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Abstract

4

/teem bias

e' 1

This study discusses latent trait theory applications to test item bias

ethodology. A real data set is used in describing the rational' and

variousplication of the Rasch probabalistic model item Calibfations across varics

ethniC group populations. The mathematics are given alt4oughtheir derivation

is not described exdept when required for completeness.. Using UCON estimation

procedures for item difficulties item plots for each ethnic group by the

"...several tests av ailable (Reading, Written Expression, Mathematics) were
.

prepared. The deEivation of acceptable tolerance limits is described and

,

applied to the current data set wherein a bias item is reyealed.'2 V
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LATENT TRAIT THEORY APPLICATIONS

TO TEST ITEM .BIAS METHODOLOGY'

ti

4 N
Item bias
. '2

.

Unbiased student asseqsment on standardized tests curtently in use is.a
4 o .

quest fraught with confusion, misunderstanding, and misinterpretation the,
. .. .. .

current glass darkly debate over bias in mental testing, Issues raised are
.

1) predictive vali4ty.for children from minority group backgrounds4ay be

.t
misrepresented by the standardiiation and validation groups; 2) for-internal

.
.

and'construct criteria of bias, statistical adjustmentt alone (viz., regression
.

neither
--

techniques or ANOVAs regardless of how-sophisticated) neither js supported by
. . ,

the empirical data available Aor will likely gain acceptance (outside of

psychometric debate) for administrative, political, and leganrgumehts; and,

3) as the cultural ethic changes from demands for equal opportunity'to
N

expectations of undifferentiated outcomes the discussion of differential

validity and test bias will likely become4more heated. Any resolution of

these major points, of coukse, will hardly, exhaust the argument "(cf. Lord7

1971; Jensen, 2980; Scheunemanh 1975); and, as Fi ncher (1975) pointsi.out, the

attitude of the federal couits to deal with the consequenceg of unrecognized

or unapproached tes t item bias is itself q'virtual enigma.

Given the current contraventible environient of test bias,,its detection

and correction, latent trai thoaologyandLspecifically, the logistic
A

responsemdel--offers,sqmd ppealing avenues for investigation. It isthe
, .

intent of this study f.o further exploratidn of latent trait theory applications

to test ftem liras methodology. The techniques used, their rationale and
I r f

utility as applied to the current data sea, is discussed. Detailed explanations

latent are described elsewhere (Hambleto-n, 1978; Lord, 1998;

warm, 1978; Wright,/1970?dand.itre no repeated,here. '.

.

it is.difficult to ignore ihe advantages latent trait theory offers over

traditional psychometric methods in pursuing a lair, consistent,.and workable
1 . 1

-, definition and approach to the detection and correction of test item bias in
.

widely used standardized tests. Of partiCulai interest is the statistical'
.1 . ti

independence of persons and teat items. The separate estimation of these'
. .

( I 4
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Item bias
3

parameters )n the logistic response model approach "(and its matpematicAt
4

iierivatd) provides an avenue'tO avgid.diffic4kies inherent in conventional
.

-

biased item detection technique's; yet, still satisfied is the criterion of ..
.

..

a consistent definition of tpm bias. '.
f . 4.

Ie
Scheuneman (1975).proposed a liew operational definition which'we shall

adopt as contalning sufficient rigor and accuracy for present purposes: "An.,

A
item is considereti unbiased if for. persons with the same ability in the area 4

being measured, the probability bf a-cokrect'response on the item is the same

regardless of the population group dealership of the individual." `This

definition of bias is conSistant With that used by:Green and,Draper (1972),

and Pine and Weiss 6.970. Scheubeman's definition decribing the interaction_
. . . '

of an examinesexwiltti aparticulai item provides a utilitarian way of detecting
. i

.

item biasrin the content of, but not dependent upon, examinee.performance. %

. , 1 ,

The problem initially is one Separating the parameters ;f,persons'and

-

test items. lt'he latent trait thedry does this neatly and simply by 13;0,o:sing
. e

the model,

o

E
.

no.
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,
. , . . ,, . ,
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where % , P - probability of apcorrect.resknse

. '
. 0 'm Probability of an incorrect response.
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When a set of data,idlappliedto the mathematical derivates of the model

21tihe statistics are easily calculated, The essential point for the present'

investigation is retrized in. their latently additive propd'rty. Hence, item

difficupi can be depatated f person ability. The methodology of'item-free
,..

preciselymeastixement continues on to describe how person free item difficul-

ties are- estimatgd as well as item free person abllities. The'Se calculations

are described elsewhere (e.g., Rasch, 1861; An .

s ,

1... e
:

.
.

. - 4

6.

s*,

a- re described elsewhere (e.g., Anderson, 1973, 1977: Baker, 1 977; Hableton,

1978; Rasch, '1961; Ryan, n.d.) 1977t 1979a,, 1979b).

