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' Different rrethodolog‘ies have .been' proposed for the evaluation of bias

Both in selettion and assessment instruments and in the items within such meas-
ures. While bias in' an instrument as a whole is of prnne ooncern to test
and has received considerable attention in popular and professional llterature,

'bias in test items is of mcreasmg concern to test developers.

Investigations

" into item bias provide an empirical basis for the identification and elimina-
ta.on of items which appear to measure different traits across population/culture

groups.

Thus, they help to decrease bias in J.nstrunents undexr development

A

» This paper reviews the f)sychometrlc rationales of the following._ SJ.X types

.of approaches to blased 1tem identification:

1.

L
i’

transfom'ed item difficulties a J)proaches in whlch within-group p—values
are standardized and. compared between groups .

analys1s of variance approaches in which bias is operationally defJ.ned
in terms of significant item by group mteractlon effects

-

chi-square approaches in which individual dtems are J.nvestlgated in.
terms of between group score level differences ? expected and
cbserved proportions of correct responses. ~

’
item characteristic¢ curve theory approaches in which differences in
the probabilities of a correct response, given examinees of the same
underlylng ablllty and dlffererf’é culture groups, are evaluated. . v

S

.

factor analytlc approaghes in which item bias is investigated in ‘
termg of "culture specific and culture common sources of variance or
in terms of loadings on a biased test factor.

4

distractor response analysis appmaches in which the relatlve
attractiveness of : 1tem foils is investigateds .

Limitations and advantages of ,the approache} in terms of their underlying assump~
tions, psychometric souMdness, conceptual complexity, applicability to criteri
referenced tests and applicability to interdependent groups are discussed amd

. evaluated

»

v
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N o / Efforts Toward the Development ‘of

- Unbiased Selection and Assessment Instruments* -

Approx.unately 25 years ago Eells and his colleagues oonducted ‘what appears

s to be the first serlous attempt to examine test items for bias (Eells, et.al.,

| - >~ 1951) and developed one of the first measures purported to be culture fair. ‘

Since that t.ix.re, the.entire igsue of cultural bias in rreasuremen‘t has become

) heated, complex, and prohounced ift the literaturé. Actions by the Nat:‘ional
Associatipn of B‘laok PsS/chologists, the ArreriCan Peysor,me‘l and Guidance Associ-
ation, the I\f]ational_.Education'Association, the I\iational Association for the
Advancement of Colored People, the National Association 'of Elanentatry School
Principals and the Council of the Society for the Ps:ychological Study of 5001al
Issues calling for moritoria on éertain types of tests, banning tests, and

" requiring alternate plans for testing, indicate the serious natureof the cur-

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

apparent in recent litigation (DeFunls VS. Odegaard 1974; Dlana ys. the . .

Callfornla State’ Board of Educatlon, 1970; Hobsen ¥s. -Hansen, 1967) Naturalfy,

all,this has not gone unnoticed by, those mvolved in the rreasurénent field.

Bias and deblashg studies have occurred and varidus models been proposed in )

\

ever-expanding efforts to meet the challenga of, blas m educational assessment.
Pne major type of blas mvestlgatlons 1 oonoerned w1’z:h the instrument’
- as a whole and examines the question: Dbes a test onduly, favor or impede , ¥
examinees from different parts. of the country or of d,Lfferent backgrounds”

Another is concerned with the 1tems within a test andf asks Wh.1ch items and
; .

*The author is indebted to David Knlqht and to Wllllam Mgrz for their
valuable assiStance with earlier drafts of this report, to Sonya Johnson and
Eileen Roper for their editorial ‘assistance and to Ja line Cox and
Marianne Walker for typing this manuscript. )
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igem formats are appropriate for a given population and which may be used across ,
. ) -

given cultures?

The first type.of investigation is of a.nterest to the test users who
need to know the accuracy o_‘f the test infoﬁ:atior{. The nedels proposed by '
Cleary (1968), Thomdike (1971), Darlington (1971), Cole (1973), Einhorn and
Bags  (1971) and Gross and Su (1’975). (also see the entire spring 1976 issue of

the Journal of Educatlonal Measurement) exemplify thlS first type of investi-

gation. 'I'he seoo(xd type of investigation 1s of interest to developers as it

a551sts them in developindg valid and cmss—culture fair items and’ pmv1des a

[

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

AI}goff (,1972).1 Cardall and Coffman (1964): Green and Draper (1972), Merz (197.3,
1976a), Rudnér (197:/a), Schewneman (1975) end Veale and Foreman (1975, 1976) .
have been directed at this need. It ,i's“'éhis second type of bias, item bias,
which the present paper addresses. ' / . ) '

~
s
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, = Bias and the Item Tryout Procedure .
‘ N

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

test developers and some test users. 'I‘hat 1s, the cultural moon

groups Effortsrby test developers to mclude members of vanious cultural-

groups in the development and review of items will help i
- ltemsr'(see Green, l97l;. Fltzglbbons,,.}l97l) , but certamly ot all. .
.The second source of bias. cores into play when data from a population
' sanple are used to mprox;e the effectlveness of a test (Green, l§72) ' This
procedure which as Green po:Lnts out, has not changed ;_n Sp years (Cf. Ruch
| 1929 CHapter é Lord and Novmk, l974 Chapter 15) i/s basic to the develop—- .

