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Abstract

A new approach to assessing unexpected differential item performance (item

bias or item fairness) is developed and applied to the ieem 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 preaent

application and delineates the essential features of the approach, a technical

appendix describes the standardtiation approach in detail. The primary goal of

the.standardization approach is to control for differences 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.



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 Scholastic Aptitude Test (SAT) are

aware of the diversity of the testtaking population 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

-items 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 used 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 were 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 tests.

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 is used to examine whether there are
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unexpected differences in item performance across different subpopulations of

the Scholastic Aptitude Test test-taking 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 is 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 score
1
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 if the

answer is incorrect), then an item is free of unexpected differential item

performance when it satisfies the following equality

(1) P (X=1IS) = P ,(X=11S) for all subpopulations g and g',

where P (X=11S) 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

1 It 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 is

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 is probably the best control variable

available for studies of unexpected differential item perfOrmance.
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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 differences in

item performance across subgroups of the Scholastic Aptitude Test candidate

population. Unexpected differential item performance does not refer to ,affer-

ences in overall subgroup performance on an item but rather to differences in

conditional item,performance where the requisite condition before comparison is

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 comprehensive

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

exhibited 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 particular

subgroup because of methodological sensitivities to differences in subpopulation

ability. The methodology employed in the current study controls for differences

in subp4ulation 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)

5
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and standard deviation (spread of scores about the average score) to a set of

numbers that has a certain "standard" mean and standAd 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 for differences in

subpopulation ability while making comparisons of 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 probabilities

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 item 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 is

discussed.

Standardization

In this section, the essential features of standardization are described.

The conditional probability of successfut,performance on an item, P (X=11S),

is the raw datum for the standardization method. For each score level S, there

is a conditional probability of successful,performance. Studies of unexpected

differential item performance focus on differences in condition:A 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 study group, while male candidates

are the base group.

Figure 1 contains plots of the conditional probability of successful

performance for both males and females on an analogy item appearing on Form

ZSA5. Male conditional percent corrects are denoted by squares (0) at each

score-level, while female conditional percent corrects are denoted by asterisks

(*). (Note that there are no asterisks at scaled scores of 770 and 800, which

indicates there were no females at those two scaled score levels.) In this

particular figure, 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 depicted 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 particular 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
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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 evidence of unexpected differential item performance at fixed

score levels. In effect, the plots allow one to control foe ability before

comparing item performance across subpopulations. Consequently, for each item

there is potential for unexpected 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 weighting

function, yields several summary indices of item performance. First, there is

the observed percent correct Pi for the female study group obtained by taking

a weighted sum of the 61 conditional probabilities of successful 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 weights are applied to the 61 conditional probabilities observed in

the male base group to produce an index of expected item performance P f for the

female study group. The difference between P
f

and P
f'

Df = Pf - P
f'

is one

index of unexpected differential item performance. If there is no unexpected

differential item performance, D
f

should equal zero. A positive D
f

indicates

that the study group exceeds its expected performance, while a negative Di

indicates that the item is harder than expected for the study group. Since

D
f

is a signed index, it is insensitive to crossovers in the conditional

success distributions of the base and study groups, An unsigned discrepancy

1
..
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index that can be used with D
f
is the root mean weighted squared difference

(RMWSD
f
). The RRWSD

f
for an item is obtained by weighting each difference in

conditional probabilities of successful item performance between the study and

base groups by that difference (which is equivalent to squaring the difference)

and by the frequency of scores in the female standardization group at each scale

score level, summing this weighted difference across the 61 scaled score levels,

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 RMWSDf is

(2)
"

RMWSD
f

= ( N (P - P )
2

/ N
fs+

)
1/2

fs+ fs fs
s=1 p=1

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

level s in subpopulation f, P
fs

is the conditional probatility of successful

performance in subpopulation f at score level s, and Pfs is the predicted value

of Pfs. Note that typically P_s where Pbs is the conditional probability
t Pbs'

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

Given the definition of D as

(3)

it can be shown that

(4)

A

Df = E N
fs+ fs

- P
fs

) / E N
fs+

s=1 s=1

2
RMWSD

f
= (D

f
+ E (D

fs r
D..)

2
/ E Nf8+)

1/2

s=i rs+ s=1

13
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where D
fs

= Pis - P
fs

. 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

have a large RRWSDf.

Equation (4) expresses RMWSDf as the square root of two additive components,

2
the square of a constant directional discrepancy, which ,is Df, and an index

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

probabilities after adjusting for the constant difference, which is the second

2
component in (4). While the Df 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 it does not allow random differences to cancel out. As such, the

primary purpose of the residual crossover component is to flag an item for

closer examination.

A problem faced by any investigation which seeks to detect and quantify

unexpected differential item performance, regardless of methodology, is the

determination of what level of unexpected differential item performance should

evoke concern. One could argue that any difference 4hou1d evoke concern. Thia,

however, would be an extreme position that ignores the fact that measurement

systems are always contaminted by noise. In the preient study, we examined

distributions of root mean weighted squared differences (RMWSD
f
) 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 RRWSD f 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 experience with applying the

standardization approach to other data bases, a better cutoff may evolve.

In combination
'

D
f

and RKWSD
f

provide a statistical description of an item

that will enable us to ascertain the degree of unexpected differential item

performance obtained in the female study group.

Test Form and Sample Used in This Study'

SAT Form ZSA5 and TSWE Form Ell, administered 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 psychometric properties of SAT

Form ZSA5. Since the psychometric properties of Z5A5/Ell are described in

detail in the test analysis reports just cited, only the most salient character

istics are summarized 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 spaced Sample of

1,895 candidates from the total group of 166,311 candidates who took Form Z5A5

in December, 1977. The mean equated delta, an index of test difficulty described

by Hecht and Swineford (1981) and Walker (1981), for tlie 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

Form Ell lb June 1976. The mean equated delta was 9.3, slightly easier than

intended.

15



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 sections of the Forms ZSA5

and Ell 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.

