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ABSTRACr

* .
Different methodologies have.beer proposed for the evaluation of bias

both in seleCtion and assessment instruments and in the items Within such meas-
ures. While bias in an instrument as a whole is of prime concern to test user
and has received considerable attention in popular and professional literature,
'bias in test items is of increasing concern to test developers. Investigations
into item bias prOvide an empirical basis for the identification and elimina-
tion of items whidh, appear to measure different traits across population/culture
groins. Thus, they help to decrease bias in instruments under development:

4
..?

.This paper reviews the psychometric rationales of the follcwing_six types
.of approaches to biased item identification:

.

1. transformed item difficulties approaches in which within-group p-values
are Standardized and. compared between groups.

At

2. analysis of variance approaches in which bias is operationally defined
in terms of significant item by group interaction'effects.

3, Chi-square approaches in which indiVidual stems are investigated in.
terms of between group score level difference's expected and
observed proportions of correct responses.

4. it characteristic curve theory approaches in which differences in
the probabilities pf a correct response, given examinees of the same
underlying ability and difFererit culture groups, are evaluated.

5. factor analytic approaches in .ch item bias is investigated in
terms of-Culture specific an culture common sources of variance or
in terms of loadings on a biaSed test factor.

6. distractor response analysis approaches in which the relative
attractiveness of'item foils is investigated-.

*
Limitations and advantages of,the approaches in terms of their underlying assump-

. tions, psychometric souftdness, conceptual complexity, applicability to
referenced tests and applicability to interdependent groups are discussed and
evaluated.
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N\ / Efforts Tbward the Development.of

Unbiased Selection and Assessment Instruments*

1

Approximately. 25 years ago Eells and his colleagues conductedwhat appears

k4 0

to be the first serious attempt to examine test items for bias {Eel's, et.al.)

1951) and developed one of the first measures purported to be culture fair.

Since that time, the entire ilsue of cultural bias in measurement has become

heated, complext,and pronounced in the literatur4. Actions by the National
1

Associatipn of Black Psychologists, the Ameridan Pesopnel and Guidance Associ-

ation, the National:Education Association, the National Association for the

Advancement of Colored People, the National Association of Elementary School

Principals and the Council of the Society for the Psychological Study of Social.,

Issues calling for moritoria on Certain types of,tests, banning tests, and

requiring alternate plans for testing, indicate the serious nature of the cur-

rent situation (see Williams, Mosby and Hinsen, 1976). The concern is also

apparent in recent litigation (DeFunis vs. Odegaaid, 1974; Diana vs. the

California State'Board of Education, 1970;4Hobsen vs. .Hansen, 1967). Naturally,

G

1114this has not gone unnoticed by,those involved in the measurement field.

Bias and debiasNng studies have occurred and various models been proposed in

e)er- expanding efforts to meet the challeng,ofobias in educational assessment.,

pne major type of bias investigations i concerned with the instrument'

as a whole and examines the question: D15es a test unduly, favor or impede ,

examinees from different parts. of the country or of djiferent backgrounds?

.

Another is concerned with the items within a test aftdrasks: Which items and

*The author is indebted to David Knit and to William Merz for their
valuable assistance with earlier drafts Of this report, to Sonya Johnson and
Eileen Roper fOr their editorial 'assistance and to Ja?queline Cox and
Martanne Walker for typing this manuscript. :
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item formats are appropriate for a given population and which may be used across

given cultures?

The first type. of investigation is pf interest to the test users who

need to know the accuracy of the test infoirilation. The models proposed by

Cleary (1968), Thorndike (1971), Darlington (1971), Cole (1973), Einhorn and

Bass,(1971) and Gross and Su (1975) (also:see the entire spring 1976 issue of

the Journal of Educational Measurement) exemplify thiS first type of investi-

gation. The d type of investigation is of interest. to developers as it

assists them in developiA4 valid and cross-culture fair items,and'provides a

framework for constructing better tests in subsequent efforts. The work of

Angoff (1974, Cardall and Coffman (1964), Green and Draper (1972), Merz (1973,

1976a)', Rudner (1977a), Scheuneman (1975) and Veale and Foreman (1975, 1976)

have been directed at this need. It is this second type of bias, item bias,

which the present paper addresses.'

