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A Btudy of Item Bias, Usiﬁg Ttem Characteristic CurveeThéGryi
Frederi¢ M. lord
Educational Testing Service
Princeton, Wew Jersey 08540, U.S.A.

I am going to report on a study »f bias in tesl items. The study
compares data from about 2250 whites with data from an equal number of
blacks. Both groups are about 4l percent male. The test administered
is an 85-item verbal test used for college admissions--the Verbal Section
of the April 1975 SehalastievAptituie Test of the College Entrance
Examination Board. There ére four kinds of verbal items in the test:
verbal analogies, antonyms, word meaning, and reading comprehension.

Does this test measure the same thing for blacks as it does for
whites? Are there Soﬁe itema that should be rémoved from the test so
that the remaining items will measure appropriately in both groups? These
are the questions that we are trying to answver. |

Thé general plan and design vathg study was developed Ey Gary Marco,
Director, Statistical Analysis, College Board Programs Division, at
Educational Testing Service. Marco will be the senior author of the
final report of this study. The study is partially supported by the
CEEB- Eéfgfélgiving more details, I will talk about certain previous
agpzaachés to the study of item bias, also about item characteristic
curve theory; upon which the present study is based.

| Figure 1 plots item difficulty for blacks against item difficulty for
3hites. For the present, I use the term 'item difficulty' to refer to the
prapérticn of correct answers given to an item. The data used to obtain
Figure 1 are the same data a;réady described. The 85 crosses in the

figure represent the 85 items in the verbal test. Items falling along
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the dashed line in the figure are items that are as easy for btlacks us
for whites. TItems below this line are easier for whites. The solid
oblique line is a straight line fitted to the scatter of points. The

golid line differs from the dashed line because whites séafe higher on

the test than blacks. If all the items fell directly on the solid line, we

3 __

could say that the items are all equally bimsed; or, conceivably, equally
unbiased.

It has been customary to look at the scatter of items about the solid
line and to pick out the items lying relétively far from the line and
consider éhem as atypical and undesirable. In the middle Df.Figﬁre 1
there 1s one item lying far below the line thaﬁ appears to be strongly
biased in favor of whites; also another item far sbove the line that

favors blacks much more than other items. A common judgment would be

"In Figure 1 the standard error of a single proportion is about .01,
or less. Thus most of the scattering of points is not attributable to
sampling fluctuations. Unfortunately, the failure to fall along a

straight line is not necessarily attributable to differences among items

in hias-. This is tTuEAfDT six different reasons, which I will discuss
next.,

In the first plaee; we should expect the scatter in Pigure 1 to fall
along é curved line, not a straight line. Logically, the curved line must

pass through the points (0,0) and (1,1). If the groups performed equally

¥
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well on the test, the points could fall along the dashed line; but since
one group performs better than the other, most of the points must lie
to one side of the dashed line and the relati@nship must be curved.

Careful studies attempt to avoid this curvature by transforming the
proportions. If en analysis of variance is to be done, the conventional
tranéfﬁrmatién is .the arcsine transformation. The real purpose of the
arceine transformation is to equalize sampling VEI%EQQE- Wﬁatever
effect it may have in straightening the line of rel§£ionship is purely
inecidental. '

The transformation usually used to straighten the line of relationship
ig the inverse normal transformation. The pr@p@rtién of correct answers
is replaced by the relative deviate that would cut off the same proportion
of tha area under the standard normal curve. The result of this trans-
formation is shown in-Figure 2. Indeed, the points in Figure 2 fall-abaut
a line that is more nearly straight than was the case in Figure l.

Unfortunately, there are thearetical abjectians to the inverse narmal
transformation. Suppose that the test were to contain several items
so difficult that everyone simply guessed at random on these items. Since
the items here are five-choice items, the proportions of correct answers
for bcth.blacks and whites would be .20. This means that the curve in
Figure 2 should pass through the point (-1.84, -1.8%). It again appears
that when there is guessing, the points in Flgure 2 cannot be expected to
fall étrigtly along a straight line unless the two groups perform cqually

well on the test.
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Next, there is a reason why the items cannot be expected all to
fall along a single cur;ﬁg If items at one level of discriminating
power fall along a certain curve, then items at a different level of
&iscrimina;ing pover will fall alang!a different curve. The reason is thet
the more discriminating items would produce more difference between blacks

and whites than would the less discriminating items.

