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ABSTRACT

|
Item bias, when present in a mu1t1p1e-cho1ce test, can be detected by

appropriate analyses of the persons x items’ scoring matrix. Five related
schemes fpr the statistical analysis of bias- were applied to 2 widely used,
primary skills multiplg-choice tes;VWhich,was administered in either its
English- or spanish-1anguage rérsioﬁwht each of the two levels, to 1259
students in bilingual educatipp programs. The results indicate that from

e-fifth to one-third of the 1t£ms in the tests show strong evidence of
bias, corroborated by a separate analysis of 11ngu1st1c and cultural sources

of bias for both the blased items and those items with no statistical

findings of bias.
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Intrdduction

. A systematic but unanticipated pattern of responses to a multiple -choice
test found for an entire group of test- takers is genera]iy regarded as '
evidence of bias. This interpretation_resuits from indications of one or
more qifferences between groups'on levels of knowledge and skill, or in
linguistic and cultural issues related to the use of 1anguage in the test.
However, the behavidrs of indiv1dua1 respondents have 1mportant consequences
for that 1nterpretatiop Nhether the respondent unerringly picks the correct

6
response, or successfully engages in elimination of 1ncorrect answers, or

guesses well, the observer scores the item “correct" and concludes that the
:student "knows" the required skills or material. The inference that the

| respondent "does not know" is made whether he/she guesses'incorrectly.
elimin;tes wrong choices badly, or chooses an attractive but incorrect
alternative. ~ .

. ~ Most’ 1ikely, phenomena Tooking like systematic patterns of bias in test
tems_are the results of complex interactions of these group and individual
tactors with one another and with certain properties of the test items.

What is required to make sense of the jssue of bias is analysis-of patterns
found in these combinations of performance. The multiplicity of possible

patterns suggests that the detection and interpretation of bias must be

cpnducted along several routes.

Goals of This Research

The first of two purposes of this paper is to investin~te analyses of
the persons X jtems scoring matrix of a test for the detection of item bias.
The persons x items scoring matrix contains a significant amount of 1nfor-

mation about the patterns of responses generated by a set of examinees.




Using a few geometrical and statistical considerations, the patterns of

'responses from” sebarate groups of examinees tested with the same instrument

‘ can be compared. If these patterns show that the test is not.measur1ng thi'
isame-thing -- skills competence, thinking abilities -- in homphrable groups,
if the groups are responding to different aspects of_ the test 1tems .or if ¥
cultura] agd/or linguistic issues take precedence, it may Be that the test

is biased.

%
J Y

B The second purpose of th1s paper is to study emp1m1ca11y the quest1on ’F o
of bias as shown by these several techniques in the context of a widely used
achievement test-the Comprehensive Tests of Basic Skills (CTBS), which has
been translated from Engl¥sh into Spanish. TheZEIaims made about “this :

1qstrument include the statement ‘that “the Spanish ‘language version represents

L 2%

a close -replicate of the English-language version with careful attention

having been exercised fn removing all forms of unintended bias. The pr:mary
task of this analysis is to ascertain the degree of comparability of the two
versions of the CTBS in the assessment of similar groups of children, and to

see if any bias remains. ' -

Related Literature

A substantial research literature has developed around the term "item

“bias" in the search for a single best'efl-purpose jndicator which always

. reveals bias whenever systematic discrepancies in performance between groups
are found. A large number of methods have been proposed and a large number
of studies conducted (cf. reviews in Berk, in p;Zss; Subkoviak, Mack, %
Ironson, 1981). Certain tests such as the Wechsler Intelligence Scale for
Children have been extensively investigated (cf. Sandoval, 1979). The range

of applications of the term "bias" fs quite brcad: studies have examined



sociocultural bias and the stereotyping of items and answers. cultural

: differences; and linguistic variations (cf. Jensen; 1980), construect -bias

| and the different aspects of performance tapped in different examinee groups
by the same_test (cf. Evel, 1975); and contextual bias and the misuse of tests

" with specific groups (cf. Williams, 1971). Occasionally the word is even

r used to mean a conscious preference on the part of the examinee (Hudson;1963),

Increasingly complex techniques have been set forth for the detection
of .bias in-items. Methods have been’ based on analysis of variance, trans-
,"fonmed {tem difficulties _factor techniques adausted chi SQuare procedures,
distractor analyses, "adverse impact" and item characteristic curves (Merz,
"1980; Petersen, 1980; Rudner,’Getson, & Knight, 1980). Many of these methods
are statist1c511y complex but, with the exception of the last, stat1st1ca11y

1ne1eqant (Hunter, 1975); unfortunately the most‘elegant solution, item

characteristic curve analysis, requires large numbers of items and respondents -

for ‘ts computation. Few of these approaches offer convincing or useful
explanations‘of why some items are bjased and others are not (Crowder, 1979).
Faced with the multiplicity of both the forms of itefi-bias and the’statistical
methods‘that have beegrput forward to detect such bias, one logical place

to begin.is to inquire about the nature of a test which is absolutely free

of bias.

P

An Unbiased Test

If a test could be created which fulfilled all of the requirenents of
a bias-free 1nstrument its items would a1l measure the same trait or ability
and be equally reliable and equally valid for all groups’ (Petersen 1680).
It would also show orderly variation in the relative difficulties of the

)
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items, and be responded to in an orderly. manner by-every individual. One -

" example of the outcome of this improm>o1e'creature is the familiar perfect

Guttman scale, in which persons are perfectly ordered by increments of skiJ] < ’,» -

3
level, and ucems within the test are-prefectly orderpd by 1ncrements of _

dif?%culty No higher-level item is mastered by any respondent until each

louer-level item is mastered;eguessing also plays no role. . The sequence of

-

successes and failures is highly deterministic.

