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. ’ ' . . Abstract -

. - P v . c . . ‘"

. . - ] "
This study discusses latent trait theory applications to test item bias
) ﬁtthodology. A real data set is used in describing the rational and

§

abplication of the Rasch probabalistic model item calibfations across various

ethnic group populations. The mathematics are given although their derivation
is not desgribed except when required for completeness. Usiné UCON estimation
procedures for item difficulties item plots for each ethnic gzoup by the ¢

- ~several tests available (Reading, Wrztten Expressxon, Mathematics) were -

- N

prepared. The def&vation of acceptable tolerqnce ‘limits is descrxbed and - .

applied to the clrrent data set wherein a bias item is revealed vV
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Unbiased student assessment on standardized tests currently in use is a
quest fraught with confusion, misunderstanding, and misinterpretation’;n the
current glass darkly debate over bias in mental testing‘ Issues raised are:
1} predictive validjity for children from minority group backgrounds’@my be
misrepresented hy the standardization and validation groups; 2) for’ internal

\

-

and eonstruct criteria of bias, statistical adjustments alone (viz., regression

techniques or ANOVAs regardless of how-sophisticated) neither is supgorted by
the empirical data available flor will kikely gain acceptance (outside of
psychometric debatel for administrative, political, and 1egaL argumehts, and,
3) as the cultural ethic changes from demands for equal opportunity'to .
expectations of undifferentiated outcomes the discussion of differential
validity and test bias will 1ike1y becomeimore heated. Any resolution of
these major pOints, of couxse, will hardly. exhaust the argument lef. Lord{,
1971; Jensen, 1980; Scheuneman, 1975); and‘ as Fincher (1975) points_out, the
attitude of the federa1 coufts to deal with the consequences of unrecognized
“or unapproached test item bias is itself g virtual enigma

, "Given the current contravertible environment of test bias, its detection
and correction, latent tral thoaology-—and.specifically, the logistic
response‘model--offers‘sqmé ppealing avenues for investigation: It is+the

intent of this study to further exploratidn of latent trait theory applications

to test item bias methodology. The technidues used, their rationale and

-

AY

utility as applied to the current data seg, is discussed. Detailéd explanations

of Tatent trait theory are described elsewhere (Hamhleton, 1978; Lord, 1968

Warm, 1978; Wright, +1979=)and_are not repeated here. . ‘

. * [ 3 *

It is.difficult to ignore the advantages latent trait theory offers over

traditional psychometric methods'in pursuing a fair consistent,'and workahle
definition and approach to. the detection and correctipn of test item bias in
widely used standar&ized tests. Of particular interest is the statistical
independence of persons ana test items. The separate estimation of these °

LE)
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parameters Jn the logistic response mpdel approach (and its matpematica.f " .
derivaté') provides an avenue to aveid diffzcﬁ%xes inherent in conventxonal . .

biased item detection techm.ques. yet, still satJ.sfied is the cr,1terJ.on of
a consistent definition of item bias.~ ) . . /; Tt

Scheuneman (1975). proposed a ‘hew operational definitjion which'we shal;l , C

adOpE as con,tajping sufficient rigor and accuracy for present purposes. "An_, |
itenm is considere& unbiased if for persons w:.th the same ability in the area v ‘ )
being measured, the probabi.lity of a- cokrect r05ponse on the J.tem is the same |
regardless of the population group n(emﬁership of the individual." 'I‘hJ.s ! . 1 ii
definition of bias is conSJ.stant with that used by Green and Draper (1972), , :
- and Pane and Weiss (1976) Scheuneman s definition describing the interaction '
of an exammee wi’th a particulax item provides a utJ.la.tarian way of detecting

item bias rfn the context of, but not dependent upon, exam:.nee pex formance. ~ -

|
P 5 i . . . . . " J

The problem initially is one Separating the parameters of persons'and N o
test items. ydhe 1atent ‘trait thedry does this neatly and s:.mply by praposing , i'
' '1.

|

|

.
.

.

\

‘. the model

~e

?
" ‘. - 5=%' - ' .‘ lln

where Y. P = probability of a correct response .

. . . O = probability of an incorrect response o .
‘e ‘ "\ a = person ability . { . J
A E = item dafficulty g . ’ |

and, sutracting the d'ifferen?e of logs from this _ratio ylelds: . .
PR ‘{ - P * . <., , . . .

