587
0.068
0.037
0. 063
01N
0.087
0~?73
0. 078
0.058
0.039
0. 150
0.03¢6
0.069%
0. 80

0.24%
0,245
0.24%
0.240
0. 245
0-243
0.245
0.243
0.24%
0.24%
0. 243
0. 245
0,243
0. 243
0. 245
0. 245
0. 245
0. 248
0.24%
0.245
0.245%
0. 245
0.245
0,248
0. 259
0.24%
0.260
0. 245
0. 243
0.248
0. 245
0.259
0. 245
¢.175
0. 240
0.24%

0,240

0.24%
0.245
0. 240

0.260

0. 245

0.248

Qu 243
0.248

Standard
Error
Q.14
0. 141
0. 151
0.023
0.082
0.104
0. 161
0.068
0.060
0.079
0.059
0.024
0.116
0.0%8
0.059
0.107
0.079
0.025
0.040
0.038
0.045
0.047
0. 049
0. 034
0.019
0.035
0.023%
0.056
0.036
0.022
0.063
8.025
§.032
0.012
0.018
0.039
0.02?
0.030
0.03%
0,023
0.01?
0.044
0,016
0.03%
0.026 -
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Base Group
LW5
LW5
LBS
MWS
LWé
LW6

IGB&’

LWS

LB5

MBS

Appendix E

Comparison Group

LBS5

MW5

MB5
MB5

LB6

MB6
MB6
LW6
LB6
MW6

MB6

b

e S

= A + Bb,
J

" Estimation of Equating Coustants

B
Slope

1.01091
0.88857
1.05854
1.13246
0.95032
0.79275

1.03924

1.22931

1.00590

0.97725

0.88891

0.98476

A

Intercept

-0.92508
0.45232
0.47350

-1.00965

-0.97707
0.36811
0.57221

-1.03913
0.38167
0.34253
0.32543

0.36079
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Appendix F

Bias Indices for Each Pairwise Comparison
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LWy -NWwSs R
Sase-High Bame-low Absolute Root Sam
Area Area Difference of Square
1 0.07888 0.01023 0.08908 0.00267
2 2.00000 0.021%) 0.02153 0. 00012 -
) 0. 00000 0.33308 0. 33308 0.02059
a 2. 14760 0.01832 0.16592 0.01183
5 0. 10814 0.04851 0.19666 0.00919
& 0. 00006 0.18722 0. 18727 0.01073
? 0+00800 0.07.8% v 0.07864 0.00230
) 0. 00661 0.16396 0.170%6 0.00968
9 0.02486 0.26225 0. 28691 0.02097 .
10 0. 00000 0.1088) 0.1088) 0.00280
1 0.01280 010392 0.11672 0.00853
12 0.03466 0.12724 i 0.16190 0.01052
13 0. 06460 0.08741 0.15200 0.00434
i 0. 00000 0.06979 0.06979 0.0017%
H 6.03525 0.02125 0.05649 0.0009?
1s 0.03613 . 0.13239 0. 16851 0.00810
17 0.90242 0.23073 0.2331%" 0.0124%
18 0.02295 0.09459 0.11753 0.00311
19 0.00000 0.20976 0.20976 0.01437
. 20 0.09112 0.03295% 0.12406 0.00424
; 3 0.01150 0.06190 0.07379 0.0018]
22 0. 00000 0.13105 0.1310% 0.00484
n 0.02852 0.0259%  0.05448 0.00072
24 0.09138 0.07000 Q. 16157 0.00674
25 0. 19746 0.2051% 0. 39760 0.04252
36 0. 00000 0.11479 0.11479 0.00308
RN : 0.07259 0.07118 0.14377 0.00479
2R 0.01620 0.03317 0.04936 0.0005%
29 0. 00000 0.06421 0.06421 0.00092
30 Q. 03708 0.0336% 0.09073 0.00255
3 0. 10426 , 0.09347 0.19772 0.00929
32 0. 00000 0.05173 0.0%173 0.0005%
1 0.04132 0. 09544 0.13676 0.00414
34 0. 11695 0.11275 9.22970 0.01497
3% D. 004 0.06939 0.0743% 0.0010%
Y% 0.03146 0.07332 0.10698 0.00335
¥ 0. 00000 0.12807 0.12807 0.0037)
38 0.04232 0.05787 0.10019 0.00318
19 0. 00000 0.13334 0.13334 0.0038)
a0 . 00000 0.15431 0.15431 0.00706
al 0.00000 0.21989 0.21989 0.01769 -
42 S D.0k012 0.07130 S 0.t114d 0.00236 -
43 0. 00000 0.161%3 0.16153 0.00791 .
S 44 0. 10775 0.02886 0. 13660 0.00707 ~ o
& 0.0575° D. 11106 © 0. 16886 0.00589
Rt =5
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LBS-MRS
Bawe-High Rasc~Low Absolute Root Sum
Ares Arva Difference of Square

