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Abstract

A new approach to assessing unexpected differential item performance (item
bias of item fairness) is developed and applied to the item responses of males
and females to SAT/TSWE items administered operationally in December 1977.
While the main body of the report describes the particulars of the present
application and delineates the essential features of the approach, a technical
appendix describes the’standardﬂ%ation approach in detail. The primary goal of
the.standardization/approach is to control for diffe;ences in subpopulation
ability before making comparisons between subpopulation performance on .est
items. By'so doing, it removes the contaminating effects of ability differences
from the assessment of item fairness. Of the total of 195 items studied, the
standardization approach identified only a handful as meriting.Careful review
for possible content bias. Of these few, only one item exhibited a clearly
unacceptable degree of unexpected differential item performance between males

and females that could be attributed to content bias.
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ASSESSING UNEXPECTED DIFFERENTIAL ITEM PERFORMANCE .’
OF FEMALE CANDIDATES ON SAT AND TSWE FORMS
ADMINISTERED IN DECEMBER 1977:
AN APPLICATION OF THE STANDARDIZATION APPROACH

Those who develop and review the Spholaitic Aptitude Test (SAT) are
aware of the diversity of the test-taking bopulation and attempt to construct
tests based on a broad sampling of tasks and topics that tend not to favor any
subgroup of the population. Donlon (1981) discussed the checks that are performed
on the SAT to guard against favoritism towards any subgroup. In that article,

Donlon summarized procedures used in the test development process to ensure that

-

t
".{tems or test questions are appropriate for various subgroups as well as the

types of statistical checks performed to evaluate item appropriateness.

Carlton and Marco (1982), in a review of methods us;d at Educational
Testing Service to detect and eliminate possible favoritism in items, discussed
several studies that have examined performance on SAT items across different
subpopulations. Included in their review were six studies that w;re conducted
to monitor differential item performance of various-groups on several forms of
the SAT and its companion test, the Test of Standard Written English (TSWE).
The purposes of this monitoring are:

(1) to ensure that the SAT and TSWE remain appropriate over time for major

subgroups of the SAT candidate population, and

(2) to identify possible content factors related to differential item

|
|
\
\
' performance that would help test developers construct fair,tgsts.
Dorans (1982) reviewed the five of those six studies that examined Black/ .
White candidate performance on SAT/TSWE items from forms of the SAT/TSWE that |
\
have the current content and format specifications. In the present report,

the statistical method of standardization 1is used to examine whether there aré
xr




unexpected differences in item performance across different subpopulations of

the Scholastic Aptitude Test test-takiﬁg population.

Unexpected Differential Item Performance

Unexpected differential item performance exists when there are differences
in item performance that cannot be accounted for by differences in subgroup
ability. An item 1s exhibiting unexpected differential item performance when
the expected performance on the item is lower for examinees from one group
than for examinees of equal ability from another group or other groups. If
we let S represent ability as measured by total score1 on the standard
College Board 200-to-800 SAT scale (or on the 20-to~60 TSWE scale), and X repre-
sent an item score (1 if the answer to the question is correct and 0 1f the
answer is incorrect), then an item is free of unexpected differential item

performance when it satisfies the following equality
() Pg(X=llS) = Pg,(X=1|S) for all subpopulations g and g',
where Pg(X=1‘S) is defined as the probability that candidates from subpopulation

g who have total test scores equal to S will answer the item correctly. - For

example, if male and female candidates with the same total test scores do not

—— e e o > i D 8

1It is recognized that use of reported scaled score as the control variable can
be criticized because it is not a perfect measure of ability and because it 18
an internal criterion, i.e., performance on an item is related to total score
performance in part because that item went into the determination of total
score. Nonetheless, reported scaled score 1s probably the best control variable
available for studies of unexpected differential item performance.




have equal probabilities of successful performance on an item, this difference
is taken as evidence of unexpected differential item performance for male and
female candidates at that particular score level. Note that lack of unexpected
differential item performance does not imply that there are no différences in
item performance across subgroups of the Scholastic Aptitude Test candidate
population. Unexpected differential item performance does not refer to <iffer-
ences in overall subgroup performance on an item but rather to differences in
conditional item_.performance where the requisite condition before comparison 1s
identical total test score.

Several methods have been suggested for identifying unexpected differential
item performance, or item bias as it is frequently referred to in the literature.
The handbook by Berk (1982) attests to this fact. For a single compfehensive
review of the more popular methods, including the transformed item difficulty or
delta-plot method, item response theory methods and chi-square approaches see
Shepard, Camilli and Averill (1981). Most of these methods, however, have
exhihited undesirable sensitivities to differences in overall subpopulation
ability or differences in item quality (discrimination). Two of these methods
(transformed item difficulty and a chi-square approach) were employed in earlier
studies of the Scholastic Aptitude Test that were reviewed by Dorans (1982).
Both methods are subject to misclassifying items as unfair towards a partichlar
subgroup because of methodological sensitivities to differences in subpopulation
ability. The methodology employed in the current study controls for differences
in subpgpulatton ability through the statistical method of standardization.

Standardization is a technical term that, unfortunately, has more than one
meaning. In one usage, standardization typically refers to a numerical oper-

ation which transforms a set of numbers with a particular mean (average score)

(03]




and standard deviation (spread of scores about the average score) to a set of

numbers that has a certain "standard” mean and standatd deviation. This is not

the meaning of standardization as used in this report. )
Rather, we shall use standardization to mean that one variable is stand-

ardized with respect to some other variable before making comparieons between
groups. This type of standardization enables one to control ;;r differences in
subpopulation ability while making comparisonsjof the performance of these
subpopulations on items. The procedures used in this study require a very large
data base in order to ensure the stability of the conditional p;obabilities )
obtained at each score level in each subpopulation under investigation. Fortu-
nately, there are large data bases available for the Scholastic Aptitude Test.
Other methods of standardization may be used with smaller sample sizes, e.g.
Alderman and Holland (1981). A general approach to assessing unexpected‘
differences in 1teﬁ performance via standardization is described in detail in
the appendix, where a mathematical formulation is presented and the method's

similarities to and differences from the item response theory approach 1is

discussed.

Standardization

In this section, the essential features of standardization are described.
The conditional probability of successful® performance on an item, Pg(x=l|S),
is the raw datum for the standardization method. For each score level S, there
is a conditional probability of successfultperformance. Studies of unexpected
differential item performance focus on differences in condition~.l probability of

successful item performance between a study group and a base group. In this
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first study, female SAT candidates are the studyigroup, whilé male candidates
are the base group. .

Figure 1 antains plots of the conditional probability of successful
performance forﬁboth males and females on an analogy item appearing on Form
7SA5. Male conditional percent corrects are denoted by squares () at each
score- level, while ﬁemale conditional percent corrects are denoted by asterisks
(*). (Note that there are no agterisks at scaled scores of 770 and 800, which
indicates there were no females at those two scaled score levels.) In this
particular figufe, the asterisks and squares tend to lie on top of one another.
This consistent and high degree of overlap is evident in Figure 2, which is a
plot of differences in conditional probabilities for this item. Note that
almost all the asterisks in Figure 2 lie very close to the line of zero differ—
ence. This particular analogy item exhibits very little unexpected differential
item performance.

The analogy item portrayed in Figures 3 and 4 serves as a striking con-
trast to that Jdepicted in Figures 1 and 2. Here, the squares (males) are higher
than the asterisks (females) at almost every scaled score level. In fact,
between scaled scores of 250 and 500, the difference between the female condi-
tional probabilities and the male conditional probabilities tends to be .2,
i.e., the probability that a male with a given scaled score in that range will
answer that analogy item correctly exceeds the probability that a female with
the same exact scaled score will answer the item correctly by the substantial
amount of .2. Clearly, this particuiar item exhibits a substantial amount of
unexpected differential item performance;

Examination of conditional probability plots such as those depicted in

Figures 1 and 3 and difference plots like those in Figures 2 and 4 enables

Iy | ;
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Conditional Probability of Successful Item Performance
~ for Both Males and Females on Two '
Verbal Items from SAT Form ZSA5
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one to look for evidente of unexpected differential item performance at fixed
score levels. In effect, the plots allow one to control for ability before
comparing item performance across subpopulations. Consequently, for each item
there is potential for dnexpected differential item performance that can be
summarized via some numerical index. One such index is the difference in
conditional probabilities of successful performance at that score level. If
there are 61 observed‘score levels, such as there are on the College Board SAT
scale that ranges from 200-to-800 in steps of 10, then there are 61 such differ~
ences for each item. Clearly there exists a need for an economical summary of
these differences. Standardization provides that summary.

