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Chapter 1
STATEMENT OF THE PROBLEM

The elminiation of bias in testing is an essential educational
measurement goal to ensure equal opportunity for all social groups.
Measurement bias has become a topic for national debate due to re-
cent litigation involving the use of tests for the selection of
minority group members for employment and educational opportunities.
Many maintain that traditional tests of academic achievement are
biased in favor of a white middle-class culture and hence are inher-
ently inappropriate for use with minority groups.

Despite the fact that bias has emerged as one of the most
important and controversial topics in educational measurement, it
has proven difficult to even define bias. Operational definitions
have been divided into two general categories, external or internal,
depending upon whether the investigations are based upon criteria
external to the test scores (e.g., those investigating the extent
to which a test predicts success in college) or whether the inves-
tigations are based solely upon information avéi]ab1e from responses
to the items. Furthermore, the levels of investigation have also
differed; that is, the study of bias has been approached at both the
item level and the test Tlevel. -

Many deficiencies have been reported in traditional procedures
for investigating test or item bias. It has been shown that different
models of bias based on external criteria are contradictory (e.g.,
see Cole, 1973). Also complications such as bias in the criterion
or different within-group reliabilities further complicate the task
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of the investigation of bias derived from the comparison of tests to
an external criterion (Linn and Werts, 1971). Furthermore, criterion
related validity data are usually not available during test construc-
tion, when it is important to identify and modify potentially biased
items. Hence, for example, in a pilot study when external criteria
are not available, it is important to study and develop statistical
procedures for analyzing items based only on the information contained
in the responses of persons to the items.

Approaches have included the comparison. of traditional item
difficulties (proportion of sample answering the item correctly),
wherein a test is considered biased if the item difficulties differ
for the groups of interest. The problem with this approach is that
it is based on an unrealistic implicit assumption of identical abil-
ity distributions in the groups. An extension of this mean difference
definition considers a test biased if there is significant group by
item interaction as determined by a factorial analysis of variance
(e.g., Cleary and Hilton, 1968). However, the significance tests
resulting from these ANOVA designs may not be valid since the obser-
vations are non-normal, discrete random variables and the cell var-
jances tend to be heterogeneous (Echternacht, 1974). While the
underlying ability distribution may be considered normal, and hence
continuous, the real problem remains the fact that the distribution
of observed scores within the interval [0,1] may be skewed due to
ceiling effects.

Approaches based on classical test theory have not in general
been successful. The procedures fail to distinguish between dif-

ferential test performance due to actual differences in ability



between groups and differences due to measurement bias. Ability is
an inherent characteristic of an examinee and should not be affected
by test characteristics. Similarly, it should be possibie to deter-
mine the difficulty of test items independent of the characteristics
of the particular persons to whém the test is administered. However,
methods for detecting bias based on the traditional definition of
item difficulty fail to separate test characteristics from the ability
distribution of the respondent sample. The traditional definition
of item difficulty is sample dependent, and consequently bias defi-
nitions based thereon are also sample dependent. Hence, conclusions
are relevent only to samples drawn at random from the same population
used in the investigation and may not be applicable for groups with

a different distribution of ability.

Alternative approaches to defining test bias at the item Tevel
are provided by item characteristic curve (icc) theory. The attrac-
tiveness of item characteristic curve theory, or latent trait theory,
is that it permits the calibration of item parameters independent of
the ability distribution of the sample (Hambleton et al., 1977).
Furthermore, estimates of ability can be made independent of the
set of items used for measurement. Hence, latent trait theory per-
mits the separatioﬁ of test characteristics from the ability distri-
bution of the sample, an essential ingredient for the development of
an objective definition of test bias (Hambleton et al., 1977).

A latent trait model specifies the relationship between obser-
vable examinee test performance and the uncbservable trait or
ability being measured by the test. This relationship between the

observable and unobservable quantities is expressed by a mathematical



function, the item characteristic curve (icc), which relates the
probability of success on an item to the ability measured by the
test.

The item characteristic curve represents the nonlinear regres-
sion of item score on the latent trait. The shape of the item
characteristic curve does not depend upon the distribution of
ability in the examinee population (Hambleton et al., 1977). As
indicated in Figure 1, the same icc would be obtained regardless of
whether group A or group B is used in the calibration of the curve,
although obviously the ability distributions differ for the two groups.
This invariance property of the item characteristic curves is one of
the attractions of latent trait theory.

Latent trait theory also facilitates objectivity in measurement.
Not only can item parameters be calibrated independently of the ex-
aminee sample, but also measurement of examinee ability can be made
independently of the items administered. For example, two different,
even nonparallel, tests consistingvof items from a calibrated item
pool may be administered to two students, and yet the resulting
abi1ity'est1mates for the two students are expressed in the same
scale and are directly comparable. A test consisting of "easy"
items may be administered to a student of low ability, a test of
"hard" items to a student of high ability. The total score of each
student on his respective test may be identical, but the correspond-
ing latent ability estimates would differ. The mathematical prop-
erties of latent trait theory permit the separation of item difficulty
from person ability so that comparisons of items can be distinguished

from differences in examinee ability and vice versa.
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Several mathematical forms for the item characteristic curves
have been employed, including the Rasch model. This one parameter
model is based on the assumption that the probability of a correct
response depends only on the difficulty of the item and the ability
of the examinee. The Rasch model is the only model consistent with
number right scoring (Wright, 1977b), and hence is the only model
consistent with the scoring procedure most frequently applied with
multiple-choice achievement t;sts.

According to this model the item characteristic curve has the
form

exp(e-b_)
98" Trexplo-b,T
where 8 represents the ability of the examinee and bg the difficulty
of item g. Ability, 8, is measured on the continuous scale (-=,=),
but usually 8 is in the interval (-3, 3).

Figure 2 shows a graphical representation of an icc. Qbserve
that for item g a person with ability -1.0 has a probability of .25
of responding correctly to this item. A person with ability -.25
has a probability of .5 of responding correctly to this item. Item
difficulty is expressed on the same scale as ability. The difficulty
of item g (bg) is that ability level at which the probability of
success is .5. Item g is thus said to have a difficulty of -.25,
It should be noted that zero ability (8=0) does not represent the
absence of ability, but it often represents an average ability for
a group.

During calibration an independent test of fit to the Rasch

model is available for each item (Wright, 1977b). Durovic (1975)



developed a definition of test bias based on a comparison of the
tests of fit between groups. This definition results from the
Rasch model's assumption that a test is unidimensional, i.e., that
all items are measuring the same trait. The mean square fit for a
given item indicates the extent to which that item is measuring

the same trait as all the test items. Durovic's definition of bias
indicates that an item is biased if it relates differently to the
trait being measured for the two groups. By this definition an
item that fits the model in a similar way for each group or one
that fails to fit in a similar way for each group would not be con-
sidered biased. However, an item that fits the model for one group,
but fails tb fit for the other group, would be considered biased
(Durovic, 1978).

Failure to fit the model would indicate that the item may
involve another dimension. Perhaps a cultural factor is involved
to which one group has been exposed, but which is outside the
experience realm of the other group. In such a case, the item
would be measuring not the trait desired, but the acquisition of
this extraneous cultural factor.

Wright, Mead, and Draba (1976) and Mead (1976) utilized the
Rasch model for the detection of bias through an analysis of
residuals from the model. Mead (1976) proposed a graphical analysis
of residuals. He investigated patterns of residuals plotted against
the ability scale, which indicated various disturbances such as
guessing, carelessness, speed and bias.

Draba (1977) further proposed a procedure for identifying biased

items based on the assumption that the Rasch model produces statis-
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tically equivalent difficulty estimates for groups regardless of the
ability distributions of the groups. The Rasch model is a probabi-
1istic model; parameter estimates may fluctuate between groups, but
the estimates should be statistically equivalent. A significant
shift in the difficulty estimates of an item for the groups would
indicate that the item was interacting with some characteristic of
the group besides ability (Draba, 1977).

Each of these statistical definitions of bias only describes a
technique for the detection of bias. Further research is needed to
determine more definitive explanations of test bias and to establish
guidelines for the construction of bias-free tests. The only solution
to.fhe problem of bias suggested by the procedures cited is the
elimination of aberrant items from the item pool. Alternative strat-
egies for the reduction or elimination of bias need to be carefully
examined, including alternative testing procedures.

Recently, a number of adaptive testing strategies have been
developed as alternatives to conventional testing procedures. In
adaptive, or tailored testing, items are selected on an individual
basis for each examinee. Tailored testing usually refers to a
computer-interactive process, demanding the existence of a large pool
of calibrated items and not lending itself easily to paper and pen-
¢il situations, making it impractical for most testing situations
(Hambleton et al., 1977).

Another way of matching the difficulty of the items administered
to the ability level of the examinee is to use a two-stage testing
procedure. A two-stage testing procedure consists of a routing

test followed by one of several second-stage tests, the choice of



which is determined by the performance on the routing test. The second
stage tests differ in difficulty, and students are directed to that
test most appropriate to their ability estimate as determined by their
score on the routing test.

Betz and Weiss (1974) compared the psychometric properties of
two-stage adaptive tests and conventional tests. Their results indi-
cate that two-stage testing better reproduces the true distribution
of underlying ability than does conventional testing. Latent trait
estimates obtained tended to be more reliable and more highly corre-
lated with true ability. Their results indicated the potential super-
jority of two-stage testing over conventional procedures.

The potential superiority of adaptive testing in solving measure-
ment problems such as bias needs to be investigated. Individualizing
tests so that items are more appropriate to an examinee's ability
level should reduce the effect of disturbances such as guessing on
items that are too hard for an examinee or carelessness or boredom
with items that are too easy. Furthermore, the possibility that the
effect of an extraneous cultural variable present in an item may be
minimal for examinees whose ability level is matched to the difficulty
of the item should be investigated. It is hypothesized that indivi-
dualizing tests for each examinee may have a positive effect in the
direction of reducing or eliminating the number of items identified
as biased. That is, it is proposed that often measurement error
identified as bias is actually attributable to artifacts associated
with inappropriate difficulty levels of tests. The goal of this
study is to compare the effects of two-stage testing on item bias

to the effects of the conventional testing procedure using a
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simulated two-stage testing procedure based on a real data set.

The primary analysis of item bias will be based on the Rasch
latent trait model. Existing differences in ability should not
affect the identification of item bias. Hence, the sample invariance
property of the Rasch item parameters is considered most advantageous
for identifying systematic error due to bias. Both Durovic's and
Draba's definitions of bias will be considered.

Empirical support has been reported for both the Durovic and
Draba procedures. Apparently, however, no empirical comparison of
the procedures has been reported. Durovic's procedure, unlike
Draba's, does not require that items fit the Rasch model. Unbiased
items would fit or misfit the model in the same manner. Since
Draba's definition evaluates the statistical equivalence of item
difficulties across groups, it requires that items fit the Rasch
model (Durovic, 1978). Durovic claims that it is likely that the
two procedures may resulﬁ in identifying different items as biased
(Durovic, 1978). Comparisons will also be made with the traditional
non-latent trait definition of bias originally proposed by Cleary
and Hilton (7968).

In summary, this paper will compare the effects on item bias
of conventional testing procedures to an adaptive testing procedure
in which tests are individualized according to ability for each
examinee by a two-stage testing procedure. The following two
definitions of bias, both based on the Rasch latent trait model,
will be considered:

1. An item is biased if it relates differently to

the trait being measured for the two groups
(Durovic, 1975).
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2. An item is biased if its Rasch difficulty parameter
differs significantly for the two groups (i.e., the
item is interacting with some characteristic of the
groups besides ability)(Draba, 1977).

The organization of this paper will be as follows: Chapter II
will consist of a review of literature on bias studies based 6h
classical and Tatent trait theory. Chapter III will contain a des-
cription of the data set and test to be used and the methods of
analyses to be employed. It will include a discussion of the Rasch
model, including estimation procedures to be used in the analysis,
and a description of the two-stage testing procedure to be employed.
Chapter IV will consist of a summary of the results of the analyses.
Chapter V will conclude with a discussion of the results and con-

clusions as to any differential effects on bias evidenced in the

comparison of the testing procedures.



Chapter II
REVIEW OF THE LITERATURE

Because of the increasing reliance upon testing, and becayse
of possiblediscriminatory characteristics of some tests, theré has
recently been an increase in research on the nature and extent of
test bias and test fairness. It has proven difficult to define what
is meant by "biased" and "unfair". Bias refers to the psychometric
properties of a set of test items or scores; test fairness is con-
cerned with the way a test is used in a particular situation, such
as in an employment or college selection procedure. Operational
definitions of bias are divided into two general categories, depending
upon whether the investigations are based upon external or internal
criteria. The 1eve1s-of investigation have also differed; the more
comhon approach has been to consi&er entire tests rather than indivi-

dual test items in the analyses.

Studies based on external criteria.

Methods employing external criteria generally involve the use
of test scores for the prediction of some future criterion. The
focus here is on the use of the scores rather than on the scores
themselves.

One of the earliest definitions of test fairness in selection
was stated in terms of significant differences between validity
coefficients for the groups of interest (Pine, 1976). Any signifi-
cant difference would imply that there was a discrepancy in prediction
accuracy for the given subgroups. A Tower test validity coefficient

for a given subgroup is equivalent to a decrease in the variance
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of the predicted score distribution, which may lower the probability
of selection for individuals in that subgroup (Pine, 1976).

Research continues on differential validity as a technique for
determining test fairness; however, it is now recognized that equal
validities are a necessary but not sufficient condition for test
fairness (Pine, 1976). Consequently, other models have been proposed
for defining selection bias. Five other major models of selection
bias, as categorized by Cole (1973), will also be considered here:
the quota model, the regression model, the subjective regression model,
the constant ratio model, and the conditional probability model.

Social values may dictate that some group be favored in the -
selection process. In the quota model of bias the proportional repre-
sentations of particular groups are established a priori on the basis
of value judgments about fairness; failure to yield the specified
proportions during the selection procedure is considered biased (Cole,
1973).