L

Figure 1A represents a ten-item test with right/wrong scores for teni

-

respondents. These ten persons never successfully answered a more dif‘icult

1tem without first having succeeded on a less difficult item. An axis of '

L4

.performance can be drawn on the diagonal to separate all correct scores from
all_incorrect scores While the total p-value for the test is lower for

another group of ten personsltested on the same ten items, shown in Figure 1B,

L 4

the perfonnance patterns are parallel. Other thap.a main effect due to
groups, nowhere in either diagram is any 1nd1cation of a §ystemat1c un-

expected difference in e pattern of responses or bias 1n the test.

i
. ]

A SIAQUtly Biased Test

'l

A somewhat less artificial examp]e of test results from a multiple-

choice test is shown in Figure 2A; the score matrix of a hypothet cal ten-item

test has been sorted by both persons,'on ascending total score, and By i{tems,,
on‘ascending level of difficulty. Neither -rsons sor items is perfectly
ordered {n the sense used above, and guessiny of correct answers probably

contributes by. an unknown amount to the scores obtained. Not one but two

A ’8




'dividing lines are nou'required to seoarate the patterns of'performance in . EAN
\this—f_igure The first 1fne. a cumulative ogive representing student per-
’ formance. is drawn on the matrix based on the total correct score for every <
respondent. The second. representino problem difficulty, is drawn as a
cumulative,ogive based on item p-values Note that for a test which demon- s
strates exclusiyely random responding. the theoretical position of the student .
cugve_(s-curve) would be verticai, and of the prcblem curve (P-curve),
horizontal. . v

At this juncture we introduce a second set of data obtained from the . !
same hypothetical test. The "respondents” were slightly less capable on most

ftems but all other coqsiderations were held equal. A score matrix for the

same set of items as shown in Figure ZA but now with the second group of

examinees 1s shown in Figure 2B. The relative order of items is somewhat
changed because vof differing levels of difficulty; the second group'performs
less weli overal] than the first group Statistical di fferences between the
data “in Figures 2A and 28 should reflect overall item and group differences,
but because of the idealized symmetry between the two, there is little )
like}ihood that a statistical indicator of bias would prove significant An
initial analysis of these figures recommended by Jensen (1980) is a two factor
(group x items) nested analysis of variance. The.interpretation of a sig-‘
nificant groups effect, in the absence of other significant factors, is that

the groups behave symmetrically with respect to ordering of item difficulties

but that one group is consistently more capable across the trait being
'appraised*by this test. A significant difference on both the groups and items
factors plus a significant intera:tion between groups and items, together

suggest that the test items and examinee abilities in the two groups are




. hete.regenous.]‘ However, these firidi-ngs woulo' be quite insufficient to say
that the test ts biased (Hunter, 1975) and a’ddftionaliy, do not “account for

<, . t
S A, A

the contridution of guessing S

A second approach reconlhended by Je*ien (1986) for understanding the

. 'differences between the hw figures us,es the: phi coefficient which is the

correlation obtain'ed betueen the group response to a given item and tt'e same
' group's response to. any other item in the test Phi is a measure of joint
contingency. Jensen explains its use for analysis of ‘bias: .
Only if the two ftems have the same difficu‘lty...can phi be
- equal to 1.aTo determine the.intrinsic correlation (of the
items) free of the influences“in item difficulty, we must
divide the obtained phi by the.maximum value of phi-that

could possibly be obtmlned with the given marginal frequens
¢les. (p. 431). . = . ,

P
P

The ratio’ of phi to maximm Vaiue of phi 1% Asunmed over all possible pairs
of itefns for each group, and ‘then the ratios are compared. The null hypoth-
esis for this comparison is that the dtfference between the obtained sums
“is not different from ranoomesf , and'd‘tnus‘ there is no 'sy_stematic discrepancy

in group perfomance. In the artg;fie.iaié situation shown by the Guttman .
Qsc.aﬂle for both g‘roups in Figure 1, this test is necessarily nonsignificant.
For data which do not it the mandates iio‘f a per?’ect scale, the obtained'

value for the comparison of ratio sums increases as the discrepancy in overall

patterns of response by the two separate groups wi dens.2 While ‘the amount of

~

r

_ﬁlThe comparison of Figures- 2A and 28 yields oﬁ‘ly a significant difference on
the factor of items ?F(Q 162)813 98, p<.001).

ZFor the difference hetwéen Figures 2A and 2B, x2= 8.0222, p<.01,

1
Y " .
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) : . - s 'j Ac. P
.‘differénce be:ZLen'oroups ls gi;en by the analysls of variance and"phi, the a
nature of patterns of response to items is nat adequately explainegﬁ '

Only a-small number~of statistically-based analyses specifically deslgned
'-'_to study patterns of responding to multiple-choice tests have been proposed e
Tatsuoka (1981) and Harnts and L1nn"1981) have been workingson a norm
- conformity index and’pther paramet!rs whigh address each 1ndivt§uale per- T
»_formance in the context of patterns obtained<by all members of the group . N\ | K
Satq (lbéﬂ) deflnes an index of dispanity between actual and 1deal response - W
patterns which car be applted-to individuals or to 1tems To unravel the
problem of patterns, we now turn to Sato's system of .analysis of the persons 1/, o
- /

x ftems matrix. ,

- »

The S-P Method and Anatysis of the Person x.Items Matrix : , '

The key element in Sato's (1980) S-P method of analysis of test perfpr-,
mance is the doubly-ordered persons x 1tems matrix, with student curve (churve) e
and problem curve (P-curve) drawn in.. In J-pan this procedure is widely used '
in classrooms to obtain the characteristic performance of the set of examinees, ; ,’
which may be compared visyally to several'"standardﬁﬁcorVe*functions for
diagnostic purposes.’ 3 | J

Sato has developed an index of discrepancy to evaluate the degree to
which the §- and P curves do not conform either to one amother or to the .