! 0.05910 0.01127 8.07037 2.00106

2 6.12658 0.06615 0.19273 0. 00815

) 0.0230% 0.25137 0. 27441 0.02044

. 4 012784 0.00000 0.12754 0. 00804

5 0.0750% 0.29277 0.36792 0.03404

) 8.02468 0.09054 0.11522 0.00341

7 0. 14498 0.10218 0.24706 0. 01400 *

8 0.0037% 0.26766 0.27141 0.02557

9 0.16492 0. 18164 0. 34656 0.02562

) 0.06910 0.00338 0.07247 0.00139

1 0.0390) D.14960 0. 18861 0.01003

) 12 0.18995 0.00638 0.19653 0.02407

13 0.013} 0.05008 0.06569 0. 00087

14 9.00990 0.1%27N 0.16262 0.01104

18 0. 15143 0.11142 0.26285 0.02130

, 14 0.01992 0.21884 2.23876 0.01507

- 1? 0.340%3 0.12421 Q. 46474 0.07278

13 9.02548 0.12581 0. 15129 0. 00426

19 9,00172 0.15049 0.15220 0.00604

20 0.16927 0.14174 0. 31181 0.02514

n 2.15361 0. 06965 0.23326 0.01037

22 0.03785 0.17188 0. 2294 0. 01697

) 0.09010 0.04133 0. 13142 0. 00388

24 D.07607 0.1047% 0. 18081 0. 00795

23 0.073%3% 0.03572 011126 0.00254

26 0.00330 0. 09940 0.10270 0.00218

k34 0. 06449 0.218%3 0. 28301 0.03712

28 . 24457 0.09300 0.33957 0. 03545

29 0.05827 0.1538) 0.21210 0.01602

30 2.00975 0.20437 0. 21411 0. 00855

1 0.22704 0.01287 0.23991 0. 03575

kK . 19338 0. 03990 0.23328 0.01584

n $.07230 2.07087 0.13217 0. 00560

4 0. 08108 0.00659 0. 02767 0. 00440

3% 0.14276 0.1%10 0.31686 0.02490

k) 0.34208 0.00337 0. 34546 0.06506

3? 0.021t7 0.09687 0.11804 0. 00584

38 0.22244 0.06712 0.28958 0. 02120

9 0.07507 0.350% 8. 42541 0.05497
o at 8.02073 019986 0.21039 0.02958 3
= al 0. 39717 0.00000 0.39M17 0. 0439 .