Definitions of test bias in the regression model emphasize
consistent errors of prediction. Cleary (1968) provided a widely
accepted definition of test bias which compares regression equations
of criterion on test scores for different groups. She stated:

A test is biased for members of a subgroup of the
population if, in the prediction of a criterion

for which the test was designed, consistent nonzero
errors of prediction are made for members of the sub-
group. In other words the test is biased if the
criterion score predicted from.the common regression
1ine is consistently too high or too low for members
of the subgroup. With this definition of bias there
may be a connotation of "unfair", particularly if the

use of the test produces a prediction that is too
low (Cleary, 1968, p.115).
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A number of empirical studies (e.g., Cleary, 1968; Bower, 1970) have
investigated possible bias in applying regression equations based on
a majority group in the selection of minority group members for college
admissfon. If the within group regression equations are not identical,
then separate within group regression equations should be employed
according to this definition of fairness (Cleary, 1968). Therefore
the application of Cleary's definition is operationally equivalent
to endorsing differential prediction in selection (Pine, 1976).
Consider the situation depicted in Figure 3, in which it is
assumed that the within group regression slopes for the majority and
minority groups are equal. In Figure 3a the mean criterion score for
the minority subgroup is equal to the mean criterion score for the
majority subgroup (Ymaj=?m1n
the majority subgroup is greater than the mean score of the minority

), but the mean predictor test score of

subgroup (X ). Here either the regression Tine of the majority

maj>xmin
subgroup or the pooled regression line would result in underprediction
of the minority subgroup. In Figure 3b the groups differ on both
predictor and criterion mean scores by 1 SD. In this case using
either the majority or the pooled regression line would result in
overprediction for the minority subgroup.
Darlington (1971) translated definitions of cultural fairness
into correlational terminology, using a cultural variable C, usually
considered as dichotomous. He restated Cleary's definition as
Test X is culturally fair if knowledge of a person's
cultural group cannot be used to improve the prediction
of Y made from X. (Darlington, 1971, p.73).

In correlation terms

PCY X = 0.
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Thorndike (1971) demonstrated that a test might be fair by
Cleary's definition, but unfair by another standard. He considered
examples as in Figure 3 in which ﬁhe slopes of the within group
regression lines were equal, but in which the minority group diffgred
from the majority group in its mean score on the predictor test (X),
the criterion measure (Y), or both.

Consider Figure 3¢ in which the predictor mean score for the
majority subgroup is 1 SD greater than the score for the minority
subgroup, and the majority criterion score is 1/2 SD greater than
the minority criterion score, and in which the regression lines
actually coincide. By Cleary's definition this would be a fair test.
Assume that the distributions are normal and that the variances are
equal for the two subgroups, and suppose that the majority mean score
is the selection cut-off. Then only about 16 percent of the minority
group would qualify for selection, whereas about 31 percent would
actually exceed the critical value on the criterion measure. Hence
Thorndike (197}) proposed an alternative definition of bias, the con-
stant ratio criterion:

...the qualifying scores on a test should be set
at levels that will qualify applicants in the two
~groups in proportion to the fraction of the two
groups reaching a specified level of criterion
performance (Thorndike, 1971, p.63).
Thus Thorndike's definition states that the success ratio should
equal the selection ratio, that is
Pr_. (Y>Yp) Prmin (x;xmin)

min. -

Prmaj (Y>Yp) Prmaj (X>X maj)

where Yp is the determined critical level for the criterion, and Xi
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the selection critical levels on the predictor variable for the two
subgroups. In correlational terms, Darlington (1971) stated that
Thorndike's definition implies that
°ex” Pey
Darlington (1971) argued that a subjective decision must be made
concerning the relative importance of the two goals of maximizing
validity and minimizing discrimination. He suggested that the data
be used to specify a linear function, Y-kC, of the criterion Y and
a cultural variable C, usually dichotomous, to be maximized for
"cultural optimality". He urged that.......
the term "cultural fairness" be replaced in public
discussions by the concept of "cultural optimality".
The question of whether a test is culturally optimum
can be divided in two: a subjective, policy-level
question concerning the optimum balance between cri-
terion performance and cuitural factors (operationalized
in our equations as the optimum value of k), and a
purely empirical question concerning the test's cor-
relation with the culture-modified criterion variable
(Y-kC) and whether that correlation can be raised.
Anyone who objects to a test on the latter ground
can be invited to construct a test correlating higher
with (Y-kC) (Darlington, 1971, p. 79).
Hence, 1ike the quota model, the subjective regression mode] requires
a value judgment on the importance of the selection of members of
some group over another.
Cole (1973) -noted that in many models of selection bias it
may happen that the probabi]ity of selection of potentially success-
ful minority group members is different from the probability of
selection of such majority group members. That is, the probability

of selection depended upon group membership. Cole proposed a model

which eliminates this type of unfairness:
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The basic principle of the conditional probability selec-
tion model is that for both majority and minority groups
whose members can achieve a satisfactory criterion score
(Y> Yp) there should be the same probability of selection
regardless of group membership. (Cole, 1973, p. 240).

In probability terms

Proa; % na; |Y>Yp} = Proin Xos, ;Y>Yp}

In correlational terms, the conditional probability model satisfies
Darlington's definition (1971) requiring that
Pexy = O

Studies based on internal criteria.

Darlington (1971), Thorndike (1971), and Cole (1973) showed by
considering realistic hypothetical cases that the above models of
bias in selection are contradictory. Linn and Werts (1971) also noted
that complications such as bias in the criterion and unrealiability of
the predictors further complicate the task of the investigation of bias
derived from the comparison of tests to an outside criterion.

This is illustrated by an example described in Table 1 in which
the validity coefficient and standard deviations for both the predictors
and the criterion are equal for the majority and the minority group.
The means, however, are not equal, resulting in regression Tines with
equal slope but slightly different intercepts. This situation is de-
picted in Figure 4a in which the "majority" equation overpredicts for
the minority group. Since the tests are not perfectly reliable, given
classical test theory assumptions, the true slope would equal the ob-
served score slope divided by the reliability of the test. The
"corrected" results, for a reliability of .9 for the data in Table 1,

(as in Figure 4b), would result in underprediction for the minority



19

Gb°§ Sb° 00°1

Pl 6 G° l 5'6 UOLUDT LAY

0°§ g 6° 11/ L 6 40321paaq UL
GG St 00° L )

0L 6° h L oL oL La)

0§ g 6° Gf° L 0L  40301paJd “CeW

40321paddd 30
s3dao sado|s A1L1lgeL|ay uoL4A3d3LA) pueR S$301padd as ueay 31s9] dnouay
-d33U]  ,p9123440), dnouab uLyjlim 40 uoLje|ausn)

SNOILYND3I NOISSIYIIY NO ¥OLIIO3I¥d 3HL 40 ALITIGVITIUNN 40 123443
L 37avl



20

¥,0 5= ISK45.5

!

T +- 4 =
len LEX+5.45 Ymaj Ymin - 5X+5
Xmin Xmaj Xmin Xmaj
La Lb

Figure L

Regression Lines for Different
Predictor Reliabilities



21

according to Thorndoke's (1971) definition. A reliability of less than
.9 would result in underprediction for the minority group (Figure 4c);
a reliability of greater than .9 would result in overprediction (Figure
similar to 4a). Furthermcre, criterion-related validity data Ere usu-
ally not available during test construction, when it is important to
identify and modify potentially biased items. An alternative approach
to the concept of test bias would involve models which made some sta-
tistical statements about the items in a test only from the information
contained in the responses of persons to the items. One limitation to
this approach is that it would fail to detect bias in the situation

where all items in a test are biased.

The simplest definition of test bias in the absence of an external
criterion states that a test is fair if there is no difference in mean
total scores between populations A and B (Potthoff, 1966). This defi-
nition rules out a priori any differences in ability distributions
between populations A and B. This assumption is not feasible given
the current status of unequal schooling and cultural opportunities,
and so differences in score distributions do not, per se, constitute
evidence of bias. "It is not so much that the test is biased, but
that there is bias in the learning environment that helps determine
the test score”" (Hambleton et al., 1977, p. 92).

At the item level, the mean difference definition states that
a dichotomously scored item is unbiased if there is no difference

in item difficulty, i.e., p

P ,» Where pg 5 is the proportion

g,maj= g,min

of examinees in population i responding correctly to item g.
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An alternative definition, expanding upon the mean difference
definition, but not requiring an a priori assumption of identical
ability distributions, states that a test is unbiased if there is

no item by group interaction.

An item on a test is said to be biased for members

of a particular group if, on that item, the members

of the group-gbtain an average score which differs

from other groups by m6re or Tess than expected

from performance on other items of the same test.

That is, the biased item produces an uncommon dis-

crepancy between the performance of members of the

group and members of other groups. In terms of

the analysis of variance, bias is defined as an

item x group interaction (Cleary & Hilton, 1968, p.61).

Cardall and Coffman (1964) first applied the two-way ANOVA design
to the study of bias, with the primary hypothesis of interest being
the detection of item by group interaction. That is, they wished to
determine iT some items were relatively easier for one group than for
others. Cardall and Coffman drew three samples (n=300) from each of
three groups: Group I, rural midwestern whites; Group II, northern
urban whites, Group III, southern blacks. Two ANQVAs were performed,
one for the 40 verbal items from the May, 1963 SAT administration,
the other for 25 math items. Significant group main effects were
found. Interaction between groups and items was found to be signifi-
cant, particularly on the math ANOVA.
Cleary and Hilton (1968) followed the pattern described by

Cardall and Coffman (1964) to study the variation in jtem scores in
different racial and socioeconomic (SES) groups. A three factor

ANOVA was used. The first factor was race; the second SES, which

was considered nested within race to avoid the assumption that SES
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levels are comparable across races; the third factor was items and
was considered random. The dependent variable was item score on
selected items of the 1961 and 1963 administrations of the PSAT.
Again, the hypotheses of primary interest pertained to the existence
of interaction. In particular, did item scores change as a function
of race, SES within race, or perhaps both? Almost all tested effects
were found to be significant, but this was perhaps attributable to
the large within cell sample sizes (for 1961, n=106; for 1963 n=129).
In view of such large sample sizes, the percentage contribution of
each effect to the total variance was considered. Item by race
(indicator of racial bias) and item by SES within race (indicator

of SES bias) interactions each contributed minimally to total vari-
ance (less than 1%). Bivariate plots of sums of item scores indicated
1ittie deviation from linearity excebt possibly that caused by an
apparent "floor" effect in black scores, which would contribute to

a significant item by race interaction (Cleary and Hilton, 1968).

This "floor" effect is a drawback of any mean-difference
procedure. Items at the extremes of the difficulty continuum may
appear biased simply because of a floor or ceiling effect.

Continuing in thepattern originally established by Cardall and
Coffman (1964), Angoff and Ford (1973) considered the effect on '
item by race interaction of matching the groups on some concurrent
variable. Item p-values for each group were transformed to normal
deviates and then to delta values by the linear transformation
A=4z + 13. The delta values for blacks were plotted against the

delta values for whites. The correlation coefficient represented by
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the plot of the deltas for the two groups was used as an expression
of item by race interaction. Their findings indicated that matching
the groups on a related ability (the groups were matched on verbal
PSAT scores to study math scores and vice versa) decreased parf of

the disparity observed in the item by race interaction.

An objective of an ETS study reported by Breland et al. (1974)
was to explore the problem of bias with a combined statistical and
subjective approach. It is their view that "...given the importance
of the use to which items (or entire tests) are put, no entirely
mechanical procedure would seem likely to gain acceptance" (Breland
et al., 1974, p. 4). Potentially biased items were detected using
the procedure of Angoff and Ford (1973), and the subjective analyses
were applied tb determine any pecuiiar characteristics of thege
aberrant jtems (Breland et al., 1974).

ANOVA may not be a valid design for the study of bias. Ecternacht
(1974, p. 272) noted that "the significance tests resulting from this
type of analysis are somewhat suspect, in that the observations are
non-normal discrete random variables and the cell variances tend to
be non—homoggneous." He consequently developed an alternative pro-
cedure for the detection of bias, based on the item by group inter-
action definition, which corrects for a "ceiling" effect of items
at the extremes of the difficulty continuum. He defines a test to

be absent of bias (item by group interaction) if the differences

p

p ', where pij denotes the difficulty of item i,i=1,2,...n,

IRIRER
for group j,j=1,2...m, are constant over alil n items for groups

j,j'. His technique transforms sample item difficulties pij’ to
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delta values, Aij, using the inverse normal transformation and the

Tinear transformation Aij = 13—4zp_‘, where z denotes the value

1J iJ
corresponding to a cumulative normal ordinate value of pij'
Echternacht states that

Under a hypothesis of no item-group interaction,

the sample differences Aij-aij‘should be distributed

normally with some unknown mean and variance for

each group j and j'. If evidence can be gathered

to the effect that this is not the case, the null

hypothesis can be rejected (Echternacht, 1974,

p. 274).
Basically, he used a modification of the Kolmogorov-Smirnov test
for normality where the hypothesized mean and variance are calculated
from the sample data. His procedure is contingent upon the acceptance
of the notion of item by group interaction as equivalent to test bias.

Scheuneman (1976) proposed a technique for the detection of item

bias which requires no normality assumption and does not require repre-
sentative samples. Her definition of bias states:

An item is unbiased if, for all individuals belonging

to the same ability group as defined by the total

score on the test or subtest containing the item, the

proportion of individuals getting the item correct is

the same for each population group being considered.

Once the ability groups have been defined, a modified

chi square procedure is used to evaluate each item in

the test for possible bias (Scheuneman, 1976, p.1).
This method has been used to screen the item pool for the Metropolitan
Reading Tests. Empirical results have been found to depend upon the
choice of ability intervals in the contingency table.

Lord (1976) noted that matching on a test composed of items

that are to be studied, such as suggested by Scheuneman, may intro-

duce spurious relationships. Matching on parallel forms is Tlikewise
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not advised, since matching would be done on fallible scores rather

than on true scores, introducing a regression effect (Lord, 1976).

Studies based on latent trait theory.

Alternative approaches to defining test bias at the item level
are provided by item characteristic curve theory. The attractiveness
of item characteristic curve theory, or latent trait theory, is that
it permits calibration of item parameters independent of the ability
distribution of the sample.