»~

ment of effectlve achievement tests. rIowever, durmg the iten~tryout, the

characteristics of thé dominant group ‘will tend to overshadow "those .of minority
- groups. As\a result items which é most sensitive to the .abilities cogni-

\ e
tJ.ve styles, and knowledge of the dommant group are .selected. Such 1tems may

be blased .agaJ_nst the examinees whose attr:t;butes diverge from those of the
oollectlve 1tem—tryout sample. . _ .
(
The development of a standardlzc:d measure typlcally m&olves the admin-

A >

istration of a carefully de\)eloped item pool to a.large representatlve sample

Q“l

of exammees whose attrlbutes are similar 'to those of the lntended populatlon

,tof examlnees,. Typlcally*/ a measure of each item's dlscrlmlnatlon p&ler, e.g., «

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

natifg best are retained? As the popuwlation of this country is largely white

middle €lass, -the items most sensitJ'.,ve to white middle class attributes are

e



ot

biserial corrections. 1 Prom each set of cornelatlonsb the best half of the

?

those’which are rost often retaJ,ged T
Green (]972) examJ_ned a few qUeSthhS apout this procedure: Are different
}

.Ltems retalned when dlﬁferent culture groups oonpose the 1tem—tryout sample"

Wlll scores. dlffer usm% tests ‘composed of - umquely retained 1tems° Wlll test

' ,rellabllltles dlffer using the d.lfferent tryout samples?

e o

Using the differént levels and subtests of the California Achievement
- . 1
Test battery as’ item pools and‘ different subgroups-of the stian'dardization

a

éample as 1tem—tryout sanples, Green oonputed separate sets, of 1ten~—test point

N
\

Litems (those with the highest correlations) were noted and pairwise comparisons
. ' e

-~

LI ‘ N
made. Aberrant items were then defined as those items-retained based on one

subgroup of a palr, and rejected based oh ‘the other. - /
’ If all the subgroups responded to the items m the same manner,

Rt

"identical items would be retained. Howeveq, thlS did not occur. 'J)he overall, ,

L3

neglan progortion of 1deptlcal items which \—\\étamed{i"ﬂ’ comparmg all 21

poss1ble palrs of 1tem—tryout samples was Only .70—-—a -relatively low percentage.

\

Clearly, different item-tryout samples from dlfferent cultural baokgrounﬁls
lead to the selection of dlfferent items. :

This, in itself, is not ‘disturbmg Since the point hiserial corrﬁelation
is paitly a functlon of item difficulty, one might expéct a number of 1tems to

be uniquely rela'bed Howev&r, suppose different 1tems are retained for whites

td

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

wmiquely “retained based on blacks and (2) the. items uniquely retained kghsed, .

=
o

v
K N »

/McGraw Hill (1974) and Ozenne, Van oelder and Cohen (1974) have used
disfordant point biserial correlations as-a method of identifying biased items
in Ydeve lopmg and restandardizing natlonal achievement tests.

&
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whlt%.s. This would he cause ’ r alarm I\? mg such sets of scores '
Green found oorrelatlons ranging from - 17 to +. 2 mth a medlan of about '.5.

) Since the mmber of items in these tests COIrposed\ of unlquely retar_ned 1tems ’
were less than the original item pool, the rellabill.tles were Fée?ondmg low.

~ However, even after correctrng for attenuatlon (bringing the medJ.an correlat_mn
to about .8), large amoynts of varlance in each set were still unaccounted for-.
These different scores de.cate that the Lmlque items taken collectlvely may

' measure ablllty dlfferently “across populations.

Green also computed the Kuder-Richardson feliabilities (I(R-ZO) of the’

item pools using different cultural groups. Differi_ng’reliabilities would

/-

7t

, indicate that the scores of ane cultural grcup contain more error than tgese
3 .
of another cultural group. The median KR-20 reliabilities in Green's study,

were all .92+ .02. Clearly, there was little evidence of bias by this ,criteriﬁré:
Perhaps this was because measures of interrl consistency, such as the KR-20, -
are largely sensit.ive to test length (Guilford, 1954, pp. 352-353). |
I swmation, Green showed :that different iters most probably will be .
selected when dlf{,erent cultural groups are used as the’ item-tryout sa’mple and

that scqres obtalned from’ these wmiquely selected items w111 differ, even

-

.

y [

3 though the item pools exhlblt h}gh degrees of intérnal consmtency.n The task,

. ’dflen, is to_mdify the test development procedure so that items which are ‘e

4

L'mdulj sensitive o cultural ‘differences can be identified and either revised
~ . . ' . ] . 2 '