a2 0. 22391 0.00190 0. 23581 0, 01653
TR 43 0.3029% 0.23412 0.53707 0.09743 T

a4 0. 09873 0.0255% 0.12428 0. 00356
R REE e e a ~43 QAR 0. 00000 8. 42758 D.QT444 —
S Q . . . - =
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. ‘ . HWS-MBRDY )
Baaev-High - fase-Low ‘ Adsulate Foot Sumw
Area Areca Mfference ot Squace
t 2.0849) 6. 00099 0. 08596 9.00169
3 0.2147 0.0 0.33762 0, 05087
) 0.48730 0, 04990 C. 8370y G.Q&b12
N 0. 04264 0.05782 0. 10045 0.00244
5 0. 01302 c 12318 o 42ty 0.003 74
- 6 0. 06000 0, 00000 0.06G00 0:00097
y 0. 22094 0.01476 0. 23549 0.0257%
3 0.08469 ©.00809 0.09275 ©.00306
3 0.36827 0.03280 0. 40107 0.0366%
10 0. 13493 ©0.00000 G. 13493 ©.00534
n 2. 09226 0.0133¢ 0. 10785 0.00375
12 ¢. 087187 2.03787 no13SL3 ©.0037%
11 0.00350 0.04230 0.04380 0.00046
14 0.01137 0.0146% 0.0278) 2.0063
. B 0. 10876 0.07046 0-17913 0.01141
16 0.06082 0.0328% 2.0937% 2.00186
17 0.40620 0. 90000 0.40620 0.03108
18 0.10725 0. 00000 0.10525 0.00331
19 0. 18746 0.00D00 0.18746 2.0117)
20 0. 23600 0.02092 0.25691 0.21957
21 0. 04308 0.04432 0.0873R8 0.00236
22 0. 19689 0.00911 0.:0%09 0.01079
23 9.09510 0.1307% Q. 22586 0.01204
4 0- 11913 0.01472 \ 0. 12383 0.00479
2% 0. 49042 0.20914 0.69856 0.14226
23 2.0%000 0. 18740 0. 18740 . 00913
17 021489 0.06704 0.28193 0.02586
28 0.083156 0.02004 0.10318 0.003%4
29 0.06065 0.0801% 0.14079 0.00525
.20 0. 0000 0.13690 0.15690 0.00632
31 0. 17645 0.28633 0.46278 0.05641
2 0.09372 0.10220 0.19591 0.00910
3 0. 04407 0.04850 0.09256 0.00213
k1) 0.08812 0.02471 0.11283 0. 00524
38 1.08299 0.14120 1.22418 0.64073
3 0.09269 0.00296 » 0.09563 0.00266
3? 0.03431 0.02023 0.05454 0. 00082
3 0.43768 0.01198 0. 46964 0.06784
39 0. 04086 .01010 0.05096 0.00069 =
: 40 0.23860 0.02917 0.26777 0.03166
S ————— 4l 0.33312 9. 00000 0. 33312 0. 03803 o
42 0.29580 0.7813% 0.57714 0. 06461
T i e e &) 0428794 0.00000 0.28796 0,02465 S
o & 0.05940 0.07661 0413600 0.00510 ‘
43 0. 17735 0. 00000 0.17755 0.00793
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LWe - LB &
: 3*#*"“‘%“ Bage-Low Absolute . Root St;m
Avea Arva Ditterence ot Rquare
: 4.09098 0.90000 0.09098 0.00213
AN LR B {3 Q. 00230 0.2%7%3 0.02%72
3 QLI 0. 1551% 6.%3m 0.05544
% 0.1%181 0.01497 i 0. 16677 0.01 361
s 2.14074 €.0163% 0.15709 0.00565
- . A D205 ¢.0118] 0.24238 0. Q2367
: 0. 1021 0. 01061 0.16081 0.01123
1 Q. 26139 0. 04202 0.30540. 0.03373
3 G.a7 Y G. 025481 0.502) 0.0555%
5] $.030%9 0.01368 0. 04427 S 0.00083
1" 0.1088 0.00339 L0.11207 0. 00620
2 Q. 18262 0.21451 0.39%92 0.015%40
N 0.00000 0.17502 0.17502 0.00670
1w D.06KLD : 0.02152 0.08764 0. 00304
1e o.a01s 0.20020 0.20419 0.01911
14 D LNN 0.00000 0. 06600 0.00128
1? DL 20398 0.1715%% 0.39733 0.03828
iR G073 3.02424 0.09759 . 0. 00251
s b, 110Y9 Q.06G03%2 2. 21091 0.01876
N RN IN .8 .02%624 0.1350% 0.0719
N ALIM022 Q.00 0.10733 0. 00183
22 0.24832 0.21909 0. 4674}% 0.04934
AR 29N 0.0729 0.12427 ©.00377
34 5. 03690 0. 10884 0. 14573 0.00587
RAY Q.4933X0 0. 14332 0. 84281 ¢. 12330
2 2.01733 . 0.15697 9.23431 0. 01418
A 3.2%342 800000 nL25342 0.61828
R 209114 2, 20104 0.20222 0.01526 -
9 0.06348 0.06542 0.12889 0.00550 !
30 G.221%% . 00700 - 23054 Q. 014%4
n Q. 07%5%9 0. 4003 0.47%95% 0.07124
32 QLIRS D.079% Q. 11827 . 0. 00434
1 a.o0m00 0. 11118 0. 11118 0.00327
Ya 018019 2. 00086 0. 18100 0.01726
PR 0.01294 (.01572 Q.02858 0.00023
b Q.19482 0. 2127 0. 407480 0.04382
¥z ) 0.09895 9. 03606 0. 13500 0.00461
1] 2.93120 0.0 0.05353 . 0.00091 \
3 0.09558 0.05406 0.14964 9. 00814 . )
w - 11739 .C9780 8. 21519 0.01352 -
s1 0.00345 0.08499 0.08844 0. 00431 \
e e o 42 6. 15873 0.02014 . 17887 0.0077% .
1 0.28132 0.07922 0.33053 0.04229
i 0. 20082 013552 033604 0. 02879
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Bape-High