To'-the Rasch model, however, ln a and in C are simply redefined as:

r
.

= in a, and -

6= ln

w

Hence,. the'derived equation, expressed probabilistically, is '

'
P( xvlicflov,'1)=exP(Bv41)/[1-'exP(Bv-61)

.

,..

.

__where' a:person (v) with a, defined abilitx,s0 ) interabts to an item (1) with
)., v

e , .. _i
a calibrated diffict4ty (6) to produce a response x

A )
/

This is the onl alternative to the models for a response Cbrve which

a llows for independent estimations of person ability and itejti difficulty.

SayssRascht "When the.estimators for By and 6 are derived by maximizing a

conditional likelihood they are unbiased, consisiant, effi ient and sufficient."

,

Item characteristic curves are computed by .the regr ssibn of the test

scores on ability $ from a frequency, distribution of 'te t scores for each fixed

level of13. Wright (1979) graphs the ogive for the th oreticaliotesponse curve
p ,

.

( ,
as : .
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c Item bias

6

rith
the logistSx response model, at least three tests for validity are

required:. These are; 1) the More able aperson the better the chance for

success on any particular item; 2) any person has a getter chance. of correctly
1

answering an easy item than a difficult one; and, 3) these conditions must

be observably true regardless of...any person 's race, sex, or ot her noninterfering

characteristic.

The third criterion is critical'in test item bias methodology in that

Scheuneman's definition of a biatsedtest item is satisfi d and it implies pEe

notion of parameter indePer ence. .Herein lies the depart eof the .logistic
. . \

,. f

response.model approach to biased Item dqtection from traditional techniques.

The statisties conventionally employed in the search for a based item are not
. .

independent of the sampl'e ability distribution and are distor ed for any

independent analysis by this sample specific, characteristic. udner (1980a)

reviews several of the commonly used biased item demtection techques of

empirical evidence'of internal cx.teria in test bias; and, Peters n (n.d.)

,examines common arguments of bias in predictive validity: Each of the techniques

and strategies discussed, however, is linked directly, to the sample

distribution. Tucker (1946) argues that this characteristic is not

can enhance test rigor but actually may confound its own intentions.

(1576) demonstrates the point by citing a term -- "sonata " -with high.

ability

one that

OrighS.

di.scrimina-

tion indices and s culturally sMewed.. Thus, the critical component of separate

.;11

\ .

parameter estimat is not sue'tessfully addressed by any of the,more
.

....

- 'traditionally used biased %item detection statistics.

One further point isAmportaht to note for the present investigation.

Latent trait theory and the logistic response model assumes local item
*

indepiendenceThat is the performance of any examinee on any particular test

item is,an autonomous result of the interaction df pupil ability and item

V

difficulty. The response by the examinee to that item is not inde:nced by a
. . .

previous performance on any other. item in the test. Lord (1953) demonstrated
f' _ .

the validity of thid assumption with a goodness-of-fit statistical test.
*

or ,,, - 1 - - ...NI-- .., OF .76 m .1. '4
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.

The present study of test item biis, was conducted in a large west coast-

V school distll.cp and utilized a single hi§h schodl graduation proficiency

examination. The test itsel:g_was developed with items Selected from various

recognized item banks along with a few new situation-specific iteMbnacessitated

'by the previously defined-test content specifications. 'The items were then

z
*Rasch calibrated for goodness-of-fit of each to the model. Misfitting

ambiguously worded items were discarded. The calibrations were conducted 1jith

[ICON estimation procedures% .

It is to be nottd thatfor'the Rasch model calibration a single parameter-

assumption was made. Agdner (1977, 1980b) is critical of this assumption bpcpuse
..

ability in Rasch single parameter theory is based upon total score. Consequently,

cthe presence of biased Items aggregated into a total score yiel spuripus

results., He recoamends adoptibn of the three- parameter model as deyeloped by

Birnbaum.. This, study d4d not accept the suggestion of a three - .parameter model.
d

Albeit conceded that a degrAe of rigor is added by the increased concern of,an
_

item discrimination index and a pseudo guessing parameter, the increased

complexityas well as added difficulty of interpretation were not warranted in

.the present.circumstance.

The high school graduation proficiency test was comprised of three

sOtests: reading comprehen sion, writing mechanics,'and mathemati.zs. A

writing sampre is also a required portion of the. complete high s chool gradua

tion proficiency test but it was scored by a holistic process and scores were
e.

,not equated Rasch scaling; and thus, it was excluded from the present study.