The application of the standardization procedure, in which the marginal
ability distribution of the female standardization group serves as a welghting
function, ylelds several summary indices of item performance. First, there is
the observed percent correct P% for the female study group obtained by taking
a weighted sum of the 61 conditional probabilities of schessful performance
observed in the female study group, where the relative frequencies at each
of the 61 scaled score levels in the female study group serve as the weights.
These same welzhts are applied to the 61 conditional probabilities obse;ved in
“ the male base group to produce an index of expected item performance ﬁf for the
female study group. The difference between Pf and ﬁf, Df = Pf - ﬁf, is one
index of unexpected differehtial item performance. If there i8 no unexpected
diffgrential item performance, Df should equal zero. A positive Df indic;tes
that the study group exceeds its expected performance, while a negative D;
indicates that the item is harder than expected for the study group. Since
D_ 1s a signed index, it is insensitive to crossovers in the conditional

4

success distributions of the base and study groups, An unsigned discrepancy
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index that can be used with Df is the réot mean weighted squared difference

(RMWSDf). The RMWSD; for an item is obtained by weighting each difference in )
conditional probabilities of sucéessful item performance between the study and
base groups by that difference (which is equivalent to squaring the difference)
and by the frequency of scoreé in the female gtandardization group at each scale
score level, summing this weighted difference across the 61 scaled‘scopg 1evgls,
dividing this sum by the number of candidates in the standardization group, and
taking the square root of the result. The mathematical formula for the RMWSD is

S
(2) RMWSDfA= (IN

where S is the number of score levels, Nfs+ is the number of individuals at score

level s in subpopulatien f, P.  1s the conditional probability of successful
performance in subpopulation f at score level s, and Pfs is the predicted value
of Pfs' Note that typically Pfs = Pbs’ where PbS is the conditional probability

of successful performance observed at score level s in the male base group.

Given the definition of Df,as

S - S
(3) . Df = E Nfs+(Pfs - Pfs) / z Nfs+
. s=1 s=]

it can be shown that

S S S

_ 2 2 : 1/2
(4) RMWSD, = (D + I N (D = De)" / INgg)
s=1 ,S=1
4 o
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where Dfs = ng - Pfs' Since, this index is unsigned, any difference produces a

positive discrepancy. Consequently, every item will have a positive RMWSDf.

An item exhibiting substantial unexpected differential item performance will

n

have a large RMWSDf.
Equation (4) exprésses kMWSDf as the square root of two additive components,
the square of a constant directional discrepancy, which is Di, and an index

of residual crossover, i.e., a sum of weighted squared differences in conditional

‘probabilittes after adjusting for the constant difference, which is the second

component in (4). While the Dg portion is probably systematic and indicative
of unexpected differential item performance, the residual crossover component

may or may not be indicative of systematic unexpected differential item perform-—

. ance because 1t does not allow random differences to cancel out. As such, the

E 4

primary purpose of tbe residual cfossover component is to flag an item for
closer exa?ination.

A problem faced by any investigation whiéh seeks to detect and quantify
unexpectegd differeﬁtial item performance,;regardless of méthodology, is the
determination of what level of unexpected differential item performance should
evoke concern. One couldiargue that any difference 8hould evoke concern. This,
however, would be an extreme position that ignores tﬁe fact that measurement
systems are always contaminted by noise. 1In the present study, we exam;;ed
distributions of root mean wéighted squared differences (RMWSDf) to empirically
determine a cutoff point which defines a substantial amount of unexpected

differential item performance. Examination of these frequency distributions led

us to conclude that an item with a RMWSDf greater than or equal to .08 merits

careful investigation, while an item with a RMWSDf less than .08 does not
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require additional study. As we acquire more experiénce with applying the
standardization approach to other data bases, a better cutoff may evolve.
and RMWSD

In combination, D provide a statistical description of an item

f f
that will enable us to ascertain theAdegree of unexpected differential item

performance obtained in the female study group.

Test Form and Sample Used in This Stqu‘

SAT Form ZSA5 and TSWE Form Ell, gdministered in December 1977, were used
in this study. Stern (1977) previously described the psychometric properties of
TSWE Form Ell;.and Cook and Nutkowitz (1979), the bsychometric properties of SAT
Form ZSAS5. Since the psycﬁometric properties of ZSA5/Ell are described in
detail in the test analysis reports just cited, only the most salient character-
istics are summa}lzed here. Both the verbal and mathematical sections of Form
ZSA5 had fairly typical reliabilities (and scaled score standard errors of
measurement) of .914 (32) and .916 (33), respectively, in a spacéd sample of
1,895 candidates from the total group of 166;3i1 candidates who took Form ZSA5
in December, 1977. The mean equated delta, an index of test difficulty described
by Hecht and Swineford (1981) and Walker (1981), for the verbal section was
11.3, which indicated the test was slightly easier than intended. For the |
mathematical section, the mean equated delta was 12.4, slightly more difficult
than intended. TSWE Form Ell had a fairly typical reliability of .887 in a
spaced sample of 1,615 candidates from the total.group of 84,144 who took TSWE
Fo;m Ell Th June 1926. The mean equated delta was 9.3, slightly easier than

intended.




The basic data for this study were the item responses of 21,835 male
candidates and 21,209 female candidates who took the 85 verbal, 60 mathematical
and 50 TSWE items that appeared in the operational gections of the Forms ZSAS
and E11l that were administered in December, 1977. The combined sample of 43,044

was representative of the total group that took ZSA5/Ell at that administration.

P

.
LadPS

%
Procedure}

The focus of the present study 1s on the assessment of unexpected differ-
ential item performance for female candidates on Forms ZSA5 and Ell 1tems; In
this particular‘appliéation of the general standardization Eechnique, the study
group 1is the female candidate subpopui;tion. The standardization group sdpplies
the standard ability distribution used by the standardization approach. ’ Any
subgroup including a composite group or a hypothetical group can be used as the
standardization group. Since the standard ability distribution serves as a
weighting fhnction, it 1s advisable to use each study group as its own standard-
ization group thereby enabling use of a weighting function that mirrors the
relative frequency at each score level in the study group. The male candidate
subpopulation, as the majority group, was chosen as the base group, i.e., the
subpopulation that supplies the model for item performance as a function of
ability. The model is the conditional probability of Successfu1 performance on
the item given ability. The largest Subpopuf;fion was used as the base group in
order to produce the most statistically stable model of item performance given
test score that can be attained. Table 1 contains the marginal score distri-

bution for the female study group and male base group for SAT-VerSél, SAT=

Mathematical, and TSWE. Note that the largest weights (relative frequency in
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Tsble 1
Frequency Diatributiona and Summary Statiatics of Malss' and Females' Verbsl, Mathematicsl, and TSWE
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Meen 415.1 407.9 472.9 420.1 405.1 4lb.1

S.D. 107.4 108.1 118.8 106.9 111.2 109.2




the female study group) tend to be given to scores between 240 and 550 on the
verbal scale, scores between 260 and 540 on the mathematical scale, and scores
between 30 and 60 on the TSWE scale (a relatively large weight is also assigned

to 20).

Results

SAT Verbal Results

~

Table 2 contains listings of four indices described earlier, Pf, Pf, Df,
and RMWSDf, and the observed percent correct in the male base group, Pm’ for the
85 verbal items of Form ZSA5. In addition, it includes the means and standard
deviations of these five indices displayed by item type.

The first row of the summary portion of Table 2 contains statistics based
on all 85 verbal items. Note that mean Pf and mean ﬁf are equal to two decimals.
The difference between mean D (.00) and mean RMWSD. (.05) is attributed to the
fact that RMWSDf, unlike Df, is an unsigned index of discrepancy that weights
and sums any squared differences between Pf and ﬁf regardless of which value is
larger and thus prevents cancellation of positive and negative differences. On
the other hand, the signed index Df expresses the amount by which total differ—
ences in one direction exceed total differences in the other direction.

The next row in Table 2 displays the means and standard deviations of
the five indices computed on the vocabulary items only. Again, mean Pf and ﬁean

~

Pf are nearly equal. Both discrepancy indices are also small. The vocabulary
items can be divided still further into antonym items and analogies items. Mean
percent correct on these item types are even less related to scaled scores