\ . . e
or eliminated. e
Appmaches‘ to Biased Item.Identification

Recently, procedures and models have been proposed and advocated for

~

. ' )
ident.lfymg biased items w1thJ.n a test- (l) analysm of variance approaches,

®

(2) transformed l'uem dlfflCL}ltleS p~values) approaches, 3‘{\ch1 square

-

approaches, (4) item characteristic curve theoryvapproaches, (5) factor analytlc

8. .. ’ .J ‘ - , )

-
’

»
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approaches, and "(6) distractqr response mal¥s1s approaches Tli’e mterested

" reader is referred to Green "and Draper (1972) for an empl’rlcal mvestlgatlon

J.ls:.ng and camparing a few of the earller approaches within the seoond through
\
fifth categories and to! Merz (in preparatlon) and Rudner (in preparatlon) for

.
N

empirical investigatiops comparing ‘scme newer' approaches., L0

Analysis(of Variance Approaches . o C s .
) . &
In the first type of, approach, which defJ.ne,s bias as a slgnlflcant item by
group J_nteract.lon, subjects sampled from, two or more populatlons are glven a

‘oammon test and the resultant varlatlons in item scores are anaryzed by an f

.

analy51s of uarlanoe design. Variance oould be attrlbuted to dlfferenoes in
(1) 1tems, as some items }ve/rrore difficult than others; (2) groups, as oné

group may have more of the measured attrlbute than another; (3) subjects with-

s

“in groups, as examinees will, dlffer in ability; and (4) an interaction of the

<

items arid the groups When the groups are defined by cultural affiliations,
a s:.gn.lflcant 1tem by culture lnteractlon is indicative of some items being

'relatlvely mor‘e difficult for members of one cultu}e than another. Post hoc
K
testing proced\zres, such as Duncan's Multiple Range Test (Duncan, 1955, 1957),

can be used to identify spec1f1c 1tems showmg blas in terms of 51gnlf1cant

dlfferenoes in relatlve item dlfflculty " P
Examples of this approach are found in Cardall and Coffrran (1964), Cleary

t

£l

and Hilton (1968), Eagle and Ha.rrls (1969) , Hoeptner and Strlckland (1972) s and

*

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

- sizes are required in order to control for Varlables such as IQ, socio~econamic

status, parental education Jlevel, ethm.c1ty,, and a\ttltudes However, this is

\

true for all mvestlgatlons mto item, and test bias.
L

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

matchmg sub]ects from dlfferent cultures on their mental age. In both studies

- QD




great reductions were found in the item by culture interaction after matchi_ng‘,

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

variations. " , . . LT X )
- ~ . v N

Jensen confPrmed this in a seogmd mvestlgatlon After using an analy51s

1

of varlanoe appmach with white and black subjects (without matching mental
age) . he conducted a seoond an'alys‘l%of variance using two groups of Caucasians
- whose score dlstrlbutlons‘ closely mtdled those of the blaCks and whltes in

-

the flrst part of the study. The results of this pse race oomparlson close,l}/

matched those of the true .race camparison, espec1al -with regard to the item

- by cultune mteractlon He concluded that "it would be extremely difficult to

»

make a case that the race by items interaction is attributable to cultural bias"

P. 17) .. Thus; Jensen claims’that this propedure may be sensitive to differences

.in ability rather than to cultural di fferences.

Whether or not Jensen s claim is valid, two addltlonal ma]or problems
i

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

1

.analysis can becare inflated as the{nunber of 1tems mcreases Henoe, one must
) be awafe that some ibeme may be erroneo::sly classified as biased. The second

and more seé:ious problem arises from the underlying assumption that the total

scores are mbiased Inasmuch as the 1dent1f1cat10n of biased 1tems may’ oontra-

dlCt this assumption, the prooedure poses same conoeptual problans

Transformed Ttem Dl,fflcultles ‘Approaches . ) - -

~ The trarisformed item dlfflculltles approaches, providing for a visuyal

P
examination of item by group mberactlon 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 knowrn. , It has been

v

" advocated and used frequently by Angoff, (1972; and Ford, 1974; {n)d Modu, 1973)
‘ and.others (Green and Draper, 1972; Jensen, l§73; Hicks, et al., 1976; "

»~

N —
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Strassberg—Rosenberg and Donlon, 1975; Echternacht, 1975; Rudrer, 1977b)

Further the approach has appeared in at, least one meassurement textbook

4

(Anastas.1, L976 Po. 222-226) : . T .