,4 4
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Bias and the Item Tryout Procedure

Test and item bias generally stem fropt two major squrces, the human ele-

ment involved in test development and'the procedyres used to evalua the test,

and tebt items. The first source of bias Stems,froM cultural diff rences between

test developers and some test users. That i§, the cultural inc6n 'ty

between test developers and.Users may subtly manifest itself in h.tems which are

insensitive, to the eltperiencesi morals, and thinking of parti ar cultural

groups :' Effortsrbg teLt develOpers to include Members of ous cultural

groups th the development and review of items will help

itemse(see Green, 1971;Fitzgibbons,..1971), but certainly of all.

The second source of bias.comes into play when da from a population

sample are used to improve the effeCtiveness of a test
/
(Green, 1972). This

proCedure, which as Green points out, has not changed in sp years (Cf. Ruch,

1929, Cri'apteri# Lord and Novidtc, 1974, Chapter 15) is basic to ,the develop-

ment of effective achievement tests. However, during the iterri-tryout, the

biased

Characteristics of the
,/
domin t group'will tend to overshadow Those,of minority

groups. As a result, items which most sensitive to the abilities, cogni-

0

tive styles,, and knowledge of the dominant group arselected. Such items may
1

be biases .against the examinees whose attributes diverge from those of the

collective item-tryout saniple.
t-

The development of astandardized measure typiclly irr Ives the admin-

istration of a carefully developed item pool

of examinees whose attributes are similar 'to

r-
to a-large representative sample

those of the intended population

..of examinees, Typicallyiameasure of each itemls discrimination pdWer, e.g., 4,

the item-test point biserial.correlation,is computed and those items discrind=

mating best are retained As the Population of this country is largely white

middle elaSs, the items most sensitive to white middle class attributes are



those'which are most often retained,,
_-

Green (J.972) examined a few questions about this procedure: Are different

items retained when different culture groups compose the item-tryout sample ?
,

Will scores ,differ usinq tests composed of- uniquely retained iter4s?

1
reliabilities differ us .

1

g the different tryout samples?

Using the different levels and su4ests of the California Achievement

. .

Test battery as' item pools and different subgroupsOf the standardization

4

Will test

le as item-tryout samples, Green oamputed separate sets, of itemrtest point

biserial corrections.i Fram each set of corlelations4 the best half of the

,itens (those with the highest correlations) were noted and pairwise comparisons
/

made. Aberrant items were then defined as those itemsretained based on one

subgroup of a pair, arid rejected- based oh the other.

If all the subgroups responded to th& items in the same manner,

identiCal items would be retained. However', this didnOt occur.: The overall

meAian proportion Of ideptical items which we.,Fetainedr comparing all 21 *
APP

possible pairs of item - tryout samples was only .70--a relatively low percentage.

Clearly, different item-tryout samples from different cultural backgrounds

lead-to the selection of different items.

. This, in itself, is not'disturbing. Since the point biserial correlation

is paitly a function of item difficulty, one might expect a number Of items to

be uniquely related. However, suppose different items are retained for whites

and blacks, and blacks obtain dissimilar total scores using (1) the items

uniquplysretained based on blacks and (2) the, items uniquely retained Ise&

/McGraw Hill (1974) and Ozenne, Van Gelder and Cohen (1974) have used

di rdant point biserial correlations as'a method of identifying biased items

in developing and restandardizing national achievement tests.
.
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on whites. This would be cause' r alarm. _4 *Of*.
-

ing such sets of scores,

.
. ,

.

i
- .

I

Green found correlations ranging frolM -.0 to +. 2 With a median of about'.5.
," j -4.\'' . ,;\, .

Since the nutter of itgms in these tests bomposecl,of uniquely retained, items.

re less than the original item pool, the reliabilities were re onding low.

A

libuever, even after correcting for attenuation (bringing the median 'correlation
(.

to about .8), large amounts of variance in each set were still unaccounted for.

These different scores indicatethat the unique.items taken collectively may .°

measure ability differently'across populations.

Green also computed the Kuder-Richardson Lliabilities (KR-20) of the

itearpools using different .cultural groups. Differinveliabilities would

indicate that the scores of one cultural group contain more error than tppse

of another cultural group. The median KR-20 reliabilities in Green's study,

were all ,92+ .02. Clearly, there was little evidence oy bias by this triter

Perhaps this-was because measures of internal consistency, such as the KR-20,

are largely 'sensitive to test length (Guilford, 1954, pp. 352-353).