Guttman scale, Except in the case of the perfectly ordered sets shown in

Y
ES

>

.
-
@

3Dlrect Tnterpfbtatﬁon—oletaNFscones,,persgn_scores and the amount of

discrepancy between the § and P curves is relatively easy to accomplish ‘

the same holds for item analysis, individual performance analysis, and

other symmary statistics within a group. In Japan, this system has been '
automatgd using a microcomputer (sato, Takeya’, Murata, Morimoto & . ) '
" “Chimura, 1981). i
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. s represented by Figure 1, the numerator will be 0.and thus D% will be 0s

LY

y Ft,gure"l, ther: s afways some degree of dviscrepa;ncy hetween curves, The

'mde?; is exp{ained as follouﬁi“ T LT . 9 /

.8 l%s’l .

D "H%IH where the denominator

...is the area between the S curve and the P curve in the given

S-P.chart for a group of N students who took n-problem’test and
' got an average problem-passing rate-p, and AB ( N, n, p) is the

area between the two curves as_modeled by cumulative binomial

c‘izggﬂbut;gr)\s with parameters N, n, and p, respectively (Sato,
. s Po . . ' . .

- * -

The denominator is a. function which expres‘ses a truly random pattern of
responses for' a test with a given number of subjects, given number of items,

gnd g'iven averégg.passir{g rate, while the numerator reflects the obtained

. paftern for thas. Eést. As the value of this ratio approaches 1.0, it por%rays

an increasiggly random paftern of responses. For the perfect Guttman scale .-

4

. l Indices of diﬁr‘e’pancy, wm‘ted for. eath of two groyp; of examinees,
ma}:n;:t be ‘statistically compqreﬁ because of differ:encesrin ‘ranking) of item
ai;ficulty, and/or compo;md &{ffe.m;\ces 1n‘responsé patterns to several
iftems. However, as 1ohg as ;che two D* va‘1ues obta1n_ed a;‘e' not equivaient,
it 18 an tv;dic‘at{on that somewhere thi;l the matrices Sre' one or more items

which are behaving dissimilarly acréss groups.

* } : - . .
_ . hnalysis 6f Respondents Above P. Curve . \

) Patterns of disi:‘ref)ant performance result from a mixture Aof- random -
behaviors and wioig choices, except for those items which are so easy that

no respondent .gets them wrong. Aside from the tauto1ogj that rejbondents .

1
'

b1n Figure/ZA,'D* = .253%; in Figure 28, D* =..3747, =

—
-~
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with less ahility are less tikely to answer a given item correctly, all
other things befng equal they are also likely to use chance responding. ‘
Analysis of those respondents who are unllkely to be answering randomly would
seem 2 likely means to understanding patterns and bias in items. To begin
constructlng a simple analytic solution to this problem, suppose we take a
single uncomplicated item from the S-P chart, and examine the pattern of
responses for only that portion of the same group of e§am1nees for whom the |
prediction of success is reaatively high, i.e., those above the P-curve.

These are the examinees who tended to score better overall, 'Specificallyf
respondents at the very top of this select subgroup are expected to have had

a finite but small probability of having guessed their way to success. Re-
spondents at the bottom o?lkhis select subgroup would have a finitely larger
probability, while those at the very bottom of the entire 5-P chart would be
Tikely to have a more random pattern.

If the selected item, however, is one for which no 1nd1v1dual within the
sample, no matter how skilled, is able to answer knowledgeably, the response
patternfamong'the select group of putative “"masters” should be random, and
should not differ from the response pattern of those examinees not included in
‘this subgroup For a four-choice item of this kind, the item's p-value should
be about .25, and the select subgroup of putatlve “nasters" would be correct
only 25% of the time. Figure 3 illustrates a pattern of responses for a
nearly random .item, in contrast with an item which is falrly well-fitted to the

24
skiils of a sec‘of respondents.

" The proportions of ”masters" who are indeed torrect can be compared

.betueenagroups,' With relatively uniform variances, the test of significant

L
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differ ace in independent proportions applied to this prohlem yields a z

score; a significant z score would be an indication of possible bias separate
frgm the dtfferehge in average passing rates for that item, %f any. A
coﬁbarison of nonuniform variances requires transforming the item difficulties
into standard score form, then testing the size of the difference following
Rudner, Getson and Knight, (1980). Within certain limits, an item which is
relatively easy for one group and relatively difficult for énother.may show

no bias in the proportions of "masters" who are correct because those indi-
viduals who place above the P qurvé all have the ability to answer that item
cbrrectlye/ However, on another item one of two groups may not be ‘academically
equipped, or may be prévented from réspond1ng by biases in %he test, curriculum,
_or culture; thus the proport19ns may differ, possibly by an amount sufficiently
large to be deemed significant. '

Analysis ofrD1stractors

One further analysis of the pctenfially biased item is to examine the
patterns of wrong answers made by the separate groups of respondents Within
the multiple-choice test format, differences between groups in the attrac-
tiveness of incor;ect responses signal that the item's wrong choices may be
differentially distracting. When a given item has attractive but incorrect
responses for one group, Goodman and Kruskal's Lambda indicates whetﬁer anothewr
group shares the same proportional pattern of selecting thése incorrect
responses (Veale & Forman, 1976). Lambda is an 1ndex of predictive associa-

tion, which shows "...how one is led to pred1ct d1fferent1a111»1n light of the

re1at10nsh1p . (Hayes, 1963 P. 610 italics original). . It is calculated for
a problem involving two groups by evaluat1ng the largest d1screpancy between

rates of responding to similar wrong choices:

-




AT \\A = Zn max.fik - max\f‘k

N-ﬂ)‘,ﬂx-f k

4
£
1

where max. fjk is the larger frequency of the two groups for a%y single wrong
chofce, and max.f k is the Targer marginal frequency of the two groups summed
across all wrong choiges. o
In Goodman and Kruskelfs Iambdafis appreciably above zero, the inter- °
pretation can be made that the’pattern of distraction is different for the
two groups. If the index is zero, eVen though the difficulty of the item and/or
the proportions who select a w;ong option may d%ffer-between the two groups, the
pattern of selecting the wrong answers is about the same. | ° -
Another check on the relative attractiveness of a wrong answer can be
made Dy counting the number Qf wrong answers which are chosen at least 10%
more often than the next most popular wrong answers. These particular wrong
_ choices constitute a- class of "popular distractors," each of which can be
studied further. The easiest comparison is between those items for which’
both groups picked the same popular distractor and those jtems for which both
groups picked different pdéular distractors. Note that in this latter case,
the computation of 1embda will always yield a nonzero value. |
A-series of ané]yses of item bias has been described, with special ﬁ
_attention paid to those comparisons premised on the persons x items scoring

.matrix: doubly sorted. The following sections describe the execution of these

analyses in the context of a multi-language achievement test.