-
-

i . / - i e . .
3 s ’ P\ 4 ¢ <o
. > ) 1“.(5) lna ~ 1n & . . .
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- - v,
are described elsewhere (e.g., Anderson, 1973, 1977: Baker,

L]

" __yhere a person (v) with a defined ability, '(Bv) interatts to an item (1) with I

- T .l. - * . 4
< ’ - ' -
L \ s . ¢ s .
| ifhen a set of data ,is’ applied to the mathematical derivates of the model

’Qhe statistxts are easily calculated. " The essential point for the present ~’

investigation is reﬁxized in.their latently additive propérty. Hence, item

dxfficulbf can be SEparated fr

mﬂasuremept contxnues on to descrxbe precxsely how person free item difficul-
TheSe calculations

person ability.

PR

ties arc estimated as well as item free person abilities.

are described elsewhere (e.g., Rasch, 1961; An - )
., .
) . "a - * 7

L
- - x

{ .

‘ .

1977; Hadbleton,

1978: Rasch, '1961; Ryan, n'.d.; Wright, 1977, 1979a, 1979b). _

4

[

'
- LI

To'-the Rasch model, however, 1n a and ln E are sxmply redefined as:

Item bia%"

The methodology of item-free

) , ) ' y \-
g = 1n «, and .
§=1n & {

L]
. Ll

SN - ' S . .
Hence,, thée derived eguation, éfpressed probabilistically, is
. - * : f

: Y . '
P{x,*1]8,,8 Jexp(B -8 )/[1+exp(B ~5,)] ‘
, 7 . 7 .

L' e
a calibrated difficulty (3) to produce a response X, . ,

4 /

3
This is the only-alternative to the models for a response curve which .

_.

allows for independent estimations of person ability and ite difficulty
"when the.estimators for B and 6 are derived by maximizing a

SayssRasch:

level aof 8
as : . LY N -' . ] ¢ ’ . ' "
‘.‘ r. ‘ " * ’ ' " - N
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Fith the logistic response model, at least three tests for validity are L.
required. Thgse are: 1) the dore\able a .person the better the chance fox ,

success on any particular item, 2) any person has a petter chance. of correctly L

b

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

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

. characteristic. . . . ,

.

.
-

- - . ~ . L]

.

The third criterion is critical'in test item bias methodology in that
Scheuneman's definition of a biased test item is satisfie§rand it implies tﬁe R
t

e -of the Jogistic
H

response. madel approach to biased item detection from traditional techniques.

notion of parameter indeperdence. . Herein lies the depar

The statistiés conventionally employed in the search for a b‘ased item are not

. revxews several of the commonly used biased item detection techny ques of
empirical evxdence of internal crfteria in test bias; and, Peterzon (n.d. )

.examinhes common arguments of bias 1in predictive validity. Each of the techniques
. and strategies discussed, nowever, is linkéd directly to the sample aﬁilit§
distribution. Tucker {1946) argues that this characteristic'is not one that
- . can enhance test rigor but actually may confound its own intentions. Wright ’ |
(1976) demonstrates the point by citing a terur-"sonata"--with high, discrimina- B ‘
tion indices and :Shculturally sKewed. , Thus, tne critigal_component of separate %
parameter estimat is not sud?essﬁully addressed by any of the.more

« +traditionally used biased ditem detection statistics. . AR

One fuxrther peoint is,important to note for the present investigation.
Latent trait theory and the logistic response model assumes local.item
independence._ That is the performance of any examinee on any particular test
4 item is.,an autonomous result of:the interaction of pupil ability and item
difficulty. The response by the examinee to that iten is not influenced by a
previous performance on any other, item in the test. Lord (1953) demonstrated )

-
"

+ the validity of thig assumption with a goodness—of -fit statistical test.

r v ’

[ ' *
.
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.Item Bias Study .-

The'present stddy of test item bias, was conducted in a large west coast- .
school disqrict and utilized a single "hi&h school graduation proficiency v .
examination. _The test itselﬁ_uas developed with items Selected from various .
recognized item banks along with a few new situation—apecific items’ﬁpcessitated

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

‘Rasch calibrated for goodness-of—fit of each to the model. Misfitting 3 ". . N

ambiquously worded items were discarded. The calibrations were conduc:§§\\

ucon estimation procedures. : : * ]
It is to be notkd that for the Rasch model calibration a single parameter .