For the subteste.includedh all questions were dichotomously scored multiple -

choice questions. The reading test contained 30 items, the writing mechanics

4.

and mathematics tests had 35 each. Each subtest was treated independently of

all others and item difficulty invariance was evaluated over each ability

group tor Black and White ethnic groups. Item plots for each ethnic group

w4th a tottegrOUp (i.e., all ethnic groups combined) were also'examined.: '

. d

4/ 170
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The Sample Population )

a
t item bias

.8

lb

The sample population in the preierit application of latent trait, theory
. ._,._
to test item,btas Feihodology included 5,309 reading comprehension tests,

. 5,284 tests of written expression, and 5,780,mathematics tests. By ethnic
.

groups the. distribution was less equal numerically although sufficient within

% each to yield valid results. The ethnic gropp populations were: 1,042 White,

41 Black, and 16,373 total group (including all Whites, all Blacks, and

1 . .

r unidentified). Table 2 'presents these data as well as mean ability dna
.

, ,

.standard deviatioA estimates for each ethniC group by subtest.
. , * 4

4

0

iI

..... ..... .

InserZ!Table 2 about here
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Table 2

Ethnicd'oGrOup by Subtest:

ro

' Number, Mean Aoility, and Standard Deviation kbilit

-

Item bias
- 9

...

II,

. 4

'Test 1

."\

( a
a. Ethnic Source Group.

,

. .

'White' . Black Total*

1 Ability:
NI lit ando.

b. Ability,:

N I xan4,d
1 ' Ability:.

N 1
#x and c,

s ..

Reading

. (30 items) ri

.
i-- N
1

3081 2.19

I

... .86
1

1 .

.

I
37171 114

1

1

.89

1

i

5309 1 1.21
/

.

1 96
1 .

.

4

I
.

.

Written
Expression
(35 items)

.

i
6

I
.

384 .1.89
les

I ' 1.05 .

1

r ,
_,

s . .,

1

I3557 .68
.

. '

I .92
1 .

.
1

.

.

- .
i

5284 1 .83'

I 1.63
A %

1

A

.

Mathematics
135 items)

I ,

.

-

3501 2.45
.

I 1.04

,,

; ,.
.

41674 1.25 ,

,.
1 1.01
I

,

1

, r
5780. ' 1.40 ,

j

I r.12
..

TOTAL 1042 6 11,441

----..

1,6373
.

.

Jae
*Includes total White, total Black, and other unidentified

1
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]them Difficulty Estimation's
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. . IteM bias. \,- I
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10
,

5

t.

,
1

.
.

.

. For the best calibration pArsons should be about evenly distributed over.
.

1 ,

'' the range of-"scores around and above the center of the test (Wright, 1979a)
i

. The sample'person.abilitY distribution datayere,comp, ted7 and, as the data
-

..

reveal, scores are'not symetrically distributed but negatively skewed around.
1 f

and above a modol ray score of 22 to 25 in reading complehension, 19 to 26.

. in written expression, and 29 to 30 in mathematics. 'This result was

anticipated due to the nature of item content specifications forinininal
, .

high school graduation skills rather than allowing for a range of abilities

from 'quite low to very high.
,
,(The frequency distribution tables for each

1 ,

a SUbtest are incauded in Appendix B.) " . '

7..-.

Item Plots.

The constructed item plats for each of the ftems,on every subtest allow
A

insp ection of the extent to which the item points conform toithe model

expectation of item difficulty invariance. This inspection of item invariance

across different ethnic groups is a mftaspre of the quality of individual items

to be free from or contaminated by some degree of bias.

Each pair of CalibrationS apdies,to one, and only one, item, and of

course, two dikficui'tiei (d' and dig) were derived. Standard errors for each

item (sit and s
i2

) was also computed. Hence, only a eingle.translation is

necessary to establish anorigin common to both sets f items at any Lifficulty,

6i*

Wright (1 979a) gives the statistic .7)r testing th estimate of 6
i
by

*
.

. .

di1 and dig., It is:.
/

t
r .

'AN 441, / . a.

+IN

t
il2

(d

. ,

I.

r

'I

r

,

d
2
)/(s + 8 )

4

5

.

I

%A 7



I'

II
Iteebiis

11

'Tests for the quality-of fit of each item (viz., itei.invariante across
. -

ethnic group population calibrations) can be made 14 positioning quality

control boundaries at about two standard errorsdaway'from an identit y'lihe on

each side. Two of these'quality control boundaries paiallel to the. initial
. ,

identi4ty control lihe approximate a 95% confidence boundary. This is calculated
-

.
. , by the formla V . 41

- - ., .
. ..

I ..

. c

, . '' 4, :, . ..
.

.

. .' D - 2.1(6 .4. 6 2V2)32
1, .. o

I% . i12 il i2 ..
. .

. ,, .

, . : .-

.

1 lit r ,

.221 (S + S )/2] m P+ + si2.
,

il i2 ..- il , '''

.