Procedures

The focus of the present study is on the assessment of unexpected differ-

ential item performance for female candidates on Forms ZSA5 and Ell items. In

this particular.application of the general standardization technique, the study
*

group is the female candidate subpopulation. The standardization group supplies

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 function, it is 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 successful performance on

the item given ability. The largest subpopulation 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-Verbal, SAT=

Mathematical, and TSWE. Note that the largest weights (relative frequency in
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Table 1

Frequency Distributions and Summary Statistics of Males' and Females' Verbal, Mathematical, an4 TSWE

Scaled Scores

Scaled Male
VERBAL

Female
MATHEMATICAL

Mal. Female Male
TSWE

Female

Score f 2 below f 2 below f 2 bolov f 2 below f 2 below f 2 below

800 1 100.0 C 100.0 13 65.9 0 100.0 0 101.0 0 100.0

7S0 I 100.0 1 100.0 17 95.9 2 100.0 C. 113.0 3 100.0

7du 1 100.0 1 100.0 17 99.8 5 100.0 c 1)1.0 o 110.0

170 2 110.0 o 100.0 31 95.6 3 100.0 ., 10'..:

7E3 4 10J.1 7 100.0 46 99.4 :

6 59.9 0 100.0 3 1C0.0

/5C 10 55.9 6 99.9 60 99.2 15 59.9 C 10.r C 1:0.0

140 14 99.8 25 99.8 52 561.7 15 99.8 u 100.0 0 100.0

It SS.8 14 99.7 151 98.0 32 55..6 L 100.0 0 100.0

720 12 55.7 9 55.7 120 97.5 24 59.5 0 1(0.3 0 110.0

71u 45 S9.5 33 95.5 134 96.9 36 99.3 C 110.0 0 100.0

7.0 11 55.4 21 99.4 154 96.2 40 99.2 C 110.0 0 100.0

tSY 61 49.2 48 99.2 146 95.5 44 98.9 C 170.0 0 100.0

180 4S SBA 32 99.1 155 94.6 70 98.6 r. 101.0 0 111.0

67. 5i S8.5 75 98.7 157 93.7 66 961.3 0 130. 0 103.1

te4. 74 se.2 49 96.5 256 52.5 71 961.0 0 130.0 0 100.0

est. 66 97.9 57 98.2 219 91.5 82 97.6 0 100.0 0 100.0

(40 165 97.1 150 97.5 234 90.5 89 97.2 0 100.0 0 100.0

630 SI 56.7 47 97.3 253 89.1 122 96.6 0 loco o 100.0

620 224 95.7 191 56.4 305 87.7 134 96.0 0 10.0 0 100.0

610 126 55.1 120 95.8 345 66.1 146 95.3 0 100.0 0 100.0

tut 250 54.0 217 94.8 655 62.1 3SC 53.4 642 57.1 720 96.6

55. 153 53.3 122 54.2 429 #1.2 221 92.4 375 95.3 35? 94.8

5UC 368 51.6 317 52.7 357 75.3 246 91.2 0 55.3 0 94.8

Pc1 50.7 196 91.8 425 77.4 267 50.0 477 93.2 466 92.5

510 192 69.8 152 91.1 176 75.6 265 86.7 565 90.6 595 89.7

550 478 87.6 434 89.0 513 73.3 324 87.2 EU 90.! 68 69.4

543 2c5 66.4 251 87.8 1080 68.3 652 83.9 626 87.4 678 66.2

52: 536 63.9 524 65.4 500 66.0 346 82.3 706 84.2 725 82.8

520 341 62.3 318 83.9 457 63.8 351 80.5 755 80.7 710 79.4

51Y 672 75.3 662 80.8 5661 61.2 4614 76.2 732 77.2 8E4 75.4

500 379 77.5 362 79.1 601 56.4 488 75.9 144 76.7 151 74.7

450 737 74.2 729 75.6 569 55.7 456 73.5 767 73.2 #02 70.9

480 4E7 72.0 428 73.6 1109 50.6 1314 68.7 808 69.5 #44 66.9

47) 483 65.8 442 71.5 619 47.61 542 66.2 dSt 65.4 525 62.5

46. 9E7 65.4 855 67.3 625 44.5 567 63.5 852 61.4 883 56.4

45. 505 61.1 4617 65.0 582 42.3 539 61.0 235 60.4 221 57.3

44J 1062 58.1 1055 60.0 514 35.9 545 58.4 764 '56.9 765 52.7

42" 569 55.5 543 50.5 1096 34.9 1292 52.3 824 53.1 804 49.5

420 1009 50.5 549 53.0 541 32.4 619 45.4 737 4s.7 #02 46.1

410 567 46.2 570 50.3 460 30.3 523 46.9 777 46.1 822 42.3

400 545 45.7 611 47.4 471 28.2 562 44.2 296 44.8 252 41.1

34G 1016 41.0 972 42.8 483 26.1 657 41.1 743 41.4 738 37.6

553 38.5 567 40.2 494 23.7 603 36.3 761 37.5 721 34.2

1128 33.3 1021 35.3 642 14.8 1035 33.4 725 34.6 665 31.0

310 554 30.8 511 32.9 445 17.8 536 30.9 (., 34.6 3 11.0

860 26.9 613 29.1 446 15.7 615 28.0 711 31.3 646 26.0

340 477 24.7 475 26.9 419 13.8 611 25.1 311 29.9 265 26.7

33. 508 20.5 891 22.7 319 12.4 480 22.8 617 27.1 575 24.0

320 358 16.9 290 21.3 657 5.3 1070 17.8 617 24.3 574 21.3

31. 444 16.6 358 19.6 347 7.8 606 14.9 57c, 21.6 552 18.7

3%.0 702 13.6 775 16.0 271 6.5 527 12.5 5.3 191 463 16.5

290 387 11.9 334 14.4 232 5.5 410 10.5 itg 17.8 214 15.5

2.0 5E7 9.3 545 11.8 249 4.3 473 8.3 445 15.8 354 13.7

27u 261 8.1 29E 10.4 256 3.1 457 6.1 445 13.6 33 11.8

260 504 5.8 582 7.7 336 1.6 619 3.2 416 11.6 365 10.1

25u 150 5.1 205 6.7 112 1.1 203 2.3 36C 10.2 327 8.5

240 3E0 3.4 445 4.6 57 0.6 182 1.4 187 5.3 157 7.8

230 162 2.7 188 3.7 ES 0.3 136 0.6 310 7.5 237 6.7

220 128 2.1 1133 2.8 34 0.2 67 0.4 283 6.6 226 5.6

210 182 1.3 220 1.6 29 0.0 71 0.1 270 5.4 226 4.5

2640 275 A.0 382 0.0 9 0.0 24 0.0 1175 C.0 962 0.0

21,835 21,209 21,835 21,209 21,835 21,209

Mean 415.1 407.9 472.9 420.1 405.1 414.1

S.D. 107.4 108.1 118.8 106.9 111.2 109.2
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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, P
f'

P
f'

D
f'

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 P
f
and mean P

f
are equal to two decimals.