A theory of latent traits supposes that examinee

performance on a test can be predicted (or explained)

by defining examinee characteristics, referred to as

traits, estimating scores on these traits and using

the scores to predict or explain test performance

(Lord and Novick, 1968, p. 358).
A latent trait model specifies the relationship between observable
test performance and unebservable traits of abilities. The itém
characteristic curve expresse$ mathematically this relationship
between the observable and unobservable quantities. The item charac-
teristic curve (icc) relates the probability of success 6n an item
to the underlying ability measured by the test that contains it;
the icc represents the nonlinear regression function of item score
on the latent trait measured by the test. "In other words, the
shape of the item characteristic curve does not depend upon the
distribution of ability in the examinee population. This invariance
property of icc's and consequently the parameters describing the
curves is one of the most attractive characteristics of latent
trait models" (Hambleton et al., 1976, p.13). Sevéra1 mathematical

forms for icc's have been employed, e.g., normal ogive and logistic

models. The appropriateness of the choice is difficult to validate
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because icc's represent the regression of item scores on a trait
which is not directly measurable. Several investigations (e.g.,
Hambleton and Traub, 1971, 1973) have considered the "predictive"
appropriateness of the logistic models with favorable results.

Birnbaum (1968) originally substituted the two-parameter
logistic cumulative distribution function for the normal ogive item
characteristic function because of simplistic mathematical properties
of the logistic function. -

The two-parameter Togistic model has the form
explDa_(e-b
(0)= pl g{e-bg)]
g ]+exp[Dag(e-bg)]

where Pg(e) represents the probability that an individual of ability
@ will respond correctly to item g, which is scored dichotomously.

D is a scaling factor; usually D=1.7 to obtain close agreement with
the normal ogive model (see Birnbaum, 1968, p. 399). The parameter
bg is usually referred to as the index of item difficulty; it
represents the point on the ability scale at which the examinee

has a probability of .5 of answering the item correctly. The para-
memter ag is called the item discrimination and is proportional to
the slope of Pg(e) at the point e=bg.

The two-parameter model implicitly assumes that guessing does
not occur. Birnbaum (1968) proposed that a third parameter, cg,
commonly referred to as the guessing parameter, be included in the
model to help account for the lack of fit of the jcc at the lower
end of the ability continuum, where guessing is more likely to

occur. The mathematical form of the three-parameter model is
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exp[Da_(e-b )]

P(a) =C_+ (1-C) 4 g
g g 9" Y+exp [Da _(8-b_)]

g g

Lord (1976) described a design developed by Marco at ETS for

the detection of item bias using icc techniques. Due to the sample
invariance property of Tatent trait theory, the icc for an item
should be the same for all cultural groups. Lord advanced a two

step procedure for the detection of biased items:

1. Plot latent item difficulties for one subgroup
against item difficulty for the other subgroup to place
all parameters on a common scale. The values of b_ for
the subgroups should differ only in origin and

unit of measurement. Hence the points should fit a
straight line.

2. Test the hypothesis that items which demonstrated

significant departures from linearity have the same

icc for the subgroups of interest.
Pine (1976) used the normal ogive model to study the relationship
between the item characteristics of a test and models of fairness.
-b

Pine defined bias as b , that is, the difference in

gmaj ~ g min
the latent trait difficulty parameters for the majority and the
minority subgroups. In a Monte Carlo simulation he considered the
effect of the distribution of item difficulty, i.e. peaked or uni-
form, the level of item discrimination, and the test length on
C?eary‘s (1968) regression'mode1 of tast fairness and on Thorndike's
(1971) constant ratio mode],'using the true latent ability distri-
bution as the "external" criterion. He found that item characteris-
tics greatly affected the predicted ability distribution, with very

compiex relationships manifestad between the variables.
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The one-parameter logistic model was developed independently
of the two-and three-parameter models by the Danish mathematician
G. Rasch (1966). Essentially, it is a special case of Birnbaunm's
three-parameter model in which all items are assumed to have equal
discriminating power, a, which implies that the items differ only

in difficulty. The equation for this model can be written
exp[Da (G‘§g)]
P_(e)= -
g 1+exp[Da(e—bg)]

"The Rasch model follows from the assumption that the unweighted
sum of right answers given by a person will contain all of the infor-
mation needed to measure that person, and that the unweighted sum of
right answers given to an item will contain all of the information
needed to calibrate that item. The Rasch model, consequently, is
the only model that is consistent with number right scoring” (Wright,
1977a, p. 102). In defense of the Rasch model over the two-parameter
Togistic model, Wright further states:

if we want to think that the probability of success
on the harder of two items should always be less
than the probability of success on the easier, no
matter who attempts the items, if that is what we
intend by "harder", then we must see to it that
variation in item discrimination sufficient to
produce item characteristic curves that cross does
not occur (Wright, 1977b, p. 103).

Buring calibration, an independent test of fit to the Rasch
model is available for each itam (Wright and Panchapakesan, 1969,

p. 44). Durovic (1975) based his definition of test bias on this
test of fit:

an item is biased for members of a group, if on
that item, for members of the group, a mean square
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fit of the item to the Rasch model is obtained
which differs, by greater than one, from the mean
square fit obtained for members of the other group.
By this definition, a test is not biased if each
item in the test relates to the dimension being
measured in the same way for each group (Durovic,
1975, p. 4). .

Durovic noted that since the Rasch model is a probabilistic
model, perfect fit to the model is not expected. However, his
criterion for determining biased items of differences in fit mean
squares of one was an arbitrary decision based upon his research
experiences (personal communication).

WhiTe empirica]1y~investigating the potential of his definition,
Durovic explored the possibility of content-based explanations for
misfitting items. Two reviewers with expertise in black cultural
characteristics were selected to provide content evaluation. Thgir
remarks supported the results obtained by the proposed definition
(Durovic, 1975).

Wright, Mead and Draba (1976) and Mead (1976) utilized the Rasch
model for the detection of bias through a systematic analysis of
residuals from the model. The analysis of fit is an analysis of the
discrepancy between the observed outcome and the outcome expected
according to the model (See Appendix A for definition of residual).
The proportion residual is transformed into an approximate logistic
residual (Wright et al., 1976, p. 13). Wright et al.set up a
weighted least squares ANOVA for testing differences in item difficulty
between subgroups. One advantage of this approach cited is the

opportunity to evaluate a variety of specific hypotheses about the

nature of bias. Analogously to the test of fit, residuals of each
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person-item interaction may be used to analyze the appropriateness
of items for each individual, making it theoretically possible to
identify items that are fair for individuals as well as for'épecific
subgroups. Mead (1976) proposed a graphical analysis of residuals.
He investigated patterns of residuals, transformed to the ability
metric, plotted against the ability scale. Various disturbances,
such as guessing, carelessness, speed and bias, are indicated by

the graphical patterns of residuals (Mead, 1976). The response
pattern for each person can similarly be analyzed by evaluating the
way in which these residuals correlate with difficulty, item position,
and type (Wright, 1977b).

Draba (1977) further proposed a procedure for identifying biased
items using the Rasch mode]: |

...difficulty estimates should be statistically
equivalent for groups distinguished only by

their ability distributions. If, on the contrary,
difficulty estimates shift significantly from group
to group, this suggests that the item interacts with
particular characteristics of the groups such as race
or sex (Draba, 1977, p. 1).

Recall that the Rasch difficulty parameters should be group
independent. The Rasch model is a probabilistic model; parameter
estimates may fluctuate between groups but the estimates should be
statistically equivalent. Draba used a t-test for testing the
equivalence of the difficulty estimates. A significant shift would
indicate that the item was interacting with some characteristic of
the group besides ability (Draba, 1977). Recall that this is the
definition of bias employed by Pine (1976), who based his study on

the normal ogive model.
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While empirical support has been reported for both procedures,
apparently no empirical comparison of the procedures has been
reported. Durovic claims that it is likely that the two procedures

may result in identifying different items as biased (Durovic, 1978).

Adaptive testing procedures.

The major limitation of all these statistical definitions of
bias is that each only describes a technique for the detection of
bias, none suggest means for correcting the problem, except elimina-
ting aberrant items from the item pool. Hypotheses need to be tested
about why items are biased, and guidelines based on these results
need to be established for the construction of unbiased items
(Burrill, 1975). Furthermore, the effect of various testing procedures
on bias needs to be analyzed. Recently, a number of adaptive testing
models have been developed as alternatives to conventional testing
procedures. In adaptive testing, items are selected on an individual
basis for each examinee. If the group to be tested is relatively
heterogeneous, it is impossible for a conventional test to measure
accurately across the ability continuum. The difficulty levels
of the items need to be matched to the ability level of the examinee
to obtain effective measurement.

When number right scores or conventional formula
scores are used, the hard items not only waste the
time of the Tow ability examinees, they impair what-
ever measurement of these examiness would otherwise
be effected by the easy items....To obtain effective
measurement at low (high) ability levels, we need
easy (hard) items (Lord, 1977, p. 125).

Significant advances in the area of adaptive or tailored testing

have been made through applications of Tlatent trait theory. The
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invariant properties of latent trait item parameters permit the
measurement of person ability independent of the particular items
used for testing. Ability measures are on a common scale, facili-
tating the comparison of persons even when they have been measured
with entirely different tests (e.g. see Wright, 1967; Forster, 1977;
Lord, 1977).

Tailored testing usually refers to a computer-interactive process
in which the computer has been programmed for the following repeated

basic steps:

1. Before the next item is selected and administered,
examinee ability from responses up to this point are
estimated.
2. The item from those not yet administered is
selected which is Tikely to measure most effectively
at the examinee's estimated ability level.
The procedure is terminated when the desired measurement precision
is attained (Lord, 1977). This procedure demands the existence of
a large pool of calibrated items and does not lend itself easily to
paper and pencil testing situations, making it impractical in most
testing situations (Hambleton et al., 1977).

Another way of matching the difficulty of the items administered
to the ability of the examinees is by using a two-stage testing pro-
cedure. A two-stage testing proceadure consists of a routing test
followed by one of several alternative second-stage tests, the choice
of which is detearmined by the examinee's performance on the routing
test (Lord, 1971).

Decisions must be made as to the appropriate length and difficulty

Tevel for each stage of the testing procedure. Lord (1971) noted that:
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the choice of difficulty level for each second stage

test and the choice of the corresponding cutting

scores on the routing test are most difficult

matters. An unfortunate choice of cutting scores

may lead to a situation where most examinees are

routed to the same second-stage...or to other

difficulties (Lord, 1971, p. 235).
If the routing test is too Tong, not enough items are left for the
second stage tasts; if it is too short, then examinees are poorly
directed to the second stage tests (Lord, 1971). The routing test
may be self-scored or even given in advance of the regular testing

as a take-home self-scored test (Lord, 1977).

An empirical study of two-stage testing by Angoff and Huddleston
(1958) indicated that the two-stage procedure was technically superior
to a conventional test. Results showed that the two-stage tgsts
tended to be more reliable in the subgroups for which they were in-
tended than were conventional tests, and that predictive validities,
with grade-point average as the criterion, were also slightly higher
than those of the conventional test.

A series of studies reported by Linn, Rock and Cleary (1969)
indicated that the majority of the two-stage procedures considered
had higher predictive validities than did conventional tests of the
same or longer length.

Betz and Weiss (1973, 1974) compared the psychometric character-
istics of two-stage adaptive tests and conventional tests using both
empirical and simulated techniques. Their results indicated that
scores obtained from two-stage testing better reproduce the distri-
bution of underlying ability. Latent estimates obtained were more

reliable and were more highly correlated with the underlying ability
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than were the conventional test scores. Their results indicate that
good design in the two-stage testing procedure can result in more
information at all levels of ability than conventional tests. Betz
and Weiss (1974) interpreted their results as indicating the potential
superiority of two-stage testing over conventional testing procedures.
The potential superiority of the two-stage testing procedure
over conventional testing in solving measurement problems needs to
be further studied. The purpose here will be to consider the effect

of two-stage testing on test bias. Angoff and Ford suggested that:

...it would appear that one element of the cultural
difference between the two ethnic groups is the simple
fact of the difference in.levels of performance, and
that the so-called cultural difference between the
two races would diminish considerably if the perfor-
mance levels were more similar (Angoff and Ford, 1973,
p. 103). .
Recall that Scheuneman (1976) attempted to circumvent the problem
of disparity in underlying ability levels by defining item bias as
unequal item difficulties within the same ability groups.

It is proposed that individualizing tests for each examinee may
have some positive effects in the direction of reducing or eliminating
the number of items identified as biased. Comparisons of the results
of two-stage and conventional testing procedures should be considered
using various definitions of bias.

The effects of disturbances such as guessing on items that are
too difficult or carelessness on items that are too easy should be
reduced by a testing procedure in which test items are appropriate

to an examinee's ability level. Furthermore, such testing procedures

may reduce the effect of extraneous cultural variables. Hence, it
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is proposed that individualizing tests for each examinee may have

a positive effect in the direction of reducing or eliminating the
number of items identified as biased. That is, it is be]ieQed;that
inappropriate test level explains much of the measurement error

that is jdentified as bias. The goal of this study is to compare

the effects of a conventional testing procedure with a simulated two-

stage testing procedure based on a real data set.



Chapter III

METHOD

Rasch model

Group differences in performance on a test item can be due to
actual differences in the underlying ability or to systematic error
attributable to bias. The objectivity of the Rasch model permits
the separation of test item characteristics from the ability dis-
tribution of the sample (Wright, 1969), and hence permits the
avoidance of confusing performance differences due to differential
ability levels from that due to cultural bias.

The Rasch model specifies one person parameter and one item
parameter and defines the probability of a successful response to
an item as an ekponentia] function of these parameters.

The Rasch model follows from the assumption that
the unweighted sum of right answers given by a
person will contain all of the information needed
to calibrate that item. The Rasch model is the
only model consistent with "number right" scoring
(Wright, 1977b, p. 102). '

Furthermore, the model is consistent with the notions that:
1. A more able person always has a better
chance of success on an item than does a less
able person.

2. A person has a better chance of success on
an easy item than on a difficult one (Wright,
Mead, and Draba, 1976).

Other latent trait models employ additional item parameters.

A parameter for variation in the slope of the item characteristic

curves may be introduced to allow differences in discrimination

power of items. Consider for example Figure 5. Models which

37
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involve a discrimination parameter permit variation in slope and
hence crossed item characteristic curves as shown. A person of
ability e; would find item h easier than item g; however, an examinee
of ability o, would consider item g easier. Consequently, a model
consistent with the notions above must not allow for variation in
item discrimination (Wright, 1977).