Jr
r

...
ellr.I. % .,

D
il2

is
.

th
'b
'pe cular distafice.betweeh the quality control line and

.- / 2:12 ' 12
the identity lihe. The formula (s + si 1. estimate the. standard .err, of the

.
{ski

2 , . . A

difference between the two independent estimates d
il

and half of this., or

If j is the error unit perpenaicUlar'to 45 degreeldentity line.s-2'12.21C11
tkIC.? .

For These goiltrol llneS
*
fSr identity plots may be graphically presented as '

follows.
IF

. .,
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Item bias
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Table 4 Brese9ts the sample population groups by subtest upon which fit

statistics were computed. The.calibrations were UCON'estimations.. (Tech-,

nically, last difference change and-comparisoni) with PROX procedures were also
....1 0,

calculated. The tables for each ethnic group by subtest are included in
: . 4,'

1

Appendix A.) Table. 5 displays the schema of study design in which the nine
-.;

item plots were constru1ted. i
i

/nsert Table 4 and Table-5 ..tiloout here

r r r r it r r r r

aro

10 ,

If

11

I

.

1 At

4

,

44 g

g

.1

I.

.



ji

air ,

4.

0

I

: *

04,f"
}011

. Table 4

4

ma%

Sample Population Group by Subtest

4
p

rr.

Iterr bias
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14

No. urce Subtest

2

3

4

5

6

7

8

9

id

, White x Black

4 White x Total

A?31aCk x Total
'af

Whitt x Black
,

Whit x Total

" Blac3vx Total

. Rhite x Black

P White x Total

Black x

Reading
.

Reading

ReadtEg

Written Expression

Writte; Expressipn

Written Expression
JO"

Mathematics

'Mathematics

Mathematics

alc
ti - Tip)" "
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Table 5

Schema of Study, Des gn

r

Item bias
15

1

100 items

Total

30 Redipt;

35rWritten Expressidn

35 Math

.

Item plot:

Reading

Written Expression,,

Math

Item plots

Reading

Written Expression

Math

Tr

.

Item.plotx

Reading 2_.

Written Expression

Math

1

I

AP

1

-

,



Data Analysis
3

Item bias :

/6 t-

4 6

A4 examlnaiion of eac1 of the nine item plots reveals'a remarkable degree

e''''if-item invariance fer each of the items on all stibtests. Two of the,item.

'plots are displayed: Table 6 presents the,subtest ekl).biting the least item
_,

invariance.. (ethnic group Black versus ethnic group. Total: Math) and Table

7 displays the item plot wherein item invariance yond confidence limits is

revealed (eth nic group White versus ethnic group lack. Written Expression).

(The remaining item plots are included in Appendix C.)

'Insert Table 6 and Table 7 about here
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Thp rea4ng subtest contained least
.
item invariance .for each ethnic group

comparison. The mathematics subtest also exhibited minimalltem invariance

despite the largest item difficulty ange among ththree subtexts (-2.339 to

4.298 logits).

Within the writing subtest, howeverr a single item did exh'bit an,unacceptable
4

degree of ;item invariance. This item plotted for ethnic group White versus

ethnic group Black outside of quality control lines, and thus represpaed the

detection of an item confounded by ethnic group calibration. The item,

identified as Item No. 481, calibrated at 1.327 logits difficulty and standard

error of .110 for ethnic grdlip Whiteand nearly twice as large at 2.50-logits'
/ .

pifficUlty and standard error of .048 for ethnic group Black.
A0 je

t , .

The large difference in item difficulty estimates between calibration b7
6 .

ethnic 4roup White and ethnic grolt Black and the resultant outlier characterist1C

onthe item plot punted to an inspection of the item wording. The item read

As follows( .
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is

Item No. 461

. Select the word or groups.,of words

S.

.

that correctly completes the sentence.

The grashoppers d our garden _
the vegetables.

A rs eat.in9

B. eats

C eat

doeS tat.

:

1
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-Curriculum experts examin d the items and surmised that 4
the correct

-0-
response.yeat) clay be conf ded by modest dialectical differences among

ethnic group Black examinees. ,Traditional item statistics Support this

supposition. As revealed by p: values, ethnic group. Black examinees missed

-the item much more often than did ethnic group White examinees,.and responsp

B(eats) was the most frequently selectedistractor by ethnic group Sleek. NOt
/

suhriringly4analysis of variance revealed 'that while between group variance

was large, Within group variance was very small. Yet/ in total group the item

'held a-high discrimination index (point biserial). Thus, in this study of

item bias detection, it-is likely that this pgrticular item may have been el

overlooked in a search for biased items using.traditional #tatistics; yet,

with the logistic response model of latett rain theory, this defective item

was detected and remoVedfrom the test. t l?
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