In summation, Green showed that different items most probably will be

I .

selected when difierent cultural groups are used as the item - tryout sample and

thatscoree Obtained frqmthese uniquely selected items will differ, even

/4.s_

4 though. the item pools exhibit high dggrees of internal consietencY. The task,

ttmen, is to modify the test developaeht prodedure so that items which are
_

. -

unduly sensitive to cultural diffeiences can be identified, and either revised
f

.

oCT eliminated. . (J)
.

,.,

App aches to tiased Item. Identification

Recently, procedures and models have been proposed and advocated for
.

identifying biased items within a test: (1) analysis' of variaive approaches,

(2) transformed item diffic9lties (p-values) approaches, (thi-square
.

...-

.

approaches, (4) item characteristic curve theory -,approaches, (5)+ factor analytic'
-

4
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approaches, and (6) aistractor response analysis approaches. nib interested

reader is referred to Green.and Draper' (1972) for an empirical investigation

_using and Compaxing a few of the earlier' approaches within the second through

fifth categories and to Merz (in preparation) and ,Rudner (in preparation) for

empirical investigatio s comparing sate newer'approaches.,

Analysistbf Variance A roaches
4

In the first type of, approach, which defines bias as a significant in by.

6

group' interaction, subjects sampled from, two or more poPplations are given a

=man test and the resultant variations in item scores are analyzed by ari

analysis of- variance design. Variance could be attributed to differences in

(1) items, as scene items

group may have more of the measured.attribufe than another; (3) siabjects with-

more difficult than others; (.2) groups, as on

`in groups, as examinees will,differ in ability;' and (4) an interaction of the

items'add the groups. When the groups are defined by cultural affiliations,

a, significant item by culture interaction is indicative of some items being

relatively momfe difficult for mothers of one cults e than another. Post hoc

testing procedvres, such as Duncan's.Multiple Range Test (Duncan, 1955, 1957),

can be used to identify specific items showing bias in terms of significant
.

differences in relativ6 item difficulty.

Examples
/
of this approach axe found 'in Cardall and Coffman (1964), Cleary

.
1

)'
. and Hilton (1968), Eagle and Harris (1969), Hoeptner and Strickland (1972), and

Jensen (1973). In order to use this approach properly, extremely large sample-

sizes are required in order to control for variables such as IQ, socio-economic

status, parental education_ level, ethnicity, and Attitudes. However, this is

true for all investigations into item'and test bias.

Jensen (1973) reported two studies in which he attempted control by

matching subjects from different cultures on their mental age. In both studies

).
4
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great reductions were found in the item by culture interaction after matching,

indicating that the procedure may be more sensitive to ability than to cultural

variations.
,

Jensen confrmed this in a send investigation. After using an analysis

of variance approach with white and black subjects (without matching mental

age), he conducted a second analySisof variance using twi groups of Caucasians
4

wh6se score distributions closely matched those of the blacks and whites in

the first part of the study. The results of this pse race comparison closely/

matche0 those of the true .race comparison, especial _with regard to the item

by culture interaction. He conclud&d that "it woul be extremely difficult to

make a case that the race by its interacion is attributable to cultural bias"

(p. 17) .. Thus; Jensen claims'that this procedure may be sensitive to differences

in ability rather than to cultural differenceA.

Whether or not Jensen's claim is valid, two additional major problems

with this approach exist. First; the practical alpha level in the post hoc

,analysis can become inflated as the(nuMbeeof items increases. Hence, one must

be awafe that some items may be erroneously classified as biased. The second

and more sAioull problem arises from the underlying assumption that the total

scores are unbiased. Inasmuch as the identification of biased items may.contra-

dict this assumption, the procedure poses some conceptual problems.

: .

Transformed Item Difficulties Approaches

The transformed item difficulities approaches, providing for a visual

examination of item by group interaction effects, were probably first described

by.Thurstene (1925) in connection with his method of absolute scaling. Of the

approaches,'this method appears to be one of the best known-. It has been

advocated and used frequently by Angoff, (1972; and Ford, 19i4; and Modu, 1973)
.

and others (Green and Draper, 1972; Jensen, 1973; Hicks, et al., 1976;(

; 0
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Strastberq-Rosenberg and Donlon, 1975; Echternadh, 1975; Rudrir, 1977b).

Further, the approach has'aiopeared in at, least one meassuremaat textbook

(Anastasi, 1976, pp. 222-226).

In this method, indices of item difficulty--i.e., p-values--
are obtained for two different groups on a numbe of items. Each

p-value is converted,to a normal deviate and the pairs of normal
,deviates, one pair forieach item, are plotteedn a bivariate
graph, each pair represented by a point on the graph (Angoff,

1972, p. 1).