. assumption was made. Rgdner {1977, l980b) is critical of this assumption bgcause

I
ab:ility in Rasch single parameter theory is based upon total score. Consequently, 3
the p'esence of biased items aggredated into a total score could yield spuripus 1
results. He recommends adoptibn of the three—parameter model as deyeloped by ° - . i
Birnbaum. . This study did not accept the suggestion of a three-parameter model i
Albert conceded that a degree of rigor is added by the increased concern of,an |
item discrimanation index and a pseudo guess;ng parameter. the increased T
complexity as we11 as added difficulty of interpretationlwere not warranted in 3
.the present. circumstance. ' ' 7 - "

- » -

The high school graduation proficiency test was comprised of three
subtests.‘ reading comprehension, writing mechanics, and mathemati"s A
writing sample is also a required portion of tha complete high school gradua— -
tion proficiency test but it was scored by a holistIc process and scores were N
,hot equated to Rasch scaling, and thus, it was excluded from the present study.

* For the subtests included,, all questions were dichotomously scored multiple-"
choice questions. The reading test contained 30 items, the writing mechanics . .
and mathematics tests had 35 each. Each subtest was treated 4independently of

all others and item difficulty invariance wag evaluated over each abflity .

group for Black and White ethnic groups. Item plots fbr each ethnic group
with a total?qroup (i.e., all ethnic groups combined) were also examined.,

* ’
. . » .
- ' M s A4
’ ’ L
* . r B .
. ’ .

" . .

v
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The Sample P_opulation N ’ J e < \ .

The sample population in the present appligat:.on of latent trait, theory
' ' to test item bias pethodoxogy include& 5,309 reading comprehens:.on tests,
. , 5,284 tests of written expressxon, and 5,780 .mathematics tests. By ethnic .
groups the.distribution was less equal numerically although sufficient, within
* each to yleld valid xesults. The ethnic group populations were: 1,042 White, .
\ 41 Black, and 16 373 total group (:anlud:mg all wWhites, all Blacks, and - ‘1

ler umdentlfled) . Table 2'presents these data as well as mean aba.la.ty and

standard 'deviation estimates for each ethnic groqp by subtest ) . N

- * LY -

L. . - -

. . T I A - - . i

. . Insext Table 3 about here
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. Ethnic Wrbup by Subtest: - ) T . + °
* ' * Number, Mean Ability, and Standard Déviation Ability e . )
i : . Y Ny . R
+ 1 » : L) — + -
fe T ¢ - Ethnic Source Group . : L .t
) L O : . , ’ * '
‘ Test ( White . Black Total
" - < 1 mbility:] © & AbLlity: T Ability:, - :
N\ N! xanda N | yando N 1 ®yands ., . .
- IR : T
Reading h. 308, © 2.19 3717, L4 5309 | l.21 ,
. i | ! {
L (30 1%fms) 4 ! . .86 :‘ .89 ; .96 . —
. .
. . 1 . " ) !
* . . l . l : - L] 2
. Written 384, -1.89 3557) . .68 5284 ,  .83° C
. Expression = [ e )
.| 135 items) [ L0S L9z, P - I
- * 1 .
r - ' : l
LY : o N
N ‘ v . l ‘ B . : ] "
Mathematics .‘350: 2.45 4167 1.25 , 5780. |  1.40 .
T BSdtems) {300 Pt 1,01 | ra2 -
! . ] . i : .
TOTAL 1042 - 11,441 1,6373 - - \% #
.J‘ - - L]

. e
*inclufies total White, total Black, and other unidentified

- - . [N
. > N ¢ . *
, - - .
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. IPem Pifficulty. Estimations

.

’Item Plots-

;

For the best calibratlon persons should be "about

. The sample person, abxlity dlstribution data were, compu

evenly distributed over

~ the range of 'scores around and ahove the center of the test (erght 1979ah

ted; and, as the data

reveal, scores are not symetrically distributed but negitxvely skewed around

and above a modol raw score of 22 to 25 in reading compﬁehen51on, 19 to 26

in wrltten expression, and 29 to 30 in mathematicss

J
Tnls result was

anticipated due to the nature of item content 5pecif1cat1ons for mlnxmal

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

from guite low o very high.”
subtest are included in Appendlx B.) ™~
v

/

i
The constructed item plots for each of the items:

(The frequency dxstrxbufzon tables for each

. .
L

2

on every subtest allow

inspectlon of the extent to which the item points conform to %he model

expectation of item difficulty invarxance.