Area

0.0%42%
0.0730%
0. 00000
0.12294
0.06350
Q.10110
0. 00488
0.00373
0.00000
0.0168%
0.00%24
0.03038
0.09604
0.02427
©.00931
0.03337
0.03516
0.02276
0.03147
0. 00069
0.03306
Q. 00000
0.000G¢C
0.02801
0.0824%
0.01252
0.0161%
0. 00000
0. 00000
0.19576
0.10974
0.03%60
3. 00000
0.06301
0.18379
0.073%8%
0.02394%
0. 00735
0.035899
000830
0. 00000
0.01800
-0+ 00000
0. 16963
0.02023

LWs -uWe

Base-lLow
ATea
©.00000
0. 00687
0.27560
0.01781
0.00982
0. 000861
0.4
0.17914
0.07310
0.05305%
0. 12446
0. 13060
0.23%8%
Q. 13104
0.06794
0.07078
0.26208
0.08172
0.04113
0.05%95
0.01387
Q. 06669
0.09227
0.05072
0. 17632
Q.09615
0.0%811
T.1268
0. 05088
0.00711
0.08250
0.04588
0,123
0.06464
0.04015
0. 04880
0.0739%
0. 15266
0.035606
01911
0. 08442
0.0571)
0.1433?
2.00000
0. 03596

<o
'I

absolut;

Dfference
0.0942%
0.0799%
0. 27560
0.14075
0.1%5332
0.101?0
0.179%8
0.18286
0.07310
0.0719%0
0.12970
0.23098
0.3318%
0.15530
0.07723
0. 10414
0.29723
Q. 10447
0.02125%9
0.0%664
0.0489)3
0. 066639
0.09227
0,07873
0.23817
0. 11367
0. 13426
0.13266
0. 05088
0. 202886
0.19224
0. 08347
0. 12379
Q. 12:0%
0.2289%4
0.12277
0.05789
0. 16000
0. 07304
Q. 2015}
0. 08442
0. 0751
0.14337
9. 16963
0. 03619

Root Sum
of Squaare
0.00260
0. 00263
0. 01413
0.00725%
0. 00473
0.00313
0. 01430
0.01139
0.00107
0.00152
0.005%62
0.Q13n
0.02259
0. 00983
9.00239
0.00313
0.02037
9. 00244
0.00198
0.00097
0. 00086
0.0008%
0.00212
0.00147
8.0 17
0.00302
0.00475
0.00571
0. 00069
0. 00986
0.00802
0.00196
0. 00353
0. 00489
0.021086
0.00304
. 00223
0.0093%
0.00129
0. 01013
0. 00203
0. 00139
8.0073%
6.00773
{.00078
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J.0021}
0D.G1324
S1Ra?
UL 1Rl
{1 0000
TATNB
R
2.09810
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RN B R
D.O0AR
.55
TLUORGKA
R A AT
aosen
0.112%8
2.a7n
QL0920

013533

D202
Q.N9R0S
Q. 17960
0..00000
0.06922
Q.191%5
0. 16610
0. 1AB7S
QYN
o. 110%%
o, 23307
D 19200

t8s ~%to

Bane-l.ow
Atva
[
Q.01
Q. 24824
Q. 0454)
Q. 1IN
0.22%9%2
¢.00222
0.038%
0.21:28
0. 12073
0.06313
0.04738
3.02188
0. 21864
Q.17
q.01367
0. OR9BIY
0. 07945
2. 34020
.08 720
0.03527
Q.13617
0. 02481
0.1{2&1
D.2728
0. 120827
0.01206
0. 209}
. 00000
0.02466
0.006236
0. 24406
03221
Q.00234
Q. 086%%
0.06127
0. 27364
0.04343
0. Q0097
0, 22812
0. 90000
0. 382127
0. 158%)
Qs 12622
> 10598