_The plot will generally be in the form of an ellipse, A 45 degree line,

passing through the origin, provides a theoretical regression indicating the

absence of bias. Items gmeatly, deviating from this line 'Tay be regarded

eXhibitip6 an item by group interaction. That is, relative to the other

items, deviant items are especially more difficult for members of one group

than the other. Assuming both groups received similar instructions, such

as.,

items would appear to represent different psychological meanings for the twd

groupsoof examinees.

ti
Since the intent is to make compaiSona of between-group differences in

it difficulty, it is necessary to transform the proportion passing an item

: to an ihd9x of item difficulty which donsti6tes at least an-interval scale.

.b'161

This is aCcomplished by expressing each itefrip-value in, terms of within-group

deviations of a normal curve (see Guilford, 1954, pp. 418-419). Any liner

transformation of the item z-score will Meet such a requirement. One such

transformation has been Delta values (4z + 13).

Thedistance of an item point ta.t4-ie line can be treated A a'measure of

the degree of item bias. One can determined which items are "greatly deviating"

from the line by incorporating any of the traditional-or nontraditional methods

of outlier or residual analysis. One Method is to pZace confidence limits op

the line by using a multiple of the,standArd error of estimation. 'An alternate

r
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approach, adopted by Strassberg-Rosenberg and bonlon (1975) and Hicks, et al.

(1976) involves computing the standard deviation of the residuals and classifying

as biased those items deviating by greater than 1.5 standard deviation units'''.

Rudner (1977b) has employed a fixed item - regression line distance of .75 z-

soore units. )0E-

An example-of the approach is shown'in Figure Y. The transformed p-values

have a correlation of. approximately .90; making the plot relatively long and

flat. The solid line represents the main axis and the dotted lines represent

linear confidence limits. The item represented in the upper left,.outside/the

confidence intercial, would be considered biased.

As a modification of this procedure, Green and Draper (1972, p. 16) sug.

gest that the."item-test biserial correlations might be incorporated . so

as to estimate the linear test score-item score regression whereby item diffi-

culties may be fored in a manner analogous to the way in which adjusted means

are formed in an Analysis of Covariance." Since by this procedure, differen-
._

.tiai item disCrimination indices anditam difficulties would both influence

item locaLonsbn the regression plotitems which have proportional p-valU6s

but disproportionate discrimination indices would have a greater tendency to

deviate from the main axis of the scatterplot and show up as aberrant.

Chi-Square Approaches'

a third approach to biased item analysis determines whether examinees of

the same ability level have the same' probability of a correct response regard

r.
'less of cultural affilation. This pis accomplished by dividing the tryout

samples into groups based on their obServed score and oomparing'the.Proportions

of students within each level responding correctly with a chi-square test for

independent observations (Scheuneman, 1975, 1976; Green and Drapet, 1972). An

item is considered unbiased if, for all individnals'in the same total score

12



r-.

.v
10

Cr

z

GE:Ct

Itt

Figure 1: AiHypOchetical transfoined item difficulties

Scatterplot

r
ori

3



f
111'

S
11

interval, the proportion of correct response is the same for both groups under

oonsideration. .Annodified chi -square test determines the probability. that an

item is unbiased by this definition.

ScheUneman (1976), in applying the approach to several sets of data,

advocates .using four or five total score levels based on the score diStribu-

'

tion of the smaller sample (Green and Draper had used within-group quintiles) .

As with the analysis of variance approadhi the procedure tequires a large num-

of inference tests. Again, unbiased items,may be misclassified as biased

because of inflated alpha levels. Further, the procedure' assumes total scofes

to be valid measures of ability and appears tobe.unduly sensitive to differ-

ences in the total score distrb4tions of the examined samples.

It Characteristic Curve Theory Approaches

LateAt trait or item characteristic curve theory relates the prqbabilitY

of a correct,Stem response to a function of an examinee's underlying ability

level (Oi) and characteristic(s) of the item. 'While the various models (Lord,

1952; Pasch 1460; Birnbaum? 1968; Urry, 1970) differ in terms of the number

of item parameters considered; they all describe the item parameter(s)

pendently of the examined sample. This attractive property has led to the

_development of some interesting applications in test development, adaptive

testing and equating, and may-prove useful in detecting item bias.-
One general, cumulative logistic modL formalized by Birnbaum uses'

0

three itemparameters: ag - an item discrimination index, bg - an item diffi-

culty index, and cg.- a pseudo guessing parameter. ,Using-the notation P(u9=110i)

to represent the probpility of a correct response to item g given an examinee

of 1ity level 0i) Birnbaum's three parameter model 8t.ateS that:

-1'
P(ug=110i) = c6 + (1 - cg) [1+eXp (-1.7ag (0i - bg) )]

This relationship between Oi and P(ug=110i) is illustrated in Figure 2.