Another parameter is often included to allow variation in the
Tower asymptote of the item characteristic curve to account for
guessing (see Hambleton et al., 1977).

The Rasch model is a special case of the two and three parameter
models. However, it is easier to work with since it involves fewer
parameters and since the problem of parameter estimation is essen-
tially solved (Hambleton et al., 1977). Statistical and numerical
problems exist in the estimation of parameters for the two and three
parameter models. Computer programs are available for estimation,
but "the method usually does not converge properly" (Lord, 1968, p.
1015). Furthermore, Hambleton and Traub (1973) in a comparison of
the one- and two-parameter models noted:

The results of the study suggest that the two-
parameter test will provide greatest improvement
over the one-parameter model when applied to data
from short tests when the variability of the dis-
crimination parameter is substantial. Whether the
gains are worth the increased cost of solving for
the parameters of the more complex method is a
question which requires investigation (Hambleton
and Traub, 1973, p. 210).
In a comparison of the three models (Hambleton and Traub, 1971)

they noted that under simulated conditions in which the three parameter

model was the appropriate one, i.e., significant guessing was present
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Example of a Rasch
Item Characteristic Curve
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and items varied in discrimination, the one-parameter model was more
appropriate than the two-parameter model at estimating the ability
of low ability examinees; The Rasch mddel appeared to provide effi-
cient estimates of ability across all ability levels when gueéging
was minimal, until the range of the distribution of discrimination
parameters became large (.80 for that study).

In view of these estimation problems and the results of the
comparison studies, the simpler Rasch model was selected as the
basis for this analysis.

The Rasch model is based on an exponential function, Pg(e),
relating the probability of success on item g for an examinee'to
his ability, ©, on the trait being measured. Ability, o, is
expressed on a continuous scale {-»,=), but usually & is in the
interval (-3,3). The item difficulty parameter bg, is on the same
scale as 0; it is that point on the ability scale at which the
probability of success is .5; In Figure 6, the difficulty of item
g is .3.

Specifical]y; for the Rasch model the probability of success

on item g for an examinee with ability ¢ is given by:
exp (e-b )

Pg(@) = T+exp (0-b_) (1)

g
where bg is the difficulty of item g.

The Rasch model permits the interpretation of item and ability
parameter measurements as a ratio scale (Hambleton et al., 1977).

For item g, a person of ability e; has odds of success
P, (04)

O = 17,y
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This may be simplified as
0 . = eip_(_Gi (2)
gi  exp(b,)
g
Thus as © increases, the odds for success on a given item increases.

-As bg increases, the odds for success for a given examinee decreases.

Furthermore, if for examinees i and j 91'@j=°’ for any real number c,

then .

Ogi = exp(c)ogj, for any item g.
Also, if for items g and h, bg-bh=c, then

Og,i = exp(-c)Ohi, for any examinee i.

Again, consider equation (2) and take the natural log (1n) of

both sides, giving

T"(Ogi) = 1In [exp(ei)]-1n [exp (bg)]= 0; - bg.

Hence, the natural log odds of success is simply the difference of
examinee ability and item difficulty.

Several procedures have been proposed for estimating the ability
and item parameters for the Rasch model. The most widely used esti-
mation procedure is the unconditional maximum Tikelihood solution
described by Wright and Panchapakesan (1969). This procedure is
used in the BICAL program developed by Wright and Mead (1978) and
will be employed in this ana]ysis.'

In the Rasch model one ability estimate is obtained for each
number right (raw) score (except scores of zero and perfect scores)
and one difficulty parameter for each item. That is, for a test of
10 items there may be 9 ability estimates corresponding to raw scores

1-9 and 10 difficulty estimates for the items. A test provides no
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infcrmation on examinees of perfect or zero scores except that they
have more or less ability than is measurable by the test; how much
more or less is indeterminable.

Consider a test of N items. There will be N-1 ability eﬁfimates
and N difficulty estimates. The situation may be depicted by the
matrix in Figure 7.

There are Nx(N-1) possible probabilities depicted. For raw
score group i we can observe the proportion who respond correctly
to item g. The maximum 1likelihood estimation procedure provides
a set of N difficulty estimates and N-1 ability estimates which,
when functionally combined according to the Rasch model, best
reproduce the observed frequency proportions. That is, the N+(N-1)
estimated parameters make it "maximally Tikely" that the Nx(N-1)
observed events occur (Ryan and Hamm, 1977).

The Rasch model assumes that the items are locally independent,
i.e., the probability of an examfnee answering an item correctly is
not affected by his performance on other items in the test (Hambleton
et al., 1977). Consequently, the joint probability of all responses
depicted by the matrix in Figure 7 is the product of each of the
separate probabilities.

The 1ikelihood function then becomes

N N-1
L=m 1 Pg(@i) (3)

g=1 i=1

The first and second derivatives of L are taken with respect to the

@'s and then with respect to the bg's. The first derivatives are
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POSSIBLE EXAMINEE BY ITEM INTERACTIONS FOR ESTIMATION PROCEDURE

Item difficulties

i 2 g N
Raw scores Abjlities
T e] p_i,i p‘|2 .o . p'lg “o . p-[N
2 ) P21 Ppp --+ Pag -+ Pyy
i % Pi1 Pig - pig e PiLN
N-1 ON-1 Py-1,1 PN-1,2 Pa-l,g PN-1,N

FIGURE 7
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set equal to zero and solved for parameter estimates. The resulting
estimation equations are
N-1

=3 . P (o, 4
2 = L Ty Pg (o)) (4)

and
: () (5)
i=1 P_ (e, 5
g=1 9
where
ag = number of persons who get item g correct
i = a raw score
r. = number of persons in raw score group i.

The two sets of equations (4) and (5) are solved to obtain parameter

estimates (Wright and Panchapakesan, 1969).

The equations are solved by the Newton-Raphston iterative pro-

(0)

cedure. In this procedure, one starts with an initial estimate x

(1)

and obtains an improved estimate x This new value is used as the

starting estimate and the procedure is repeated until the estimates
converge. If f(x)=0 is the equation to be solved, the value of x at

the (n+1)th iteration is given by
x(n+])= x(n) - (f{x)/f'(x))x = x(n)

(n) th

where x is the value of x at the n~ iteration (Wright and Pan-

chapakesan, 1969).

For the Rasch model, the equations to be solved become
N-1
a.- iil rs Pg (ei) =0

=)



45

and
N
i;i1 Pg (ei) =0
The initial estimates for a sample of m persons are based upon the
observed frequencies of success. The initial estimate of abi]fty

for persons in score group i is

3 (o)

= 1n [
- ]n [N-i
and the initial estimate of difficuity for item g is

. m-a
b (0)= 10 (=9

g a
g
where m is the sample size. The procedure is usually terminated when
the average improvement in estimates is less than .001.
The item difficulties are centered around the mean item difficulty

at each step so that a mean item difficulty of zero results. The
asymptotic standard errors of the estimates are obtained from the

second derivatives of the likelihood functions:

N-1 :
[z vy Py (0;)(1-Py (8;))17

SE(b_)
9 =

and

N\l

SE(ei)

N -,
gi] Py (85) (1-Pg (04))]

(Wright and Panchapakesan, 1969).

The procedure advocated by Wright and Panchapakesan (1969) for
testing the goodness of fit of the Rasch model essentially involves
examining the quantity a._, which represents the number of examinees

19
th

in the i~" ability group (i.e., raw score group i) who responded

correctly to item g. Then
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Yig = (a4 = Ea; )/ (V, fa, ))®

{a
ig ig ar “ig

is distributed N(0,1). The quantity a1.g has a binomial distribution
with parameters Pg(@i) and rs. Thus a x2 measure of the goodness

of fit of the model can be defined as
) N-T N )
X< =1I DI
. - 19
i= = .
Pi#6 S 1
which follows the x2 distribution with (N-1) (K-1) degrees of freedom,
where N is the number of items and K is the number of non-zero score
groups, when the model is appropriate.
Wright and Panchapakesan (1969) further defined goodness of fit

tests for items as

) N-1 )
ri#O
which is distributed as x2 with K-1 degrees of freedom.
Hambleton et al. (1977) pointed out several problems associated
with the above x2 tests of fit. They noted that if any of the .terms

E(a, ) is less than one, the deviates yig are not normally distributed,

3
and : x2 distribution is obtained only by summing squared normal
deviates. Furthermore, the test is sensitive to sample size, so that
the null hypothesis that the model fits the data will always be
rejected using the x2 test of fit for large samples. They do note
that this is true for all statistical tests.

The general statistic for testing item fit in BICAL (Wright

and Mead, 1978) is based on a modification of equation (6), in that

residuals are summed over persons rather than score groups.
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For examinee i with ability 0; for item g, let

Xqi 1 if examinee i responds correctly
g to item g

0 otherwise.
Then for a sample of m persons on a test consisting of N ifems, a

statistic for testing the fit of item g to the model is given by

2 _ M 2
X& = .
Ag =5 Lig
where
Z, = _(EL)%_(T] ]

ng is approximately distributed chi square with (m-lN N-1
degrees of freedom (Wright, Mead and Draba, 1976). The total fit

statistic for item g listed by BICAL is

N
=y 2
Vg Xg . [Tﬁ:TTTNiT7J (8).
Wright and Mead (1978) state that Vg has an expected value of one

and a variance of TE:T%%N:TT .

Bias definitions.

Two basic definitions of item bias based on the objectivity
and test of fit features of the Rasch model will be considered here.
The procedure for identifying bias proposed by Draba (1977)

is based on the objectivity feature of the model. He stated that:

...difficulty estimates should be statistically
equivalent for groups distinguished only by their
ability distributions. If, on the contrary,
difficulty estimates shift significantly from

group to group, this suggests that the item
interacts with particular characteristics of

the groups such as race or sex (Draba, 1977. p. 1).
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Difficulty estimates may not be identical, but they should be
statistically equivalent for distinct groups. Statistical equivalence
for estimates for white and black student groups will be determined
by a t-test with

b (w) - b (b
g =\/SE (g.)i+SE?l§ ;?
b*"g w''g

where bg(w) is the item difficulty estimate for item g for white
students with associated standard error SEw(bg), and bg(b), SEb(bg)
the corresponding estimates for black students. Draba warned that
small standard errors resulting from large calibration sample size
may result in trivial significant differences, and recommended

adjusting the significance level in such situations (Draba, 1977).

While multiple t-tests are required, one for each item of the test,
it is assumed that the difficulty estimates are independent of one
another.

Draba applied his technique to a 66 item reading test and con-
sidered white versus black, boy versus girl bias, with sample size
n=900 for each group. Eleven items were identified as biased in the
boy vs. girl analysis, and also eleven were identified in the black
vs. white analysis. Content explanations were offered for many of
these items.

The Durovic procedure, on the other hand, does not require that
individual items fit the Rasch model and hence according to Durovic
(1978) may be useful for a wider range of data sets. Durovic defined
bias as follows:

An item is biased for members of a group, if on
that time, for members of the group, a mean square
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fit of the item to the Rasch model is obtained

which differs, by greater than one, from the mean

square fit obtained for members of the other group

(Durovic, 1975, p. 4).
The mean square fit has an expected value of one, and "the obsefved -
data is expected to lie approximately one standard deviation from the
expected data" (Durovic, 1978, p. 6)}. Durovic did not further
explain the rationale for a difference of one in mean square fits as
a criterion for item bias. He explained that the mean square fit
indicates the degree to which a'given item measures the same dimen-
sion as the other test items and that, hence, an item is biased if
it does not relate to the dimension being measured in the same way
for each group. He stated that a difference standard independent
of the standard error, which is dependent on sample size, should
be utilized. In a personal communication, Durovic stated that a
difference of one was an arbitrary decision based on his experimental
results using the fit statistics described by Wright and Panchapakesan
(1969).

Durovic applied his procedure to 14 items used in selecting
civil service personnel with nb=367 and nw=547. Two items were
reported as biased, and the results were supported by a content
analysis by black cultural experts (Durovic, 1975). Apparently
no application on tests withkgreater than 14 jtems has been reported.

The rationale of a difference in mean square fit of one as a
criterion for item bias needs to be further examined. The extent
to which the mean square fit depends upon the number of items and

the calibration sample size should also be investigatad.
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Durovic (1978) acknowledged the need for further theoretical work.
He suggested that a ratio of mean square fits rather than a difference
might be better, since such a ratio would be a ratio of independent chi-
squares to which an F-test might be applied. Hence both diffefénces and
ratios of fit mean squares were considered in this study.

Both procedures were evaluated and direct comparisons were made.
Furthermore, these procedures were compared with the traditional approach
to defining item bias popularized by Cleary and Hilton (1968). The pro-
cedure for determining item by group interaction using traditional item
statistics as a determination of bias as originally defined by Cleary
and Hilton (1968) was undertaken using the method described by Angoff
and Ford (1973). P-values (proportions of the sample answering correctly)
for each item were calculated for each racial group. These p-values were
transformed to normal deviates (z). fhe normal deviates wére transformed
to delta-values by a=4z+13. A plot of the points (Aw,Ab) (one point for
each item) was made. Angoff and Ford noted that the plot of these points
normally forms an ellipse, and that items falling some distance from this
plot may be regarded as indicating group by item interaction. They are
items more difficult for one group than for the other, relative to the
other items. Also the correlation coefficient represented by the deltas
expresses the extent to which the items have the same rank order of
difficulty in the two groups. Consequently, it inversely indicates group

by item interaction (Angoff and Ford, 1973).

Data
The data set to be used is a sample from a 1974 state-wide testing

program conducted at the eighth grade level in a southeastern state. The
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original testing program consisted of three mathematics subtests; three
reading subtests; vocabulary (40 items), comprehension (20 items), every-
day skills (45 items; a study skills subtest and several occupational/
attitudinal subtests. The three reading subtests and five seTected
items from the study skills subtest (110 items total) were initially -
chosen for this study. (Test data from 17,764 white students and 4,236
black students were available for this study. This represents approxi-
mately 1/3 of the total population who completed the four subtests.)

In the interest of fiscal responsibility, initially a random sample

of 6,108 of the 17,764 white students were selected, thus yielding
nw=6,108 and nb=4,236 for the analyses. The raw data were dichotomously
rescored with 1 correct, 0 incorrect.