[~}

Absolute
Ditfereme
9. 31292
0. 16608
0.25162
0. 52353
0. 3173%
0.26167
0. 03542
0. 06936
0.43323
0. 12308
0.07639
Q. 1 198
0. 1282}
0.2276)
0.25%7%
0.G3567
0.18599
0.43379
0. 35020
0. 08749
Q. lakad
0. 148863
0. 09023
N, 19308
0.41315
. 27088
0. 18462
. 982
0. 09821
Q. 19999
0. 24972
N7
Q. 1565)
C. 21306
0. 18560
0. 240R4
0. 27364
0. 11314
0. 19252
0. 394622
0.16876
0.3899)
0. 2890%
2. 35,928
By 29797

Root Sum
vl Square
0. 02448
0.00H28
0.01862
0. 06035
0.019%2
0. 01981
0.00109
0.90129
0. 03232
0. 00450
0.00170
0.0123¢0
0. 00438
0.021%1
C. 01651
C.00026
0.00854
0. 04388
0.03319
0.00238
0.00%37
0. 00991
0.00222
€. 00927
0.0381)
0.01739
0.00719
Q. 0049
29,0030}
0.01218
0.02777
0. 02369
0. 00804
0. 01805
0.0144%
0. 02803
0.014%9
0.0038%
0.00978
0. {7 332
02.00723
0.03129
0.02452
4.03381
8.02129
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MWh - MEE
’ Buse-High Bave-low Absututic Rout Suam
. Adia A ve D{tetetwe v Sguare
: 0.00234 9, 08599 0. 15842 0.007467
0, 2e79% 0.00144 0.24893 5.02890
\ RERTE PR ., 24792 S TYS f. nAOM
a 0. 3124 « 0.012%% IS 31 0.02909
5 n. 18387 2. 90000 0.162%? 0.00697
" 0. 000NN © 0,085 0.06%%2 0. 00063
) RN S1N 3. 00708 0,2%642 0.03827
R 0.%197% 7. 07601 0.4957% 0.09151
% 0. 2R1A) N, 00000 0.28161 0.01734
! 0.01033 0. 13RI 0. 1482 0,003
h 0. 18287 4. 00000 0. 18257 0. D084
12 0,14 1Re 0. 00000 G 14180 000432
N 0. Rk 0.06268 9.153)) 8. 00495
s 0.0133 0, 0629) 0.07728 0.00277
AN 7.03903 0. 1588% 0.2178¢ 0.026%0
1n N.QIIeT 0. 04189 0.1190% 0. 004 R4
Y 0. 401N . te280 05062 0.06845
NS Q. 200 G 09937 0,308 8. 03678
) 0,008 2.10992 0.11%43 0.00886
K RIGURE N 6. D09RR s 0. 00365
RN DoV 0.0001) 0.12438 0.00536
AN ARRLNS 0, IN5A2 751169 0.0%220
AR IRICLE L) 8. 00055 0.09579 0.00243 N
. B, 00290 S, 19800 0.16100 0.90%05%
2% 1. 11280 0. 24987 T 136264 0.37430
2 D, 01958 DN 0.9462R 0, 90071
AN D238 7Y 9. 00000 L 25578 0. 01505
) w 0,001 54 2. 08090 " 0.06244 0.00132
) 01154 f.OMTIL 0. 1645 0.098%9
10 0. 11898 3, 00000 0. 1389 0.00%07
3t D172 0.2%93 a.aate 2. 046074
2 2,066 9. 16858 9.23453 0.01249
33 0.09791 6, 00622 0. 12442 o 0, 00480
W 0. 18261 . 0.00000 0. 382681 0.03749
3 Q.5186) [ISTY T 0. 18494 0.011%S
36 0. 20641 0. 09042 0. 29683 0.01677