14
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Th6 probability of a correct response given aspecific ability level

increases monotonically as true ability increases. For example, an examinee'

with a high true ability, e.g. 0j, has a high probability of responding correctly

JP(u=110j)-4-1.01. Conversely, an, examinee of low-true ability, e.g. Ok, has a

iota probability of responding correctly; approaching the lower asymptote of --'

the curve, cg.

The inflection point of the curve, bg, is referred to as the item diffi-

'culty parameter in that it indicates the relative position of the curve along

the 0 axis, The more the curve is positit.oned to the right, the more ability, is

necessary for an examinee to have a good probability of a correct response.

The slope of the curve at bg helps define a thirdparameter, ag. This value,_

milkorred to as the discrimination parameter, indicates the powervof the item

to separate examinees of close butfunequal levels of ability. Although the item

parameters and 0 are on a common metric, these item parameters described

Characteristics of the item independently of the examinee group. FUll explana,

tions and developMent of this ,ancl;_other mental measurement models can be found

in Jensema (1972) and in LordS4nd 14ovick (1974).

Latent trait theory has been usedto identify biased items (Green and
.

DrQr, 1972; Lord, in press; RUdner, 1977a): In an early study, Green and

had used observed total scores as estimates of examinees' abilities,
SP

Oi't, and the proportions of examinees responding correctly at each total
. - .

. . f

score levelas estimates of P(Ugr=1101). Their procedure called for 'plotting

estimates icc's lor each item separately'for'each culture group and comparing

the plots,

By this and other latent trait theory approaches, an item is unbiased if

examinees of the sane ability level, but of different cultural affiliations,

have equal probabilities of responding correctly. That is, an item is unbiased

1 6
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if the estimated icc's obtained from the various culture groups are identical.

As an oexanvole of a biased item, O6nsider the twQ hypothetical curves shown in

FigUre 3. These curves are based on responses by two different culture groups

to thP same item. Total observed scores are used as estimates at Oi and pro-

ortions of examinees responding correctly are used as estimates of P(ug=110i).

The curves are not identical, since, the location parameters for the two curves

are not equal. Such an item can be considered biased in that often examinees'

of the same ability level, e.g. X = 58 %, but from different culture gcoups,

do not have similar proportions of correct responses.

While this apFoich is appealing, total Observedlcorps'Are directly

incorporated and quantification of the degree of item bias is difficult (an

eyeballing procedure is used to identify a "verfy item").
-00"-

Rather than using total observed scores as estimates of oi and proportions

as estimates for P(uig= 110i), more accurate values can be Obtained using one of,

the recent methods of parameterization (Urry, 1975; Wingersky and Lord, 1973).

g parameterization, the metric used for the 0 scale is defined by the

Ability variance in the examined sample. In order to compare parameters

obtained from two different-examinee groups, the obtained values must be equated.

Lord and NOviCk (1974, Chapter 16:11) and Rudner (1977b) haVe shown that this

can be accomplished by computing the regressioris of the parameter values based

on one groupAof examinees on Ile parameter values based on the other grdup of

examinees. The equated icc's will be identical when the restrictions of the

model are met. 'That is, when th4measle:

(1) is unidimensional

(2) contains locally independent items.

(3) has error-free.paraffeter estimates.

Rudner (1977a) has refined-the procedure used by Greek and Draper to

I
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identify' biased items by incorporating equated icc parameter values. The area

between pairs"of equated ice's is used to indicate the relative amount of

aberrance for each item andey lling of the equated icc's is employed to pro-

vide aaaitional information as to the nature of the aberrance. Lord (in press)'

has employed an asymptotic significance test based on the summed variance-

covariance matrices of the equated ag and bg parameter estimates to test for

significant differences between pairs of equated ice's.