/
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Instruments .
For a study of the poﬁcib1e bias irherent in a multi-language test,
two Tevels of the Comprehensive Tests of Pasic Skills (CTBS) published by
CTB/McGraw Hi11 (1974, 1978) were administered inm this study. Students in
grades 2 and 3 were given the CTBS Level C; participating fifth and sixth
. grade students took Level 2. CTBS-qnglish Level C is. designed for student%
in grades 1.6 to 2.9; CTBS-Spanﬂsh LeveI C is designed for students in grade
2. CTBS-English 1level 2 has a target population in grades 4.5 to 6.9; the
Spanish translation was designed for students in grades,S and 6. ;
The CTBS-English and CTBS-Spanish tests were selected for several |
reasons. Test content is roughly parallel. The CTBS-Spanish was the f1rst
test at CTB/McGraw'HiII to be subjected to a four-step editorial procedure )
designed to reduce test bias; 1nc1uded were studies of content .alidity,

application of editortal guidelines in item construction reviews for bias,

and separate ethnic group pilot studies with the test. In the translation of
the CTBS from English to Spanish, the test developers tried to keep the test 4 !
content and measurement feetures intact. This, of course, meant that 1n .

some cases.word-for-word translations were not possible. NevertheIess the

pub11shers‘s intent was to provide tests that are similar in rationale and in

the process/conteht classification scheme. Thus, both the English- and
Spanish-language versions used in this study purport to measure the following
objective: , '

1. the aljility to recognize or recaI1 1nformot1on

. the ability to translate rt concepts from one kind of
language (verdal or symbo1:2§ptgginother

T
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3. the ab{lity to comprehend concepts and their interrelationships
4. the ability to apply technfques, including performing cperations

5. Eh ability to<extend interpretation beyond stated information
CTBS, 1974/1978) j

Test length. test time, and administration procedures are exactly the

same for Engltsh and Spanish versfons of each test 1eve1.

Subjects

Five schoo] districts in the state of California participated in the
study. ' The total number!of pupils tested was 1259, representing 81 intact
classrooms. | ‘\‘;,,5' ' .

Classrooms were seJected to represent a wide range of program options.
The criterion for selection of sc@ool districts was that they had bilingual-
bicultural education programs funded by Tiyle VII. Potential participants
were identified from schools listed in thegcelifornia;State Department of
Education 1979 Bilingual Program Directory. From this 1ist, invitations
were sent to schools which had at least two classes at the same grade level

(grades one, two, five or six) having bilingual programs. Additionally,

-1nsfruction had to be delivered in self-contained, multisubject settings;

departmentalized or pull-out Pprograms were exc1uded

Analyses
Five statisticsfexplaineﬂ above were used to evaluate the data for every

{tem separately. Each use§ a minimum threshhold value, above which the result

~{s teken‘as an indication of possible bias in".the item. The analyses and“the?r

minimums can be summarized as follows:

a) Test of proportions of correct®scores: across groups, 2 difference
between %rans?ormaa p-values which generates a z>1.96;
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b) Test of proportions of correct scores for "masters": across groups,
. erence between proportions o those respondents Fbove the
P-curve who make errors, which generates a z>1.96;

" ¢) Test of chance responding by “masters":. within each group, a differeﬁce
betwesn the OBtafne% proportion of those passing the item and a
theoretical p-value of .25, which generates a z<1.96;

d) Test of differential attractiveness of wrong answers: 2 Goodman
and Kruskal’s Jambda computed on the proportions of incorrect answers

by choice within item, such that 1>0.0;

¥ e) Test of popular distractors: a wrong choice for an item attracting
g at Jeast 10% or more responses’ than the next most popular wrong
| , [chotce for that time. ' o

\
\
\

The number of items within each subtest by level, and the number of
students in each of two language groups who were included, arebshOWn at the
top of Table 1. Item P-values indicate that items ranged from modérately easy
to very difficult for both language groups, with an over;11 mean of somewhat

over half of the items correct. While in a few items the Span!sh-ianguage

. Insert Table 1 about here

group did better, without excgption the Spanish-lanbuage groups always scored

g lower Joverall on the subtests. Iﬁ’every instance the maximum p-values achieved
;——~—_mw-$byw;he:5nglish-language-groupsware-slightlyuhigher~than—the—cemparable—seores~—~v~«—w~—_——-
S for the Spanish language groups. Table 1 also ;hows for the correspon&}ng .

» number of students, the p-valﬁe needed for a siginficanf (p<.05) difference
from chance responding to an item. This figure is obtained by reversing the
usual computation for the test of {ndependent proportions, using z = 1.96 and
pchanéé=A.25. For all but one of the subtests, both language groups had one or
more items which appear to represent random choice of the correct answer.

Except for the Passage Comprehension subtegt at Level C, the Spanish-1language i




group appears to make random selections more often than the Englishilanguage
group, an assumption wnfch is further explored be]qy‘ ' A

— For purposesjof illustration, two analyses recommended by Jensen (1980)
were conducted on the subtest withlthe smallest number of items, Level C
Passage‘bomprehenston. The two-factor nested analysis of’variance for this \\\\
subtest shows a significant effect cue to the groups factor (F (1,650) = 54.91,
MSerror = 1,37) and a significant effect due to the interaction between
items and groups (F 17, 11050) = 2.61, MSerror = 0.43), The ratio of phi to
phi~max is higher for the English-language sample than for the Spanish-
I language sample (English mean ¢/¢-max = .8207; Spanish mean ¢/¢-max = 766

t (151) = 4.01, pe. 01). This brief set of findings indicates only that the -

language groups are not performing the same way as one another on the subtest.