7 0.01292 0. 18383 019673 0. D180
3 B, 1aRad 0. 00000 Q. 18843 0.0100%
k1) 0. 18768 0. 01365 0.20112 0.01%06
S s ~ o152 0. 11068 0.26980 T n.olase .
41 8.11710 9. 00000 c.31M0 0. G008
s? a.mmn o, 12484 0. 50063 £2.0%79% :
B E e 0 3 0, 20787 0, 20000 /20752 0817 s
: ¥y 0.0800 G. 04994 0.1279% 0.00442
s 0. 0708 0.0193% 0,226} 6.01418
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LWS - LW )
base-High Base - Law Abxolute Rout dum N
Arva Arva Ritferene vf Square
1] A.NYTHY 0.01%%8 G. 11318 0. 00434
y 9,200 M 4+ OB&4D 0.08470 0.00249
) 0, 66608 0.04015 0.10620 0.00234
@ 9.00222 0. 04582 0.06805 0.00168
s B 167048 0. 00000 0. 16764 0.006%0
N £, 00500 0. 29447 : 0.29437 0.02591
) 0,01 18~ 0. 1agty 0. 1988t 0.0095%
- [ G.02007 0.1032¢8 0.1235%% & 0. 00482
Q . 08610 0.18760 0. 24320 3.0130%
1 0. 00006 IRTITD : 0. 18189 0. 00978
1\ . 0332 D.0%624 0. 09001 0. 00243
12 20,0937 0. 15601 . 0.24970 0.0160b)
0 00T 0.00121 0,074 0.00142
1s 0. 02 ¥R 9.00442 0. 02749 0. 00040
' aonn 0.00173 0.07386 0.002%%
, 1% 2.03278 0. 11096 0. 16374 0.00584
1 0, 00000 0. 10882 0. 16882 0.00625
1R 2, 02 ROR 0.12128 0.1%42% 0.00492
19 £, 00000 2.1318Y 0. 15143 0.008R4
NH D, 16873 0. 034 0.20%9 0. 010N
7 NN 0, 00003 .0, 0897 0.08939 0, 00241
RN Q02617 0.06%7% 0. 09555 0.00179
AR a,Q0127 4.03099 i 403220 0.00028
3:. 0.07447 0.0374? 0. 11193 0.00137
ALY Q. 34385 0. 20186 0.364%30 0.03282
3 0.9 381 0. 26226 027877 6.01973
e 2 2,001 017332 0. 17687 0.00470
33 0.05106 0, 0060} 0.05709 0.00128
9 0. 00 ?b‘{ 0. DYRIY 0. DRBJR 0. 00220
0 0.00000 " 0. 22718 022715 0.5098) .
i N D, 14896 D.0I82 0.24877 ’ 0. 01644
AN 0, 0240 0.040%3 0.06528 0. 00083
n 0. 07 384 3. 058426 0. 12790 0, 00443
1 0.0R4AS 0. 00044 0.08528 0.003R1
» 4. 00000 0.18102 0.18302 0.015%3
1) 0.01099 0. 20540 0. 214638 0.01770 : '
M 0.03410 0. 04207 0.07616 0.0014? Lo ; )
p1] 0.18438 _ 0.00000 0. 14488 0, 00449 . oo
» 0. 00000 * pouma 0.12018 0.003%8 ‘ : -
0 0.14477 0. 00000 0. 14477 0.00616
4 0. 00000 0. 12842 " 0.12842 0.00321 T T
@’ 0.00826 0. 11839 0. 12688 o.o0sey
SR e 8 602122 © G- 01833 0+0295% ©:.00018 : TR
o 0.11%49 0211138 0. 22687 0.01498 : ~
a3 0.03099 0. 10280 T 0.15378 0.00483 ) Coa
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Basw - wh