. In tﬂus n‘ethod indices of item difficulty--i.e., p—values—-—

are cbtained for two different groups on a Aumber of items. Each

p-valwe is ‘converted, to a normal deviatg and the pairs of normal

dev:Lates one paJ.r for4 each item, are plotted"on a bivariate

graph each pair represented by a pomt on the graph Angoff N . .
. . 1972, p. 1). , T,
.. The plot will generally be in the form o'f an ellipse. A 45 Gegree line,
' passing through the orlgm providesg a theoretlcal regressmn mdlcatmg the
absence of blas. Itens greatly dev1atmg fram thlS line may .uc “t:garded as,

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

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

than the other. Assuming both greups received similar instructions, such
items would appear to represent different psychological meanings for the two
) T ..

gmups of exammees

Since the mtent is to make oonparlsOns of betWeen—group differenges in’

-~

itemp dlfflculty, it is necessary to transform the proportion passing an item
to an lhdex of 1tem dlfflculty which oonstl(ubes at least an interval scale P

This 1s écompllshed by express:.ng 2ach item ;—"value in, terms of W1th1_n—group
. \
deviations of a normal curve (see Guilford, 1954, pp. 418—419) . -Any linear

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

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

'

The -distance of an item point to.the line can be treated & a measure of .
" the degree of 1tem bias. One can determined which items are "g;:eatly deviating"

. from the line by moorooratmg any of the traditional ar hontradltlonal methods

-

of outlier or res1dual analysis. One method 1s to plaoe oonfldence 11m1ts op

the line by using a multiple of the Qstandard error of estlmatlon. ‘An alternate

TR

o '\, 11 / . I'
. : ‘ . - : : -
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approach, adopted by Strassberg—Rosenberg and bonlon (1975) and Hicks, et al.
(1976) involves camputing the standard deviation of the residuals and clasmfymg
as blased those items deviating by greater than 1.5 standard deviation unlts .
Rudner (1977b) has employed a fixed 1tem—regressmnlme dlstance of .75 z-

. score units. A

_ An exarrple' of the approach is shown in Figure I. The trans‘for’med'p-values

have a oorrelatlon of. approxunately .90, makmg t.he plot relat%vely long and

EN

~

flat. The solid lme represents the main axis and the dotted lines represent
linear confidence lmuts The item represented in the upper left, outside the\ o
oonfldenoe mterv’al would be considered biased.
As a nodlflcatlon of this procedure, Green and Draper (1972, p. 16) sug-=
' gest that the "1tem-test blserlal oorrelatlons mlght be incorporated ._. . SO
.as to estimate the linear test score~item score regressmn whereby 1tequ1ff1—
cultles may be .forr'ned lq a manner analogous to the way in which adjusted means
are formed in an Analysivs of Covariance." éinoe by this procedure, differen-
tial item disc':rimination‘indioes and‘item difficulties would both influenoe
ite:h locations 'on the reéression plot, Jitems which have proportional p-valp®s

but dlsproportlonate dlscrzmmatlon mdi.oes would have a greater tendency to

. dev1ate from the main axis of the scatterplot and show up as aberrant Q
Chi-Square Approaches I , ! - o ‘ "0 ’ l" -
A third approach to biased item analysis determines whether exammees of . ‘
the .same ability level hawve the same pmbablllty of a correct response regard:;
pay s

~)

less of cultural affilation. This }s acoompllsﬁed by d1v1dmg the tryout

samples into groups based on the1r observed soore and comparing’ the proport.lons

L4

. of st\xients wlthm each level respond_mg correctly w1th a chi- square test for’ -

)

mdependent observations (Scheuneman, 1975, 1976; Green and Drapef, 1972). An

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

» N .
-> . . - o
. .
»
. * . I3 .
.. '

-
S
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Figure 1: A,
Scatterplot
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Hypothetical transformed item difficulties
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interval, the proportion of correct response is the same for both gnoups undexr
msideraﬁm. .A modified dui—sguare test determines ‘the pmbabl:l‘lty,that an
‘item is unblased by this definition. ,

Scheimeman (19763, in applying/ the approach to several sets of data,
advocates using four or five total score levels bagsed on the score dlstrlbu-
tion of the smaller sample (cnreenl and Draper had used within-group qumtlles)
As with the analysis of variance approach, the prooedure Yequirés a large num-

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

because of inflated alpha levels. Further, the procedure assumes total scofes
to be valid measures of ability and appc%.rs to be unduly sensitive to differ-
" énces in the total score distiibytions of the examined samples.

Item Characteristic Curve Theory Approaches

' Latefit trait or item characteristic curve theory relates the propability
of a correct 3tem response toa ﬁimction of( an examinee’s_ underfying ability _
level (éi)"and characteristic(s) of the item. ' While the various models (Lord,
1952; Rasch, 1550; Birnbaum: 1968; Urry, 1970) differ in terms of the number .
of item parameters considered; they all describe the item parameter (s) mde— )
pendently of the examined sample. This attractlve property has led to the
development of same interesting applications in test developnent, adaptive
te\s{ting and equating,.and mayupr’ove useful in detecting item bias.