than previous item groupings, and so differences in mean percent correct are
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Table 2
Listing of Item Difficulty and Discrepancy Indices and _
Summary Statistics for Verbal Items from SAT Form ZSA5 \\
~
| Py P, Dy Py
1TEM ¢ 1TEM TVPE % CCFHECT EST % COMRECT OI+F 8 CGRRECY 9,30 X CORRECT BASE GROUP
1 ANTCNYM 0.50C5 . 0.8¢07 0.0398 0.0508 0.8702
2 ANTINYN CoT14) T I 0.0279 € 2406 0.7045
3 AJTUNYN 0,258 0.7632 ¢.0168 C.Cad2 C.8030
& ANTCNYN 0.70¢2 0.€S28 0.9134 6.0293 0.71Cs
s ANTE NY A CeT686 0.75¢6 0.0600 €.0683 0.7223
. ANTCNYM vel8§3 0.74C1 -0.0811 c.Ce1s . 0.7531
7 ANTUNYN Ce5125 0.5¢58 ~C.0533 0.0¢61 0.5777
. AvILAYM 2.4818 G bTOT ©.0031 ¢.0273 0.4926
s ANTINYM C.575¢ 0.5156 0.0640 €.0e97 0.5276
1c PATIST Ce2223 6.1910 €.0213 C.0567 0.1544
11 ANTC YN 9.3449 2.3452 -€.0002 0.0228 C.?531
12 AVTIONYM 0.2924 C.2¢t4 0.02¢1 0.C401 0.2745
12 ATCNYM 043006 0,243¢ 0.0570 0.C7% 0.2517
14 A~TCNYM 0.0186 c.0801 -C.0018 0.9435 0.0801
15 ANTONYM 0.1203 0.125¢ 0.0127 0.0524 - C.1268
1¢ SENT CCH 247825 5.8273 ~0.0547 C.nT16 . Ce852)
17 SF4T CLM CetSEQ 0.7435 - =0.0466 £.060) 0.7572
18 SENT CCM C.c951 6774 C.0176 0.0399 0.¢519
15 SENT CCY 3.¢916 6.7v10 -0.0094 0.0307 0.7147
2. SENT CCH Le4032 0.4555 040923 C.1054 0.5047
21 Reko CCM €.52¢1 ‘ n.5158 0.0203 €.0361 2.5287
22 FEAD CCM 0.¢518 0.68e6 0.0052 0.0362 Cet59)
23 FLAD CCM 0.¢321 0.6423 -C.0102 0.0330 N.6%43
24 KEAD CCH Se5ele Ce5701 -0.0985 0.0316 £.5801
25 FEAN CLM Ce2¢97 0.2360 0.0268 0.04T1 . 0.,2620
2¢ WEAD CfM 0.7517 £.1075 ~2.0158 t.C381 0.1111
21 FLAD CCM 9e2201 02356 ~0.0097 C.0428 0.2482
28 FEAD COM c.1142 Ne 1422 -¢.0280, £.05%03 0.1450
25 FEAD CLM c.12C7 0.1919 =0.6603 C.0760 Uel§T4
30 Pi1) CCM 92,1568 0.1295 0.2173 0.c388 n,1430
3 SENT CCM Cetd55 0.8245 0.0111 540433 c.8657
22 SENT CCH "e#822 0.5CES =C.0246 0.0409 C.5192
23 SL4T €O Lottt 9 2.3708 0.0e81 R X% 1 0,286
% SENT Cld t.2362 €.3259 0.0104 0.C368 U.3359
35 SENT CCM 0.13C8 0.1186 0.0122 G.C273 0.1255
3¢ ANALGGY 0.7¢01 C.n35¢ -0.0752 0.C843 0. 8043
27 ANALLGY 2.7435 047705 0.3429 0.C562 0.7145
38 ANA! CGY 0.62¢1 N.t4d1 ~0.0140 0.0293 C.e561
3 ANALCGY 0.527¢ Je5117 C.C19%9 C.%25) 00521‘
“C AL ALGGY VehtES 0.4515 0.01%4 0.C343 0. 4643
4l ANALUGY 0.2405 0.3¢647 -0.0242 0.0281 0.3756
€2 4%NALCGY 3.2447 0.2112 0.0234 0,00t ¢ 0e219)
%) ANALCGY 0.1287 De1¢56 =0.0289 0.0480 0.173)
44 ANAL COY 0.149¢ 0.1979 =0,048) 0.0e91 0.2047
45 ANALCOY 0.0eT1 0.0886¢ -2.0212 0.0334 0.C912
4t ANTONYM 0.6831 0.8607 0.022% 0.0327 0.9724
&7 ANTLHYM C.8005 0.7604 0.0401 0.0520 0.7023
Py AlTCNYN C.7160 C.803¢ -0.C87¢ c.Co78 0.017)
49 ANTCNYM G.7037 C.ee39 0.0398 0.0485 0,677
: ANTE NYNM 0.4443 C.an18 0.0626 6.9561 0.415)
51 ANTOCNYM C.475C 0.4631 0.0119 0.0393 0.47¢]
52 ANTONYN 0.4575 n.3e12 9.C703 0.0832 €.3560 ,
53 ANTCKYM Ce3569 ©.3758 -0.0186 €.0327 0.20¢6
54 ANTONYA 0.1282 0.1732 =0.2449 0.0714 C.1781
ss AICNYM . CilCTS 0.1038 0.C04l 0.0310 0.1275
se SENT CCH 0.7701 0.815% -0.0454 0.0408 0.829% .
57 SENT COM 0.6744 0.L244 0.0502 C.%61 0.6392
se SENT COM 0.7046 0.7139 -0.0994 0.0260 €.7203
se SENT COM 0.44853 0.4439 C.0453 0.0%68 0.4584
ec SENY €LY 0.2218 C.2951 0.02¢7 0.062¢ 0.2125
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Table 2 (continued)

RN

ERIC

Aruitoxt provided by Eic:

’f ’f Df
IVEY @ 11 1YPE 8 CCHMECT LSYT ¢ (OrmRCY OI¢F £ COPAECY FunS0
(2} A%NALCGY . 2.8369 N.0276 0.0083 ¢.0255%
e2 ANALOGY 0.0191 0.8402 -0.,0211 0.0346
63 ANALGCOY C.6295 0.799 -3.169% C.178%2
[ 1] ANALCGY 0,078 0.62377 =$.0299 0.Cesl
(1} ANALCGY 0.4¢52 0.5209 =C.00637 C.C175
[ 1] ANAL GGY 0.13%% 0.1297 0.00%8 Ge.0336
67 ANAL OGY 0.2206 0.2361 -0,0155 . GeCa2e
¢8 ANALGSY Cela7% 0.1279 . 0.019% 0.0495
S AfAL OGY 3. 1409 0.1415 0.0073 0.035%9
70 ANALGGY C.1593 0.1403 0.C190 C.0273
n PEAD CON C.479C 0.4309 0.0401 €.0%48
T2 READ (CM 0.£0%2 0.5567 0.0489% 0.0575
7 FEAD COM 0.5180 0.4744 0.0436 0.C588
T4 hEAD COM C.T7328 0.¢6934 0.039¢ 0.0490
14 ] PEAD COM 0.2214 0.2206 -0.,0070 0.0312
76 FEAD COM 0.20¢9 0.1950 0.011%4 0.03%3
n KEAD CCM 0.6249% 0.5612 0.0633 0.0732
78 READ CCv D.4006 0.3759 0.0247 60,0309
T REAV CCH Cete30 0.5724 0.0706 0.0787
[ ]+] FEAD (O 0.485%1 0.4322 0.0529 00,0620
3 READ CCM 0.182% 0.1703 0.0042 0.0317
82 READ CCw Je2443 J.27%1 ~0.0358 G.C440
a2 &kCAD COM 0.20%9 0.264164 -C.0315 0.0627
[ 1] READ COM Ce22¢1 Ce2494 -0.0234 ) 0.0368
[} READ CCH 0.1¢37 0.1764 -0.,0157 0.C353
Mo. of - - - -

Itenm Type Itens X Sb X sD X $D X $D
All Verbal 85 .45 24 .45 .26 .00 .04 +05 .02
Vocabulary 45 A6 .26 -46 .26 .00 .04 .05 .03
Antonyms 25 .50 .25 .49 .25 .01 .04 .05 .02
Analogies 20 .61 .26 .43 .27 -.02 .05 .05 . .03
Reading 40 bk .23 hb .22 .00 .04 .05 .02
Sentence Comp. 15 .56 .21 .56 .22 -.00 .04 .05 .02
Reading Passages 25 .37 .21 .36 .19 .01 .03 «05 .01

) . -
o 26

X CORRECT BASE GROUP

i

<46

47
.50
b

.57
«37

1Y

0, 8626
J.0510
0.7111
0.t407
0.%5265
O 1249
0. 2453
v-1262.
0. 1448
0.1458
0.4%27
0.5702
0.48¢86
0.7097
0.2349
0.2007
0.5749
0. 3502
C. 5066
0.4437
C.18%0
0.2849
0.2520
0.26C2
0.1813

_sD
25

.27
25
.28

.23
.22
.19
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more likely to appear among antonyms or analogies item type groupings than in
the vocabulary items as a whole or the entire verbal test. ‘
The next two rows of Table‘2 list the means and standard deviations ofn ‘27\\k
the five indices across the antonyms and analogies item types, respectively.
The values of RMWSDf are stilf of approximately the same size as before. The

magnitudes of D, are slightly larger than before, yet still small in an

f
absolpte sense. .

The statistics for reading, the other sectionlin the verbal test, and the
two item types that comﬁose 1t; sentence completion and reading comprehension,
and the corresponding statistics from their items are posted in the last three
rows of Table 2. None of these indices exhibit disconcerting amounts of unex-

pected differential item performance.