It seems that the Sapnish-language sample may have had more difficulty with ]
some items than did their English-language counterparts. No further detail
can be learned from these analyses, and they are not'used in the study of .
"the remaining subtests.

The S-P charts were drafted for each ‘subtest by 1anguage group for a

“total of eight complete charts. The index of discrepanc¥ D* is presented in -
~—the last row of Table 1. The fact that the D* values are higher for the

u

Spanish-language groups suggests that they engaged in patterns closer to L
chance Fesponding more often than did English- 1anguage groups While the ’
differences between pairs of D* values are large for the Passage’ Comprehension
subtest at both level C and level 2, these values cannot be compared further,
The specific 'reasons why the Spanish-language versions generate larger D*
values can onl, be made evident with further analyses

Results from the set of five analyses which together provide sufficient




evidence of patterns of discrepant performance are presented beion and in

Table 2. The tahle shows percentages of items for each of the four subtests

in this study which exceed a critical minimum on each of the five analyses.

-

Test of proportions of correct scores, The first of the concise set :

of analyses is the test of proportions, which is applicable to percentages

" of correct answers expressed in standard score form, for both groups on eeEh

" {tem of each subtest. The first two raws of Table 2 show the percent of I

items favoring the English- or Spanish-language groups. Six out of every

“ten items in the Vocabuiary subtests show significant differences between

......................... -

riere

groups;‘in a—majority of instences the higher group is always the Engiish-

ianguage group * Half of the items in the Passage Comprehehsion subtest at

Level C ‘show a significant difference and over tnree-quarters of the items in
that subtest at Level 2 show a significant difference, in no,instance are the .
Spanish-language groups ahead of their English-language counterparts.

Test of proportions of correct scores for "masters". Both the second

and third analyses in this set are based on the seiective sample of "masters”,
those students whose overaii scoring position places them above the P-curve
for each item. By evaluating the proportions of correct scores for those
members of the ianguage groups, a list of statistieeiiy signifioant discrep-
ancies between "masters" is generated: The third and fourth rows of Table 2
shou the percent of items within subtest for which the success- rate among
"masters" is significantiy higher for the £iglish-language or Spanish-
language groups. The Passage Comprehension subtests at both levels appear

to have different rates at which the “masters” are able to avoid the wrong

" answer; in ‘the majority of instaneéiﬁthe rate 1s higher for the Engiish-

language groups. In the Passage Comprehension subtests, the rate is uniformiy

] -
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higher for the English-language groups. S
Test of chance responding by "mastere". How ‘often the sampless of

"masters" are not able to choose the correct response at a rate better than .
~chance forms a third part of the analysis. . The fifth and sixth rows of Table 2.
shou that for the Level C subtests no {tems are found.for*ﬂhich either group

resporided randomly. However, for Level 2, a small number of items in both
subtests elicited chance responding by “masterg“. These items-appear to be

S0 c_ﬁfftcmt that not even the better students could knowledgea’bly sefect the
correct responSE. :I;he Spanish-1anguage gro::p has a fuch larger number of

chance respohses among "masters" than the EngHsh-1a‘ngua’ge groups on the ..

Level. 2 Passage Comprehension subtest. w

Test of differential attractiveness of wrong answers, The fourth

analysis in this sequence is the analysiis of d1fferentia1 patterns of" 1n-
correct responses. QOodman and Kruskal's lambda was calculated for each ~°
item.~using a 2 x 3 table of groups by ingorrect response rates, Values
ranged from 0.0 to .23, with a median of 0 Lambda will be 0 for any 2 x 3
table of proporti ons for which both groups are attracted to the same re- “
. Coe sponse, even 1f the actua1 dimensions orfﬁthose attract1 ons differ drasticaﬂy. N
| * As there 1s no exact test of significance, any nonzero lambda was cons1dered N
to be an indicator of possible bias. The seventh row of Table 2 shows the
* percentage of items within each subtest for which a nonzero lambda was found.
The ratﬁ\Ksuch ftems to the number of items within subtest ranges from
' }4@0 1:2, 'suggesting that, when wrong answers were selected the two 1an-
guaEe ~group?sh:it\ew\kehaved very differently. )

Test of popular d*stractors. The concluding analysis in this series

asks whether there are any Fan're_ct énoices which were sufficiently




attractive to bqvclassed as popular distractors. In the final rows of
Table 2 are shown the percentage of jtems which meet th; 1%-or-greater
criterion for theEEnglish-lapguage groups, the Sp;nish¢1anguage groups, and
jointly across grogpé. Except in Passage Comprehension at Level 2, the
Spanish-language gf§up's results sho& more items with popular distractors
than the English-language gfohp. Percent jdint overlap is of particular
interest, since that value gives another indication of*the uniformity of
behaviors across language groups when selecting incor;;Et responses. In

the subtests 1in th1s study, the joint overlap of pcpular distractors is very
small, suggesting aga1n that,many items of the English vers1on of the test

and the Spanish trans]atnon may not be as comparable as the test desigmers

intended. C o o WS

The degree of overlap between the five analyses in terms of the number

of positive findings for each subtest is shown in fap1e~3. The percentage of

P TR PO T EE B BB ®®®

items for which none o7 the preceding analyses show evidence of bias is
remarkable gﬁail. Level C Passage Comprehension, for example, has on1y_a
single item which never shows a difference between the language groups. Over

half of the items in that subtest have at least two positive fihdings, and

_four of the items have three positive findings. Table 3 shows that the per-

,centage of items for which three, four, or five out of five statistical

indicators yfeld positive results varies from about one-fifth to about two-

fifths of the iteﬁs w1thiq eqch subtest.