One general, cumlative logistic model formalized by Bimbaum uses‘“
three item parameters rag - an item discr:mmatlon lndex,\b - an item diffi-
culty index, and cg.- a pseudo guessmg paraneter Usmg the notation P(og=llei)
to represent the probgbility of a correct response to 1tem g given an exammee
of J.llty level 0iy Birnbaum's three parameter model States that: N

\

P(ug=lloi) =cfy+ (1 -0y [ltekp (-1.7ag (&5 - bg) )17t

This relationship between 05 and P(ug=llei) is illustrated in Figure 2.

s

‘
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The probability of a correct response given a specific ability level

»

5 increases monotonically as true albility increases. For éfanple, an examinee{
< 'with a high true ability, e.q. 64, has a high probability of responding correctly
.[P(u§=l|@j)+l.0}. Conversely, an examinee of low true ability, e.g. €, has a

' x

low probability of responding correctly; approaching the lower asymptote of ~

the curve, cg. : . | \
The inflection point of the curve, By, is referred to as the item diffi-
' c;.llty parameter in .ﬁhat it indicates the relative position of the curve along
the 0 axis, The.’nore the curve is positj;oned to the rigﬁt, the more aibility_is
_ necessary for an examinee to have a good probabilit)} of a cgrrect response,
The slope of the curve at bg helpé define a t.:hird-- parameter, aqg. This vaiue, :
xgggrred to as the dlscrmu.natlon parameter, indicates the power of the item
T to separate examinees of close but ;"meq11;'11 levels of ability. Althoﬁgh }t»he item
parameteré and 0 are on a comfnn metric, these item parameters described
charac;ceristics of the item i.ndepehgfantly of the examinee group. Full explana-.
' tions and development of thlis @n¢-otj1er mental measurement models can be found
in Jensema (1972) and in Lord%nd Novick (1974). E
k " Latent trait theory has been used to Mentify biased items (Green and
Dr@r, 1972; Iord,“in'pres.s; Riﬁner, 1977a). In an ehrlyh study, Green and
D had used observed total scores as estimates of examinees' abilities,
0i's, czzu:ld the proportions of examinees responding égrrectly at each total'
score level as estimates of P(ug=l|0i) . Their proced{n:e called for 'plétting
estimates icc's for each item sepa.rateily'for'each culture group dnd comparing
the plc;ts;, | - . - 4\)\’/
By. this and other latenf trait theory approaches, an item is unbiased if

" ~— \
examinees of the same ability level, but of different cultural affiliatiomns,

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

f .
Ny

s . - '
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if the estimated icc's cbtained fram the various culture groups are identical.

As an example of a biased item, nsider the two hypothetical curves “shown in

+ Figure 3. Thase curves are based on responses by two different culture groups<

3

to the same 1tem Total observed scores are used as estimates at 0 and pro-
e

. portions of examinees respondmg oorrectly are used as estimates of P(ug—lle ).
The curves are not 1dent1cal, 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 abil‘ity le{/el, e.g. X = 58%, but from different culture:‘gi“oups,

do not have sjmilar proportions of correct responses. .

)

4

While this appmach is appealing, total observed §ooz;es "are dlrectly

J.noorporated and quantl‘flcatlon of the degree of 1tem b1as is dJ.fflcult (an .
[ s‘
_eyeballing procedure is used to identify a "vez4// biased item").

T

Rather than using total observed scores as estimates of @i and pmpo?;tj.ons

as estimates for P (U= 1164,

more accurate values can be obtaJ.ned using one of

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

»

ing paramgterization, the metric used for the 0 scale is defined by the

ability variance J.n the examined sample ‘In order to oar\lpare parameters
obtained from two different ‘examinee groups, the obtamed values must be equated.
Lord and Novick (1974, Chapter 16:11) éhd Rudner (1977b) have shown that this d

. Y can be acoonpllshed by computing the regressions of the paraneter values based
on one group*of examinees on t‘he parameter values based on the other group of
examinees. The equated 1cc s w1ll be 1dent1cal when the restrlctlons of the

model are met. 'That is, when thg measﬂ:e:

(1) 1is mldlmensmnal

(2) oontaJ.ns locally J.ndependent items . ' N
a ; , (3) has error—rree.paranete.r estunates. )
Rudner (1977a) has refined» the procedure used by Greeh and Draper to -
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identify biased items by incorporating equated icc parameter values

: . The area
between pairs’'of equated ipc_'s is used to indicate the relative amount of
'C

o
vide additional information as to the nature of the aberrance,

. Lord (in press)’
has employed an asymptotic significance test based on the sumed variahce—
covariance matrices of the equated ag.and b, parameter estu’nates to test for
significant differences between pairs of equated 1oc S.
Fagtor Anal);tic _Appioaches
o -

\

- In factor analy51s, underlying factors (i. e., d;unensmns or tralts) are
hypothes12ed and.the correlations of each variable with the hypothesized factors
are computed. > In an achievement test, each item is treated as a variable o

cultural bacdkgrounds

Such an analysis ocsuld be conducted twice iising examinees from two, different
~—

Ideally, the two separate groups of examinees would S
yield s:unilar sets of item—trait oorrelations (factor loadings). Dif}ferent sets
of factor loadings would indicate that the two groups are not responding to the
items 'jn,tl,ife same manner. Such a test would be considered biased in that it
appears to‘meaSure a different trait acrossh groups.