Even if the overall level of unexpected differential item perfBrmance

in a set of items is tolerable, there ﬁéy be some small number of items which
exhibit substantial unexpected differential item performance that is not readily
detectable fF?P the means and standarq deviations of discrepancy indices such ag
RMWSDf énd Df. For an item level analysis, careful examination of the frequency
distribution of a discrepancy index such as RMWSDf can be informative. A combi-

nation numerical/pictorial display of the frequency distribution of the RMWSD

index on all verbal items grouped by subscore and by item type is presented in

Figure 5. The floating histogram in Fiéure 5 is a clear presentation of the

RMWSDf index that can be used to identify individual items that exhibit T

unusually high amounts of unexpected differential item performance. Note how

the single analogy item with a RMSWD of .18 clearly stands out in this figure.
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Figure 5

Numericel and Pictoriel Displey of Frequencies of Root Meen Weighted Squared Differences(RMWSD)
Between the Conditional Probabilities of Success for Female end Male Candidates on
Verbal Itess from Form 2ZSA5S Administered in December 1977

) Numericel Frequencies Grouped by Item Type Floating Histograms by Item Type

| | Velues| Vocabulary | Reading \
| VERB VOCAB ANTM  ANAL READ SNCP  RDCP | of | | |
| | RMWSD | ANTM ANAL | SNCP RDCP !
| | I (| |
| ' I +20 | |
{ 1 19 | |
| 1 1 1 1 .18 | A 1
| I .17 |
| 1 .16 | |

3 ' | .ls l '
| 1 o1& | {

’ l 1 <13 | |
| I 12 1 |
| 1 1 1 (S S B | S I
| 1 1 1 | 10 | O |
| ¢ I <09 | |
| 7 4 2 2 3 1 2 | .08 | OO AA S RR 1
| 8 5 4 1 3 2 1 1 .07 | 0000 A £ 1] R |
| 8 2 2 6 3 3| .06 | OO0 $SS RRR {
| 13 9 5 4 4 4 | .05 ) 00000 AAAA RRRR 1
1 25 10 5 5 15 4 11 | .04 | 00000 AAAAA SSSS RRRRRRRRRRR |
i 21 13 6 7 8 4 4 | .03 | 000000 AAAAAAA $SSS RRRR |
| 1 .02 | 1
| | <01 1 |
| 1 .00 | |
| 1 (| |
| | |
| +06 .03 .03- .03 «04 .035 04 | Mode |
| .05 .05 .05 .05 .05 +05 05 ] Meen !
1 02 .03 .02 .03 .02 .02 .01 | S.D. |
l i | |
)
Legend:
| No. of ]
| Item Type 1tems Abbreviations |
! ! .
| I \\& J
| Verbal Score 85 (VERB) |
| Vocabulery Subscore 45 (VOCAB) l
| Antonyms 25 (ANTM) (0) |
| ~Analogies’ 20 (ANAL) (A) 1
| Reading Subscore 40 (READ) !
| Seantence Completion 15 (SNCP) (S8) |
| Reeding Comprehension 25 (roCP) (R) |
! 1
| |
Q 23A3
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An alternative pictorial representation of the distribution of this index
that conveys even more information is given in Figure 6. In this figure, where
each item type is denoted by a different symbol, the RMWSDf for an ;tem is
represented by the length of the line from the origin to the point representing
that item. To suppiy a frame of reference, three arcs of equal'RMWSDf are drawn
on the plot for the values .08, .16 and .24. Items falling within the smallest
arc exhibit a fairly typical amount‘of RMWSDf. Items falling between the
smallest and middle arc should be examined more closely. Items falling outside
the middle arc are very unusual and clearly exhibit a large amount of unexpected
differential item performance.

As described earlier, the RMWSDf for each item can be expressed as the
square root of two additive components, the square of a constant directional
discrepancy, which is Df, and an index of residual crossover, i.e., a sJ; of
weighted squared differences in conditional probabilities after correction for
the constant difference, which is referred to as the variance of the weighted
differences. (See equation (4).) Projection of each point in Figure 6 on the
horizontal axis ylelds the Df, the difference between Pf and ﬁf, for that 1tém.
Projection of that same point on the vertical gg;g/xields the standard deviation
of the weighted differences, the 1naex of residual crossover. Hence, thé
location of each point in Figure 6 indicates not only the degree of unexpected
differential item performance (RMWSDf), but also the extent to which that
RMWSD. is due to a constant difference between the Pf and ;f curves (and the

f
direction of that difference: Df), and the extent to which the item exhibits

~

residual crossover, the height of the point above the horizontal axis.

The analogy item depicted in Figures 3 and 4 is the only verbal item which

falls outside the second arc of Figure 6. It is also the item in Figure 5 that




O
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Figure 6
’ LA
Plot of Root Mean Weighted Squared Differences (RMWSDa) Between

the Conditional Probabilities of Success for Male and Female
Candidates on Verbal Items from SAT Form ZSA5

ITEM OISCREPANCY INOICES
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8pMWSD equals the distance from the origin to the point representing the item.
Projection of each point on the horizontal axis yields the difference between
Pf and Pf. Df. for that item. Projection of each point on the vertical axis
yields the standard deviation of thﬁ,weighted differences, an index of residual
CTOSSOVer.
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v 1s off by itself in the floating histogram at the top where it has a RMWSDf of

.1792, Clearly this index indicates a highly undesirable amount of unexpected

diffgreﬁtial item performance for this analogy item. ,

‘In Figure 6, the analogy item outside the second aré is just above .05 on
the vertical axis aﬁa at approximately -.17 on the horizontal axis. Hence, this‘
item is exhibiting little residual crosserr, and a very sizeable amount of

constant difference. Examination of Figure &4 corroborates these observations.

This analogy item exhibits a substantial constant amount of unexpected differ—
&

ential item perfofmance.

In contrasg to this item, most of the items fall within the first arc, which-
indicates that most of the items, 80 out of 85 in fact, exhibit acceptable levels
of unexpected differential item performance. Of the four that fall betwzen the
inﬁer‘;nd middle arcs, an antonym item that has a positive Df and an analogy
1tFm with a negative Df are close enough to the inner arc to be considered as
exhibiting acceptable levels of unexpected differential item performance. The
remaining two items, a sentence completion item and an antonym, however, merit
some careful examination. Like the analogy item outside the middle arc, these
two 1tems have negative Df values, which indicate that female candidates
perform poorer than expected on these items.

On the analogy item that lies outside the middle arc, female candidates

~

performed far worse than expected: Pf = ,63 vs. Pf = ,80. Inspection of the
content of this particﬁlar analogy item revealed potential content bias against
female candidates, as it required some knowledge of hunting and fishing, two

traditionally male-oriented recreational activities.




On the sentence completiun item, female candidates performed somewhat

lower than expected: Pf = 40 vs, Pf = ,50. Inspection of this item itself
revealed that the subject matter of the item, nuclear power politics, might be
something that males traditionally have shown more interest in than females. It
is not apparent, however, why this particular subject matter should affect
the performance of female candidates on thig item.

Finally, on the antonym item, female candidates perfoFmed below expectation:

~

Pf = ,72 vs. Pf = ,80., Examination of item content,'however, provided no plaus-

ible explanation for this difference.

In sum, this analysis of the 85 verbal items on Form ZSA5 uncovered only
one item that exhibited a substantial amount of unexpectéd differenti.l ite-
performancé that probably could be attributed to item content. Only two other
items exhibited enough unexpected differential item perfofmance to merit exam=— .
ination. Most of the 85 verbal items exhibited little unexpected 31fferential

item performance for female candidates.

SAT-Mathematical Results

Table 3 contains listimgs of the five indices, P, f’f, D, RMWSD,, and P,
for the 60 mathematics items on Form ZSA5. In addition, these indices are '
summarized by item type at the bottom of this table. Tﬁ; irst row at the
bottom of Table 3 contains means and standard deviations based on 59 mathematics
items. One math item was excluded from th®s analysis because the percent of
female candidates responding correctly to the item was less than .05.

Unlike verbal test results, mean P, (.42) for female candidates and mean

Pm (.51) for male candidates are very different, reflective of the difference

between the mathematical ability distributions for males and females, and




Table 3 {:

Listing of Item Difficulty and Discrepancy Indices and Summary
Statistics for Mathematical Items from SAT Form ZSA5 .
ITEM ¢ LTEM TyPE T COsFPECT €ST 3 CChRECT OIFF 8 CCPRECY PUWSO % CORRECT BASE GROUP
1 KEG. MATH 0.7342 0.7212 c.0528 0.0276 , 0. 7569
2 REG MATH 045532 1et259 -0.075¢ 0.0863 0.7261
3 &EG MATH 0.54T7 3.5656 =0.0279 €.C420 © 0.6879
4 EEG MATH Lo €456 G. 6168 © T 0.0209 040408 0.7C29
H FEG MATH D44 965 0.5200 -3.0338 0.0480 0.6353
¢ KEG MATH 0.6761 0.e171 0.0569% 0.0678 0.7134
7 FEG MATH C.6765 0.¢759 . 0.0ICE 0.0254 C.T774
'] FLG MATH 0.99t6 045430 ‘ ~0.0468 | 0.0603 0.6629
9 FEu MATH d.e126 0e5421 0.07C3 0.0826 . 0.b616
10 FLG MATH 0.4258 Jek270 -0.0012 *“ C.0246 0.5209
11 REG MATH Cobt 83 D.4782 -0.0059 0.0345 . 045721
12 FEG MATH Q4787 0.4511 0.0276 2.0423 C.5eT1
13 . FEG MATH 045999 0.5581 0.0408 C.9506 0.6468 .
16 KEG MATH D.611, 0.3549 0.0168 “ 0.C328 0.4898
15 &EG. MATH - vek2a7 2.4%39 -ved322 [NITYY B 0.5727
16 §EG MATH 0.2267 0.2595 0.0302 0.0553 .. CedBle
17 KEG MATH Ce1420 rfa16T12 - -0.0251 C.0388 0.2513
12 FEG MATH 31471 01841 -0.0270 0.0454 0.2570
1 FEG MATH 04254t 0.2603 0.Cl43 0.0449 0.3223
2¢ KEG MATH Je 9T Ce’ 928 0.7142 00214 0.1354
21 RLG MATH €.128% c.1727 =0.0441 0.0570 0.2425
22 .. KEG MATH 0.1787 0.3114 -0,0027 0,264 01661
23 FEG MATH . OluBled J.0021 ) 0.0027. 0.015% 0.1226
" 26 FEG MATH = 04052¢ n.1121 -0.0184 ‘046338 . 041593 -
25 $LG MATH 0.(552 C.0558 =C.C046 t.C226 C.0957
26 KCG MATH 0.82¢C1 2.4150 ¢.0051 €.0370 0.8776
27 REG MATH O 0.5307 0.5903 ~0.Cf96 ©.0791 - Cot8n8
28 FEG MATH 3e8174 8055 Libl20 Vel248 0.8¢R¢
25 Fto MATH 0.652% 0.6551 4 =3,0422 0.0546 0.7818
20 RES MATH 0.€272 C.t561 -2.C208 0.0670 0.7315
n #Lo MATH ce5511 0.5856 * 040055 0.0269 c.0818
22 KEG MATH 0.5748 Ce5603 0.0145. €.0330 ‘ 0.6374
33 WALTCHP VebETh D.6626 -Ca,ud5 0.C2¢5 . J.T629
2% OUANTCMP 70556 T 0e5799 . 0.C804 C.3886 0.6537
35 QUALTCYP 5.68¢9 r.€628 0.0231 0.227% 0.7245
36 NJANTCMP  + CeL0S0 ve586d L0223 0.0413 0.6571 .
37 QUAKTCHP 3.7183 CeTT40 -C.0557 c.0ees 0.8489
38 QUANTCHP Cek2TS e Ce#152 8.0127 $40308 0.5375
39 OUANTCMP 045655 0.5432 046553 €. 0663 C.e268
4C WaNTCNP 0.5782 0.5563 -0.0180 0.022) t.6987
&l QUANTCHP 0.3825 0.6C35 . -0.0210 10,0390 9.¢522
&2 DUANTCMP ¢.5061 0.5264 =(.0303 040643 0.6377
43 QUARTIHP €.52C3 0.5261 0.0022 0.0296 046306
s QUANTCMP - C.4110 0.4049, . ©.0C70 0.0209 © 0.4587
&5 QUANTCMP C.6edd 0.45S¢ . 5 0.0004 0.0312 0.5781
ot CJANTCMP L2767 C.3862 -0.9114 0.0258 0.4980
o7 ~ QUAMTCHP 0.18¢6 0.1643 «0.,0077 , 040369 ° 042042
o8 QUANTCMP G.2551 002683 0.0108 . ~ 0.0230 0.3284
49 CUANTCMP v.3335 C.2175 0.01¢0 U.Ce28 0.36499
s0 QUANTCMP 0.1461 0.1775 . ~0.9313 C.0617 0.236)
s1 JJAITCHP 0.1615 0.1986 -0.0370 10,2752 0.2¢3%
s2. GUANTCHMP . ve2052 0.2149 =04009% '0.0209 0.27C4 .
- L s PG MATH 0.5176  0.4523 - 0.0¢52 - €.0721 c.5518 .
) sS4 PES MATH C.1826 Cel767 G.0089 0.0209 9.2098
'1] REG MATH Se2214 0.2603 ~0:,0589 . 0.0701 0. 480
Se . KLG MATH 0.C875 0.1042 ~0.0167 0.0256 0.172%
s7 CEG MATH V1542 ", 1513 0.0627 0.3354 0. 2098
ss REG MATH  © 0.5851 0.1%68 -6,0177 0.C294 0.1488
. s, ®KEG MATH 0.0 702 0.C872 -C.0089 2.C264 0.113;
60 REG MATH 0.0490 0.0%32 «0.0042 0.0177 . 0.0708 ‘
Wo. of - - - - — :

Item Type Items X  _SD X .8 X _So X S X s
Mathematical 59 42 .22 42 2 .00 .02 <04 .02 51 .23
Quanticative 20 45 8 45 .18 .00 .03 .04 .02 54 .19
Comparison : . :

Q Tegular Math 3 40 24 -4l 23 .00 .03 .04 .02 . Y 26

ERIC

i ixeluded from summary wtstistics because ’f. less than .05. , 2 /
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1llustrat1ve of_the need to correct for this difference prior to comparing

male and female item pérformance. Note that mean §f (.42), in contrast to mean
Pm, is very close to mean Pf;‘demonstrating the effectiveness 6f the standard-
1aation pracedure in this regarq. Both Df and RMWS6¥ have very low means,
indicating little overall difference, as expected, between the sexes on the
items. .

The next row of Table 3 displays the means and standard deviations of the
five indices computed on the 20 quantitative comparison items. Female candi-
dates' mean percent correct is extremelj close to their estimated mean (i.e.,
mean Df = ,00). The mean value of RMWSDf is only .04,

The last row of Table 3 presents the data for 39 regular math type items.
Item #60 was eacluded from the analyeis because the female candidates' percent
correct on this item was less thanm .0S. .}hese means and standard deviations
suggeai that little unexpected diffefent{al item performance ts present.

Figures 7 and48 contain pictorial and numerical displays of the discrepancy
1nd1ces'fot both quantita}i@e'coaparison and regular mathematics item types. |
Neither the floating histogram in Figure 7 nor the piot in Figure 8 reveal
any items that exhibit the substantial degree of unexpected differential item
performance observed for the one analogy item in the verbal test. Only two.
items, in fact, fall outside the inner arc in Figure 8. Female candidates

performed better than expected on one item, but more poorly than expected on the

other item. The plots of male and female conditional percent corrects and the

-

. difference plot for the former item are given in Figures 9 and 10, respectively,

(43

while Figures 11 and 12 are the corregponding plots for the latter item. Note
that Figures 9 and 11 appear to be mirror images of each other, with female ’

candidates slightly exceeding male candidates in Figure 9, while the reverse
]
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Figure 7
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Numerical and Pictorial Diaplay of Frequenciea of Root Mean Weighted Squared
Differencea(RMWSD) Between the Conditional Probabilitiea of Succeaa :
for Female and Male Candidatea on Mathematical Items from Form ZSAS -
Adminiatered in December 1977 -
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Figure 8

Plot of Root Mean Weighted Squared Differences (RMWSDa) Between
the Conditional Probabilities of Success. for Male and Female
Candidates on Mathematics Items from SAT Form ZSA5
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ITEM DISCREPANCY INDICES
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4RMWSD equals the distance from the origin to the poiht representing the item.
Projection of each point on the horizontal axis yields the difference between
Pf and Pf, Df. for that item. Projection of each point on the vertical axis

yields the ltlndlrdvdeviltion of the weighted differences, an index of residual
Crossover.
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Conditional Probability of Successful Performance for Both
Males and Females on Two Math Items from SAT Form ZSA5
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occurs in Figure 11. Both figureglexhibit fairly constaet differences, but

in opposite directions. Examination of the content of these two items provided
no apparent explanation for these differences. Hence, it appears that all
mathematics items on Form ZSA5 are relatively free from unexpected differ—-
ential item performance for females, despite the fact that the mean scaled

score for female candidates was approximately one—half a standard deviation
lower than the male candidate mean scaled score. The standardization procedure

effectively adjusted for this difference in overall performance.

TSWE Total Test and Item Type Results

Table 4 contains a listing of the five indices, P, Pg» D, RMWSD, and P,
discussed in preceding sections, for the 50 TSWE 1teme on Form El11., In addition,
these indices are summarized by item type at the bottom of the table. The girst
row at the bottom of Table 4 contains means and standard deviations based on all
50 TSWE items, and the next two rows contain the same information for the 35
usage type items end the 15 sentence correction items, respectively. Estimated .
percent correct (;f) means for the female candidates are very close to actual
(Pf) means across both item types combined and separately. The ﬁean values of
RMWSD are similar to those observed for the mathematical items. No mean differences
appear large enough to warrant further consideration.