This last leads to the startling conclusion that the proportion

of correct answers really is not a measute of item difficulty! Let me

come back to this point in a moment.
Figure 3 shows some typical item characteristic curves. The scale

along the baseline represents the ability of the examinee. The item

characteristic curve shows the probability of a correct answer as a
function of examinee ability. The general shape of the curve follows
naturally from the fact that success on the item tends to increase with
ability, but the probability of success can never exceed 1.0, nor fall
below O. Such curves typically have one point of inflection.

In item characteristic curve theory it is usually assumed that such

curves can be defined by three item parameters. The item difficulty b

represents the ability level corresponding to the point of infléctiani
When there is no guessing, b is the ability level at which the eiaminée
has a 50 percent chance of answering the item correctly. Thé;higher the
value of b , the more difficult the item. |

The slope at the inflection point 1s proportional to the item param-
eter .a , which represents the discriminating power of the item. When
there is no guessing, the slope at the point of inflection under a,

commonly used model is simply a/vVZx .
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The item parsmeter ¢ represents the prcbability of success for
examinees of infinitely low ability. Thus ¢ defines the lower asymptote

of the item charascteristic curve. It is nonzero whenever examinees can

less than the

]

guess the correct answer. Typically, but not always, c- i
chance level that would be éﬂhieved by an examinee guessing at random.

The reason is that test ievélaﬁers spend much effort and ingenuity-
providing attractive distractors to the items, with the result that
pegPle who do not know the answer typically do less well thanuif they

had chosen their responses ét raﬁiam;

Figure 4 shows two rather different item characteristic curves; in-
verted .on the baseline are the distributions éf ability for two different
groups of examinees. TFirst of all you should note: The item dif- |
ficulty b should be the same regardless of the group from which it is
determined; the ability required for a certain level of §erformanaexby
an individuel does not depend on the sbility distribution of other people
in some gréuﬁg Tﬁg game holds true for the slope =& at the inf;éctign

point, and for the lower asymptote c¢ . This invariance is the outstanding

In principle, within reasonable limits, the parameters should stay the
game regéréless of the group tested. '

Now please.note carefully the following. In group A , item 1 is
answered correctly léés often than item 2. 1In group B , the opposite
occurs. If wé use the proportion of correct answers as a measure of item
difficulty, we find that item 1 is easier thah item 2 for one group, but

harder than 2 for the other group. It is for this reason that I assert

7

.advantage of the item parameters used in item characteristic curve theory. — .
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that proportion of g@rrecﬁ answers in a group of examinees is not a measure
of item diffignlty.

(This proportion not only describes the test item but also
describes the group tested. This is a basic objection to'analyzing item
bias by the apgraaéﬁes suggested by Figures 1 and 2.

8ti1l1l another aifficuLtj'with these conventional approaches may bé'
mentioned. The black group and thebwhite group represented in Figure 1
are apparently not c@mgérable in verbal skills. It might be argued thét we
should base our analysis on ﬁhite and black groups that are matche& on |

~verb§1 gkills. Such matching is difficult to carry out in practice,
however. We cannot properly match on a test composed of the items that
are to be studied, since this would introduce Spuriaus-felatimnships,
If we try to match on a parallel form of the same test,.we will be
matching on a fallible score when we should be matching én a true score.
There will be a regression effect that will present proper mateching.

GQE way to compare the performance of blacks and whites at the same
level of ve;bal skill is t@icam;are the characteristic éﬁfve of an ltem
for ‘blé.cks with the characteristic curve of the same item for whites.
Any difference between the curves indicates some kind of biss. This’
comparison is made in the study I am reporting today.