The Rasch model, which was the basis for these analyses, assumes
unidimensionality of test items. A principal components analysis was
performed on the selected 110 items to determine the extent of the satis-
faction of this assumption prior to application of the model. Separate
principal components analyses were performed on both the black and white
samples using procedure FACTOR of the Statistical Analysis System (SAS)
(Barr et al., 1976) with 5 factors retained. There were 14 eigenvalues
greater than 1; factor 1 for whites accounted for 18.4 percent of the
variance, factor 2 accounted for 4.5 percent of the variance. For blacks,
factor 1 accounted for 15.2 percent of the varidﬁce, factor 2 for 3.7
percent, and there were 22 eigenvalues greater than 1. Despite the
relatively low percentage of variance accounted for by factor 1, this
factor was dominant, with only 7 items having factor loadings less than
.3 on this factor for the white sample, Two of the items were from the

vocabulary subtests, three from the comprehension subtest, one from the
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everyday skills subtest. Based on content considerations and the mean
scores for these items, the low loadings for five of the identified
seven items were attributed to difficulty factors. The remaining two

items were discarded from further analyses, resulting in 108 items.

Carroll (1945) showed that Pearsonian correlations between
binary items measuring abilities tend to depend upon the difficulties
of the items involved. He stated

Factorial studies of items must be examined for the

possibility that heterogenity of items in difficulty

has given rise to Spurious factors (Carroll, 1945,

p. 19).
McDonald and Ahlawat (1974) further attributed these spurious factors
to the nonlinear regression of items or tests on the factor or factors
of content. Specifically, they showed that binary variables that
conform to the normal ogive latent trait model yields purious factors
due to departure from the linear model.

Consequently, it was conjectured that the wide range of item
difficulties here and the hypothesized nonlinear regression of item
scores on the latent ability were affecting the results of the
principal components analysis. It was hence possible that the
assumption of unidimensionality was justified for analytical purposes.

To further investigate this assumption, separate principal com-
ponents analyses were performed for each of the three reading subtests
for the white sample. Factor 1 for the vocabulary subtest accounted

for 23.3 percent of the variance.. The two items from this subtest

with loadings less than .3 in the original analysis were also the
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only items with loadings of less than .3 on factor 1 for the subtest
analysis. The results for the comprehension subtest were similar,
with factor 1 accounting for 20.9 percent of the variance and the
three previously identified items again having low loadings. 'Factor
1 for the everyday skills subtest accounted for 23.8 percent of the
variance. Only one of the two items with low factor loadings for
the original analysis had a factor loading of less than .3 on factor
1 for this subtest analysis; however, two additional items had
relatively low faétor‘Toadings. The similarity of the results of
the subtest analyses with the principal components analysis of the
combined 108 items failed to indicate improvement in dimensionality
by considering separate subtests.

However, preliminary item fit statistics did not support the
assumption of unidimensionality. The item fit statistics produced
by BICAL (Wright and Mead, 1978) based on calibrations of the
selected 108 items for the white sample had a mean of .95 and ranged
from .25 to 1.97; for the black sample the mean was 1.07, with a
range of .58 to 1.58. The fit mean squares for both samples had an
expected value of 1.0 and a standard error of .02.

The standard error of the item fit mean sgquare is dependent
upon sample size. To determine if the fit mean squares produced
by BICAL were also influenced by sample size and to permit validation
studies of the bias definitions as well, two random samples of
approximately 400 each were selected from the white population (W1,
W2) and two more samples of 400 each were selected from the black

population (B1, B2). Wright and Mead (1978) noted that 400 persons
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are usually sufficient to calibrate items effectively; furthermore,
Forster (1977, p. 13) noted that his analyses indicate that "no
more than 200 persons were needed to obtain item calibrations
virtually identical to those for the total population.”

Attempts to refine the item set by eliminating misfitting items
and recalibrating resulited in identifying more items as not fitting
the model across all samplies and frequently resulted in increased
fit mean squares (see Table 2). Such findings are often attributable
to multidimensionality of the item set (Hamm, 1977). Also, different
items frequently were identified as misfitting both within the racial
subsamples and between racial subsamples utilizing the four sub-
samples W1, W2, B1, B2 previously described.

Consequently, the original plan to combine the 108 items to
form one conventional test was aborted. The three original sub-
tests, vocabu]ary, comprehension, and everyday skills, were hence
considered separately.

Satisfactory fits within at Teast one racial group were obtained
by eliminating one item from the vocabulary subtest and two from the
comprehension subtest, based both on the BICAL fit statistics and
the results of the principal components analysis described previously.
Results from the BICAL fit statistics and a content analysis indicate
that the everyday skills subtest may not be unidimensional (see Table
3). A1l items were retained, but the possibility of multidimension-
ality for the everyday skills subtest must be considered in inter-
preting those results. The analyses reported were hence based on a

39 item vocabulary subtest, an 18 item comprehension subtest and a

45 item everyday skills subtest.
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TABLE 2

DESCRIPTION OF BICAL] FIT STATISTICS COMBINING SUBTESTS

Fit Mn Sq

Fit Mn Sq

Sample Mean Range SE2 No. of‘items
Wl .98 .33-1.71 .07 108
W2 .93 .19-1.78 .07 108
B1 .99 .67-1.42 .08 108
B2 1.00 .68-1.35 .08 108
W1 1.00 .34-2.15 .07 102
W2 .93 .19-1.45 .07 102
B1 .99 .66-1.37 .08 102
B2 1.00 .69-1.47 .08 102
W1 .97 .33-1.98 .07 95
W2 .95 .21-1.43 .07 95
B1 .99 .64-1.39 .08 99
B2 1.00 .58-1.38 .08 99

1

2

BICAL (Wright and Mead, 1978)

SE = (7o—r2h
(HT) (R=17

)%, N= no. items, m= calibration sample size
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TABLE 3

Vocabulary, N=39

Sample
W1
W2
B1
B2

Comprehension, N=18

Sample
W1
W2
B1
B2

Everyday Skills, N=45

Sample
W1
W2
B1
B2

1

Mean
.99
.98

1.02

1.02

Mean
.95
.97

1.02

1.03

Mean
.88
.86
.98

1.00

BICAL (Wright and Mead, 1978)

Range

.56-1.62
.45-1.62
.82-1.20
.85-1.31

Range

.48-1.30
.46-1.40
.16-1.33
.14-1.37

Range

.28-1.52
.08-1.45
.51-2.18
.55-1.88

SE

.07
.07
.07

SE

.07
.07
.07
.07

SE

.07
.07
.07
.07
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Two-stage testing procedure

For accurate measurement, the difficulty level of a test should
be appropriate to the examinee's ability Tevel. With conventional
tests this is possib]é only if the examinees are fairly homogeneous
in ability (Lord, 1971). Testing procedures which involve varying
test item difficulty according to the estimated ability of the ex-
aminee thus hold much promise for the accurate measurement of ability.

Two-stage testing is one approach to the implementation of such
an "adaptive" testing procedure. The first stage consists of a
short routing test which is used to obtain a rough estimate of the
examinee's ability. Using this initial estimate the examinee is
"routed" to a Tonger second-stage test consisting of items appro-
priate to his ability (Betz and Weiss, 1974).

In order to compare item bias on conventional testing procedures
with two-stage testing procedures, a simulated two-stage testing
procedure was developed based upon thebreal data set previously
described. That is; one routing test and three second stage tests,
each consisting of three subtests,,were formed from the selected items

While it might seem reasonable to use a separate routing test for
each of the three second stage tests, a single routing test was used
which included representative items from each subtest. This decision
was based on the assumption that a single overall ability estimate
would be adequate and that it would be impractical to employ 3 separate
routing tests in any real life testing situation. An initial rough
estimate of ability for each examinee in both racial groups was made

based on the routing test items alone. This initial estimate of
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ability was used to determine the set of second-stage test items
used to obtain a final ability estimate for each examinee.

Rasch ability and difficulty parameters were first obtained
separately for each subtest using the pool of items previous1y des-
cribed. E£ach subtest was analyzed separately for bias. A routing
test consisting of 10 items was formed frcm the pool of items fitting
the model which had been determined to be bias-free according to the
subtest results, based both on the fit statistics and on the equi-
valence of item difficulties. The routing test consisted of 4
vocabulary items, 2 comprehension, and 4 everyday skills items and,
in accordance with the routing procedure advocated by Betz and Weiss
(1974), consisted of items distributed uniformly in difficulity. The
remaining 35 vocabulary items, 16 comprehension items, and 41 every-
day skills items were used to form the subtests for the second-stage
tests (Test I, Test II, Test'III); Each second-stage test consisted
of a 15 item vocabulary subtest, an 8 item comprehension subtest,
and a 17 item everyday skills subtest. The subtests were formed
from a linking network of items as indicated in Figure 8. Hence,

a student routed to Test I was administered 3 subtests, Voc I,
Comp I, EvSk I; a student routed to Test II was administered VYoc II,
Comp II, EvSk II, etc.

In accordance with the routing procedure advocated by Betz
and Weiss (1974), Rasch ability estimates were obtained for each
examinee based on the ten item routing test using BICAL. Examinees
were then routed to that second-stage test (consisting of three

subtests) with median difficulty most appropriate to his estimated



Vocabulary subtest: 15 items at each difficulty level

06

Voc I Voc II Voc III

Comprehension subtest: 8 items at each difficulty level

B

Comp I Comp II Comp III

Everyday skills subtest: 17 items at each difficulty level

06

EvSk I EvSk II EvSk III

Figure 8

Subtest Designs for Second-Stage Tests
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ability level, The samples to be routed excluded those students in
samples W1, W2, B1, B2, To ensure that the results for the compari-
son with conventional testing were not affected by disparity in sample
size, random samples of approximately 400 students each were'gelected

from both the black and white samples routed to each second-stage test.

Item and person parameters were then recalibrated for each of
the three subtests within each of the three second-stage tests for
the appropriate sample of examinees for each racial group. Then
items within each subtests were examined for bias according to
Draba's and Durovic's definitions. Hence items were examined for
fit and difficulty equivalence between racial groups separately for
each of the three subtests (Voc, Comp, EvSk) within eacﬁ of the
three second-stage tests (Test I, Test II, Test III). That is,
the definitions were applied to the samples of black and white stu-

“dents routed to Test I for Voc I, Comp I, and EvSk I separately, and
similarly for those routed to Test II and Test III. The combined
results for each subtest were then compared with the results for
that subtest based on the conventional testing procedure. Subse-
quent conclusions were essentially based on the results at the
subtest level, comparing the individualized two-stage testing

procedure with the conventional testing procedure for each subtest.



Chapter IV
RESULTS

The results of the calibration of Rasch item difficulty and
ability parameters will be summarized first for each subtest of the
conventional testing procedure, that is, for the vocabulary, the
comprehension, and the everyday skills subtests. In a conventional
testing procedure, recall that every item is administered to every
student, regardless of the students' ability level. Bias analyses
results based on the Angoff-Ford procedure, the Draba procedure, and
the Durovic procedure will be reported for each of the three subtests
for this testing procedure.

~ Following this, the bias analyses results for the three subtests
will be summarized similarly for the two-stage testing procedure, in
which there were three difficulty levels of each subtest. In a two-
stage procedure, each student is administered only that level of each
subtest appropriate to his ability level as determined by his perfor-
mance on a routing test. The three procedures for the identification
of bias will be considered at each difficulty level of each subtest.

Finally, the results of the conventional testing procedure will
be contrasted with the results of the two-stage testing procedyre
to determine whether two-stage testing is effective in reducing the
number of items identified as biased.

To facilitate discussion of the comparisons of the testing pro-
cedures, references will be made throughout to particular test items,
e.g., V036 will refer to item number 3€ in the vocabulary subtest.

This will permit cross-referencing of biased items between the three

61
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reported bias identification procedures and between the two testing
procedures. Since a content examination by a panel of educators with
black cultural expertise failed to indicate substantive explanations
for the bias identified statistically in this study (see Disdussion,
Chapter V), item content references would perhaps contribute little
to the analyses. However, a few test items have been reproduced in

Appendix D with permission of the publisher.

Analyses of bias for the conventional testing procedure.

Vocabulary subtest. The conventional 39 item vocabulary subtest

tended to be inappropriate to the ability level of the target popula-
tion for both racial groups, i.e., toco easy for the white students, too
difficult for the black students. Traditional item difficulties,

i.e., proportion of sample responding correctly, tended to vary sub-
stantially between racial groups, reflecting the difference in

ability distributions. Thus a bias definition which separates item
difficulty estimates from the ability distributfons of the samples

is required for this situation.

The procedure for identifying item by group interaction suggested
by Angoff and Ford (1973) for determining bias transforms the tradi-
tional item difficulties to normal deviates, by reference to a table
of the normal curve, and then to delta values (a=4z+13). The delta
values were plotted for the white sample by the black sample (see
Appendix). Angoff and Ford noted that items falling at some distance
from the plot may be regarded as contributing to the item by group
interaction. Seven items (see Table 4) fell at some distance from

the major axis of the ellipse formed by the delta values, and hence
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TABLE 4
APPLICATION OF ANGOFF-FORD DEFINITION FOR COMNVENTIONAL VOCABULARY SUBTEST

Conventional vocabulary subtest

Biased Items According to Angoff-Ford Procedurs

VO 36
Vo 1

VO 33
Vo 19
Vo 3

VO 38
V0 20
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may be regarded as biased items. The correlation coefficient, .906,
represented by the plot of the deltas for the two groups expresses
inversely the item by group interaction. One problem associated with
the use of the correlation coefficient as an indicator of item.sy-
group interaction is its dependence upon test length. For example,
the correlation coefficient may be reduced substantially more by

a few biased items in a short test, but it is less likely to suffer
the same consequence in a long test.