Figures 13 and 14 contain pictorial and numerical displays of the discrep;
ancy indices for all TSWE items on Form El1l. Inspection of these figures
reveals that only two usage items exhibit any substantial amounts of unexpected
differential item performance. Performance on these items is depicted in
greater detail in Figures 15-18. The female candidates performed better than

expected (Pf = ,59 vs, Pf = ,50) on the item displayed in Figures 15 and 16.
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Table 4
Listing of Item Difficulty and Discrepancy Indices and
Summary Statistics for TSWE Jtems from Form Ell
P P Dy LY .
ITem o M1ivM TYPE 8 COPRECY €ST % CORRECY O1FF 8 CCRRECY RSO % CORRECT BASE GROUP?
1 USAGE 0.9216 G.5 249 ) «0.003% C.01%52 “ C.91m1 -
2 USASGE 0.0%0 2.8162 «0.0102 0.029% 0.8020
3 USAGE C.784¢ 0.7982 «0.0136 , C.0317 0.7826
. USAGE \ « 5883 C.4971 0.0881 0.0974 C.408¢
s USAuE 0.£552 . 0.6726 3.0228 0.0338 0.6593
6 USAGE 0.7¢19 C.78Co «3.C287 G.0373 U775
7 USAGE 0.8518 2.879 0.012% €.0240 0. 8690
s USAGE 0.3236 0.3338 -0.0072 €.0372 0.3224
s USAGE Ce6326 0.5927 0.0402 J.0%43 C.5819
1c USAGE Qe5446 0.5731 «0,0282 0.0414 0.5%51
11 USASE CeT7e8 0.77%6 0.0299 0.0297 0.760%
12 ysss G.7516 0.7845 0.0071 0.02%3 9.7710
12 USAGE 0.0476 0.83¢2 0.0117 0.0229 0.8248
14 USAGE C.8301 Se.R242 0.3040 0.02¢3 0.792%
. l’ USM:R o.’;.. 005.3’ '000.2. C.O!Zl °o§1.l
- 1¢ USAGE Ce2T68 0.274) 0.102% 0.9299 0.3622
17 USAGE 5172 r.5968 -n,0226 0.0382 0.579%
18 USAGE £.¢223 0.€232 0.0031 0.0271 C.6067
15 USAGE Cot 848 C.495) -0,0108 9.0319 ; 04819
23 US‘G‘ COSQQB 0.5!0! '°o°l’l 0.0!60 o.’ﬁ!.
21 USASE 0.8281 0.8129 0.02%2 Cc.0389 0.80¢%
22 USASE Je454b 0.5742 -0.0297 0.0483 0.515%
2? USAGE r.5361 €.52¢1 €.2030 0.C294 0.518%
24 USAGE 0.0660 C.6%20 0.0160 5.02%0 0. 8423
2% USeGE N0.4609 0.4269 0.0131 0.¢3%3 0.4118
2¢ SENT COR $.520¢ C.9152 0.00%4 0.0106 C.6C72
27 SENT (CH 2.7738 7. 7605 L.5230 0.0379 0.72¢8
26 SENT CCR 0.727% 0.732) «0.00%8 0.6286 C.7213
29 Se 1 COR Q. 872¢ e 8618 0.0112 c.0209 0. 08511
E18 SENT CCF . L7577 =(.C101 c.02¢3 - C. 7058
N SERT COom CetST6 Ce71¢8 -0.0188 C.C310 Ce 7009
32 SENT CCF Cot423 0. ca2¢ -0,0033 .0179 0.6218
3? S=N1 (Ck L etall n,e329 0.2091 0.0262 0.6163
36 SFN1 CO® Cose}2 0.462% -2.0013 2.02e1 0.449¢C
3 SCNT (Ca C.ea87 7.4931 «0,0434 0.0508 0.6771
2 SENT (CR C.7127 r.e528 €.0173 €.0323 0.6742
37 SENT COR Ca56e7 2.€939 «3.2172 n.023s 0.5833
38 SFNT CCHR €.5383 9.5356 €.203% 0.0280 0.51¢4
29 SFNT COR 0.2¢24 0.4282 «0,0¢57 €.0712 €. 4079
aC SENT (OB C.4423 n.4349 0.00%5% 9.027% O.6lcé
'3 USAGE Ce8626 C.8393 0.0123 0.0213 c.0123
2 USAGE (YT 0.4553 -0.0092 0.024% n.4306
43 USAGE C.7¢61 0. 7556 0.015% 0.0259 G. 7265
[} uSact Ce 5008 2.4527 0.Ce82 0.J5%48 C.4272
45 USAGE 0.£382 N, 0263 0.Cl19 C.0260 0.6287
&0 USAGE J.6521 n. €226 0.019% 0.0387 0.£132
47 USAGE 0.582% 0.5009 0.0019 0.(293 0.85%
48 USASE 0.4651 ", ¢209 0.04s1 0.0511 0.5673
4 USAGE 0.6129 0.5732 0.0407 0.0%43 | C.5543
30 USAGE 0.3151 0.2989 0.0162 €.0208 C.20%
Mo. of - - - - = )
- Item Type Items X _8 X_ 50 X _s8 X X _8
TSWE S0 65 «16 N 16 .00 .03 0k .02 «63 .16 '
u‘l‘. . 35 o“ 01‘ .64 01‘ .01 .03 .04 .02 .62 01‘
Sentence X
mr'.ﬂttoﬂ 15 “5 -15 -“ -1‘ -01 .02 oOJ -01 o“ .15
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Figure 13

Numerical and Pictorial Display of Frequencies of Root Msan Weighted Squared
. Differences(RMWSD) Between the Conditional Probabilities of Success
for Female and Male Candidites on TSWE Items from Form ZSAS5/EKll
Aduinistered in December 1977
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Figure 14

Plot of Root Mean Weighted Squared Differences (RMWSDa) Between
the Conditional Probabilities of Success for Male and Female
Candidates on TSWE Items from Form ZSA5/Ell .
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Conditional Probability of Successful Item Performance
for Both Males and Females on Two
TSWE Items from Form ZSA5/Ell v
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Most of this difference is constant across levels of scaled score. On the item
displayed in Figures 17‘and 18, the female candidates did not perform as well as
expected, (Pf = ,51, ﬁf = ,59)., Again, most of the difference is in one direc-
tion. Note that these two items appear to cancel gach other out.

Examination of the content of tpese two items revealed that the item on
which females performed better than expected concerns a woman in a‘professional
occupation, while tge item on which females fell short of expectation deais
with World War 1I, which is gererally considered an -area that males study
more than females. However, these content differénces do not appear to be

sufficient explanations for the discrepancies in the observed and expected

performance of female candidates on these items.

.
13

- »

Summary

This report was the first in a series of investigations seeking to uncover
evidence relating to the presemce or absence of unexpected differential item
performance on operational SAT/TSWE items across different candidate subpopu-
lations’ of the SAT/TSWE test-taking population via the statistical method of
standardization. The use of standardization enables éne to control fér differ-
ences in éubpoﬁnlation ability. Standardization is a reasonable procedure for

7 ?
controlling for differences in ability, provided the control variable is a
reasonable measure of abtlity, as is total scaled score.

Examination of summary statistics for discrepancy indices at the item type
level revealed‘that there was little evidence of systematic’unexpected differ—
ential item performance on either the SAT-M or TSWE tests. On the verbal test,

v

the analogy items exhibited a mean Df which suggested syétematlc unexpected

:




differential item performance that favored the male candidates. Elimination of
the one analogy item which exhibitéd very substantial unexpected differential
item performance reduces the mean Df for analogy items by half Qhen that item 1is
included in the set, i.e., from -.02 to -.0l, suggesting,that with the exception
of that one item, the analogy items, as a set, exhibit little unexpectéd differ-
ential item performance.

In contrast to previous investigations of item fairness (see review by
Dorans, 1982), this 1nvestigation of differential item performance identified
very few items oiit of a total of 195 items ;; needing careful review for
possible content bias. Of these oniy one exhibited a clearly unacceptable
degree of unexpected differential item performance that could be attributed
to content bias.

Since this is the first application of the standardization approach to
studies of unexpected differential item performance, future applications are
bound to involve modifications of the method as employed here. Certain modifi-
cations are very likely to occur. For example, different candidate subpopu-
lations will be studied and, as a consequence, the range of scaled scores studied
may be curtailed. A variation of the standardization procedure that can be used
with small samples may be employed. For some studies, the focus may be shifted
away from bireakdowns by item type towards breakdowns by content, where feasible.

In short, the methodology will be refined and adapted to meet the requirements

of future applications.

w
o
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Appendix

THE STANDARDIZATION APPROACH TO ASSESSING

UNEXPECTED DIFFERENTIAL ITEM PERFORMANCE

Since the standardization approach to éssessing unexpected différentiél
item performance represents a new application of an old technique to an important
concern in applied testing, the approacﬂ will be presented in detail in this
appendix. First, the rationale for standardization will be discussed. Then,
the particular application of standardization will be described. In the ﬁroceﬁs -
of describing this approach to assessing unexpected differential item perforﬁancé,x
several terms and concepts will be defined. The goals of this appendix are: ’

(1) to convey the iimplicity and generality of the standardizgtion approach,

and ]

(2) to illustrate its application to the assessment of unexpected differ—

ential item performance.