The difference between mean D
f

(.00) and mean RMWSD
f

(.05) is attributed to the

fact that RMWSD
f'

unlike D
f'

is an unsigned index of discrepancy that weights

and sums any squared differences between Pf and if regardless of which value is

larger and thus prevents cancellation of positive and negative differences. On

the other hand, the signed index D
f
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 P
f

and mean

P
f

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

18



Table 2

Listing of Item Difficulty and Discrepancy Indices and

Summary Statistics for Verbal Items from SAT Form ZSAS

11E4 11t8 IYPE

P
f

CCI,OECT

P
f

EST I CO.otC1

D
f

C0PAEC7 0550

P
b

1 CORRECT BASE GROUP

1 ANTCNYM 0.5205 0.8607 0.0398 0.0508 0.8702

2 AN1:AYH L.7143 n.68t4 0.0274 0.1406 0.7045

P 4.1008 0.5458 0.7532 0.0166 0.0442 C.8030

4 ANTevYM 0.7062 0.6828 0.0134 0.0293 0.7104

5 AN1(No4 0.7666 0.7066 0.0600 C.0643 0.7223

6 ANIC4vM u.t8S2 0.7401 -0.0511 0.0615 0.7531

7 ANILtNOM 0.5125 0.5658 -0.0533 0.0661 0.5777

AtILNym 0.4818 0.4787 0.0031 U.0273 0.4926

9 441:NYM (.5796 0.5156 0.0640 0.0697 0.5276

IC 6*OCNYM 0.2223 0.1410 0.0313 0.0547 0.1544

11 ATICNym 0.3444 1.3452 -0.0002 0.0335 0.7531

12 4410NoM 0.2924 0.2664 0.0261 0.0401 0.2745

1! 411..:,08 0.3029 0.243f 0.0570 0.0754 0.2517

14 A.vICNOM 0.0166 0.0801 -0.0015 0.0435 0.0801

15 ANMOM 0.1383 0.1256 0.0127 2.0524 0.1268

It SENT CCM 0.7825 1.8373 -0.0547 o.0716 C.8523

17 SF41 COM 0.6969 0.7435 -0.0466 0.0603 0.7572

18 SENT CCM C.t451 1.6774 0.0176 0.0301 0.6514

19 SEAT CCM 3.6516 0.7410 -0.0044 0.0307 0.1147

2. SENT CCM L.4032 0.4555 -0.0923 0.1054 0.5047

21 OcAJ CCM 0.5361 0.5158 0.0203 0.0351 0.5267

22 EEC., CCM 0.tS18 0.6866 0.0052 0.0362 C.6553

23 FEAD CCM 0.4321 0.6423 -0.0102 0.0330 1.8543

24 PFAO CCM 2.5616 0.5701 -0.0185 0.2316 0.5801

25 FEA1 COM (.2617 0.2360 0.0266 0.0471 0.2420

26 vEA0 (CM 0.917 0.1075 -0.0158 0.0381 0.1111

27 FCC') CCM J.2331 v.2359 -0.0047 C.0428 0.2442

28 FEE) COI 0.1142 0.1422 -0.0280. 0.2503 0.1450

29 PF43 CLM 0.1307 0.1910 -0.0603 0.2760 0.1574

30 8111 CCM 0.1568 0.1395 0.0173 0.0385 n.1430

31 SEP.1 CCM Z.t455 0.8345 0.0111 0.0433 0.8457-

32 SINT CCM u.4622 0.5069 -C.0246 0.0404 0.5192

33 SINT COM 0.4489 1.3788 0.0681 0.4.788 0.3899

74 SI4T COM (.7363 C.3259 0.0104 0.0365 U.3354

35 SENT CCM 0.1308 0.1186 0.0122 0.0275 0.1255

36 ANALCO 0.7821 0.8354 -0.0752 0.0843 0.8443

37 A%ALLGO 3.7435 0.7)05 0.0424 0.0542 0.7145

34 AVAIC.Gy 0.6261 0.6401 -0.0140 0.1243 0.6541

35 ANALCO 0.5276 2.5117 0.0154 C.0253 0.5274

40 ALALOGO ...4t6S 0.4515 0.0154 0.043 0.4643

41 ANALOGY 00405 0.3647 -0.0242 0.0381 0.3756

42 4%ALCO 0.2447 0.2112 0.0334 0.046* 0.2193

43 ANA1.00 0.1367 2.1656 -0.0288 0.0480 0.1733

44 ANALCGO 0.1496 0.1474 -0.0483 0.0641 0.2047

45 ANALC2O 0.4671 0.0884 -2.0212 0.0334 0.0412

46 ANTONYM 0.6831 0.4607 0.0225 0.0327 0.9724

47 ANICNYM C.8285 0.7684 0.0401 0.0520 0.7823

48 ANIGNOM 0.7160 0.8034 -0.0874 C.C475 0.8173

49 AlICNOM 00037 0..634 0.0348 0.0485 0.6773

50 eITCNYM 0.4443 0.4015 0.0428 0.0561 0.4153

51 ANTCPOM 0.475C 0.4631 0.0114 0.0393 0.4760

52 ANTCPOM 0.4575 0.3872 0.C703 0.0832 0.3580

53 ANTCNYM C.3564 0.3755 -0.0186 0.0327 0.3866

54 ANTONYM 0.1213 0.1732 -0.2444 0.071* 0.1781

SS A11ENVM 0:1079 0.1038 0.0041 0.0310 0.1375

St SENT CCM 0.1701 0.8155 -0.0454 0.060* 0.8245

57 SENT COM 0.6744 0.6244 0.0503 C.1661 0.6342

SO SENT COI 0.7046 0.7134 -0.0044 0.0260 0.7301

54 SENT CGA 0.44193 0.4429 0.0453 0.0565 0.4584

60 SENI.COM 0.2218 0.2251 0.0267 0.0424 0.2125
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Table 2 (continued)

Pf Pt D
f Pb

11Em Ili:A 1%6C I cuRecl LS1 % COe66C1 0117 1 COP4EC1 60430 2 CORRECT RASE GROUP

61 ANALCGV 3.8360 n.8276 0.0083 0.0255 0.1426

et A.81.01W 0.8111 0.8402 -0.0211 0.0346 3.4510

63 ANALCGY C.6295 0.7110 -0.1615 C.1792 0.0111

64 4NACCO4 0.e078 0.6377 -3.0211 0.0441 4.8447

65 ANALEGY 0.4652 0.5281 -0.0637 C.C175 0.5345

te ANALOGY 0.1355 0.1217 0.0058 0.0336 4.1341

67 AMALOGY 0.2206 0.2361 -0.0155 0.C416 0.2451

68 ANALOGY 0.1475 0.1271 0.01116 0.0415 0,1252.

65 1N4L0G1, 3.1481 0.1415 0.0073 0.0331 0.1448

70 ANALOGY 0.1593 0.1403 04110 C.0373 0.1458

71 PtA0 COM 0.4710 0.4381 0.0401 C.0548 0.4527

72 PEW COM 0.6052 0.5567 0.0415 0.0575 0.5702

73 7E60 CO4 0.5180 0.4744 0.0436 0.C588 0.4866

74 464D COM C.7324 0.6934 0.0394 0.0410 0.7097

25 READ COM 0.2214 0.2284 -0.0070 0.0312 0.2341

76 FEAD CON 0.24:45 0.1150 0.0114 0.0353 0.20A7

77 7610 CC4 0.8245 0.5612 0.0633 0.0732 0.57411

78 8640 CCM 0.4006 0.5751 0.0242 0.0381 0.3502

79 lEAJ CCM 0.6430 0.5724 0.0706 0.0787 C.3766

80 7EA0 COM 0.41151 0.4322 0.0521 0.0620 0.4437

81 MEAO CON 0.1825 0.1783 0.0042 0.0317 C.1890

82 READ CCM 3.2445 3.2751 -0.0338 G.0440 0.28411

83 6C43 CON 0.2059 0.2414 -C.0315 0.0427 0.2520

84 SEAD COM C.2261 0.2494 -0.0234 0.0358 0.2602

85 READ CCM 0.1607 0.1764 -0.0157 0.0353 0.1813

Item T744
No. of
Items I SD

-
SD SDi SD I SD

All Verbal 85 .45 .24 .45 .24 .00 .04 .05 .02 .46 ..25

Vocabulary 45 .46 .26 .46 .26 .00 .04 .05 .03 .47 .27

Antonyms 25 .50 .25 .49 .25 .01 .04 .05 .02 .50 .25

Analogies 20 .41 .26 .43 .27 -.02 .05 .05 .03 .44 .28

Reading 40 .44 .23 .44 .22 .00 .04 .05 .02 -.45 .23

Sentence Comp. 15 .56 .21 .56 .22 -.00 .04 .05 .02 .57 .22

Reading Passages 25 .37 .21 .36 .19 .01 .03 .05 .01 .37 .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 of

the five indices across the antonyms and analogies item types, respectively.

The values of RMWSD
f

are still of approximately the same size as before. The

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

absolute sense.

The statistics for reading, tile other section in the verbal test, and the