Before proceeding let me note the following, however. GSuppose, to
take an extreme example, certain items in a test are taughf to one group
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of students and not taught to another, while other items are taught to
both groups. This way of teaching increases the dimensionality of
whatever is measured by the test. If the items would otherwise have been
factorially unidimensional, this way of teaching will introduce additional
dimensions. If we ignore this and analyée all items as if they were
unidimensjonal, we cannot expect all item characteristic curves to he the
same for both groups. Since blacks and whites are exposed to different
learning environments, the situation may be quite similar for them. Witﬂ
this in mind, let us turn to a report of the present study.

We used a computer program, ILOGIST, which simultaneously estimates
the ability of each examinee and the a , b , and ¢ parameters of |
each item. The ansver sheeés of the 22950 whites and-the answer sheets
of the 2250 blacks were first run separately on this program. .

It is inherent in the nature of the problem that the origin and the
unit for measuring ability cannot be determined from the data. Thus the
item parameters from the black group cannot be compared directly wit? tﬁe
item parameters from thé white group. To determine a common origin and
unit, we plotted the b parameters (item iiffieuLties) for the black
group against tbe b parameters for the white group. The plot is shown
as Figuré 5. This plot is the same as Figures 1 and 2 except that here
item difficulty is memsured by the parameter b .

Accérding to the icc model the values of b for blacks and for whites
" can énly differ in @figiﬂ and unit of measurement. The straight line
fitﬁédrtﬂ the 85 points is the first principal axis. This line was used

to put all item parameters on the same scale.
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We czn now test the null hypothesis that a particular item has the:
same item charmcteristic curve for blacks and for whites.* The asymptotic
significance test used will be discussed in a moment. Forty-six of the 85
items were found to be sigﬁificantLy different at the five percent level.

The stuﬂy-cauld have been stopped at this point. However, it might
be argued that a tgst composed of so many biased items;dia not provide
an adeguate:basis f@r measuring examinee ability. To meet this objection,
the items showing significant ﬂifferén;e beyond the 15 percent level
were eliminated, leaving 32 1tems for which the black and white item
characteristic curves were very similar.

The black and white groups were now combined and the data for the
32-item test run on I0GIST, ignoring color d;ffereﬁces. In this way, the
ability parameters of blacks and whites on the %2-item test were all
estimated on the same scale. o

As a fiﬁél step, the entire first stgp of the study was repeated, now
tregting the ability parameters just estimated as given. B8ince the _
ability parameters are all on the same scale, the item parameters ob-
tained fﬁr the black group are now comparable with the item parameters
obtained for the white group.

Asymptotic significance tests were again carried out to test the null

hypothesis that for a given item the black and the white item characteristic

¥Actually, in order to make a significance test possible, the value
of the: ¢ parameter for an item was required to be the same for blacks
and for whites. Thus the curves could only differ in a and b param-
eters. This complication is glossed over here but will be fully covered
in the final report. _ : '

10
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curves are identical. This hypothesis was rejected at the 5 percent level
for 38 iéems out of 85. The distribution of the 85 items over different
Eigﬂifié&ﬂEErlEV515 is shown in Table 1.

I should now discuss;thé rationale for the sigﬁificance tests.
Actually, it is not‘préSEﬂtly:pgssible to specify with certainty even
the asymptotie standard error éfrthe maximum likelihood estimates used
in this study. An approximation, based on certain reasonable aséuﬁﬁtians
~ to these standard errors was used. Ratﬁer thén trying to justify the
approximation mathematically, it may be more satisfaet@ryvto Justify
it by the results of an empirical study carried @utresgecially for this
purpose, as follows. ‘

Thémgigck and white groups were combined into a total group of
abaui hﬁD@ﬁiniividuals; This total gr@uﬁiwas divided at random into
| two groups, which we may designate 'blue' and 'red.' The entire
statistical analysis involving at least three IDGIéT runs was rePeated
for these two random groups. At the end, asymptotic significance tests
were carried out to test the null hypothesis that the blue item Qharacteristic_
curves were the same as the red. The distribution of the 85 test items
over various E&énzficancé levels is shown in Table 2.