The items exhibiting the
most bias would then be. those with the largest differences in factor lvading.
' ‘The @t;eneral model for this type of factor analysis is_ ’
~~ y=Af+e ‘

y.is a vector of subject responses
- Ais a matrix of factor loadings

ﬁ
fisa %ct‘or of factor variables (locations)

e is a gector of residual or error terms
!
- From% values of A,\f, .and e_ are determined

£y .
Green and D('aper. 1972} and Green (1976) suggest an inner—group factor
i

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

. .
aberrance for each item andg)%balling of the equated icc's is employed to pro-

16
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'.‘Ijucker (1958) .. In‘;:his inner-grouwp rrodel,‘,' the item variance is partitioned. .

' J_nto (1) factors common to. each subgroup, (2) factors spe01f1c to subgroups, '

. ané; (35 res1dua.1 or.error variance. Wltln this model one\can determine

the proportlon of item variance accounted for by a given subg'r?up. An 1tem,
then.., is’ unblased when this proportion is small and blased if a large propor-
tJ.on&of variance is attrlbutable to culture-spec1flc sourgces. -

Merz (1973, 1976a) developed an alternate approach which J.ncsrporates

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

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

:;on each factor oonputed These facto\:\ scores are then subjected to an

ysis of varlance, with group membership being the J.ndependent varlable
Where s1gn.1f1cant mean dlfferences are faund in factor scores, the factor is
classified as biased. Biaged items are defined as those w1th high factor

loadings on a biased factor. - T \.4 ' . c,

These approaches are appealmg in that they deal with the amderlying

latent traits (true ab111t1es) of the examinees. Green and D{’apér s approach

AN
is particularly appealmg in that variance is partltloned into culture-spemflc

~

and cul ture-common sources Merz's appmach has an advantage in that variance

~

caused by factors such as socm—&oonbm:.c status, IQ, anéls\ex can be partlalled

4

- " out. However, these prooeduras are not without gr,e mx%al as well ag
practical limitations. {

L)

.o "y , o .
" The first step\'in factor analysis is the computation of the inter-variable’
correlations matrix., To obtain stable cor\relat;ons«to avofgﬂ capitalization

. / : .
on change—one needs a largé nurber of subjects; the ggneral rule gf thumb is

at least ten subjects per able, a figure often ignored in practice. |
Assuming a sufficient ndn r' of® subjects, there if a question as "to which
type of correlations ,to use. In analyzing items, one usually ‘deals with
. ‘ r" s ' .

/o0
A( , A




dld'lotonous},y scored variables and either the phi (product-noment) or the
v tetrachorlc oorrelatlon is employed. However, the phi oorrelatlon is lunlted
m that it 1s hlg’nly sensltlve to item dlfflcultles ‘and the tetrachor}c cor-

&
. gt ,.
woul if the items were comtinuous variables; is notorlously unstable. ﬁa-f\

—

fact, Nunnally (1967 p. 124) enphatlcally states that tetrachorsc oorrelatlons

»

relation, though it estmates what the value of the J.nter—ltem oortéfﬁ%‘h
}Q

\ .
« -cannot be used in factor analysis. - - ok SN

¢ Regardless of th.ch ’cype of correlatlon is used there are additlonal

ﬁ

problems. As Ntmnally (1967) points out, ". . . for a group of variables to

F
clearly define a nunber of factors, there must be a wide range of correlations"
(p. 256). In correlating items, especially dichotomously-scored items, the
) C average oorrelation is typically low. Thasf/it usually is not possible to
obtam a clear factor structure when factor ana#fyzing test ifjges.

. " g “

-/
Finally, (m factor analysis many decisionseneed to be/made by the,

. ‘-
2 ) * -

, . researcher. Which procedure? How many’ factors; to extract? Which rotational
* &cheie to use?’ bifferent decisions can lead‘g,o different results Thus while
“the factor analytic approaches are appeal:.ng, in practice they may be d_‘l.ffl—

¢ ' -

cult to apply. . ) . .

. \ D:Lstractor Response Analysis o B
. a e
Some of the ch;, squa.re 1tem dlfflcSty regressiaon, item characterlsta.c
—theory, analys1s of va.rranoe, and factor analysis approaches moorporate

total test scores either directly or mdlrectly Thig can pose a problem when
N the total scores do not represent accyrately the abilities of theexammees,
Co aswouldbeexpected:.navery brxased test. . '
- ' - Veale and Foreman (1975, 1976) reocxmend J.nvest'igatlng the d.ls.tractor -
+ . - response distribution for various cultural groups in an approach not dependent

upon this agsumption. Should one group' be overly attracted to a partlcular
. .- h ' ) . ' ' D

[ J . =Y oo ) 21 ) o
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. palue. o TR

dlstractor m comparison to a Second group, there may‘ be a blasmg characterh-

. 2
lSth of the item” attractmg thém away from the correct response B1as 1s thus

_ defined as d\a;acterlst.lcs of an. 1tem which cause a distortion in the 1tem

“ * . -~

p-vajue for.a cultural group: =, o .