The Need for Standardization

>

Standardization is a statistical technique that enables one to compare two
populations of individuals with respect to some variable of interest while
controlling.for differences on some other variable that is related to the vari- -
able of interest. The best way to convey the ;eaning and importance of standard-
1zation.1s to 1llustrate what may occur when standardization is not performed
when it should be. Simpson's paradox is the designation for a paradoxical
situation in which a population with a higher overall incidence of some variable
than a second population actually has a lower incidence of that variablev ,
than the second population when comparisons-of that variable are conditiongd on

a

some other variable. Simpson's paradox (Wagner, 1982) can be used to illustrate

the importance of standardization.

Q : ’ ‘4(J




Consider the following illustration. Table 1l contains a statis;ical'
description of the performance of two hypothetical groups, A and B, on an
item. Group A is composed of 100,000 candidates, while Group Blis composed of -
1,000 candidates. In the body of the table, the performance of the"two groups on
the item is summarized at the far right under the column heading overall pérfofm—
ance. Here we note that 60,000 of the 100,000 members of Group A answered the
item correctly, while 500 of the 1;000>members of Group B answered the item.
correctly. Since the 60% for Group A exceeds the 50% for Group B, we might
conclude that this barticular item favors Group A‘over Group B.” Such an -inter-
pretation, however, would be in error because it ignores important information
about the two groups that is contained in the rest of the taLle, namely that
Group A is more able than Group B. 7 |

To the left of‘the overall performance column in Table 1 are five columns
of numbers that describe the performance on;the item of éubgroups of A and B
fhat are classified into five mutually exclusive pefformaﬁce 1eve1q; L1-L5. As
is evident in the %Z-Correct rows of the téble, Ll is the least able subgroup, L5
is the most able, and L2, L3 andiLA are ordered from low to high in terms of
performance on fhe control variable. At each ability level, member; cf Group A
are as §b1e as members of Group B. Thus, the 35,000 members of Group A at L4 are
as éble as the 150 members of Group B at Lé.c )

The numbers in the first and fiftg rows of the table identify the number‘
of 1nd1v1duals.in Groups A and B,.respectively, at each of the performance levels.
T ese'numbers inform us that errall Group A 1is more gble than Group B with most

of Group A at levels L4 and L5 and most of Group B at L2 and L3. This substantial

difference in overall ability between Groups A and B affects the summary infor-
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A ;. Table 1
Pérformance of Two Groups of Different Ability
. on an Item that Favors the Lower Ability Group 2
. ' \ Ability Level
» , Overall
Ll L2 L3 L4 LS - Performance
Group A .' _ : » |
No. of Individuals 5000 15000 25000 35000 20000 100000
%Z at Level 05 .15 25 .35 - .20
_ Answer Correct - .500 4500 12500 24500 18000 60000
% Correct .1 .3 .5 .7 .9 .6 -
Group B
No. of Individuals 200 350 250 150 50 1000
% at Level. .20 35 . .25 «15 .05
Answer Correct 40 140 150 120 50 500
% Correct 2 46 .8 1.0 .5
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mation portrayed in the overall performance coiumn,fﬂhich had led us to conclude
that the item favored Group A over Group B. } |

A closer examination of‘all the information. in Table 1, however, ieads ﬁg
to conclude that the item, in fact, favors Gfoup:B'over Group A. The evidence
for this_conclusion is contained in thelfourtﬁ and eighth rows of Table 1,
Yhich contain the percent correct for each of the five ability lévels in groups
A and B: respectively. No;e that -at each ability level, a iarger percentage of
Group B membefs answer the item correctly than do Group A'gembers of cémparable
ability. This analyéis, conditioned on ability level, 1ﬁd1cates'that this item
favors Group B over Group A because the probability of successful perfotmancé _
on the item is .1 higher for Group B than Gfoup A at each of the five ability
levels. Simpson's paradox refers to the fact that the analysis conditioned on
ability level contradicts the analysis based on a siméle comparison of overall
performance of the two groups on the item, i.e., the anélysis based on the data -
in the overall performancé column of Table 1.

Standardization with respect to ab;lity level removes the paradox in the
item performance analyses by producing a simple total group comparisdn, like
that based on the overall performadce column, which 18 not con?bunded by

"~ differences in group ability. Standardization accomplishes this goal by‘using

the same standard ability distribution for both groups.

Definitions
In the balance of this appendix, the following definitions will be employed ’
to designate various subgroups and variables used by the standardization approach

to the assessment of unexpected differential item performance:

’




Variables. There are two types of variables: study and control. The
study variable is the variable of interest, while the control variable 1is a
variable that is related to the study variable and which must be controlled

while making comparisons of the study variable. In the example under consider=-

ation, performance on the item expressed as percent correct is the study variable,

while ability level is the controlivariable. Since percent correct 1is related
to ability level, the latter must be controlled for during-comparisons of the
former.

Groups. There are three types of groups: study, standardization, and

base. The study group, as the phrase implies, is the group under_study. " In
any given investigation, there are as many potential study groups aé-thqre are
potential subgroups in a population. In aétuality, certain subgroups, e.g. .
Blacks, are more likely to be study groups because of concerns about the,réle-
vance of tests for thege subgroups.

The standardization group supplies the ability distributions used by the
standardization approach. In any “comparison of tw° groups, three possible -
standardization groups immediately suggest themselves: either of the two

groups or a composite of the two groups. While all three of these groups are

based on actual data, the standardization approach is not limited to standardi-

zation groups based on actual data. A hypothetical ability‘Aistribution con-
‘structed to suit some desiderata could be used a$ the standardiiation group.
The base group supplies the model for the data to the standardization
process. The model for the data expresses the study variable as a function of
the control variable. In assessing unexpected differeantial item performance,

the model is the expected performance on the item conditioned on abilify, i.e.,

the expected probability of successful performance on the item given ability

44




level. As in the case of the study group, thererare as..many potential base.
groups as there arehpotential subgroupsf - A subgroup caﬁnot be both tﬁe stgdy
group and the base group in the same analysis, howevér. To achieve a stable
model for data, the base group should be as large ;s possible. Té avoid part-
.total group contaminations, the base group should be independent of the various
study groups ia an investigation. |

In ‘avestigations of unexpected differential item performance, the model
for the data can be empirical or theoretical. An example of an empirical

/

model in an investigation of unexpected differentiai item performance in a Black
4study group would be the conditional percent correct in a white base group; If
an adjustment of percent correct for not reached, omits and number wrdng served
as the iita for the study group, an empirical model of the data would be the
comparable adjusted percent correct observed in the base- group. Further
discussion of adjusted percent correct is reserved for the mathematical formal-
-1zation presented latter in this append@k.

The various models of item response.theéry (Lord, 1980) are examples of
theoretical models for the data. This appendix is limited to empirical models
for the data.

w7 Mathematical Formalization

The mathematical formulation of the standardization approach to assessing
unexpected differential item performance can be described in several stages,

each of which focuses on a differenf component. These components are:

I. Observed Study Group Data

A. Basic Data

B. Derived Data to be Modelled
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II. The Model for the Data
III. Definition of the Standardization Group

Iv. Statisticil Indices of Unexpected Differential Item Performance

Observed Study Group Data -

In the balance of this appendix, the following indices will bé emﬁloyed:
- = g is the subscript for subgroup and ranges from 1 to G,‘whére G is the
number of subgroups; |
- g8 is the subscript for scaled score or ability level and ranges from 1 to
S, where S is the number of scaled score levels. " For SAT-V and SAT-M,
S is 61; for TSWE, S is 41;
- r 1s a response type 1nd1c;tor for which
1 = correct response '
2 = incorrect response
3 = omit
4 = not reached.
Basic Data. The basic data are counts, Ngsr’ i.e., the number (frequency)
of peoplé‘én subgroup g at ability level s who gave response type r to the item. : .
For example, Ngsl is the number of people in g at ability level s who responded
correctly to the item, while NgsB is the number of people in g at ability level
s who omitted the item. If we let "+" repfesent a siﬁple unweighted sum, then
N ; 18 the number of people in g at s. 1In addition, Ngs+ - Ngs4 is the number

gs
of people in g at s who ﬁeached the item.

Pt e

Derived Data to be Modelled. Some variation of percent correct are the

data to be modelled for unexpected differential item performance. Simple

percent correcﬁ at ability level s in subgroup gtis defined as -

Q | . ' ‘4‘3




(1) Pgs - Ngs1 / Ngs+ .