Since the blue and the red groups were drawn at random, the 85 items
should be rectangularly distributed over the range of significance Jevels.
This would mean Just eightiand one-half items ig*eagh probability intervai
éf width .10. The freguencies shown in Tab1é=2;are surprisingly close to
this, suggesting that the statistical procedure used is detually g;go@d

'agpraiimatian- When we compare Tables 1 and 2, it seems that a third
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or more of the items really have different characteristic curves for
blacks and for whites.

Figure 6 illustrates one Sucg curve--the curve for item 71. The
base line of the figure represents examinee ability over the range from
=4 standard deviations to +3 standard deviations. The vertical axis
shows the probability of a correct answer to item 71. The daéhed curve
is the ice for blacks; the solid curve is the icc for whites. At the

: D it
extremes of each group, individuals are shown as points, in order tc give
an idea of where the data lie. In the middle of the curve, where wost of
the data lie, individual points are not shown. It should be remembered
that a particular individual in practice answers an item either cor-
single individual. h

The two curves for item Tl are signifieéntly aifférent beyond tﬁe
.01 level. Interestingly, high-level white students do better than highsl
level black students on this item, but low-level black students do better
than low-level white students.

A similar situation appears in th§lgext figure which shows the results

for item 2. In addition, we find that item 2 does not diseriminate among

Item 71 and item 2 illustrate a kind of difference that would not be
found by the techniques shown in Figure 1 and Figure 2. Each of these
items falls along the curve of relation in Figures 1 and 2 and does not

appear to be m@re_diffieult over all for one group or the other.

12
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. The last figu:e shows the item characteristic curves for item 24,
~which.is a very difficult item. Regafdless of ébility ievelé; black
' stﬁﬂents are unsuccessful on this item.l For white students, however,
tﬁe itéﬁ does discriminate at very high ability levels.

I.ﬁEVé studied the items in the test and compared them with the
stagistiéal results without reaching any startliné insight into the
reasons for the special biases of individual items. Unfortunately, I
cannot hand out a copy of arll theAtest questions together with the table
of the statistical results for you to séudy; The reason is that the '
itémsAwe have analyzed are still in our active i?ég pool for use in
building new é@llegé admissions tests. The itemé\'tagether'with'the past -
statistical analyses are expensive, and the confidentiality of the items
must be maintained. I héfe“pETmissicn tq read to you thé three items
represented by the last three 11lustrations.- Perhaps you will see
_some clear explanation for the statistical results.

T1. A déficiancy of calories means a shortage of the

supply of calories to the body in relation to the
- --- them.

(A) production of

(B) wvariations between

(c) assessment of

Dg requirement for

5 connectlons among

¥

2. INJURE: (A) release (B) refrain
. (c) smooth (D) embellish (E) heal

13
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24, We do not have a full grasp on experience until
- T we have symbolized it; we cannot .... until we
have _ .. - :

(A;' understand .. learned
(B) _communicate .. thought
= (C) inform .. revised
““*“(D; explain .. hypothesized
() Xknow .. verbalized

The final report of this study willmggcludevnct only the material
1 have presented here, but also, for caﬁpériséng theustatisticél analyéis
of the same data by;%ﬁé metﬁéd'iilgstrgtéé ianigure 2. A_mqré thorough
étgdy of the items at that timé ﬁay £éfégl more clearly the reascné for
the biases_sh@wﬁ-i _

Does the test meésure the =zame PsychalﬁéicaiAﬁrait f@fﬂﬁiéégé és fgf,
whites? If it measifed t@télly éifferen# traits for blacks and for :
between the item difficuity indices for the two grsupé.

In view of this, the study Eh@wé fhat the test dﬁes measure
| approximately the same skill for blacks and whites. Some itéﬁs show up
differently in the two groups, but +the differences are rather small.

The item characteristie curve techniques used here can pick out
certain atypical items that'shauld be cut out from the teét; It is to
be hoped that more careful study of such analyses will help us understand
better why ceftain‘itams are biased, why certain g:ﬁups of people respond

differently than others on certain items, and what ‘can be done about

this.

s
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Fig. 5. Diffieulty parameters ( b )
for 85 items for blacks and for whites.
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Fig. 6. Black-(dashed) and white (solid)

characheristic curves for item 1.
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Fig. 7. Gl}éfziagtezistic curves for item 2.
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