Consider the c}mice.distri.buticni illtlstrated in ’i‘aE‘le 1. Observed fre-

7 4

.quenc1es appear in the cells and expected f.recp.xenc1es appear J.n the upper ‘

right hand comer of each cell. A dlspzzéportmnate mmber of members of

Group 2 were attracted to Distractor l (the xeépons; freq/@oles can ‘be shown $
to be“dlspmportlonate by the use of a ,chJ. test It may be argued

that scne characterlstlc 'of Dlstractor l caused a substar,ztlal number of members .

of Gro@@ to select thlS dlstr‘actor over the correct altematJ.ve Hence

®

‘ sarp'dwracterlstlcs of the item may have caused a distortion in the group -

' 'j\% - ;__ 'I‘able 1 ‘
A Hypothetl&al Ltem D1stract09~ Chdlce D1str1but10n
S Frequency of: Selectlén ‘ N

/ N ¢’
\

L

. L .
Distractor 1 * ° . DiStractor 2,
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extent of departure from the hypothesis tested above;

To obtain-a globa‘i picture of an item's beha\}'ior, Veale and Foreman
5
& .
om\pute several statistics on each item. These include: N

A

(1) Ja. chi-square to test the hypothesis that the oondltlonal probabllltles
of J_-ndJ.VJ. xZussmg the 1tem by selectmg a paftlcular distractor glven (

thelr cultural grouwp ( fo:Ll ‘pu}l ;ndloes) are equal across cultura} groups, ¢
“-(
(2) Cramer sV as a measure of “"cultural variation" to determine the’

4

~

. (3) Goodman-Kruskal measures of index groups by distractor as$ociation;

\
(4) supplementary item statistics' for each cultural group-including
- . ' t .

-

z—-test’s “for testing deviations from random guessing, p-values, point biserial

~

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

* tor gesponse distr/ibutioﬁ. B

These smpplénentary statistics help ‘discriminate between desirable and

~

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

“ . ’ v

the digtractors and have highly different point biserial, correXations between X
Y d .

cultural groups. Such an.item-would appear to work well with ohe group and s

This information, coupled with ¢he variance in the dis- .

- Q

" While directlys sensitive to bias'in item distractors, this approach 4s
X . \ \ 7 L
only indirectly sensitive to other sources of bias 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 dlStragors, ethlS lmutatron is not a serious one.

Fugther, by supplementmg this appr\oach as Veale and Foreman suc%gest, 1t 1s

possible to obtain a holistic view of the behavior of the aggregate item and

its-constituent distractors.

-—

-

Like the earlier chi—squaf'rg and analysis of variance approaches, distractor




response analy51s requlres a large nuvber of mferent,lal tests and the conse-

quent pIObablllty of oomitt:mg Type 1 ermrs must be realized.

« - Discussion and Sumnary :

- » . = "

R
v

Several approaches toward* the identification of biased items have been

presented wit;h their rationale and apparent advantages and limitations. Com-

‘ments have also been made regarding the use of a large number ‘of inferential

S v

‘tests, the assumption of an unbiased total score, and the ‘use of outller

analysis (see Table 2). {In practice ,’depending on the purpose of the study
and the. in'itial' item pool, these limit?ations may be inconsecguential.

. The p;actltloner must first'delmeate the purpose to which such approaches
are to be applled. One purpose 1s to debias an instrument durmg 1ts develop—

£

ment. The degree of item blas (indicatell by the magnitude of a residual, area,

] factor ],oadlng, X2 or F) can be considered along with professmnal Judgments

. of 1tem dlfflculty mdloes, 1tem dlscrlmmatlo}m lndloes and factor 1oadmgs

to detemu.ne which items are to be retamed and dropped In suc;b instances,

-

it is.usually bette; to drop an item falsely suspected of being bi, than to

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

v,

My

‘may be m(aot in the chi- -square, distractor response analysis/ and ana1y515 of -

- ‘% . ﬁét‘

varlanoe approaches. ‘
On the oftrer hand, thesé techniques can be used to identify trends in
biased items. That is, biased itel? can be pooled and attempts made to iden=
tify salient characterlstlcs (see Rudner, 1977b). In such instances, one would

N

want a more oonservatlve 1dent1f1catlon prooedure The tran’sforned,item.diffi—

\

.lculties and the item characterlsth curve theory. approaches are well-suited

{ . - AR ) s
for this jin that the confidence band can be narrowed or widened as desired.

f . - » i “

\!.
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Table 2
-

Same Salient Characteristics of the Different Approaches:

(Part I) ‘
N B . .