¢

This 1nspectxon of item invariance

across differeut ethnic groups is a measure of the quallty of indjvidual items

: to be free from or contaminatéd by some degree of bias.

Each pair of calxbratxons apﬁlies to one, and only one, item, and of

course, two difficulties {d.. and 4 ) were derived.

il i2 .
item (811 and 512) was also computed.s Hence, only a single. translation is
necessary to establish an-origin coumon to both sets' @
Gi' . - ‘ )

Wright (1979a) gives the statistic 5Pr testing the

k4

d.. and d,... It is:

i1 i2

r

)

o

Standard errors for each

f items at any uifficulty.

»
-

‘w, .

estiﬁate of 61 by
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D1 is tha’Perieﬁ;ucular distance bet;ween the qu'a\lity control line and
2

-t}le identity line. . The formula (Sil + siz)‘f estimate@ the standa.z:d er; of the

. . |
v differenc.‘e betﬂreen the two independent estimates d:.]_\;nd half of this, or |
. '/[ (Sil )/2] , is the etror uhit perpendicu).ar 45 degree 'ident:.ty 1;.ne. T -
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Table 4 presepts the sa.mplé population groups by subtest upon which fit
statistics were computed " The. calibrations were UCON estimations. (Tech-
nically, last d:.fference change and comparisons w:.th PROX procedures were also

- .__1~ calculated. 'I’he tables for eath ethnic group By subtest are inciuded m .

2, ' Appendix A. ) Table, 5 displays the schema of study design in which the nine
‘ item plots were construtted. oo \ - _
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}A exa.minatxon of each of the nine J.tem plots mv,eals a remarkable degree
ﬁf item .i.nvar.i.ance fpr each of the items on all subtests. Two of the J.tem }

plots a¥e displayed: Table 6 presents the subtesk exhibiting the least 1tem A
invariance_(ethnic.group Black versus ethnic group motal. Math] and TaEIe .
7 displays the item plot wherein item invarianceZL i 1 ’

1

yond confidence limits is
revealed (etimic group White 5@rsus ethnic group

, 1

ack. Written Expressa.on)

{The remaining item {:Iots are included in Appendix C.) 4
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The reading subtest contained least” item invariance for each ethnic group 1
R . comparison. The mathema’tics subtest also exhibited minimal Xtem invariance t Y
_ despite the largest item aifficulty ange: a.mong the. three subtests (-2.339 to
.l 4 296 logits). . . , * s

N
" - ’ . - ™
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Within the writing sﬁbtest, however,. a single item did exhibit am unacceptable
degree ‘ot :i:te.m invariance. This item plotted for ethnic g'rouptWhite versus
ethnic group Black outside of quality control lines, and thus repres;ﬁt‘ed the

' detection of an item confounded hy ethnic group calibration The item,
identified asdItem No. 461, calibrated at 1. 327 logits difficulty and standard
error of .110 for e‘thnic grbup White and nearly twice ag large at 2,50 log&ts
’difficulty and standard error of .048 for ethnic group Black.

1

The larye difference in item difficulty estimates between calibrat:l.on by
ethaic droup White tand ethnic grqn.‘ Blaok and the resultant outlier charact;eristrc
* on.the item plot pbinted to an insPection of the item wording. The item read
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as follows: . ) -
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. -Curriculum experts examindd the items and surm;sed that the correct , ) :

. response -C teat ) imay be confdunded by modest~dla1ectica1 differences among

AR — _ we

ethnic group Black examinees. .Tradltional “item statistics Support this- 1 B
. supposition. As revealed by p- values, ethnic qroup. Black examinees missed '
-the dtem much more often than daid ethn1c group White examinees, .and responsp
B(eats) was the most frequently selected. distractor by ethnic group Black. Not
surLrizinglyg ana1y31s of variance revealed that while between group variance
. wae large, wi.thin group vari?nce was very small.‘ Yet, in total group the item
' “held a“Bigh discrimination index (point biserial). Thus, in this study of
item bias detection, 1t-i; 1ike1y that‘this;pgrticular item may have been "% |
overlooked in a eearch for biasedL}tems usihg treditionel $tatistics; yet, ,

with the logistic response moéel of lateht rale theory, this defective item
|

/

. was detected and removed-from the test. ‘ v

-
-
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