Arca

[ A A 89
O3, 90000
0.0%202
2.1030)
0.05113
0.05798
0.023%6
0.02%3
RLOISALS
0.00000
0.00905
0.13814
0.01m8
0.02054
oo 11013
0. 00000
2.972%3
0.00000
0. 058A0
0.0080%
2.10231
0.00000
Q. 04987
0. 00000
0.0R232
0.09500
2.0662)
0.06714
0.00000
0.04757
0.12292%
0. 15084
Q.DLRYY
0.32276
0. 05985
0.27429
0.15290
0.09559

7 n.10612
0.0502%

a. 1o%?
0.17941
0.11382
Q. 18301
0. 30486

£ g

Basestow
Arva
300003
0. 08185
0.112%7
0.05838
&4.04113
0.02830
0. 11934
0. 10060
0.08558
0.1351%
0.04136
0.00568
9. 06063
0.03312%
0. 33250
0.08718
0, 00980
0. 18638
n.neoIe
D043
3.02487
0.19007
0.0%27¢
0. 20402
9,041
0.12557
0.2%36%
0. 14643
0.11867
2.093%4
2.03220
01870
0. 12896
0. 00000
0. 23979
0. 00000
0.01591
0.11609
0. 40169
2. 10817
000000
0.02217

L 0. 12692

2.00523
” 0. 50000

Miterome

O

Absolute
«
Q. 13987
0.081dY
D. 16449
0.1614}
0.09228
0.08627
0. 14291
0. 17603
0,237
0.13515
0.0504]
0.14380
0.G7081
0.03379
0. 40262
0.0878
0.078%2
0. 18638
0.09%3?
0. 05242

1217

0. 19007
0. 1004}
0.20402
0.12407
0.220%
Q. 29388

L213%
Q. 118867
0.10110
0. 18832
0. 16732
0.17793
0.32276
0. 29964

0.27429

0.16388
0.21167
€. 50780
0. 15846
0. 10917
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0. 26074
5. 10884
0. 30486

+

Ront swum
Nt Sgabre
De0SY?
0.001 )}
0.00539
6.00836
0.001%4
0.00207
0.0058¢C

0.00913°
0.01 140
0. 00384
0.00051
0.01423
0. 00151
0. 00071
0.04915
0.00160
0.001%2
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0.00242

0.00028 |

0.00476
0.01079
0. 00266
0.01183
0.00322
0.01240
0. 036K5
0.01350
0.00704
0.00265
2.01287
201093
0.00675
0. 01904
0.06556
0.01639
0.00661
0.01036
0.06263
9.01754
0. 00325
0.01187
0.03047
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Hade=digh Raxwe low Absolute Root dum
R RENY . Atva Dittereme wl Sl
! o . L 00004 0.19299 0.00370
SUFETNN i 3. 0082 0.02879 0.10030
} IR O 0. 00832 0. 10293 €.0020
AN TLR o190 0.12037 0.00427
N TOITES: 0. 00186 0.0571% 0. 0088
N LI 001125 0.02572 0.00017
RATRI-N 0.23123 0.23218 0.02562
2 WIRIS 0. 11946 n13192 0.00%89 °
3 9,03 184 LG R Y 0.0371% 0.00037
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3 0. 08072 0.07044 2.15115 c.oore8 ® -
1 2.00000 2. 1209 - 0.16339 0.0056)
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Base-High Base-low Absolute Ruot sum
Area Arva Biltevence RIGRUNELN
4 .28 0.08715 0. JR212 n.RYARY
> D, 04910 D.0708Y 0, 11980 0,007
3 8.0 188 6. 11193 . DL1ITeR 0.00515
. B.347R2 0. 05264 0. 50055 0.64935
3 0.29420 ¢ 60192 0.29612 . Q. 02661
N 0. 00000 0. 13R42 0. 13842 0.00517
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Table 1
Number of Students Within Each Subgroup
Used to Estimate Parameters of

Item Characteristic Curves

Income Blacks Whites

\ Grade 5
Low 2024 2109
Middle or High 463 2111
Grade 6
Low 1907 2028
Middle or High 444 2137
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Base Group and Comparison Group

in Each of the Twelve Pairwise Comparisons

Base Group

Comparison Group

Grade Level Comparisons

LLow income, white, grade 5
Low income, black, grade 5
MW>: Middle income, white, grade 5

Middle income, black, grade 5

N m e aemanes W waa sa —— -

LWé:
LB6:
MW6:
MB6:

Low income, white, grade 6
Low income, black, grade 6
Middle income, white, grade 5

”

Middle income, black, grade 5

Income Comparisons

LWh:  Low income, white, grade 5

S

LB5: Low income, black, grade
LWe:  Low income, white, grade 6

LBo: Low income, black, grade 6

Racial Comparisons

mm A w e mwa h m a m — e — -

MWS -
MB5:
MW6:
MB6:

1

(W27

Middle income, white, grade
Middle income, black, grade

5
Middle income, white, grade 6
6

‘Middle income, black, grade

LW>: Low income, white, grade 5
MWS:
LWb:

Middle income, white, grade 5
Low income, white, grade 6

MWb: Middle income, white, grade 6

LBS:
MB5:
LB6:
MB6:

c

Low income, black, pgrade 5
Middle income, black, zrade 5
Low income, black, grade ©

Middle income, black, grade 6

Q“‘I
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Expected and Observed Distributions

of the Number of Times an Item is Identified

as Biased Based on a Root of

" Sum ot Squives Bias Index Greater than

the

or Equal to .2

Number of Times Expected Observed
Identified Frequency Frequency

4 .05 3

3 .92 I

2 6.29 6

1 18.48 7

0 | 19.27 28

aExpected frequency based on assumption that 13,

7, 7, and 7 items »re randomly identified as biased

in the four independent replications (i.e., LW5-LBS,

LW6-LB6, MWS-MB5, and MW6-MB6).
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Table 4
Agreement in the identification of Items
as Biased Based on the Square Root of the Sum of Squares