two item types that compose it, 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 perfOrmance

in a set of items is tolerable, there may be some small number of items which

exhibit substantial unexpected differential item performance that is not readily

detectable from the means and standard deviations of discrepancy indices such as

RMWSD
f

and D
f.

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 Figure 5 is a clear presentation of the

RKWSD
f

index that can be used to identify individual items that exhibit

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

Numerical and Pictorial Display of Frequencies of Root Mean Weighted Squared Differences(RMWSD)

Between the Conditional Probabilities of Success for Female and Male Candidates on
Verbal Items from Form ZSA5 Administered in December 1977

Numerical Frequencies Grouped by Item Type Floating Histograms by Item Type

VEILS VOCAB ANTS ANAL READ SNCP ,IDCP
Vtlues

of

RMWSD

Vocsbulary I Reading

ANTS ANAL I SNCP RDCP

.20

.19

1 1 1 .18 A
.17

.16

.15

.14

.13

.12

1 .11

1 .10 0
.09

7 4 2 2 3 1 2 .08 00 AA S RR

a 5 4 1 3 2 1 .07 0000 A SS I.

a 2 2 6 3 3 .06 00 SSS RIR

13 9 5 4 4 4 .05 00000 AAAA RDA
25 10 5 5 15 4 11 .04 00000 AAAAA SSSS RRRRARIRRIR

21 13 6 7 a 4 4 .03 000000 AAAAAAA SSSS RIRR
.02

.01

.00

.04 .03 .03 .03 .04 .035 .04 Mode

.05 .05 .05 .05 .05 .05 .05 Mean

.02 .03 .02 .03 .02 .02 .01 S.D.

Legend:

Item Type

No. of
Items Abbreviations

Verbal Score 85 (VERB)

Vocabulary Subscore 45 (VOCAS)

Antonyms 25 (ANTM) (0)

-Analogies 20 (ANAL) (A)

Reading Subecore 40 (READ)

Sentence Completion 15 (SNtP) (S)

Reading Comprehension 25 (RDCP) (1)

24

1
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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 RMSDf for an item is

represented by the length of the line from the origin to the point representing

that item. To supply a frame of reference, three arcs of equal RRVISDf are drawn

on the plot for the values .08, .16 and .24. Items falling within the smallest

arc exhibit a fairly typical amount of RRWSDf. 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 RWSDf 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 sum 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 yields the Df, the difference between Ff and Pf, for that item.

Projection of that same point on the vertical axis_ylelds the standard deviation

of the weighted differences, the index of residual crossover. Hence, the

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

RHWS0
f

is due to a constant difference between the P f and P
f

curves (and the

direction of that difference: D
f
), 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
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Figure 6

a

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
0 FEMALE

0

0

0

otn.

0

0 1

0_,
i T r 1 I

4O 25 -0 20 -0.15 -0!10 -0.05 0 00 0.05
OIFF '4 CORRECT

4.

t a ANTON*'m
O 0 SEW WM

G READ COM
+ + ANALCCY

0 10 0. 15

RMWSD equals the distance from the origin to the point representing the item.

Projection of each point on the horizontal axis yields the difference between

P
f
and P

f'
D
f'

for that item. Projection of each point on the vertical axis

yields the standard deviation of th's weighted differences, an index
of residual

crossover.

0 120 0 25
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is off by itself in the floating histogram at the top where it hai a RMWSDf of

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

differential item performance for this analogy item.

In Figure 6, the analogy item outside the second arc is just above .05 on

the vertical axis and at approximately -.17 on the horizontal axis. Hence, this

item is exhibiting little residual crossover, 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 performance.

In contrast 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 between the

inner and middle arcs, an antonym item that has a positive Df and an analogy

item with a negative Elf are close enough to the inner arc to be considered as

exhibiting acceptable levels of unexpected differential item performance. The

remaiping two items, a sentence completion item and an antonym, however, merit

some careful examination. Like the analogy item outside the middle arc, these

two items haye 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 particUlar analogy item revealed potential content bias against

female candidates, as it required some knowledge of hunting and fishing, two

traditionally male-oriented recreational activities.
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On the sentence completiJn 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 candidafes on this item.

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

P
f

= .72 vs. P
f

= .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 unexpected differenti.1 ite;

performance that probably could be attributed to item content. Only two other

items exhibited enough unexpected differential item performance to merit exam-.

ination. Most of the 85 verbal items exhibited little unexpected differential

item perfoimance for female candidates.

SAT-Mathematical Results

Table 3 contains listings of the five indices, Pf, Pf, Df, RMWSDf, and Pm

for the 60 mathematics items on Form ZSA5. In addition, these indices are

summarized by item type at the bottom of this table. The irst row at the

bottom of Table 3 contains means and standard deviations based on 59 mathematics

items. One math item was excluded from tas analysis because the percent of

female candidates responding correctly to the item was less than .05.