Fagtor Analytic Approaches
0 0

In factor analysis, underlying factors (i.e., dimensiont or traits) are

hypothesized and. the correlations of each variable with the hypothesized factors

are computed.'- In an achievement test, each item is treated as a variable.,

Such an analysis °quid be conducted twice using examinees from two4lifferent

cultural backgrounds. IdeAlly, the two separate groups of examinees would

yield.similar sets of item -trait correlations (factor loadingS). Different sets

of factor loadingt would indicate that the two groups are not responding to the

item In tke same manner. Such a test would be considered biased in that it

appears to;rreasure a different trait across groups. The items exhibiting the

most bias would then be.those with the largest differences in factor loading.

where

Tie general model for this type of factor analysis is

At + e

a.vector of subject responses

A Is a matrix of factor loadings

f it a vtor of factor variables (locations)

I
- e is a rt ector of residual' or error terms

tk

From, values of AO,f,apd e'are determined. 0

Green and Dtap6; (1972) and Green (1976) suggest an inner-group factor

analy44s model based on the inner-battery factor analysis approach offered by

5
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.Tucker (1958) . In this inner-graup model; the item variance is partitioned..

17

into: (1) factors common to. each subgroup; (2) factors specific to subgroups;

and (31 residual or.error variance. With this model one can determine

the proportion 'of item variance accounted for byla given subgreup.. An item,

them) is'unbiased when this proportion is small and biased if a large propor-
4;'

ticas,of variance is attributable to culture-specific sources.

Mier2 (1973,'1976a) developed an alternate approach which incprporates

factor scores and analysis of variance. In this approach, the item responses

for the groups, are coMbined, factor analyzed, and factor, scores for each exam -

cal factor computed. These factscores are then' subjected to an

ysis of variance, with group membership being the independent variable.
.

Where significant "mean differences are found in factor _scores, the factor's

classified as biased. Biased items Are defined as those with high factor

loadings on a biased factor.

These approaches are appealing in that they deal with the ,underlying

latent traits (true abilities) of the examinees. Green and drap6r's approach

ti 7 _4"
is particularly appealing in that variance is partitioned into culture-specific,

.and culture- Common source. Merz's approach has an

caused by factors such as socioTonbuid status, IQ,

out. However, these procedures are not without

practidal limitations.

The first ste

adVantage in that variance
N - \

ana sex can be partialled

dual as well as

.

in factor analysis is the computation of the inter-variable'

correlations matrix.) To obtain stable correla4ons--to dvoi capitalization

an change one needS a large number of subjects; the general ruleA thumb is

at least ten subjects pe

Assumirig a sufficient n

type of correlations/to use.

able, a figure often ignored in practice.

r orsubjects, there question as'to which

In analyzing items, one usually'deals with

1

adk
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diclotomOuAly scored variables and either' the phi (product7momena or

.

1,tetradhoHJo. correlation is employed: He ever, the phi correlation is limited

in that it is highly sensitive to item difficulties,.and the t9trachoric por-
:

relatio , though it estimates what the value of the inter:I-item corm

would if the'items were continuous variables; is nOtoricusly unAgge., 1110:

fact, Nunnally (1967, p. 124) emphatically states that tetradh;rio correlations

cannot be used in faCtor-analysis.
r

, Regardless of which type of correlation is used, there are additional'

problems. As Nunnally (1967) points out, ". . . for a group of variableso

clearly define a number of factors, there must be a wide range of correlations"

(p. 256). In Correlating items, especially dichotomodky-scored items, the
. . /

average correlation is typically law. Theslit usually is not possible to

Obtain a clear factor structure When factor analyzing test 41mts.

Finally, in factor analysis many decisions need to be/made by the,
*.

researcher. Which procedure? How many'factors: to extract? Which rotational
04

'scheire to use?' Different decisions can lead l.o different results, Thus while

the factor analytic approaches are appealing,,in practice they nay be

cult to apply.

.

Distractor Response Analysis

'Some ofothe chj.-sqUa re, item:difficticty regression, item characteristic

,

curve-theory, analysis of variance, and factor., nalysis approaches incorporate

total test scores either directly or indirectly:. Thisican pose a problem when

the total scores do not represent accurately the abilities of the,examinees,

as.would be expected in a very biased test.

Veale and Foreman (1975, 1976) recommend invegel4ating the disjractor

response distribution for various cultural groups in an approach not dependent !

upon this asumption. Should one group
I

be overly attracted to a ,parfic4lart

21



.

distractor in 9omparison to a second group, there,may'be a biasing character-,

. istic of the'ited'attracting thbm away frcan'thpCorrecEresponse. Bias is thus

flt

19

defined as clza acteristics of pn.item which pause a distortion ,in the item

p-vate fOr, a cultural group

Consider the choice..distribution illuetrated, in Table 1. Observed fre-'
.