Draba's definition of bias is based upon statistical equivalence
of the difficulty estimates between racial groups. T-tests were per-
formed on the difficulty estimates both within and betweeﬁ racial
groups to identify items biased by this definition and to determine
the validity of Draba's definition. The results are summarized in
Table 5, with a significance level of .01 used as a criterion as
suggested by Draba (1977). Item difficulty estimates differed
significantly between racial groups at the .01 level for 13 of the
39 items for WIxB1 and 14 for W2xB2, nine of which differed signifi-
cantly between blacks and whites for both samples. Six of the seven
items identified as biased by the Angoff-Ford procedure were also
identified as biased according to Draba's definition. To determine
the validity of this bias identification procedure, differences in
item difficulties were also tested within racial groups. No item
difficulties were significantly different at the .01 Tevel between
the two black samples. Two items resulited in significantly different
item difficulties within the white samples. Hence there was apparently

substantially more discrepancy in item difficulty estimates between
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TABLE 5
APPLICATION OF DRABA'S DEFINITION FOR CONVENTIONAL VOCABULARY SUBTEST

Conventional vocabulary subtest

Significant t-tests (p=.01)

Groups Item Groups I[tem
Bl x B2 * W1 x W2 V0O 28
: VO 32
Wl x B1 Vo 2 W2 x B2 Vo 2
VO 3 Vo 3
VO 5
VO 6 VO 6
Vo 9
yo 10
VO 12
VO 16
Vo 19 VO 19
Vo 20 Vo 20
VO 23 V0 23
VO 26
VO 28
VO 30
Vo 32
VO 33 VO 33
VO 36 VO 36
VO 38 Vo 38

* No significant differences
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racial groups than within racial groups. Thus, Draba's definition
apparently is detecting an item by racial group interaction, that
is, possible bias.

In accordance with Durovic's definition of biés, the item fit
statistics described by Wright and Panchapakesan (1969) (see Chapter
I1I) were obtained for the 39 items for each of the four samples.
These fit statistics are based on number-right (raw) score groups
and are not the fit mean squares reported by BICAL. The BICAL fit
mean squares are based on individuals and are estimated using six
score groups. Hence a separate program was written to obtain the
appropriate fit mean squares required by Durovic's definition of
bias.

Durovic identified as biased those items whose fit mean squares
differ by greater than one between racié] groups. Three iteﬁs are
biased for W1xB1 based on burovic's definition, and three for W2xB2,
as surmarixed in Table 6. No fit mean squares differed by greater
than one within the white sampies. However, fhree items resulted in
fit mean square differences greater than one within the black sample.
For this subtest, the largest difference in fit mean squares occurred
between racial groups and was for the one item identified as biased
for both WIixB1 and W2xB2. This is also the only item identified as
biased by Angoff-Ford's procedure and by both Durovic's and Draba's
procedures. Durovic suggested that applying an F-test to the ratio
of the chi-square fit statistics might be more appropriate for the
determination of bias. This resulted in three items having significant

ratios at the .01 Tevel between WIxB1, four items between W2xB2, no
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TABLE 6

APPLICATION OF DUROVIC'S DEFINITICN USING BOTH DIFFERENCES AND RATIOS
FOR CONVENTIONAL VOCABULARY SUBTEST

Conventional vocabulary subtest

Differences in fit-mean squares Significant ratios (p=.01)
greater than one of fit mean squares
Groups Item Difference Item
W1 x W2 * *%
B1 x B2 Vo 7 1.335 Vo 7
vo 18 1.596 vo 11
Vo 37 -1.002 VO 18
Ve 37
W1 x BI Vo 18 -1.291 VO 34
VO 36 2.034 VO 36
Vo 37 1.131 VO 37
W2 x B2 Vo 7 1.030 Vo 7
VO 13 1.529 _ Vo 13
VO 36 2.717 VO 29
VO 36

*no differences greater than T.

**no significant ratios
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items within the white samples, four items within the black samples.
Neither differences nor ratios of fit mean squares satisfactorily
distinguished results between and within racial groups. That is,
there apparently is as much bias within as between racial grouﬁs
according to this definition. Furthermore, results were not con-
sistent for the two pairs (W1,B1), (W2,B2) of samples.

Residuals, as defined in Appendix A, were plotted by (e-bg) as
suggested by Wright, Mead, and Draba (1976) for one unbiased item
and for two items identified as biased by at least one of the pro-
cedures. The residual plots (see Appendix) yielded Tittle insight
as to the nature of the bias for this subtest, perhaps due to the
disproportionate number of students at djfferent ability levels
for each racial group. However, patterns indicating guessing trends,
that is, large positive residuals at Tower ability levels, were

observed for both racial groups for the biased items.

Comprehension subtest. The results of the Angoff-Ford, the

Draba, and the Durovic definitions of bias are considered below for
the 18 item comprehension subtest. Préliminary to the consideration
of Draba's and Durovic's definitions, based on the Rasch model,

BICAL item difficulty estimates were obtained for the four samples,
W1, W2, B1, B2. The comprehension subtest, similar to the vocabulary
subtest, was below the mean ability level of the white sample, as
indicated by negatively skewed ability distributions for both Wl

and W2. The ability distributions of the black samples, however,
indicated that the test was on target for this population, i.e.,

the mean Rasch ability estimate for each of the two black samples

was approximately zero.
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The delta value plots required for an examination of bias by the
Angoff-Ford procedure have an associated correlation of .912. This
may indicate less item by group interaction associated with this
subtest than with the vocabulary subtest (rvoc=.906). This giight
difference in correlation coefficients occurred despite the disparity
in test length for the two subtests (nvoc=39’ ncomp=18). Only one
item, CO8, fell at some distance from the plot and hence may be
regarded as biased since it contributed to the item by group inter-
action.

Again, t-tests were performed both within and between racial
groups to determine statistical equivalence of item difficulties
as required for Draba's definition of bias. As in the vocabulary
subtest a p-value of .01 was used as a criterion for determining
bias. Table 7 summarizes the results. For W1xBl1 five items
resulted in statistically significant differences in difficulty
estimates, two of which also resulted in significant differences
between W2xB2. One item resulted in a statistically significant
difference at the .01 level within the white samples; no items within
the black samples, however, differed significantly in their difficulty
estimates.

Durovic's definition of bias, based on the Rasch model as is
Draba's requires the computation of differences in fit mean squares.
A summary of these results is given in Table 8. Three items are
biased for WI1xB1 based on Durovic's definition; two items had

differences in fit mean squares greater than one for W2xB2 and

hence are biased for that sample pair according to Durovic's
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TABLE 7
APPLICATION OF DRABA'S DEFINITION FOR CONVENTIONAL COMPREHENSION SUBTEST

— ——

Conventional comprehension subtest

Significant t-tests (p=.01)

Groups Item Groups Item
BT x B2 * W1 x W2 Co 8
W1 x B1 Cco 3 ‘ W2 x B2 Cco 3
CO 6
Co 8 Co 8
Co 9
Co 10

*no significant differences
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TABLE 8

APPLICATION OF DURQVIC'S DEFINITION USING BOTH DIFFERENCES AND RATIOS
FOR CONVENTIONAL COMPREHENSION SUBTEST

Conventional comprehension subtest

Differences in fit mean squares Significant ratios (p=.01)
greater than 1.0 of fit mean squares
Groups Item Difference Item
Wl x W2 co 7 -2.559 co 8
€0 10 -2.661 co 10
Co 19 -1.788
BT x B2 co 7 -1.405 *
Co 8 -1.997
Co 18 -1.146
co 19 1.463
W1 x Bl Co0 9 1.586 *
Co 10 -1.048
€0 18 1.029
W2 x B2 co 7 -1.085% *
Co 10 1.144

*no significant ratios
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definition. Within the black samples, four items had differences in

fit mean squares greater than one. However, the greatest differences

in fit mean squares were found within the two white samples, with three

items meeting Durovic's criterion of differences greater than one,

two of which had differences in fit mean squares greater than two.

The only significant differences in fit mean squares at the .01 Tevel

based on an F-test of ratios were two items within the white samples.

The dissimilar results for the two between racial group pairs, each

member of which was randomly selected from the same population, casts

doubt on the validity of Durovic's procedure for the identification

of item bias. This conclusion is supported further by results

indicating substantial within racial group bias based on this definition.
Residual plots were again obtained for three items, one of which

was unbiased. The residual plots showed a greater dispersion of

points at the lower ability levels for whites for the biased ijtems,

which may reflect a greater guessing tendency among whites.

Everyday skills subtest. The markedly skewed ability distribu-

tions for W1 and W2 for this subtest indicate that the ability level
of the white students far exceeded the difficulty level of this sub-
test. The ability distributions for the black samples were relatively
platykurtic and somewhat negatively skewed, indicating that the test
was perhaps too easy for this population as well, but that the black
student group was more heterogeneous than the white with respect to
the everyday skills measured by this test. Also recall that satis-
“factory fit was not obtained within either racial group for this

subtest, indicating that either the assumptions of the latent trait
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models were not met or that another latent trait model might better
describe these data.

The Angoff-Ford procedure resulted in a correlation of .954
for the item difficulty plot. This is the highest correlation among
the three conventional subtests, perhaps indicating less bias associated
with this subtest than with the vocabulary or comprehension subtests
according to this definition. However, since this is also the Tongest
subtest considered in these analyses, the high correlation coefficient
may only be reflective-of the dependence of this interaction indicator
on test length. Items ES10 and ES16 were the only items identifiable
as falling an appreciable distance from the narrow ellipse formed
by the deltas.

Despite the evident misfit of the subtest fairly consistent
Rasch item difficulties were obtained within both racial groups.
The results of the t-tests required for Draba's definition of bias
are summarized in Table 9. There were nine significant differences
at the .01 Tevel for WIxB1; there were six significant differences
between W2xB2, five of which were also significant for WIxBl. How-
ever, there were no significant differences af the .01 Tevel within
either racial group. Both items identified as biased by the Angoff-
Ford procedure are biased according to Draba's definition. Again, as
with the vocabulary and comprehension subtests, Draba's procedure
yielded fairly consistent results for the two between racial group
sample pairs and identified substantially more items as biased between
racial groups than within racial groups.

Differences and ratios of the number right (raw) score fitbmean

squares for the everyday skills subtest are summarized in Table 10.
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TABLE 9

APPLICATION OF DRABA'S DEFINITION FOR CONVENTIONAL EVERYDAY SKILLS
SUBTEST

Conventional everyday skills subtest

Significant t-test (p=.01)

Group Item Group Item
W1 x W2 * B1 x B2 *
‘W1 x BI1 ES 7 W2 x B2
ES 10
ES 16 ES 16
ES 21 ES 21
ES 28 ES 28
ES 38
ES 39
ES 40
ES 41 ES 41
£S 44 ES 44

*no significant differences
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TABLE 10

APPLICATION OF DUROVIC'S DEFINITION USING BOTK DIFFERENCES AND RATIO
'FOR CONVENTIONAL EVERYDAY SKILLS SUBTEST

Conventional everyday skills subtest

Differences in fit mean squares Significant ratios (p=.01)
greater than 1.0 v of fit mean squares
Groups Item Differences Item
WT x W2 ES 44 1.387 *
~ ES 45 1.183
B1 x B2 ES 12 -1.104 ES 39
ES 21 -1.008 ES 40
ES 38 1.026 ES 41
ES 39 1.869
ES 40 1.196
ES 41 2.587
ES 43 -2.620
Wl x Bl ES 40 -1.046 ES 15
ES 41 -2.861 ES 43
ES 43 -1.067
ES 44 -1.844
ES 45 1.088
W2 x B2 ES 42 -1.680 ES 42
ES 43 -3.041 ES 43
ES 44 -2.363 ES 44

*no significant ratios
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Five items were identified as biased for WIixB1 based on Durovic's
definition, three of which are the items identified as biased for
W2xB2. There were two differences greater than two within the

white samples. Note, however, that according to Durovic's definition,
the greatest number of biased items occurred within the two black
samples. Similar results were reported for the other two conventional
subtests, raising doubts as to the validity of Durovic's definition

for the determination of bias. For this subtest there were no signifi-
cant ratios of fit mean squares at the .01 Tevel within the white
samples, three within the black samples, two for WIxB1 and three

for W2xB2. Hence, as with the previous subtests, no apparent improve-
ment in the validity of Durovic's procedure was obtained by considering

ratios of fit mean squares rather than differences.

Analyses of bias for the two-stage testing procedure.

Students were routed to a second-stage test consisting of three
subtests appropriate to their ability level as determined by their
performance on a ten item routing test. The routing test was composed
of four vocabulary items, two comprehension items, and four everyday
skills items selected from the pool of unbiased items identified by
the analyses for the conventional testing procedure.

Item difficulty and person ability estimates were obtained for
the black and white samples, excluding those students in samples W1,
W2, B1, B2. Hence, separate samples were used for the conventional
and the two-stage testing procedures. Hence, separate samples were

used for the conventional and two stage procedures. This may have



76

Five items were identified as biased for WIxB1 based on Durovic's
definition, three of which are the items identified as biased for
W2xB2. There were two differences greater than two within the

White samples. MNote, however, that according to Durovic's defiﬁ%tion,
the greatest number of biased items occurred within the two black
samples. Similar results were reported for the other two conventicnal
subtests, raising doubts as to the validity of Durovic's definition

for the determination of bias. For this subtest there were no signifi-
cant ratios of fit mean squares at the .01 level within the white
sampies, three within the black samples, two for WixB1 and three

for W2xB2. Hence, as with the previous subtests, no apparent improve-
ment in the validity of Durovic;s procedure was obtained by considering

ratios of fit mean squares rather than differences.

Analyses of bias for the two-stage testing procedure.

Students were routed to a second-stage test consisting of three
subtests appropriate to their ability level as determined by their
performance on a ten item routing test. The routing test was composed
of four vocabulary items, two compfehension items, and four everyday
skills items selected from the pool of unbiased items identified by
the analyses for the conventional testing procedure.

Item difficulty and person ability estimates were obtained for
the black and white samples, excluding those students in samples W1,
W2, B1, B2. Hence, separate samples were used for the conventional
and the two-stage testing procedures. Hence, separate samples were

used for the conventional and two stage procedures. This may have
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introduced slight differences in parameter estimates due to sampling,

but it avoids problems of erroneously focusing on artifacts unique

to the samples used for the conventional testing procedures. Routing

was performed based on the Rasch ability estimates obtained. fﬁat is,
students were selected for that second-stage test most appropriate to

their ability level as determined by the Rasch ability estimate asso-

ciated with their number-right (raw) score on the routing test. Based
on characteristics of the second-stage tests, cut-off points were set

based on number-right (raw) scores as described in Table 11.