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

P
m

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

between the mathematical ability distributions for males and females, and
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Table 3

Listing of Item Difficulty and Discrepancy Indices and Summary

Statistics for Mathematical Items from SAT Form ZSA5

ITEM f 17E4 TYPE 8

P
f

COEPECT

P
f

EST 8 CCoPECV

D
f

01FF 8 CGPOECV PmwS0

p
b

2 CORRECT RASE GROUP

1 PEG MATH 0.7040 0.7312 0.0328 0.0276 0.7569

2 PFG MATH 0.5532 Q.6259 -0.0756 0.0863 0.7261

3 AtG MATH 0.5377 0.5656 -0.0279 0.0420 , 0.6871

4 FEG MATH C.6456 0.6168 -0.0289 0.0405 0.7029

5 FEG MATH 0.4565 0.5200 0.0480 0.6351

6 .FFG MATH 0.6741 0.6171 0.0569 0.0675 0.7134

/ FFG MATH C.6765 0.6759 0.0306 0.0254 0.7774

8 FEG MATH 0.4966 0.5450 -0.0465 0.0603 0.6629

9 Flu MATH 0.6124 0.5421 0.0703 0.0826 0.6616

10 PEG MATH 0.4258 .J.4270 -0.0012 0.0346 0.5209

11 PEG MATH C.4683 0.4782 -0.0099 0.0345 0.5721

12 PEG MATH 0.4787 0.4511 0.0276 0.0423 0.5671

13 FEG MATH 0.59i1 0.5581 0.0408 0.0584 0.6468

14 AEG MATH 0.411 0.3549 0.0168 0.0338 0.4898

15 FEu MATH v.4217 0.4569 -v.0332 0.0448 0.5727

16 lEG MATH 0.3267 0.2995 0.0302 0.0553 0.3816

17 PEG MATH 0.1420 ".1672 -0.0251 C.0355 0.2513

18 PEG MATH 4.1471 ,0.1841 -.0.0370 0.0454 0.2570

15 PEG MATH 0.2546 0.2403 0.C143 0.0449 0.3223

20 PEG MATH 3.0970 C.:928 0.1142 G.A214 0.1354

21 PEG MATH 0.1285 C.1127 -.0.0441 0.0570 0.2425

22 PEG MATH 0.1087 0.1114 -.0.0027 0.A244 0.1661

23 PEG MATH 0...1848 3.0E21 0.0027 0.0155 0.1226
,, 24 PEG MATH % 0.3536 8.1121 -0.0184 0.0138 0.1593

25 FEG MATH 0.1552 c.0568 -0.0046 C.0224 0.0957

26s PCG MATH 0.8201 0.8150 0.0051 0.0310 0.8776

27 PEG MATH (.)) 0.5347 0.5903 -14.0,16 0.07,41 0.6888

28 ptG MATH 1.6174 A.9055 C0170 0.1248 0.8686

26 Ft.; MATH 0.6526 0.6951 -0.0422 0.0546 0.7811

30 PE:, MATH 0.6272 C.4561 -3.C288 0.0470 0.7315

31 PCU MATH 0.5511 0.5856 0.0055 0.0269 0.6818

32 PEG MATH 0.5768 C.5603 0.0143. 0.0330 0.6374

33 WAN1C4P U.667.4 -0.cu05 0.0265 3.7609

34 OUANICMP 1.6594 0.5790 0.0804 0.0884 0.6537

35 WANTCMP 0.6869 0.6628 0.0231 0.0375 0.7345

36 nuANTCMP C.t0e4 u.5860 (.0230 0.0413 0.6971

37 OUANTCPW 0.7183 Ce7740 -0.0557 0.0665 0.8489

38 QuANTCPP 0.4279 C.4152 3.0127 040308 0.5375

39 OUANTCMP 0.5955 0.5432 0.0553 0.0653 0.6248

40 IUANTC4P 0.5782 0.5663 -0.0180 0.0323 0.6987

41 OUANTCMP 0.3825, %).6C35 0.0210 ,0.0390 0.6922

42 OUANTCMP 0.5061 0.5364 -0.0303 04443 0.8377

43 00JANTCMP 0.53C3 0.5281 0.0022 0.0296 0.6306

44 OUANTCMP C.4110 0.4040, 0.0070 0.0289 0.4987

45 OUANTEMP 0.4600 0.4566 0.0004 0.0312 0.5781

46 0J/0.1CMP G.3747 C.3862 -0.3114 0.0258 0.4980

47 ' OdANTCMP 0.1866 0.1543 -0.0077 0.0369 ° 0.2842

48 OUANTCMP 0.2551 0.2483 0.0108 0.0330 0.3284

49 OJANTCMP u.3335 C.3175 0.0110 4.0425 0.3499

50 OUANTCMP 0.1461 0.1775 -0.0313 0.0417 0.2363

51 JUAATEMP 0.1615 0.1986 -0.0370 0.3752 0.2635

p 52,
k 53

QUANTCMP
PEG MATH

u.2C53
0.5176

0.2149
0.4523

-0.0099
0.0652

0.0289
0.0721

0.2704
0.5515

54 11G MATH 0.1826 0.1767 0.0059 0.0209 0.2098

55 AEG MATH 0.3214 0.3803 -.0;0589, 0.0701 0.4690

56 AEG_MATH 04875 0.1042 -0.0167 0.0258 0.1735

57 AEG MATH 0.1540 A.1513 0.0027 0.0354 0.2099

58 8E4 MATH 0.0851 0.1068 -0.0177 0.0294 0.1468

59a PEG MATH 0.782 0.0872 -0.0089 0.0264 0.1131

60 PEG MATH 0.0490 0.0532 -0.0042 0.0117 0.0788

MO. of
Item TYP, Items i SD I SD i SD I SD i SD

Mathematical

Quantitative
Comparison

loran Nith

59

20

39

.42

.45

.40

.22

.18

.24

.42

.45

.41

.21

.18

.23

.00

.00

.00

.03

.03

.03

.04

.04

.04

.02

.02

.02 .

.51

.54

449

.23

.19

.24

, .

.411Exclisded from summary ststisties imams, P less than .05. 27
f
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illustrative of.the need to correct for this difference prior to comparing

male and female item performance. Note that mean Pf (.42), in contrast to mean'

P
m

, is very close to mean P
f'

'demonstrating the effectiveness Of the standard-

ization procedure in this regard. Both Of and RMWSDf 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.extremely close to their estimated mean (i.e.,

mean Of = .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 excluded from the analysis because the female candidates' percent.

correct on this item was leSs than .05. These means and standard deviations

suggeil that little unexpected differential item performance is present.

Figures 7 and 8 contain pictorial and numerical displays of the discrepancy

indices for both quantitative comparison and regular mathematics item types.

Neither the floating histogram in Figure 7 nor the plot 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

perfoimed beCter 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,

while Figures 11 and 12 are the corresponding 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 .eiandidates in Figure 9 while the reverse
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Figure 7

Numerical and Pictorial Display of Frequencies of Root Mean Weighted-Squared
Differences(RMWSD) Between the Conditional Probabilities of Success
for Female and Male Candidates on Mathematical Itemm from Form ZSA5

Administered in December 1977

Numerical Frequencies Grouped by Item Type Floating Histograms
by Item Type

Mathematical
Score

. Regular
Mathematics

Quantitative
Comparison

Values
of

IOU&
.Regular

Mathematics

Quant itat ive
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.16
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2 1 1 .09

3 2 1 .08 RR

5 .07 RIR QQ

5 4 1 .06 URI
4 4 .05 RRRI

13 7 6 .04 RRRIRRR QQQQQQ

21 12 9 .03 RRRURRIRRRR QQQQQQQQQ

7 7 .02 RIRRIRR
.01

.00

.03 .03 .03 Mode

.04 .04 .04 Mean

.02 ;02 .02 S.D.