Content Analysis’

On the basis of the precédinb evidence from the statistical approach to '




bias detection in the CTBS, thosel items uhich~showed}Tgreement of three or

more indicators were subjected to a careful analysis of item content, The

e

' contgﬁt analysis was a search for possible linguistic, curricular, and/or
~Eﬁ]tura1 reasons yhtch might expldiq‘differentfal performance between language
groups. This portion of the study was uqdertaken by an educational- researcher
: fiuent jn,bdth English and Spanish, who made extensive reference to the

curricular materials used by the stu&ents,in the sample, and ccnsulted with «

7/

native speakers of various dia]eétsﬁin making an appraisal. Five categories
§"' fﬁere tabulated as possible squrces of influence which item content might
exert on the different language .groups:

a) Mistranslation: the meaning and/ar grammatical form of a key word
<«-——n~~——~~erfphrase—with%ﬂ-the—%%emﬂuas-tfans1ated-frem»theﬁEngiishverigina¥
in a manner which is an incorrect or inappropriate use of the
Spanish language;

b) Cultural bias: some key word or phrase within the item requires
familiarity with objects, behaviors, or values which dre not
normally found in the Spanish and Latino cultures, or which may
have very different interpretations; ’

¢) Linguistic¢ bias: some key word or phrase within the. jtem requires
fami1{arity with an 1diomatic expression or verbal allusions which,
.- hecause of innate differences in language, do no translate well;

d) Low frequency word bias: some key word or phrase within the item
is not fourd, or rarely found, in the basal readers used for
{nstructfon by the students in our sample.
) Unfamiliar context bias: some key word or phrase within the item
appears in a context whichk fs quite different from that found for
. the word or phrase in the basal readers used for instruction.
An example of item content judged to bias respondents'is shown by item
number 29 of the level C Vocabulary subtest, an item for which all statistical
indfcators point to possible trouble. - Item 29 (rated as category ¢, 1inguis-

tic bias) requires the student to select a synonym for "happy". The English-
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language version of the test yiéﬁded respontesﬁwnichfappgar'significant1x
disadvantaged on this particular iten While the cornect optign for thi§ item
~in the Spanishrlanguage "ersion /alegre/., was se]ected 60% of “the time by ou;
sample, the correct opt1on 1n the Engl1sh 1anguage version / gay/, was selected

only by 13% of the sample. The Engl1sh-1anguage respondents instead split

) their se]ectlon equa]]y ‘between two of the remaining qptiows .Only one other

item in the ent1re test set received as strong a reJ6ct1on‘ suggesting that
among second and third graders, the slang ‘English- 1anguage meaning for 'day’
has not only rendered it use1e$s as a synonym for 'happy' but has given it a
strong p;jorativerf1avor as well.

_Table 4 shows data for items in each of the four subtests for which the

content analysis identified probable sources of bias.  The entries in the table

]

Insert Table 4 about here

-------- - D - . - -

-

represent tabulations-of the content anzlysis categories for those items on
each subtest which have three or more statistical indicators. For the Level

C Vocabulary ‘subtest, twelve items_have at|least three statistica] 1nd1cators, _
nine of those twelve show evidence of linguistic bias, and five of the nine
show evidence from an- additional category of content bias as well. Three of
the Tour jtems from the Level C Passage COmprehension subtest fit at least one
of the categories of content bias, two of ‘them with mu1t1p1e indicators. Only
four out of nineteen on the Level 2 Vocabulary subtest items with three or

more Statistical indicators do not have oStensible problems as shown by the
content anatysis procedure. 0; twenty-one items in the Level 2 Passage ‘//
. Cqmprehension subtest with three or more 1nd1cators only three cannot be

corroborated by the analysis ‘of content. None of the items in any subtest

t
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which had.ﬁo statistical ingicators of hias were found to have any congént ‘
indicators of bias. |

Table 5 presents a summary of subtest performance bﬂ'group when thosei '
items -for which three or morg statistical in&icétors turn up positive are l

excluded. In three of the four subtests, the adjusted scores of the Spanish-

anseacaaacwsearanaaaacamaess

Insert Table 5 about here

1anguag; groups move c1osef§to their English-language counterparts. A»

substantia] difference remaians', however, bei:ween scores for the Passage =
Comprehension subtest at Level 2. The gain from initial td’adjusted group

mean by the Sganish-language group is quite insufficient to raise that value -
to the-level of tﬁe,Eng1ish-1aﬁguage grbup. The Edjué;ed minimum p-Jﬁ1ues

achieved by both groups move upward but the Eng1ish;1anguage group pulls

ahead noticeably.

DISCUSSION

~ Five relatively simple analyses have been -presented whicé point to five
r;1ated considerations in the search for bias. These are (a) overall group
differences and their direction, (b) differences in performance by a select g' X
subsamp1e of "better respondents;wit?in groups, (c) diFferences ffoh chance

responding by those-subsamples, (d) differences between groups in the se- .