Note the similarity in Rasch ability estimates between racial
groups associated with the raw score cut-off points. Thus these
cut-off points apparently routed students of similar abiiity in
both racial groups to that second stage test most appropriate to their
ability level. The size of samples routed to each second-stage test
is disproportionate for the two racial groups, however. A similar
difference in ability Tevels between the raciaT groups was observed
for each subtest in the conventional testing procedure.

The BICAL fit mean squares for the items of the routing test
ranged from .84-1.18 for the black samples, .75-1.09 for the white
sample, indicating a unidimensional routing test. Random selections
of approximately 400 examinees each were obtained from those white
students routed to Tests II and III and from those black students
routed to Tests I and Il in order that all samples considered in

these analyses were of similar size.

Vocabulary subtests. The ability distributions for each of the

three 15-item second-stage vocabulary subtests indicated that effec-
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tive routing did occur for this subtest. Recall that the 39-item con-
ventional vocabulary subtests was "off-target" for both the black

and white subpopulations, but the mean ability estimate for each

racial group was approximately zero based on the appropriate 1e;e1

of the second-stage subtest. Also the BICAL fit mean squares indicated
that the second-stage vocabulary subtests tended to fit the Rasch

model better for the selected sampies than did the conventional sub-
test. This may indicate that the second-stage subtests tended to be
more unidimensional for their target populations than was the conven-
tional vocabulary subtest.

In accordance with the Angoff-Ford (1973) procedure for determining
bias, item difficulty delta-values were plotted for each of the three
levels of the vocabulary subtest. Recall that a correlation coefficient
of .906 was asséciated with the 39-item conventional vocabulary subtest;
the second-stage subtests (15 items) resulted in rvocI=.880, r =,763,

vocIl™
=.617. The lower correlations for the second-stage subtests may

voclll
be due more to reduced test length or to the restricted range of delta-
values than to an actual increase in item by group interaction (bias).
Apparent outliers, i.e., biased items, identifiable from the plots are
listed in Table 12. Three of these seven items were identified as
biased by this definition for the conventional testing procedure; the
number of bijased items is the same for the two testing procedures.
However, as previously stated, these results may be reflective of

the restricted range of values.

As required by Draba's definition of bias, t-tests were performed

to determine the statistical significance (p=.01) of the differences
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TABLE 12

Second-stage vocabulary subtest

Biased ijtems according to Angoff-Ford Procedure

Subtest Level Item
I Vo 2
Vo 19
II Vo 3
VO 28
Vo 29
111 7 VO 26
V0 36
TABLE 13

APPLICATION OF DRABA'S DEFINITION FOR SECOND-STAGE VOCABULARY SUBTEST

Second-stage vocabulary subtest
Significant t-tests (p=.01)

Subtest Level Item

I ve 11

II ‘ Vo 3
Vo 28

111 VO 29
VO 33
Vo 34
VO 36
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in Rasch item difficulties obtained for the appropriate black and
white samples for each level of the second-stage vocabulary subtest.
Results are summarized in Table 13. A total of nine significant
differences resulted, as compared with 13 for W1xB1 and 14 for QéxBZ
for the conventional testing procedure. Four of the nine items
identified as biased in the two-stage procedure were also identified
as biased in the conventional testing procedure. Apparently stability
in item difficulty estimates was improved by administering items only
to student subpopulations of appropriate ability Tevel.

Fit statistics based on raw score groups were obtained for each
level, and differences and ratios of fit mean squares between
groups computed. The results of the Durovic bias identification pro-
cedure are summarized in Table 14. The differences in fit mean squares
apparently were substantially reduced by administering items only to
the appropriate student subpopulations, as evidenced by the fact
that only two differences in fit mean squares exceeded 1.0 for this
subtest for the two-stage procedure.

Recall, however, that inconsistent results were frequently obtained
for the conventional testing procedure when applying Durovic's definition.

Results from the two-stage testing procedure for the vocabulary
subtest compared with those frdm the conventional testing procedure
indicate both improved stability in item difficulty estimates and in
fit mean squares between racial groups for the two-stage procedure.
This apparent reduction in the number of biased items by two-stage
testing may indicate that that which was originally identified as

biased in the conventional testing procedure may in many cases simply
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TABLE 14

APPLICATION OF DUROVIC'S DEFINITION USING BOTH DIFFERENCES AND RATIOS
FOR SECOND-STAGE VOCABULARY SUBTEST

Second-stage vocabulary subtest’

Differences in fit mean squares Significant ratios (p=.01)
greater than 1.0 of fit mean sguares
Subtest Level Item Difference _ _Item
I * b 2.4
II Vo 3 1.001 boll
111 VO 36 1.146 ' falad

*no differences greater than 1

**no significant ratios
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reflect artifacts associated with inappropriate difficulty levels

in testing.

Comprehension subtest. The ability distributions for each of the

three eight-item second-stage comprehension subtest levels indicated
that the tests were generally appropriate to the estimated ability
levels of most of the selected groups. The only exception was for
Tevel III for the white student sample; this high ability group had
a negatively skewed ability distribution for the second-stage compre-
hension subtest (COMP III) to which they were routed, indicating
that this subtest, although highest in difficulty level, nevertheless
was still too easy for this student group.

The Angoff-Ford plots of the item difficulty deltas resulted

in correlations of r =,906, r =,962, r .821. The

compl compIl” compIIl”
associated correlation for the conventional 18-item comprehension
subtest was .912, indicating in one case a decrease in item by group
interaction according to Angoff's and Ford's definition, despite a
reduction in test length. The only obviously identifiable outlier,
i.e., bfased {tem, was C08 in subtest III. This jtem was the only item

identified as biased by this procedure for the conventional subtest.

Aﬁplication of Draba's definition of bias showed much improve-
ment in the stability of item difficulty estimates for the compre-
hension subtest for the two-stage testing procedure compared with
the conventional testing procedure as indicated in Table 15. Items
are listed in ascending difficulty order based on calibrations for

sample W1. Item difficulty parameters were calibrated within each
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TABLE 15
ITEM DIFFICULTIES FOR COMPREHENSION SUBTEST

Item Difficulty
Conventional test Second-Stage Test '
I IT ITI
W1 B1 W B MW B W B

16 -1.31 -1.01 -.314 .0N
18 -1.24 -1.01 -.262 -.326

1 -1.21 -1.26 -.678 -.583

3 -.70 =11 .452 553

4 -.68 -.64 .017 .034 -.758 -.866

2 -.66 -.4] .042 .011 -.315 -.494

11 -.38 -.67 .265 .022 -.792 -.905

5 -.18 .08 .477 .279 -.058 .055
20 -.14 .25 .032 .303 -1.068 -.758
12 .30 .46 .508 .337 -.749 -.486
6a .46 .02 .365 .190 -.143 -.212
7 .59 .56

17 .61 .95 1.019 1.381 -.129 -.070
13a .63 .70

8 .80 14 743 .069
9 .84 31 227  .166
19 1.35 87 .786  .602

%These items were included in the routing test, and hence excluded from
the second-stage tests.

NOTE. Item difficulties are underlined for items idenfitied as

iased by Draba's definition.
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subtest, and since item difficulties within a subtest are adjusted
to have a mean of zero, parameters differ between tests. Of interest
here, however, are the differences in item difficulties within a sub-
test. For the items identified as biased in the conventional subtest,
differences in item difficulties ranged from .44 to .66. Item diffi-
culty estimates within the second-stage subtests were more consistent,
however only one item (CO8 in subtest III) resulted in a significant
difference (p=.01) in item difficulties for the two racial samples.
This item was identified as biased by the Angoff-Ford procedure as
reported above and was also identified as biased for both interracial
sample pairs in the conventional testing procedure. Note that three
of the five items identified as biased for WIxB1 in the conventional
testing.p}ocedure are among the most difficult items and hence may
be inappropriate to the ability level of most examinee;. When these
jtems were administered only to high ability students (second-stage
level III), this discrepancy in item difficulties was substantially
reduced for two of these items. Observe that, contrary to what is
usually assumed in biased testing situations, all three of these
items were more difficult for white students than for black students.
Durovic's procedure (Table 16) does not indicate any improvement
in the stability of the fit mean squares between racial groups by
using a two-stage testing procedure. That is, more items have
di fferences between racial groups in fit mean squares greater than
one for the two-stage comprehension test than for the conventional
subtest (see Table 8). MNo significant ratios of fit mean squares

were reported for either procedure. Recall, however, that inconsis-
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TABLE 16

APPLICATION OF DUROVIC'S DEFINITION USING BOTH DIFFERENCES AND RATIOS
FOR SECOND-STAGE COMPREHENSION SUBTEST

Second-stage comprehension subtest

Differences in fit mean squares Significant ratios (p=.01)
greater than 1.0 ~ of fit mean squares
Subtest Level Item Difference Item
I co1 -1.215 *
Co05 1.013
€co 11 -2.391
Co 16 -1.198
II co 4 -1.830 *
Co0 20 -1.573
I11 Co 8 -2.664 *
co 17 -2.072

*no significant ratios
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tent results were obtained based on Durovic's procedure within and
between racial groups for the conventional cdmprehension subtest for
both differences and ratios of fit mean squares.

The results of the analyses based on Draba's definition o%jitem
bias tend to support the conjecture that individualizing tests accord-
ing to the ability level of the examinee will reduce the effects of
cultural bias. That is, apparently much of what was masquerading as
bias in the conventional testing procedure may be explained by factors
associated with the mismatch of student ability and test difficuTty.'
This conclusion is supported by results from both the vocabulary and
comprehension subtests. Previous inconsistent results using Durovic's
definition tend to minimize the effect of the results based on his

procedure.

Everyday skills subtest. .Unlike the ability distributions for

the second-stage vocabulary and comprehension subtests, the ability
distributions obtained for the three levels of the second-stage every-
day skills subtest tended to be negatively skewed for both racial
groups, but especially for the white samples. This indicates that
although students were routed according to their ability level to
one of three everyday skills subtests of varying difficulty, each
subtest still remained too easy for its target population. (Recall
that markedly skewed ability distributions were also obtained for
the conventional everyday skills subtest). Subtest I corresponded
to a rather platykurtic ability distribution for the black sample;
however, all other distributions tended to be more peaked. Thus

effective two-stage testing did not occur for this subtest. That
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is, the test items did not tend to be appropriate for the ability
level of the students to which they were administered. However,
considering the inappropriateness of the conventional everyday skills
subtest, some improvement in tailoring the test for the targetibopu-
lation may have been attained.

The correlation coefficient of .954 obtained by the Angoff-Ford
procedure for the conventional everyday skills subtest exceeded those
obtained for the second-stage everyday skills subtests, with rESI=.876,
rESII=.636, rESIII=.890. The reduced correlation coefficients may be
attributable more to the reduction in test length or to the restricted
range of item difficulty deltas, however, than to an actual increase
in item by difficulty interaction. The dispersion of the plots made
it difficult to identify outliers for subtests I and II; one item,
ES15, was an apparent outlier for subtest III and hence may be con-
sidered biased.

Table‘17 shows that there are 13 items whose item difficulty
estimates differed significantly at the .01 1evei between racial
groups. These are the jtems which may be identified as biased
according to Draba's definition. No reduction of bias has occurred
with the two-stage procedure according-to these results. This may
be a result of the fact that the tests still were not individualized
according to the sfudents' ability levels.

Durovic's procedure for identifying bias (Table 18), like Draba's
failed to indicate any reduction in bias for this subtest, although

no significant ratios resulted in the two-stage procedure.
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TABLE 17

APPLICATION OF DRABA'S DEFINITION FOR SECOND-STAGE EVERYDAY SKILLS
SUBTEST

Second-stage everyday skills subtest

Sianificant t-tests (p=.01)

Subtest Level Item

I ES 2
ES 7
ES 10
ES 24

IT ES 15
ES 16
ES 20
ES 21

III ES 15
ES 28
ES 34
ES 39
ES 40
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APPLICATIONS OF DUROVIC'S DEFINITION USING BOTH DIFFERENCES AND RATIOQS
FOR SECOND-STAGE EVERYDAY SKILLS SUBTEST

Second-stage everyday skills subtest.

Differences in fit mean squares
greater than 1.0

Significant ratios (p=.01)
of fit mean squares

Subtest Level Item Difference Item
I ES 5 -1.534 *
ES 10 -2.164
ES 23 1.0587
II ES 25 -1.101 *
ES 27 1.171
ES 31 1.072
[1I ES 39 1.361 *
ES 44 -1.999

*no significant ratios
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The results of the analyses for both the conventional and the
two-stage testing procedures for the everyday skills subtest may be
reflective of the fact that ineffective measurement of the acquisi-
tion of everyday skills has occurred. Routing did not result inf'
examples of subtests individualized according to a student's ability
level for this subtest, and, accordingly, results are not applicable
toward tailored testing situations.

To investigate the effect of improved tailored testing on the
stability of item difficulty estimates, level III of the everyday skills
subtest was "readministered" to the middle ability aroups of both racial
groups, and, similarly, level II was "readministered" to the low ability
groups.

The resulting ability distributions for both groups indicated that
the "readministered" levels II and III were relatively appropriate for
the new groups. Level II for the low ability groups apparently resulted
in non-normal distributions. However, normality is not a prerequisite
for the calibration of Rasch parameter estimates, and hence these
ability distributions should not affect the results.

Draba's definition of bias was applied to the item difficulty
estimates obtained (Table 19) for levels II and III. Mote that
there are two fewer items identified as biased for level II than
for the original administration of level II. Hence improved
tailoring of test to ability level of examinee did reduce the number
of biased items. Since no appropriate ability group was available
for the "readministration" of level I, results cannot conclusively

be compared with those from the conventional testing procedure.
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TABLE 19

APPLICATION OF DRABA'S DEFINITION FOR READMINISTRATION OF SECOND-STAGE
EVERYDAY SKILLS SUBTEST

Readministration of second-stage everyday skills subtest

Significant t-tests (p=.01)

Subtest Level Item

II ES 20
ES 24

I1I ES 15
ES 21
ES 39
ES 40
ES 42
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However, a trend toward the reduction of the number of items jdentified

as biased with on-target testing is indicated.



Chapter V

SUMMARY, DISCUSSION AND CONCLUSIONS

Summary.