Legend:

Item Type

No. of
Items Abbreviations

Mathematical Score 60

Regular Mathematics 40 (R)

Quantitative Comparison 20 (Q)
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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 ZSAS
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aRMWSD equals the distance from the origin to the point representing the item.

Projection of each point on the horizontal axis yields the difference between

P
f
and i

f'
D
f'

for that item. Projection of each point on the vertical axis

yields the standard deviation 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

Item 2
Item 9

riP

a:P3 *

oft.

d p,

a°

00 et

Ddltt
0 f

0
di

111

t*

F4,41 woe.
_issiktVAS ies

tocUlu

300 400 E00 COO 700
SCALED $COgE

f FEMALE
0 0 MALE

Figure 9

SCO

*_,n
* LP"-

_not'

epflf"50

cP
a

* FEMALE
0 0 MALE

et
o 0

011 * °

400 SOO SOO 700 SOO
SCALED SCORC

Figure 11

Difference Plot of Two Math Items from SAT Form ZSA5

t FEMALES - VALES

Figure 10

OIFF -0.07110

RM410 0.0443

Item

0

400 SOO 000 700
SCALED SCORE

t FEMALES - MALES

Figure 12

OIFF X 0.0703
AMWS0 0.0020



-27-

occurs in Figure 11. Both figuretilexhibit fairly constant differences, but

in opposite directions. Examination of the content of these two items ?rovided

no apparent explanation for these differences. Hence, it appears that all

mathematics items on Form ZSA5 are relatii/ely 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, Pf, Pf, Df, RNWSDf, and Pa,

discussed in preceding sections, for the 50 TSWE items on Form Ell. In addition,

these indices are summarized by item type at the bottom of the table. The first

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 and the 15 sentence correction items, respectively. Estimated

percent correct (Pf) means for the female candidates are very close to actual

(P
f
) means across both item types combined and separately. The mean 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 Ell. Inspection of these figures

reveals that only two usage items exhibit any substantial amounts of unexpected

differential item performance. Performance on these iteue is depicted in

greater detail in Figures 15-18. The female candidates performed better than

expected (Pf = .59 vs. Pf = .50) on the item diiplayed in Figures 15 and 16.
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Table 4

Listing of Item Difficulty and Discrepancy Indices and
Summary Statistics for TSWE Items from Form Ell

P
f

P
f

D
f

P
b

ITEM 0 1104 TYPE COMP EST t CORRECT OW I COM' 44650 E CORRECT BASE GROUP

I USAuE 0.5214 0.524, -0.0035 6.0132 .., 0.9141

2
3

USAGE
USAGE

0.1160
C.264t

).0162
0.7,42

-0.0102
.-0.013 6

0.0295
0.0317

\).7020.002006
4 USAGL 4.5653 C.4971 0.0841 ' 0.0,74 0.41156

5 USAuE 0.6552 0.6724 0.0224 0.0338 0.6993

6 O510f 0.7611 C.74106 d-0.C207 0.0373 0.7756

7 USAGE 0.0510 0.47,4 0.0125 C.0240 0.0690

1 USAGE 0.3236 0.3301 -0.0072 C.C372 0.3224

5 USAGE O.e325 0.5922 0.0402 0.0543 0.501,

IC USAGE 0.5449 0.5231 d-0.0242 0.0414 0.5591

11 USAGE C.1765 0.7796 0.000, 0.0207 0760S

12 USZGE 0.2916 0.7445 0.0071 0.0253 0.7710

12 USAGE 0.0429 0.0362 0.0117 0.0229 0.4240

14 AKAGE C.8,61 C.0342 0.0040 0.0263 0.793S

IS USAUE 0.SG96 0.5935 -0.0039 C.0920 0.5701

It USAGE f..1211t tN.2743 oons 0.0299 0.3622

17 uSAGE r.S712 r.sees ..41.0226 0.0352 0.5715

11 USAGE C.4233 0.t202 0.0031 0.0271 0.607

15 USAGE C.41141 0.4953 -0.0109 0.0319 i
0.401,

23 USAGE C.5655 OOS -0.0151 0.0340 0.5640

21 USAS,F 0.5341 0.412, 0.0292 C.0309 0000
22 USAGE 3.4S46 0.5,42 -0.03,7 0.0443 0.5159

23 uSA6E c.5391 f.S2e1 0.1030 0.C294 0.91S9

24 USAGE 0.160 C.653O 0.0160 0.0250 0.8473

25 USAGE 0.44c1 0.42t9 0.0151 0.C393 0.4118

2t SFUl COR C.420t C.91S2 0.0094 0.0106 co4C73

27 SEW! fCF 0./235 1.2405 (..1'30 0.037411 0.7260

26 $ENT CCP 0.2225 0.2333 -0.0094 0.09116 C.7213

29 SANT CON 0.172t L.St1S 0.0112 C.0249 0.0511

3. SE441 CCF 4:064 L.2522 -C.C101 C.C2(3 C.7040

21 SEUT COP cavl9 C.2161 -0.0144 0.0310 C.700,

32 SENT CCF C.t423 0.t42t -0.0033 0.017, 0.6210

3? SENT (CA t..411 o.t32, 0.3001 0.02E2 0.6163

34 SFN1 CCP C.4t12 0.429 -0.0013 0.0281 0.44,0

39 SENT CCW C.t4112 1.1931 -0.0434 0.0988 0.6771

P6 SFN1 COF G.71C7 0.65lS C.0173 C.1323 0.6742

37 SENT COF C.Sfe2 1.603, -3.0172 0.0134 0.9033

38 SPO CCP f.53V3 0.93SS C.0033 0.0260 0.91.4

39 SFN1 COP 001.24 0.4242 -0.0657 C.0712 C.407,

4C SENT CCP C.403 1.4344 0.0055 0.0273 0.4164

41 USAGE 4..1426 C.4303 0.0123 0.0213 C.0113

42 USAGE C.44t1 0.4993 -0.00,2 0.0245 4.4306

43 USAGE 0.7661 0.75:416 0.0155 0.025 , 0.72S5

44 USAGE 0.50O6 1.4527 0.C41112 0.7541 0.4?72

49 USAGE 0.t363 0.626S 0.C119 C.0164 0.6047

46 USAGE .6521 0.6'26 0.0199 0.0347 0.6132

47 USAvE 0.5125 0.5409 0.0019 0.C2115 0.55416

41 USAGE 4,..tES1 1.6209 0.0441 0.0911 0.5575

49 USAGE 0.f139 0.5732 0.0407 0.0543 0.9543

SO USAGE 0.3131 0.2909 0.0162 0.0215 C.20?,

MO. of
;tee Pepe items I SD I SD I SD I I -a

TIM 50 .65 .16 .64 .16 .00 .03 .04

-la

.02 .63 .16

Usage. 35 .64 .16 .64 .16 .01 .03 .04 .02 .62 .16

Sentence
Correction

15 .65 .15 .66 .14 -.01 .02 .03 .01 .64 .15
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Figure 13