L '/ \ P— -

Y * RN . ‘ 4 . . ‘ -
. Analysis of Transformed Item .. o Item Characteristic”

dclrianoe f Difficulties *  Chi-Square Curve Theory
Major literature . Cardall and Coffman Angoff (1572) *Scheuneman " Rudrier (1977a)

- (1964) . * = . . (1975, 1976) P

Operational definition

Dependence on total
score: being valid °

Ct.mput:atioﬁa ease

Ease of conceptual
wderstanding by lay-

- people

Applicability to
criterion refenenoed
tests P

Significant': anal-
ysis of variance

itepn By group
Jnteraction

<z

, }ndirectly &

difficuljy ‘

_Difficult - Easy
Low '.'" Low
, 7

-Differential = »°
" relative item

Frogprfion of

~

‘sponses to an

‘item is unequal |

for members of
different groups
within the same
total score catew

gory
Di§ectly
Easy
Easy

' Difficult

me .of a

correct’ response
for a glven true

ability 15 unequal .

for examinees from -

dlffe.rent groups

-

. .
]\b - B

Difficult

Csme e o ——————

-«

-

B o~

N
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‘Table 2 -

A Bart I (Contjnued)
. [Qm'l ‘4&
< Analysis of Transformed Item ) Item Characteristic
- Variance” Difficilties Chi-Square Curve Theory
~ . Y e BN
. ] ] ‘N\ . ‘ 4

Applifability to easy ‘Medi. _ Medium igh Medium
< (difficult) itents . (medilm) . (medium) ‘ow) (medium)

libplicability to more Q-High Low . Medium! . 1& -

than two_independent .

and/or interdependent . . v

cultural groups - —— o

Applicability to mul- High High High High |, i

tiple choice items (high) (high) (high) (high)

(non-multiple choice | oo

items) - . o, T

% / !
« - ' .
. c o
. N
- . -

H

W

£
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. ! Table 2

. » -
Same Salient Characteristics of the Different Approaches

(Part II) .
. N ) ) ’
I . Distractor Response
Factor Analysis : Factor Score Analysis
Major literature ‘ Green (1976); © Merz (1973, 1976) Veale & Foreman’
» . Green & Draper {1972) ‘ (1975, 1976)
Operational definition ' Large proportion of High loading on a fac- Characteristic (s)
. ’ item variance is up tor which yields im- of the item distorts
) specific % equal group mean factor group item p-values .
scores - ’
Dependence on total score Indirectiy Directlyl No .
being valid . ' ’
Ease of conceptual under- Difficult - - ‘ Difficult v\ Easy .
standing by lay-people ' ‘
Applicability to criterion Low N Low High
referenced tests .
] ]
Applicability to easy : Medium Medium Low .
(dGifficult) items (medium) (medium) . (high)
’ . -
Applicability to more than : Medium2 High Medium? e
cne independent and/or inter- v
dependent cultural, groups . . N
Applicability to multiple High " High High
choice items (non-multiple (high) “ (high) » . = (no)

choice items)

&
Aa

~

lIn computing factor scores.

[\
=S

By appropriately defmmg specific group membershlp, e.g., black females, as the mdependent variable -

+ -~
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A

Often the intended audience will-be a deciding faétor in _deten?(.m'ng

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

. -
. transformed item difficulties approaches have a distinct advantage since they

are camputationally and conceptually easy a’m can be readily explained to the

Taypersan. ‘ R ,

-
One may msh to develop a measure that is simultaneously unblased for

v

_ﬂ%ﬁb{tural groups such as whlte black, and Chinese Americans. An extagsion

" of this involves interdependent culture groups such as male-female and wh.rte-

2

black ocmparlsons Such mteractlons and simultaneous ocmparisons can be
analyzed directly by either the analysis of variance or factor score approaches
The chi-square, distractor"response anglysm, and factor analysis approaches
can be adapted readiiy for such an analysis by defining group @nbership appro—

priately. \J;‘he transformed item difficulties and icc theory approaches can
N N .

A al* be applied but only by usirig several pairwise comparisons. -

One final consideration is applicability' to criterion referenoed tests.
Ideally, the 1tems of guch measures are designed to be sensitive to growth,
rather than to differences among students Exammees who have not mastered an

objectlve are expected to reSpond erroneously while those who have met the

‘ crlterlon level are expected to respond correctly. 'I‘hus ‘one cannot expect the

-

large variance of total scores (occasionally. coupled with a normality assumpt.lon)

~

required of all the approaches other distractor response analys1s 'I‘here/-“

fone, 1f one .is interested in analyzmg 1tems in a true crlterlon referenoed

1]

) test, dlstractor response analysls appears. to be the oni.;( alternative

L4

s \ ¥

presently avallable -~ \ .
In sumnat.lon, there is no one approach which appears best sulted for all ®* -
situations. Of the approaches, the dlstractor response analyS1s and chl—square

approaches are the rost ?cmmnucable——a distinct advantage in explaining a

"3k
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.
A AN

debiasing investigation to the lay pgrson. In actually pinpo{.nting the source
/ ‘ of blas’, dlstractor; \respbnée anélys_is‘.is pa.rticu’lai‘ly useful because it alone
" idéhntifies which response altemative is the cause of aberrance. In addition,
diStrécFor response analysis .is uniquely applicable to true criterion referenced
tests. In temms @f statistical adequacy, _\the icc theory approach is.appealing

in thattit is a true S(;re model making no assumption about the accurancy of

N T . ; ) o
p-values or individual total scores. ’ \
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