The purpose of this paper was to compare the effects on item bias
of conventional testing procedures to an adaptive testing procedure.
To adapt tests to the ability level of the student, tests were indivi-
dualized according to abitity level for each student by a two-stage
testing procedure. A Tatent trait model was selected as the basis
for this study to permit the separation of item characteristics from
examinee ability, an essential ingredient for an objective definition
of test bias. Specifically, the Rasch model was selected both because
of the simplicity of the model and because bias research has béen
reported based on this model.

An actual conventional testing procedure and a simulated two-
stage testing procedure, both based on subsamples of the same real
data set, were used in this study. The test data considered were
selected from three reading subtests: vocabulary, comprehension,
and every day skills. Several items from each test were omitted
from the vocabulary and comprehension subtests based on the results
of a principal compqnents analysis and tests of fit for the Rasch
model, resuiting in fairly unidimensional item sets. Efforts to
improve the fit of the everyday skills subtest by systematically
removing misfitting items were not successful. Thus the lack of
unidimensionality may have adversely affected analytic results for

this subtest.

94
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Three bias detection procedures were used to facilitate the
comparison of the effects on bias of the two-stage testing procedure.
Two of the bias detection procedures, those formulated by Draba (1977)
and Durovic (1975), are based on the Rasch model. Results were also
obtained according to the Angoff-Ford (1973) procedure for the identi-
fication of test bias, which is based on classical test theory para-
meters. Two random subsamples (n=400) were drawn from each racial
sampie (resulting in samples labeled W1, W2, B1, B2) to validate the
results obtained for each bias identification procedure based on the
Rasch model.

The Draba (1977) definition of item bias is based on a compar-
ison of the item difficulty estimates between racial groups. When
statistical tests of equivalence were applied within racial groups
for the conventional testing procedure, two items from ;he selected
39 from the vocabulary subtest resulted in statistically significant
(p=.01) differences in item difficulty estimates within the white
groups, as did one item for the 18 selected from the comprehension
subtest. There were no statistically significant differences within
the black groups for these two subtests and none within either racial
group for the everyday skills subtest. The number of statistically
significant differences identified within racial groups was quite
small in all instances when compared with the number jdentified be-
tween racial groups by this procedure.

When this same procedure was used to verify Durovic's (1975)
definition of bias satisfactory results were not obtained, however.

Durovic defined as biased those items whose fit mean squares differ
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by greater than one between groups. Not only did more items result
in differences in fit mean squares greater than one within racial
groups than between racial groups, but the absolute values of the
within group differences frequently exceeded the between groupﬁdif-
ferences. Furthermore, unlike the results for the Draba procedure,
consistent results were not obtained when considering the between
racial group sample pairs Wi1xB1 and W2xB2 for Durovic's bias iden-
tification procedure. Considering ratios of fit mean squares as
suggested by Durovic (1978) yielded little improvement over simple
differences.

The Angoff-Ford (1973) procedure apparently identified more
item by group interaction (i.e., bias) present in the comprehension
and vocabulary subtests than in the everyday skills subtest. However,
this may be the result of the differences in subtest lengths.
Generally, more items were identified as biased based on the Rasch
procedures than on the Angoff-Ford procedure. However, the Angoff-
Ford procedure expresses item by group interaction, i.e., test bias,
inversely in terms of a correlation coefficient and hence is designed
more for detection of bias at the test Tevel than at the item level,
unlike the Durovic and the Draba procedures.

In order to compare the results of these bias identification
procedures for the conventional test with a two-stage testing pro-
cedure, students were "routed" to one of three difficulty Jevels of
each subtest based on their ability estimate on a ten item routing

test formed from items previously identified as unbiased.
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Individualizing tests to examinee ability level restricted the
range of traditional item difficulties (proportion of sample res-
ponding correctly) at each level of the subtests. A restricted range
of item difficuIties may result in a reduced delta value correiation,
a statistic required for the Angoff-Ford procedure. This restriction
plus the reduction in test length may have affected the comparison of
the results of the Angoff-Ford method for the detection of bias for
the two testing procedures, making this method inapplicable for com-
paring bias trends for the two testing procedures. That is, it'is not
possible to determine if the differences in the magnitudes of the
correlation coefficients were reflective of differences in item by
group interaction or of restrictions in the item difficulty ranges
for the three subtests or reductions in test lengths.

Durovic's prdcedure resulted in an increase in the number of
items with differences in fit mean sguares between racial groups of
greater than one for the comprehension and the everyday skills sub-
tests and a-decrease for the vocabulary subtest. The inconsistencies
of the results for this procedure in all analyses, both within and
between racial groups, however, indicate that differences in fit
mean squares cannot be justified as a basis for a definition of bias.
Therefore, no conclusions will be made based on the comparison of
app]iqations of Durovic's definition for the conventional and two-
stage testing procedures.

The Draba method for the identification of biased items resulted
in a substantial decrease in the number of biased items for the two-

stage testing procedure over the conventional testing procedure for
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the vocabulary and comprehension subtests. The number of items
identified as biased for the everyday skills test remained approxi-
mately the same. However, an examination of the ability distributions
indicated that effective tailored testing had no£ occurred for this
subtest, i.e., the subtest difficulty levels were 1napbropriate (in
this case too easy) for the groups to which they were administered.

An attempt to improve test tailoring by “"readministering" level II

to the low ability group and level III to the middle abilility group
indicated a trend toward the reduction in the number of biased items.
This is in agreement with the results of the analyses for the other

two subtests.

Discussion and conclusions.

It was proposed that individualizing tests according to the
ability level of the examinee might have a positive effect in the
direction of reducing the number of items that might be detected
as biased. Such individualization of tests should reduce the effect
of disturbances such as guessing or carelessness, possible explana-
tions for identified bias.

Examination of item difficulty estimates indicates that a sub-
stantial number of the items jdentified as biased by Draba's pro-
cedure were at the extremes 6f the difficulty distributions. That
is, many of those items identified as biased were precisely those
items which were inappropriate to the ability level of the examinees
in at least one of the racial groups and thus may have elicited guess-

ing or carelessness tendencies. Analysis of residual patterns for a
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few items did indicate a greater tendency to guess on some items among
the white sample. Such differential trends in guessing or carelessness
may be one source of systematic discrepancies in item and test charac-
teristics between racial groups. These trends are reduced by tailored
testing strategies. This may account for some of the over-all reduction
in the number of items identified as biased when two-stage testing was
implemented.

Differential trends between racial groups for guessing or
JLarelessness may not explain all items identified as biased, however.
Idéntifying extraneous variables to which only one racial group has
been exposed is a difficult and often highly subjective task.

A panel of four black educators with interest in the area of
black cultural characteristics examined a sample of forty test items
selected from those administered in order to determine those items
which might be racially biased based on content considerations. Items
1dentified-as biased in the conventional testing procedure were
embedded in a sample of unbiased items for each subtest. Draba's
definition of bias was used as a criterion in selecting all items
because of the consistency of results in appﬁying this definition
both within and between racial groups. They were told only the
number of items in each subtest which had been identified as biased
by statistical procedures. None of the items which had been statis-
tically identified as biased were identified as biased unanimously
by the panel. Only two of the items, CO3 and ES16, were identified
as biased by a majority of the panel. The panel's labeling of

items as biased or unbiased appeared to be a chance occurrence.
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This may indicate either thepresence of very subtle content explana-
tions for the bias or the absence of content explanations. The

latter would tend to support the conjecture that much of what is

statistically identified as biased may be systematic error attribu-
table to inappropriate test difficulty levels.

The analyses considered here indicate a trend toward the reduc-
tion of the number of items identified as bijased through a two-stage
testing procedure. Apparently much of what was identified as bias
may be explained by factors associated with inappropriate test
difficulty level. More research is needed; not only are similar
studies recommended based on two-stage testing, but also the effect
on bias of other tailored testing strategies should be analyzed.
While results are not conclusive, it is felt that this study indicates
much promise for the reduction through tajlored testing strategies
of systematic measurement error which may be misinterpreted as
actual cultural bias.

The racial groups considered here differed markedly in ability
distributions. ngever, since latent trait models permit sample-
invariant calibration of item parameters (Hambleton et al., 1977)
this factor alone should not have resulted in the identification of
biased items. Simulation studies based on test length and sample
size similar to those examined here may be needed to further verify
sample invariance for extreme differences in ability distributions.
The two-stage testing procedure resulted in tests of reduced length
and restricted item difficulties. The restriction in difficulties

was of primary concern here. For the sake of completeness, however,
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stability of item difficulties should be compared under conditions
of reduced test length alone.

A secondary purpose of this study was to examine and compare
the Durovic and Draba definitions of item bias. Both definitions
are based upon the objectivity of the Rasch model. The Draba pro-
cedure for identifying bias consists of testing the statistical
equivalence of item difficulty estimates between cultural groups.

Any significant shift in difficulty estimates is considered indi-
cative of a group by item interaction or bias; that is, such an
item may be interacting with some characteristic of the group be-
sides ability (Draba, 1977).

The empirical results of these analyses support Draba's tech-
niqug for the detection qf item bias. This conclusion is based on the
results of within and between racial groups analyses. Item difficulty
estimates within racial groups were found to be quite stable; however,
much more fluctuation was detected between racial groups. More re-
search is needed on the effects of shifts in item bias on ability
estimates. Draba (1977) considered the effects on ability of a test
in which each item was equally biased. His results indicate "dramatic
consequences for the classification and placement of students" (Draba,
1977, p. 10). Further studies are needed to determine the effect on
ability estimates of tests, such as that considered in this study,
for which only some items are differentially biased, that is, for which
only some items demonstrate different item difficulties between racial
groups.

The Durovic (1975) procedure for the identification of item bias

consists of identifying as biased those items whose fit mean squares,
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based on number right (raw) score groups, differ by greater than one

between racial groups. The empirical results of these within and
between racial groups analyses do not support this technique as a
valid method for the detection of bias. Since both the ﬁumber‘of
fit mean squares with differences greater than one and also the
magnitude of the differences for the within racial groups analyses
frequently exceeded those for the between racial groups analyses,
it is felt that there is no evidence to justify any predetermined
difference in fit mean sguares as a criterion for identifying biased
items. Also, these data showed no improvement by utilizing statis-
tically significant ratios of fit mean squares as a criterion for
identifying bias.

More research is needed on the relationship between fit statis-
tics and sample characteristics, such as sample size and ability
distributions of samples, as well as between fit statistics and
test characteristics, such as test length and dimensionality.
Perhaps therein will Tie clues as to why Durovic's research provided
empirical support for his bias identification procedure whereas the
results reported here do not.

In conclusion, the analyses reported here indicate that appro-
priate matching of test difficulty and examinee ability Tevel may
reduce the number of items jdentifiable as biased. Hence; tailored
testing strategies, such as the twb-stage procedure considered here,
may be instrumental in the crucial task of ensuring equal opportunity
for all social groups by reducing differential cultural measurement

error.
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APPENDIX A

Let Xgi denote the item score for an individual with ability
6, on item g, i.e., Xgi=] if the examinee responds correctly, O

otherwise. According to the model,

= = exgjej-Abg}
E(Xg1) _Pg(@-i) 1+ exp[ei—bg]

and

Vapltyg) = Py(e). [1-P(s,1]
The residual, that:is the difference between observed and eﬁpected
outcome, becomes

*gi = Xgi = Pleql

Standardized, this residual becomes

o Xqi - Pgley)
"5 " (6,).00-p (5, 07
- (Pyleg).[1-Pyle; )]}

if X i T 1,
g 1-2 (6.) T
241 TP (eg)}[w Gon: Cee ()
9 g-iifttt gt
ifX.,=20
. = — 2 = g g
“qi {Pétei)'L]kPg(@il} exp (—5—)
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APPENDIX B

Plots for the Angoff-Ford Procedure
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APPENDIX C

Residual Plots
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APPENDIX D

A Sample of Test Items

Statistically Identified as Biased
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APPENDIX D

A Sample of Test Items
2tatistically Identified as Biased

I. Vocabulary subtest

23 logical question 36 facilitate the matter
A reasonable F  expedite
B  indispensable G disturb
C illegal H copy
D offensive Jd  discourage

33 advocate peace

38 preparatory step

A recommend
B prevent F op res‘un-:pmous
C  analyze G preliminary
D oppose H  preventive
J  preferable
II. Everyday skills subtest
10 The caution on the can below means you 21 What does tsp. mean?
should not . )
A foot
F  shake the can B :;nd
G make a hole in the can c feas 00
H turn the can upside down D tablzs On
J  put the can in the refrigerator paon

28 This sign means the street is NaT A
THEOLIGOM
"HIIT

F  divided G one-way

H adeadend J  being repaired

These items are copyrighted by permission of CTB/McGraw-Aill and are

not available for reproduction.
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A COMPARISON OF THE EFFECTS OF
CONVENTIONAL TESTING AND TWO-STAGE
TESTING PROCEDURES ON ITEM BIAS
AS DEFINED BY THREE STATISTICAL TECHNIQUES

by

Carolyn Elizabeth Jones Lane

(ABSTRACT)

The purpose of the study was to compare the effects on item bias
of conventional testing procedures to the effects of two-stage testing
procedures. It is conjectured that much of the measurement error iden-
tified as bias can be explained by factors, such as guessing or care-
lessness, attributable to inappropriate matching of test difficulty
Tevel and examinéé ability Tevel. ‘

Methods for detecting bias based on the.traditional definition
of item difficulty fail to separate test characteristics from the
ability distribution of the respondent sample. The separation of
item and ability parameters, however, is an essential ingredient for
an objective definition of bias. Such objectivity in measurement is
provided by the Rasch latent trait model, which consequently was
selected as the basis for this study. Three definitions of bias were
considered, two of which were based on the Rasch model.

The analyses were conducted using the scores of random subsamples
(n=400 each) of black and white students on items selected from three
reading subtests. The two-stage testing procedure was simulated using

the real data set by "routing" students to one of three difficulty



levels of the subtests based on their Rasch ahility estimates as
determined by a ten item routing test. Results for the two-stage
testing procedure were compared with those from the conventional
testing procedure at the subtest Tevel.

A reduction in the number of items identified as biased under
conditions of appropriate matching of examinee ability levels and
test difficulty levels was indicated by these analyses. Although
the results are not conclusive, it is felt that individualizing
according to the examinee's ability level offers promise in the

direction of reading differential cultural measurement error.