Numerical and Pictorial Display of Frequencies of Root Mean Weighted Squared
Differences(RMWSD) Between the Conditional Probabilities of Success

for Female and Male Candidates on TSWE Items from Form ZSA5/1111
Adeinistered in December 1977

Numerical Frequencies Grouped Floating Histograms

by It's Type by Item Type
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Legend:

Item Type

No. of
Items Abbreviations

Test of Standard Written
English Score 50 TSWE

Usage 35 (U)

Sentence Correction 13 (C)
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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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aRMWSD equals the distance from the origin to the point representing the item.

Projection of each point on the horizontal axis yields the difference between

P and f
f

D
f'

for that item. Projection of each point on the vertical axis

'

yields the standard deviation of the weighted differences, an index of residual

crossover.
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Conditional Probability. of Successful Item Performance

for Both Males and Females on Two
TSWE Items from Form ZSAS/Ell

Item 4

w

Id

*120 30 Aeo 50
SCALED SCORE

* S FEMALE
O 0 MALE

Figure 15

Item

AO

120 30 40 50 SO
SCALED SCORE

A, FEMALES - MALES OIFF X m
RMASD m

Figure 16

0 . 1

0.0974

4t-

a

t4

Item 15

are *7*

tpa cFP(43 us* te
0 5v.

0° v.
cler"

40*0 30
SCALED SCORE .

IP. FEMALE
0 0 MALE

Ilgure 17

Item 15

110

30 40 SO
SCALED SCORE

FEMALES . MALES

Figure 18

DIFF IC- -0 0951
RUA= m 0.0929



-32 -

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, (P
f

= .51, P
f

= .59). Again, most of the difference is in one direc-
_

tion. Note that these two items appear to cancel each other out.

Examination of the content of these two items revealed that the item on

which females performed better than expected concerns a woman in aprofessional

occupation, while the item on which females fell short of expectation deals

with World War II, which is generally considered an area that males study

more than females. However, these content differences do not appear to be

sufficient explanations for the discrepancies in the observed and expected

performance of female candidates on these items.

Summary

This report was the first in a series of investigations seeking to uncover

evidence relating to the presedte 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 one to control for differ-

ences in subpoPulation ability. Standardization is a reasonable procedure for

controlling for diffrences in ability, provided.the control variable is a

reasonable measure of ability, as is total scaled score.

Examination of summary statistics for discrepancy indices at the item type

level revealed Mat there was little evidence of systematit'unexpected differ-

ential item performance on either the SAT-M or TSWE tests. On the verbal test,

the analogy items exhibited a mean D
f
which suggested systematic unexpected
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differential item performance that favored the male candidates. Elimination of

the one analogy item which exhibited very substantial unexpected differential

item performance reduces the mean Df for analogy'items by half when that item is

included in the set, i.e., from -.02-to -.01, suggesting,that with the exception

of that one item, the analogy items, as a set, exhibit little unexpected differ-

ential item performance.

In contrast to previous investigations of item fairness (see review by

Dorans, 1982), this investigation of differential item performance identified

very few items oilt of a total of 195 items as needing careful review for

possible content bias. Of these only 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 foci's may be shifted

away from broakdowns by iiem type towards breakdowns by content, where feasible.

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

of future applications.
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Appendix

THE STANDARDIZATION APPROACH TO ASSESSING

UNEXPECTED DIFFERENTIAL ITEM PERFORMANCE

Since the standardization approach to assessing unexpected differential

item performance represents a new applicatinn of an old technique to an important

concern in applied testing, the approach 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 process

of describing this approach to assessing unexpected differential item performance,:

several terms and concepts will be defined. The goals of this appendix are:

(1) to convey the simplicity and generality of the standardization 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 meaning and importance of standard-

ization is to illustrate 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 variable

than the second population when comparisons of that variable are conditioned on

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

the importance of standardization.



Consider the following illustration. Table I contains a statistical

description of the performance of two hypothetical groups, A and B, on an

item. Group A is composed of 100,000 candidates, while Group B is 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 perform-

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 particular 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 table, namely that

Group A is more able than Group B.

To the left of the overall performance column in Table I are five columns

of numbers that describe the performance on the item of subgroups of A and B

that are classified into five mutually exclusive performance levels, LI-L5.

is evident in the %-Correct rows of the table, Ll is the least able subgroup, L5

is the most able, and L2, L3 and L4 are ordered from low to high in terms of

performance on the control variable. At each ability level, members of Group A

are as able as members of Group B. Thus, the 35,000 members of Group A at L4 are

as able as the 150 members of Group B at L4.c,

The numbers in.the first and fifth rows of the table identify the number

of individuals in Groups A and B, respectively, at each of the performance levels.

T ese numbers inform us that overall Group A is more able than Group B with most

oJ Group A at levels L4 and L5 and most of Group B at L2 and 13. This substantial

difference in overall ability between Groups A and B affects the summary infor-



Table 1

Performance of Two Groups of Different Ability
on an Item that Favors the Lower Ability Group

Group A,

Ll L2

Ability Level

L3 L4 L5

Overall
Performance

111

No. of Individuals 5000 15000 25000 35000 20000 100000

% at Level .05 .15 .25 .35 .10

. 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 .4 .6 .8 1.0 .5
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mation portrayed in the overall performance column,xhich 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, leads us

to conclude that the item, in fact, favors Group B over Group A. The evidence

for this conclusion is contained in the fourth and eighth rows of Table 1,

which contain the percent correct for each of the five ability levels in groups

A and B, respectiveiy. Note that at each ability level, a larger percentage of

Group B members answer the item correctly than do Group A members of comparable

ability. This analysis, conditioned on ability.level, indicates that this item

favors Group B over Group A because the probability of successful performance

on the item is .1 higher for Group B than Group 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 simple comparison of overall

performance of the two groups on the item, i.e., the analysis based on the data

in the overall performance column of Table 1.

Standardization with respect to ability level removes the paradox in the

item performance analyses by producing a simple total group comparison, like

that based on the overall performance column, which is not conPounded 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 is 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 control variable. Since percent'correct is 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 as -there Are

potential subgroups in a population. In adtuality, certain subgroups', e.g.

Blacks, are more likely to be study groups because of concerns about the rele

vance of tests for these subgroups.