.quencies appear in the cellS and expeCted,fr?quencies appear in the upper
,

right hand corner of each cell. A dispr6poiticinate uumbr of members of

Group 2 were attracted to Distractor lathe sf, frequpn es can be skarn

to bwdispropottionate by the use of asohi test . It may be argued

, 4
that some,characteristic

.

of Distractor 1 cauScausal 'a subitanjial number of members .

of Gro4 2 tp select this distractor over the correct alternative. Hence
qt.

somOrcharicteristics of the item may have caused a distortion in the group

Group

1

2

1,

Table 1
as/

a

A Hypotheti01 Ltem Distractaitt-Cholce Distribution

Frequency of'Selecti6n
/

Distraotor 1
..,_ 9

DEStractor 2

, 1

. 40' 60

1- 40

80

1

1 60 40

I

22

80

100

100

200



20

To obtain-a global picture of an item's behaNiior, Veale and Foremai

Ot;)

to several statistics on each item. These include: '0.

(1) a. chi -square to test the hypothesis that the conditional Probabilities

of indivi ualskssing the item by selecting a palticulardistractor given

their cultural group (foil lo .radices) are equal across cultural groups;

(2) Cramer'e V as a measure of "cultural variation" to determine the'

extent of departure from the hypothesis tested above;

(3) Goodman -KruSkal measures of index groups by distractor astociabion;

(4) supplementary item statisticsfor each cultural group-including

z-tests-for testing deviations from random guessing, p-values, point biserial

correlations, and Chi0-square tests for gauging deviations from uniform distrac-

tor ipspcnse distribution.

These supplementary statistics help discriminate between desirable and

undesirable items. For example, an item may show low cultural variation among

the diStractors and hl.ve highly different point biserial,correrations between

cultural groups. Such an.item-Tmouldappear to work well with one group and

9'44,sew,ith another. This information, coupled with the variance in the dit-

distributions, would proba1ly lead either to elimination or revision

df the item. 0

While directlyosensitive to bias' in iteni distractors, this approach s

Only indirectly sensitive to other sources ofbias such as those(in the item

stem, directions, or subject matter. If one sus ects that item bias is most_

often caused by bias in the dittragors, limitatipn is not a serious one.

, A,
Fu4ther, by supplementing this approach as Veale and Foreman suggest, it is

possible to obtain a holistic view of the behavior of the-aggrejjate item and

its - constituent distracters:

Like the earlier Chi-square and analysis of variance approaches, distractor

23
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response analysis requires a'largesnumber of Infereritial tests and the cone- '

quent probability of cormittingType I errois must be realized.

Discussion and Summary

Several approaches toward'the identification of biased items have been

presented with their rationale and apparent advantages and limitations. Com-'

ments have also been made regarding the Use of a large nuMber'of inferential

tests, the assumption of an unbiased total score, and the'use of outlier

analysis (see Table 2). In practicer'depending on the purpose of the study

and the.iitiaI item pool, these limitations may be inconsequential.

The pFactitioner must first-delineate the purpose to which such approaches

are to be applied. One purpose is to debias an instrument during its develop-

meat. The degree of item bias (indicated by the magnitude of a residual, area,

,

factorloading, X2 or F) can be considered along with professional judgments

of item difficulty indices, item,discriminatiOh indices, and factor loadingt

to detdimine which items are to be 'retained and dropped. In such instances,

it is,usually better to drop an item falsely suspected of being b. than to

retain'a truly biased one. Here, the limitions caused by inflated alpha errors
-

may be m of in the Chi-square, distractor responseanalysisj, and analysis of
A

6 variance approaches:

On the other hand, these techniques can be used to identify trends in

4

biased items. That is, biased item, can be pooled and attempts made to iden-

tify salient characteristics ( Rudner, 1977b). .In such instances, one would

want a more conservative identification procedure. The tranSformed,itemdiffi-
,

culties and the item characteristics curve theory approaches are well-suited

for this in that the,confidence band can be narrowed or widened as desired.

+12
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Table 2

Some Salient Characteristics of the Different Approaches.

(Part I)

.Analysis of
,Varianoef

Transformed Item
Difficulties Chi-Square

. -

Itan CharacteristiCT
Curve Theory

Major literature .