An alternative percent corréct involves a correction for not reached,

(2) Pog(NR) = N\ / (N

A3

gst Ngsd) -

;‘ .
Yet another "adjusted” percent correct entails an adjustment for guessing,

»

(3) Pgs(GA) = (N881 - Ngsz/(k-l)) / N88+ ’.

where k is the number of options in the multiple choice question. Choice of
"percent correct” depends on the purposes of the investigation. Various choices,

such as (1) - (3) above, can be obtained as a special case of a general formula

for the data, 4 ’ Y
IN _ *u
r=1 88T r
(4) Pgs(wr) iy -
IN * w
=] 85T r

where w; is the rth element in the vector of weights !; applied to Ngsr to

obtain the numerator of Pgs(wr)’ while w: is the rth element in the vector of
b . .

welights Er applied to Ngsr to obtain the denominator of Pgs(wr). For equations

(1) to (3) above, the corresponding weight vectors, !; and H: are:

Equation ____._E__:'_._.__ E:
R, W, O, NR R, W, O, NR
(1) (1, 0, 0, 0) (1, 1, 1, 1)
(2) (1, 0, 0, 0) (1, 1, 1, 0)
(3) (1,-1/(k=1), 0, 0) (1, 1, 1, 1)
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Choice of'E: and E: for use in (4) determines'}he data Pgs(wr)‘to be modelled.
In the example in Iable 1, simple percent correct, equation (1), was used to
obtain the data to be modelled. Dividing the nunbeps in the third and seventh
rows by the numbers in the first and fifth rows, respectively, provides the |
siméle percent corrects contained in the fourth .and eighth rows, respectively,
of Table 1. For example, the .5 (PAL3) for group A at score level L3 is

).

obtained by dividing 12,500 (N ) by 25,000 (N

AL31 AL3+

The Model for the Data

The data are defined as the percent correct for ﬁhe study group. For an
empirical model, the model for the data is simply the same pércent correct
for the base group. Both the data and the empirical model fgr the data
are obtained via equation (4). For the data, the subscript g refers to the
study group. Likewise, for the model, the subscript g refers to the base group.
When the data base is sufficiently large, as in the case with the SAT, it
is often sensible to use the largest subgroup as thg base»group. In that case
the mode{ for the data can be obtained via a straightforward ;pplication of
equation (4). In the hypothetical example depicted in Table 1, the base group
model values for simple percent correct data are simply the observed percent

correct data for group A, which aré listed in the fourth row.

Definition of the Standardization Group

The standardization group supplies the standard ability distributions used
by the standardization approach. Any of the G subgroups can be used as the
standardization group. Since the standard ability distribution serves as a

weighting function, it is advisable to use each study group as its own standard- -
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ization group thereby using a weighting function that mirrors the relative
frequency at each score level in the study group.

Formalizing the role of the standard ability distribution 1& the standardi-
zation process illustrates how it serves as a weighting function. As the phrase ..

might imply, "unexpgcted differential item performance” focuses on unexpected
differences 1n;1tem performances. Controlling for differences in subgroup aﬁil;‘
ity through standardization, enables us to label as unexpected any difference
between actual and expected item pe;formance. For subgrbups composed of equally
able members, there should be no differences in item performance. For the

SAT and TSWE, reported.scaled scores are highly reliable measures of the devel-
oped abilities assessed by that testing instrument. It is therefore. reasonable
to presume that individuals at the same scaled score ability level across
subgroups shouid have thé same probability of successful performance on the

item. Hence unexpected differential item performance focuses on differences in

item performance at fixed score levels. For SAT-V and SAT-M, there are 61

reported score levels, and for TSWE, there are 41 rePorted score levels.,

Standardization affords us with a simple way of summarizing unexpected differ-

ences in each item performance across score levels. For both SAT-V and SAT-M,

it enables us to reduce 61 potential differences to two summary 1nd1cesrw1thout
the confounding effects due to differences in group ébility. For TSWE, 41

potential differences are reduced to two summary indices.

Statistical indices‘of Unexpected Differential Item Performance \~\\/‘
At each score level s, in group g, we have the difference, L
(5) | D =P _=~-P _,

gs gs gs
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there Pgs is observed data defined in (4) using the study groups cou?ts, Ngér’

and ﬁgs is the model for the data defined via (4) using the base groups counts.

In equation (5), Dgs 1s a conditional difference between the data and the model.
- ) Let wgs be the standardization group weighting function for study group g. A
sensible weighting.function contains the relative frequencies of scaled score-.s

in study group g, i.e.,

(6 - wgs = Ngs+ / Ng++ ’

wheFe Ngs+ is the number of individuals in group g at score level s and Ng++ is
the number of individuals in group g across all s score levels.

Applying each wgs to tts corresponding conditional difference and summing
across score levels yields a mean weighted difference,

S

7 D = LW D
) R

an overall difference between the data and the model for percent correct.
This difference is one index of unexpected differential item performance
supplied by standardization with respect to ability. A second index is the

mean weighted squared difference,

S 2
(8) MWSD = I W D .
: g=1 g8 gs
which can be rewritten as
S
9) MWSD = I W D D '
( s=]1 gs g8 gs .

which implies that each difference is weighted by itself as well a¥ by the

weighting function associated with the standardization group. The?square root
. -y ,

|
!
o : b ‘ i
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of MWSD is also an index of discrepancy, RMWSD, that is on a scale that 1is

comparable to D .
p g o .
To illustrate the standardization process, let us return to the data in
Table 1. Suppose Group B were the study group, chosen as such because its lower
'\‘ ability level led critics of testing to believe that test items were biased
against- Group B. Since there ar@ 100,000 individuals in group A, it was chosen
*\ as the base group. Since we are primarily interested in study group B, its

ability distribution supplies us with a natural weighting function. ‘Hence, the

T dafa, model and weighting function are: v )

-

"Bs Pas " Fas  ___MBs__

Ll: 40 = ,20 500 = .10 200 = .20
: 200 : 5000 1000

L2: 140 = .40 4500 = .30 350 = .35
350 15000 1000

L3: 150 = .60 12500 = .50 250 = .25
250 25000 1000

L4: 120 = .80 24500 = ,70 150 = ,15
150 35000 1000

LS: 22 = 1,0 18000 = .90 50 = ,05

50 20000 1000 ‘

z-l.o L.

Note that, as with all weighting functions, I wBS = 1.0. Using the information

above, we obtain

< B r
' v
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Pis  Pps “Pas Pms  “ms  “ms’ms “ls_')_g_s_
) L1: - .2 .1 1 .20 .020 - 0020
L2: .3 .1 .35 1,035 .0035
' L3: .6 S | .25 .025 .0025
Lé: 8.7 .1 .15 .015 .0015 °
LS: 1.0 .9 .1 =05 -005 | -0005

I=1.0 I =1  =.01

The last row above reveals that DB = ,1 and MWSDB = ,01 when Group A is the base
group. Note that, Dg = HWSDB, which indicates that all the sum of squared
differences are dde to the constant difference of .l observed at each score

level.

Contrasting Standardization With Other Approaches

The assessment of unexpected differential item performance is an important
concern in applied testing. As such it has attracted much attention, e.g.,

Berk's (1982) Handbook of Methods for Detecting Test Bias. From the title of

Berk's volume one might infer that several methods for bias detection exist, and
the contents of thé volume confirm this inference. The intent of this closing
section is to place the standardization approach within thé context of the
methods included in the Berk volume. l

Scheuneman (1981) makes a distinction between two general types of item

bias definitions: definitions related to an item-by-group interaction, e.g.,

Angoff's (Angoff and Ford, 1973) transformed item difficulty approach, and defi~

nitions that involve conditioning on ability, e.g., item response theory
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approaches (Lord, 1980). Unexpected differential item performance is clearly a
definition involving conditioﬁing on ability. The standardization approach to
assessing unexpected differential item performance is most akin to item response
theory methods.

In item response theory approaches, parameterized item-ability regressions,
or item response functions, for different'subgroups are computed and compared.
In the standardization approach, unparameterized item—-test regressions are
compared. While the parametric nature of the item response methqu are more
elegant, the particular model (e.g., one-parameter), may not fit“the data and
the lack of fit ﬁight be misconstrued as bias. In contrast, unparameterized

item-test regressions will not suffer from model fit problems. Like any method

that uses an internal criterion, however, unparameterized item-test regressions

are subject to bothefsome item-total contaminations. 5
While the stahdardiz;tion approach is more akin to parametric item response

theory methods, it shares some of the simplicity of the transformed item diffi-

culty or delta-plot method. It too reéults in "transformed” item difficulties,

:namely the predicted p-values obtained from applying the narginal ability

distribution of the standardizatién group to the base group conditional item .

success curves. These predicted p-values are the item difficulties one would

expect if both the base group and the study group had ability distributions like

that of the stanéardization gé0up. These predicted difficulties should be

identical because ability has been directly controlled for through standardi-

zation. Any substantial deviation from identity could be construed as evidence

of ﬁnexpected differential item performance, evidence stated in the simple

metric of proportion answering an item correctly}




- 15 -

Reference

Angoff, W. H., and Ford, S. F. Item-race interaction on a test of scholastic
aptitude. Journal of Educational Measurement, 1973, 10, 95-106.

Berk, R. A. (Ed.) Handbook of methods for detecting test bias. Baltimore, MD:
Johns Hopkins University Press, 1982.

Lord, F. M. Applications of item response theory to practical testing problems.
Hillsdale, NJ: Erlbaum, 1980.

Scheuneman, J. D. A new look at bias in aptitude tests. In P. Merrifield (Ed.),
New Directions for Testing and Measurement: Measuring human abilities, No.
12. San Francisco: Jossey-Bass, 1981,

Wagner, C. H. Simpson's paradox in real life. The American Statistician, 1982,
36 (1), 46-47.