The standardization group supplies the ability distributions used by the

standardization approach. In any-comparison of two 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 distribution con

structed to suit some desiderata could be used a4 the standardization 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 differential item performance,

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

the expected probability of successful performance on the item given ability
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level. As in the case of the study group, there are as many potential base,

groups as there are potential subgroups. -A subgroup cannot be both the st0y

group and the base group in the same analysis, however. To achieve a stable

model for data, the base group should be as large as possible. To avoid part-

total group contaminations, the base group should be independent of the various

study groups ta an investigation.

In 4.avestigations of unexpected differential item performance, the model

for the data can be empirical or theoretical. An example of an eipirical

model in an investigation of unexpected differential item performance in a Black

study group would be the conditional percent correct in a white base group. If

an adjustment of percent correct for not reached, omits and number wrong served

as the Ira 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-

ization presented latter in this appendix.

The various models of item response theory (Lord, 1980) are examples of

theoretical models for the data. This appendix is limited to empirical models

for the data.

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 different component. These components are:

I. Observed Study Group Data

A. Basic Data

B. Derived Data to be Modelled

45



II. The Model for the Data

III. Definition of the Standardization Group

IV. Statistical Indices of Unexpected Differential Item Performance

Observed Study Group Data

In the balance of this appendix, the following indices will be employed:

- g is the subscript for subgroup and ranges from 1 to G, where G is the

number of subgroups;

- s 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 is a response type indicator 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 people in subgroup g at ability level s who gave response type r to the item.

For example, N
gsl

is the number of people in g at ability level s who responded

correctly to the item, while Ng83
is the number of people in g at ability level

s who omitted the item. If we let "+" represent a simple unweighted sum, then

N
gs+

is the number of people in g at s. In addit i on
'
N
gs+

- N
g84

is the number

of people in g at &mho reached the item.

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

data to be modelled for unexpected differential item performance. Simple

percent correct at ability level s in subgroup g is defined as

46



(1) P
gs

= N
gsl

/ N
gs+

An alternative percent correct involves a correction for not reached,

(2) P (NR) = N / (N - N )
gs gsl . ,gs+ gs4

4
Yet another "adjusted" percent correct entails an adjustment for guessing,

(3) P
gs

(GA) = (N
gsl

- N
gs2

/(k-1)) / N
gs+

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)

4

gsr
* w

r
E N

Pgs(Wr) = 4

E N
gsr

* w

r=1

where w
t
is the rth element in the vector of weights W

t
applied to N

gsr
to

-T

obtain the numerator of P
gs

(W
r
), while w

b
is the rth element in the vector of

weights W
b
applied to N

gsr
to obtain the denominator of P

gs
(W

r
). For equations

-1"

(1) to (3) above, the corresponding weight vectors, W
t

T
and WT

b
are:

- -

Equation
wtr r

(1)

(2)

(3)

R, W, 0, NR

0, 0)

R, W, 0, NR

(1, 0, 0, 0)

(1, 0, 0, 0)

(1,-1/(k-1),'

(1,

(1,

(1,

1,

1,

1,

1

1,

1,

1)

0)

1)
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Choice of W
t

and W
b

for use in (4) determines'the data P (W ) to be modelled.r r gs r

In the example in Table 1, simple percent correct, equation (1), was used to

obtain the data to be modelled. Dividing the numbers in the third and seventh

rows by the numbers in the first and fifth rows, respectively; provides the

simple 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 (
-AL31) -NAL3+).

The Model for the Data

The data are defined as the percent correct for the study group. For an

empirical model, the model for the data is simply the same percent correct

for the base group. Both the data and the empirical model for 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 subgioup as the base group. In that case

the model for the data can be obtained via a straightforWard application 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 are 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 in the standardi-

zation process illustrates how it serves as a weighting function. As the phrase

might imply, "unexpected differential item performance" focuses on unexpected

differences in item performances. Controlling for differences in subgroup abil-

ity through standardization, enables us to label as unexpected any difference

between actual and expected item performance. For subgroups comlibsed 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 should have the 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 indices without

the confounding effects due to differences in group ability. For TSWE, 41

potential differences are reduced to two summary indices.

Statistical Indices,of Unexpected Differential Item Performance

(5)

At each score level s, in group g, we have the difference,

D
gs

= P
gs

- P
gs

,



where Pgs is observed data defined in (4) using the study groups counts, Ngsr,

and P
gs

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

In equation (5), D
gs

is a conditional difference between the data and the model.

Let W
gs

be the standardization group weighting function for study group g. A

sensible weighting function contains_the relative frequencies of scaled score 8

in study group g, i.e.,

(6) W
gs

N
gs+

/ N
g

,

where N
gs+

is the number of individuals in group g at score level s and N
g

is

the number of individuals in group g across all s score levels.

Applying each W
gs

to its corresponding conditional difference and summing

across score levels yields a mean weighted difference,

(7) D NIEWD
g gs gs

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,

(8) MWSD E W D2

s1 gs gs

which can be rewritten as

(9) MWSD E W
gs
D D
gs gs

s=1

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

weighting function associated with the standardization group. Thesquare root
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of MWSD is also an index of discrepancy, RMWSD, that is on a scale that is

comparable to D .

To illustrate the standardization process, let us return to the data in

Table I. 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 ae i00,000 individuals in group A, it was chosen

as the base group. Since we are primarily interestea in study group B, its

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

data, model and weighting function are:

P
BS

P
BS

= P
AS

W
BS

LI: 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

L5: 50 = 1.0 18000 = .90 50 = .05

50 20000 1000

Note that, as with all weighting functions, E WBs = 1.0. Using the information

above, we obtain

CT
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PB S PBS PAS
D
BS

W
BS

W
BS

D
BS

2
W
BS

D
BS

LI: .2 .1 .1 .20 .020 .0020

L2: --.4 .3 .1 .35 .035 .0035

L3: .6 .5 _.1 .25 .025 .0025

-
L4: .8 .7 .1 .15 .015 .0015

L5: 1.0 .9 .1 .05 .005 .0005

E =1.0 E .1 E =.0I

The last row above reveals that DB
= .1 and MWSD = .01 when Group A is the base

2
group. Note that, DB

= MWSD which indicates that all the sum of squared

differences are due to the constant difference of .1 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 the volume confirm this inference. The intent of this closing

section is to place the standardization approach within the context of the

methods included in the Berk volume.

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 diffiOulty approach, and deft.,

nitions that involve conditioning on ability, e.g., item response theory
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approaches (Lord., f980). Unexpected differential item performance is clearly a

definition involving conditioning 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 methods are more

elegant, the particular model (e.g., one-parameter), may not fit the data and

the lack of fit might be misconstrued as bias. In contrast, unparameterized

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

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

are subject to bothersome item-total contaminations.

While the standardization 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 results in "transformed" item difficulties,

namely the predicted p-values obtained from applying the marginal ability

distribution of the standardization 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 standardization group. 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 unexpected differential item performance, evidence stated in the simple

metric of proportion answering an item correctly.

53
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