Operational definition'

Dependence on total
score- being valid

Computatica ease

Ease of conceptual

understanding by lay-
people

Applicability to
criterian'referenqed
tests

Cardall and Coffman
(1964) .

Significant anal-
ysis of variance
itmip group
_interaction

4.

AngEoff (172)

-Differential
relative item
difficulty

Indirectly A Indirectly

Difficult

Medium Easy-

Low

I

ScHeuneman
. (1975, 1976)

of
correct re-.
tponses to an
'item is,unequal ,
for members of
different groups
within the.same
total score cate
gory

Diectly

Easy

Easy

Low

Rudder (1977a)

ilitypf a' -,v/i
oorrect'response
for a given true
Ability 4 unequal
for examinees from
different groups,

No

Difficult

Difficult
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:Table 2

Itart I (Cont49ped)

4

- Analysis of Transformd Item
Vari Difficaties, Chi-Square

Item Characteristic
Curve Theory

(difficult) items (rim:41) (medium) ow) (median)

Appli6ability to easy -Medi Medium gh Medium

.1. ,

-..

Applicability to more High Low : Medium1 Low
than two independent .

and /or interdependent

cultural g=___Ts,_.:___- --

Applicability to mul- High High High High ,

tile choice items (high) (high) (high) (high)
(non-multiple choice
items) _

1By appropria ly defining specific group nenbership;,e.g., black females, as the independent, ariable
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Table 2

Some Salient Characteristics'Of the Different Approaches

(Part II)

Factor Analysis Factor Score

Distractor Response
Analysis

MajOr litefature Green (1976); Merz (1973, 1976) Veale & Foreman'

Green &,Draper (1972) (1975, 1976)

Operational definition Large proportion of High loading an a fac- Characteristic(s)

item variance is tor which yields un- of the item distorts

specific equal group mean factor
scores

group item p-values

Dependence on total score Indirectly Directly' No

,being valid

Ease of conceptual under-
standing by lay - people

Difficult Difficult 'Easy

Applicability to criterion
referenced tests

Iow Iow High

Applicability to easy Medium Medium Low

(difficult) items (medium) (Tredi.um) . (high)

Applicability to more than
cne independent and/or irter7
dependent cultural groups

Medium2 High Medium2

*'
Applicability to multiple
choice items (non-multiple
choice items)

High
(high)

High
(high)

High
(no)

lIn computing factor scores.
2By appLupiiately defining specific group membership; e.g., black females, as the independent variable
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Often the intended audience will a deciding faCtor in de

4V I

25
Rov

which approach to use. Here the distractor response analysis, chi-square, and

A
transformed item difficulties approaches have a distinct advantage since they

are computationally and conceptually easy 4d can be readily explained to the

layperson

One may wish to develop a measure that is simultaneously unbiased for

tural groups such as.white, black, and Chinese Americans. .An extacsiaft

of this involves interdependent culture groups such as male-female and white-

black comparisons. Sacil interactions and simultaneous campariscCs can be

analyzed directly by either the analysis of variance or factor score approaches.

The chi-square, distractor response analysis, and factor analysis approaches

can be adapted readily for such an analysis by defining group i;iirbekship appro-

Priately, the transformed item difficulties and icc theory approaches can
r,

alv be applied but only by using several pairwise oamparisons.

One final consideration is applicability to criterion referenced tests.

Ideally, the items of quch measures are designed to be sensitive to growth,

rather than to differences among students. Examinees who have not mastered an

objective are expected to respond erroneously while those who have net the

criterion level are expected to respond correctly. Thus one cannot expect the

large variance of total scores (occasionally, coupled with a'hormality assumption)

required of all the approaches other distractor response analysis. There-

fore, if one.is interested in analyzing items in a true criterion referenced

test, distracter resporise analysis appears to be the on alternative

Presently available. .1.

In summation, there is no one approach which appearS best suited for all °

situations. Of the approaches, the distractor response analysis and chi-square

approaches are the most 'cable--a distinct advantage, in explaining a

/(
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debiasing investigation. to the lay person. In actually pinpointing the source

of bias', distracter response analysis.is particularly useful because it alone
;

ideintifies which response alternative is the cause of aberrance. In addition,

dittractor response analysis.is uniquely applicable to true criterion referenced

tes s. In terms of statistical adequacy, the icc theory approach is.-appealing

t tit is a true

p-values or

model making no assumption about the accurancy of

'vidual total scores.

9
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