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Abstract

In this paper, we survey models proposed by Cleary,
Thorndike: Cole, Linn, Einhorn and Bass,rDarlingtop, and Gross

and Su for analyziné bias in the use of tests in a selection

strategy. Several additional models are also introduced. Our
purpos8e is to descﬁ?be, compare, contrast and evaluate these
models wﬁile, at the.same time, extractingssuch ugeful ideas as

may be found in these approaches.’ Several of these models (those
‘ \

of Thorndike, Cale and iinn) are judged to contain operational

’
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contradictiens because of their use of the wrong conditional

Y

probability within the context of the probab%ﬁistic strutcture.

1

These models, deriving from a concept of group parity, are also

shown to have highly objectionable practicgﬁ implications. It /

is suggested that the use of ahy of these Aodels is contraindicated

‘and that, indeed, the very concept of cuLtuge-fair gelectiort is

/
unworkabIe. It is then suggested'that-tbe necessary level of

compensatory treatment for disadvantaged persons can be guaranteed

1This paper derives from material contain in a thesis sub-
mitted by Nancy S. Petersen in partiaﬂ fulfillmgnt of the requjire- -
ments for the degree of Doctor of Philosophy ‘at{the University of 4
Iowa, July, 1974. ! ‘ , -
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only through the formal use of an appropriate model based on the

/

Von Neumann-Morgenstern theory of maximizing expected utility.

-~

Three of the models studied (Cleary, Eihhorn and Bass, Gross and Su)

-

‘pre based on what we Judge to be the correct conditional probability
«

%

>/' ‘and are specilal cases of the Expected Utility Model, but each hags
limited applicability.
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Introduction

.

<

Tests ;re befhg used eﬁfensively by businesses and educational
institutions for the screening of appiicauts for jobs or training
- programs. A major problem f;cing these institutions is how to
eliminate cultural or racial unfairness arising from the use of"
tests in this process. There are many di%ferent definitions of
what constitutes culture-fair selection, each implicitly, though
unfortunately not explicitly, involving a particular set of value
- judgments with different implications for how selection should be
accomplished. For each of these definitions a remedy has been pro?
. - p?sed. Our purpose in this paper is to show that some of éhese /

approaches are inadngéte to their task and ﬁhat more complex analy-

ses are required.

Desé;iption of the Selection Process

, The selection process can be chafﬁc;e;ized in the same manner

.

for all seleétion models. First, there are ind@viduals about whom
decisions are required. These decisions are to be based on infor-
mation about the individuals. The information is proceéséd by some
strétegy which leads to a.final decision. The final decision ends

the decision-making process by assigning the individual to either
1 8

a Selecyed or an outseleeted group. The outcome is the individual's

perforfrance after the assignment or, in other words, the consequences

. resulifing from the decision. (Cronbach and Gleser,.1965, p. 18.)
/ ’ B

A strategy is a rule for making decisions. Each selection model

repfesents a strategy, the intent of which is to guarantee cultural

.
v
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fairness in the selection.process. Information is generalty pro-

ﬂ~i;' viéed‘by a test and we shall us e tefm test.to refer to lall ) .
'informagion-gatheting procedures including interviews‘and'pxysi 41 -
measurements. The overridinzgiproblem is the lack of agreemen
- as to the meaning of the term culture-fair selection.
Each of the selection models or strategies we discuss\ca be
' characterized iq the same manner. It is assumed that the'appl -
cants to an educational institution, to a training program' or for
employment can b% separated into subpopulationé bééause of an a priori
. belief that the as;uged linear fegressions within these
subpopulations are different:-that is, the éest (or predigtor) may
‘ i be more valid for some subpopulations than f6r oth;rs (diffefgnf
‘ slopes); and/or for a fixed value of tae predictor, the level of
\\ criterion—performances}may differ (different intercepts),‘or t?at
some ‘dif ferential selection criterion is appropriate for various
subpopulations. Alternatively, these subpopulations may be differ-
\u.entiable priﬁa;ily beéause/of public concern with what is going on
in them ) and a public need - . . to verify that
all subpopulations are éeing handled "fairly". Specifically, it is
assumed that initially a criterion score (Y), ‘as well as a predictor -

or test score (X), is available for members of each subpopulation,

implying that in the past all applicanté have been admitted or em-~

: ployed .regardless of their score on the test. A minimum level of
satisfactory criterion performance (y*) is determined. The n;mber

o of applic;htsbthat-cad be seiected.is Sz;cified:“ 1f theré.iy no

. constraint on “the number of‘apéficants that can be ;cceptedj)then

-

the selection 'situation ig referred to as quota-free selection; if ; .
— .
t .
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. . only a fixed proporfion of the applicants can be accepted, then the

- k3

selection situyation ié.referrgd to as restricted selection. A cut

‘ . . . 3
score' (x*) on the predictor needs then to be calculated for each

-

subpopulation so that the definition of cﬁiture—fair selection
specified by the-pafticular model is satisfied.f.ln the case of
multiple predictq;s or tests'(Xi, X2’ ey Xé); the cdut score will

be determinéd on the variable formed By the usual least squares

linear cdmbination of the predictor variables. In the future, appli-

“
2 B

. » cants with a test score.above the predictor cut score for their sub-
population will be selected apd Tappl_icants with a test score

below the predictor cut.score for:their subpopulétion-w;ll}be rejected. -

[
*

This selection strategy presupposes that agfisceptable criterion

variable is available. Tﬂé inappropriateriess of the criterion vari-~

P

‘ able wilitnot be treated in this paéer, although this may be the

most impertant problem. Thus, the following discussion of selection

- . -~
-

fairness will be based on the premise that the available criterion

score is a relevant, reliable and unbiased measure of performanée
’ . . for applicants in, each subpopulation. All previous contr;butions

< c .
in this drea have implicitly made these assumptions. (Caveat emptor!