Tectfon of wgfng answers, and (é) degree of distraction provided by wrong- -
item choices. The first of these follows the well-known Anghoff deltas

procedure (Anghoff, 1972), without fesort{ng to the arbitrary use of résc;1ing,
which simply serves for added convenience. The secoqd anq third analyses

make use of the select subsahp1e of putative "masters", }hose student;'within

each group whose overall performances place them above the P-curve; these

-0




appnoaches are extensions of the work'of sato (1980} and colieabues The
fourth and fifth- procedures examine the bias question by studying those pacts
of: the multiple-ch01ce item which are usually excluded from stuQx in a :
right—wrong scoring context (cf. Ppwell & Isbister 1974) ; T \\ h

For purposes of this paper, the five procedures are considered‘301ntiy,
with equal weights. Interpretations of bias’ are confirmed in the ¢lear ’majority
of cases where the Joint indication of three or<more statistics is found for

o

an -item. Certain problems remain to be solved{ however, and thereforessome

-

conditions must be placed on the use of this set-sf approaches to ‘the de-

tection of item bias. It is clear, for example/ that the first index, because j

it is based on proportion of correct items, is to be used with'%aution.
"proportions of correct answers in a group of examinees is not really a measure
of item qifficulty* ‘This proportion describes -not only the test 1tem but

also the group tested" (Lord, 1980, p. 35).. Indeed, throughout it must be .

remembéred that the results of this study are descriptive of this sample only,

‘and no external ¢riteria are available to evaluate comparability aéross language

groups by grade - ; ¥

A second objection is that the psychometric properties of the CTBS items
are only partially expresses. by- reliance on p-values and the S-P chart, which
at its core relies on the index bf item difficulty.  Thus, the conclusions - e
drawn from work with that chart are only as good as the strength of the item
difficulty metric. In addition, the S-P chart suffers from other metric
problems., The first is that the doubly- -sorted persons x items matrix treats
data, in part, as interval rather than continuous@data.~ Thus, for instance,,

‘subtle gradations of difficulty may be given the same credence as larger

differences in the case where p-values are nonuniformly distributed.

- © S
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Anaidgously, noniinear distributions of total performance scores may contri-

L 0 .
'MoreOVer, as the $-P chart approaches randomness and its index of discrep-

g violations of which bear rather unclear consequences. Related problems

" rection for guessing does not seem feasible (Choppin, 1974). Yet assump-

" ble to the least capable person, the contribution of guessing ‘on any .tem

bute in unknown ways to ‘the -use made of ranking information regarding respon-

dents: ‘the patterns may not be as smooth as the chart makes them appear.

ancy, DN approaches 1.0, increasingly complex but hidden interactions be-
tween the properties of the items in the test and the attributes of the sam-
ple are ]ikeiy. Thus, the second and third statistics in the analytic set’

depend upon certain assumptions about the nature- of performance patterns,

appear in item characteristic curve analysis (Linn Levine, Hasting, Wardrop,
1980), and in the “adverse impact" approach (Merz, 1980) .
A third objection to the procedures used in this study “centers on issues

of quessing. In the absence of an externally valid explicit criterion, cor-

tions about thefoccurence and distribution of guess1ng affect all aspects 4. _
‘of the analysis, particularly statistics which’address incqrrect responses.
Volitionai bias, quite Jikely contributing to the anomalous response by the
English- language group to item 29 on the Level C Vocabulary subtest, is no-
where adequateiy cons1dhred How much of a\role guesSing plays is not we11‘1
treated by the assumpfion. that chance respondq?g is represented by p = .25."
In the very iikely event ‘that some members of any group will engage in guess-
ing some ovhthe time on"some items’, oniy ‘the most general and simplistic
conclusions can be,drawn from the data prefanted here. Qne problem of par- . '
ticular note is the strong poss1b11ity that guessing aSSumes a gradient

distribution within the person. x ite matrix. That is, from the most capa-

may move from relatively low probability to reiativeiy high probability,
thus potentially interfering with diagnosis of problems inherent ' ;

LSRR ———
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in the item. But such diagnocis lies at the heart of the effort to decipher

and describe item bias. Until the gradient problem is separated from the

bias. problem, only partiaily satisfactory conclusions can be drawn about either.

On the positive 51de, the ‘high level of match between content ana]ysis
and the aggregate of statistica] evidence suggests that this simple approach

-to bias detection may have as much viability as more;laborious and unwieldy

procedures. The ease of computations and interpretations, and the pars imony

of explanation are also favorable points (Merz, 1980). While some attempt

is made in the preceding pages to demonstrate the use of multiple 1nd1cators, :
more possibilities can be pursued w1th1n this framework. . The explanatory

pdher of the five;part'procedure appears to exceed that offered by anatysis

of variance or phi/phi-max, and the assumptions required abeut the configura-

- tion of. persons and items are fewer in number ;han those required by the modi-

\:

fied chi-squarewanalyses wh1ch recently have been challenged as inadequate

{Marascuito and Slaughter, in press)

‘ Comparison of the present set of results with those of more complex
analytic procedures conducted on the same data set awaits further study.
HoweVer, unlike the results reported uy Linn Levine, Hastings and War-
drop (1981), in which item characteristic curve analyses for a hypothetical
data' set "...did not lend themselves ‘to making generalizations about

features of 1tems .* (p. 38), the findings of the present study suggest at

h]east one 7onc1ud1ng observation. Many S1gna1s point to a primary conclu-

sion that/a nunber of items in the English-language and Spanish- 1anguage
versions of the CTBS do not seem to be comparab1e Across a Spectrum

of 1ndﬁcators the Spanish-language groups regularly produced lower seores.
In three gf four subtests, removing those items for which three or more

statistical indicators pointed to difficulty gave adjusted g
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scores which were very similar between groups. In the fourth subtest,

that correction did not yield significant improvement, suggesting that the

“Spanish-Tanguage sampie at grade 6-may be- disadvantaged in- some- r;s pect .

unrelated to the CTBS itself.
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= o . fable1 - - ;
é _ Summary of Performance by Subtest by Group’
- Suitest level C Level 2 , -
z , )
Vocabulary Passage Vocabulary Passane E
Comprehension = - Comprehension E
Group English Spanish English Spanish English Spanish  English Spanish
n items 33 18 40 45 e
N students - k T f ;
E . responding . 364 286 363 280 378 231 377 203 e
F value 6570 .6212  .6254  .5924  .5509  .4302  .5225  .3832 :
- s.d. + 1619 .1775 .0874  .1139 1473 .1506  .1254  .1022
- maximu p —4:$5¥P»~-JEVRP- - 7356~ - <7128 8568 "77662"‘"’.7507’”’TI63ZI'—'_“_""_“;_
i minimem p  .1395 1538 4826  .4088  .2892 .2078  .2d66  .1272 '
- minfmum re- ‘ o .
’ quirad p b . : “ A
greater than .2$69 .3033 .2970 .3039 . 2960 .3096 .2961 J3138
chance res- \ . - .
ponding .
¥
n items less . _
than minimum 2 0 c . 1 1 2 1
required p | )
/ . - .
index of dis- .34b8 .3568 .2353 .4690 .4416 .4980 .4741 .65288
crepancy D* \ . .
VR |
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1
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- TABLE 2

o

- " percentage of Items Exceedin
Critical Minimums in Five Analyses

-

-

“

?