Greater than .2 for the Pairs of Racial Group Comparisons

Comparison Phi Chi-Square

.67 20.38

] x
L5 %NNMm%%_wxmi .27 3.23
|

L300 0F 2

B e §

s 1o
i
1

-
L6 iww.“wf“.
v bo3a ;4

L et e b

M9

£
(&2
&

.32

t
fa———

}
! !
L6 %ww“m““"m,*% .49 10.89
: 1
{ i

Sl st sy i :3 5 3 b
| M6 |
¥ T e U B

S

B 3 4 ?w; @ |
M5 ‘ 49" 10.89 | R
U | 35 3 .

Mb Note: U = unbiaded, B = bilaged
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Table 5

Correlations between the Square Root of the

Sum-of-Squares Bias Indices for Pairs

of Independent Racial Group Comparisons

Compariaona LS L6 M5 M6
L5 -
M5 A7 .14 -
M6 .21 .64 .36 -

a
The comparisons are between racial

groups within income and grade level. L5 =

low income, grade 5; L6 = low income, grade
6; M5 = middle income, grade 5; and M6 =

middle income, grade 6.
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Table 6
Rank Order of Bias Indices for the Three Items Identified

as Possibly Biased in All Four Comparisons

Index
Item  Comparison Base-High Base-Low Absolute Root Sum
Area Area Difference of Squares
3 L5 3 15 2 6
Lé 3 10 2 4
M5 3 15 4 4
M6 4 4 2 3
25 L5 9 20 9 10
L6 1 13 1 1
M5 2 2
M6 1 3 1
31 L5 33 2 10 8
‘ Lb6 30 1 2
M5 18 1 6 6
M6 20 2 7

> Q'J
~&
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Table 7
Rank Order of Base-High and Base-Low Area Bias Indices
for the Four Racial Group Comparisons
Involving Word Meaning and Best Title Items
I Base-High Area Base-low Area
tem
Number Word
A L5 L6 M5 M6 L5 L6 M5 M6
Word Meaning
2 there 12 5 8 12 41.5 40 24.0 33
6 rings 43 9 34 45 22.0 35 41.5 23
15 rest 21 42 21 36 11.0 5 12.0 5
17 setting 20 10 5 3 4.0 8 41.5
19 run 23 12 16 42 41.5 42 41.5 14
23 tribute 31 35 24 29 21.0 20 7.0 40
25 ‘ character 9 1 2 1 20.0 11 3.0 3
27 reigning 2 6 14 10 41.5 44 13.0 40
29 assumed 24 37 33 24 31.0 21 10.0 26
39 true 7 27 39 18 7.0 22 33.0 28
42 speculate 1 17 9 6 10.0 30 2.0 12
Best Title
5 ' 8 20 41 21 34,0 31 8.0 40
11 18 23 27 19 36.0 39 28.0 40
18 16 31 22 9 41.5 27 41.5 15
_ 24 13 37 20 43 29.0 14 30.0 10
= 31 33 30 18 20 2.0 1 1.0 2
e *

7
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Figure Captions

Figure 1. Distributions of the square root of the sum of squares bias
indices for the twelve pairwise comparisons.

Figure 2. Itgﬁ characteristic curves and confidence intervals for
fifth- and sixth~grade white students attending schools in low-income
neighborhoods (Iteﬁs 6 and 18).

Figure 3. 1Item characteristic curves and confidence intervals for
fifth~ and sixth~grade black students attending schools in low~income
neighborhoods (Item 35).

Figure 4. TItem characteristic curves and confidence intervals for four
independent racial group comnarisons (Item 3).

Figure 5. Item chéracte;istic curves and confidence intervals for four
independent racial group comparisons (Item 25).

Figure 6. Item characteristic curves and ;onfidence intervals for four
independent racial group comparisons (Item 31).

Figure 7. Item characteristic curves and confidence intervals for
f1fth- and gsixth-grade white students attending schools in low=-income
neighborhoods (Items 3, 25, and 31).

Figure 8. Test characteristic curves for four independent racial group
comparisons.

Figure 9. Expected raw score distributions for LWS and LBS students <

with @ = Q.
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