Subtest "~ Level C Level 2
: Passage Passage
Vocabulary Corpichension Vocahulary |Corprehansion
Analysis ‘
a) Test of proportions
of correct scores
Friglish significantly 45% 805 55% 76%
higher
Spanish significantly 18% 03 8% 0%
higher -
" s &
b) Test of proportions of .
correct scores for |
"masters" ; i i
English significantly  33% ’ 44% 40% 60%
higher
Spanish significantly 22% 0 5% 0%
higher - -
c) Test of chance responding
* by "masters” -
in English | 0% 0:: 3% 7%
in Spanish & 0% 03 3% 16%
d) Test of differential ,
attractiveness of wrong ‘ ) -
answers between groups 36% 50: 437 27%
e) Yest of popular
distractors .
in English ) 9% 114 13% 29%
in Spanish 30% 174 30% 24%
Overlap between groups 6% 0% 10% 13%
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Subtest

o indicators
One indicator
Two indicators

Three indicators

Four indicators

Five indicators

TABLE 3

Percent of Items Showing Statistical

Indicators of Differential Performance -

Level‘C

Passage

Vocabulary Comprehznsion

9%
33%
214
275

¢
2

1

6%
39%
33%

22% .

0%

0%

Level 2
Passage
Vocebulary Comprehension

23% 4%
18% 20%
18% 60%

33% 3?%
A "E
0% 0%




TABLE 4 : ~ !

.
]

 Sources of Content Bias for Items with Three or More Statistical R

i9fi Tndicators of Differential Performance, by Subtest s o

e i b
. .
g

Key: ai test of proportions "~ 1) mistranslation

) b) test of proportions of correct scores for “masters® 2) cultural difference .
: c) test of chance responding by “"masters"” 3) linguistic difference .
‘ d; test of differential attractiveness of wrong answers .4) low frequency word or phrase
: - ¢) test of popular distractors - ~5)-unfamiliar context for word or phrase
Level C Vocabulary Level C Passage Coﬁbrehension "Level 2 Vocabulgry - Level 2 Passage Comprehension
. iten2ab e 4 itemlab d ; - jtenlab d ; 2 item1-ab -e; 1
< %ab d ;. 3 4ab e 1 3 6ab e 1 3 2 ab e -
BN 7a de; 23 6a ~ de; 2 g8ab d ; - 3 ab de;1l 3 ‘
12ab. e 3 .7ab d; 234 9ab e 34 . 7 ab d; _ 45
4ab e 4 _ llab e 12 9 a c e 4 N
. thabce ¥ - T T . 22ab de; 15 a de 5§ ’
. 16 a b e; 3°5 . 13ab e; 123 . 17 ab ey 2 i
20 b de; 23 T i5ab :e; 2 18 abc . e; 45
.7 23a - de; 2 4 T 9abc e 1 3 21 ab d ; 45
29abcde; 3 " ‘ 20ab de; - 22 ab d ; - 45
~ ab de;-23 . : 23a de; 2° " 24 abcd ; -
RZab e 3 R S 25abcde; 12 25 abcd ; 3 77
’ %abc e - 28 abc el -
32 cde; 1 29 a ¢ el .
3a cd ; - _ M a de; 45 =
. . 35.abc e; 4 3% abec 3 - P
1 3 bc e 3 :37 bcd ; 2 :
' Yabcd ; 3 38 abc e 2 ° :
0ab d; 3 39 abc .e; 45 i

a
a
a
a
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. e TABLE 5 S

[ s

Revised 5“””‘%* of Performance by Subtest roup, Deleting’ LT
s tems w ree or More otatistical Indicators N
1 -
¢  Subtest . Level C - , Level 2 T
- Passage ' " Passage
; Yocabulary Comprehension Vocabulary . Comprehension

Group Enqlish Spanish English Spanish English Spanish English Spanish s
i E

li
adjusted

n® items . 3 14 . 21 24
adjusted . - - .
mean .6804 .6606 .6216 .6061 .5818 .5322 .5431 .4067
g . changé from 4 , . E
. origin: .0234 .0394 7.0038 0137 .0219 .1020 .1230 .0969 =
: adjusted ; . -
= s.d. , .1298 .1502 .0936 .1039 .1418 1476 .0206 .0235
- adjusted - ’ L
maximum .8571 .8542 .7356 .7128 .8568 .7662 . 7507 .5707
adjusted ' ~
-minimum .4104 .3004 .4826 .4343 .3344 .3005 .2366 1272




Figure Captions
Figynes 1A and 18

1A) Perfect Gutman scale for a hypothetical
ten-item test scored right (1) and wrong (0)

uniformly ordered, by total correct score and level of difficulty, re-
spectively. fect Gut
" lower overall performance.

Persons and items are,
18) Perfect Gutman scale, showing uniform ordering with

JFigures 2A and 28

2A) Hypothetical score matrix for a ten-item
test sorted by respondents on descending total score and by items on
ascending level of difficulty.

S{ and P-curves reflect cumulative ogives
of performance, and lead to an appraisal of the charactenstic perform-

ance of the group. 1B) Hypotheticﬂ score matrix for the same tgst with
a different grpup, again sorted by respondents and items.

%v

Figure 3:° Hypothetical patterns of response to two items by ten
persons, showing a poorly-fitted and a better-fitted item.
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