*
-

v k

. ' " The Regression Model

The Regression Model for "test bias" has been well stated by -

.

Cleary (1968):

i A test is biased for members of a subgroup of the popula-~
tion if, in the prediction of a criterion for which the ' : DR
test was designed, consistent non-zero errors of predic- :
tion are made for members of the subgroup. In other words,
the test is biased .if the criteriormr score predicted from

| v the common regression line is consistently too high or too low

. for members of the subgroup. With this definition of bias,
there may be a connotation of 'unfair," particularly if the
use of the test produces a prediction that is too low. [p. 115.]

O R
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" Here, standard regression theory with the minimization of mean-—
squared error is used to.provide p}edictea criterion scores.

At the minimum leveél of .satisfactory criterion performance (y*),

\

. *
+ = ,., = + ’
B.x g ngg s (1)

. . ’ ‘

a * T '
where @, Bi’ and X, represent the intercept, slope and predictor cut
* score for subpopulation ﬂi(i =1, ..., g), respectively. If the

regression lines are identical in each subpopulation, then the .use.of

- [

the common regression equation to select applicamts with the highest

e apredicted criterion scores is considered fair. ' - . .

-

. , -
Using the Regression Model,.and assuming that the parameters
’ ~

(al, Bl), (az, 82), cens (ag, Bg) are known precisely, a decisiQn -~ 7 .
maker can be assured that the average predicted criterion score,
given the'aQailahle predictor variables, will be a maximum for the
applicants selected and, incidentally, a minimum for the applicants

M |

réjected. Using the Regression Model, the applicants can be assured

that the selection'procedure is '"fair" to individual members of each .

subpopulation in that criterion performance is not systematically '
- <
{ Coos . -
under or overpredicted for members of any subpopulation. K Or to put
L

! <

it another way, the Regression Model says tﬂat if two applicants are
. ! ¢ 2t «
being considered for one post, then that applicdnt having the highest

. '

predicted performance would be selected with.prediction being made

hd L d

on theAbasis of subpopulation regression.

[ ™ e e v—— ———

IThis definition of culture-fair selé&tion assumes fa;rness
- -; \ .

is achieved if the ap%licants with the highest predicted criterion

scores, using separate'regression equations within subpopulations,

: ' . are selected. From this pofnt of view, selection is fair'if and

! . . .




only if it is based on the best prediction available. . Thus,” opti~

€
mal prediction and fairmess (lack of bias) are taken to be strictly *

equivalent and the procedure adopted is that which maximizes

" expected performance for each individual and hence overall. .

B -

B iilustrate, suppose the applicants to ‘an institution

A -

‘can be divided into two subpopqlations referred to as subpopu~

- ' ’ , y

N . lation "1 and subpopulation'ﬂ2 Now, refer to Figure 1. 1In N

L . Figure 1(a), the regregsion lines for the two subpopulations have

o

the same slope but different intercepts. In Figure 1(b), the s,

¢ ’ regression lines for the two subpopulations have different slopes

g

and different intercepts with the point of” intersection outside the - - |

fﬂ range of possible test scores. In each of these situations, suppos&v o

- " - s, IS

the common regression 1ine (n ) for the total applicant'population . ‘ -

'were used for predfcting criterion scores for all»applicants ratlrer

> ) 7 “than the separate within-sﬁbpopuiatioﬁ regression 1ines,,theh.for.any

given test score, ctiterion scores for.subpophlation Wé would be .

- . conéistently dﬁderpredicted [ and, Eherefore,ﬂthfs subpopulation would .. .

“be discriminated agéinst by the test In.Figure 1(c), the '

Vi . 3 LN ’ P -
. -

e regression lines for the two subpopulations again have different *,

IS -

slbpes and different intercepts but the point of intersection is

I inside the range of possible test scores. - If the common regressibn
! o \ . ) sy

line were used for predicting criterion scores, then some individual .
from both subpopulations would be discriminated against. At point
x1 on the test, the criterion score for a member df subpopulation n{/

‘

would be underpredicted and; at point xz on the test, the criterioh

score for a member of subpopulation Ty would be u derpredicted. IJ

. . ' , )
the special case in which the regression lines for the two subpopu
” ; \

lations coincide, an applicant's predicted criterion score is the \

e s \
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Figure 1 < )
‘Illustration of Culture-fair SeIdction

" as Defined by the Regression Model

Criterion (Y) " - s
. - ﬂ
2 /
. 4
-t ‘ - ‘7T c
- m
T4 — 1

3

Eigure 1(a). éupopﬁlations with parallel regreséion'
’ lines but different intercepts. -

* .

< ~
.

~

*’ Criterion (Y)

-

. Test (X)

-

Figure 1(b). Subpopulations with different regression

-

3

lines. Point of intersection outside range

‘- of possible test scores.
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Figure 1(c).

Subpopulations with differ
sion lines.

ent regres- °
Point of intersection
inside range of possible test scores.
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. Thorndike propdses thag in a fair selecgibn pfocgduré,
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-The Regression Model is the most widely used model of selection '

fairness within the predictive context. It is a stfgightﬁo%wa;d - d .
. » ’ N

application of minimum-mean-squared error theorj.-ilt has been’

.

used in a number of empir{ Tl bstudi.j (e.g., Cleary, 1968; Bowers,

1970; Tegzid%97l) and it has beer~s&5ic in the conﬁéptdalizatipns

’ N

and discussions of selection fairness that may be found in Anastasi
(1968)., Guion (1966), Bartiett and O'Leary (1969), Einhorn and Bass

(1971), Linn and Werts (1971), Linn (1973), andechmidt‘and Hunter

o

- \

(1974).

The Constant Ratio Model . R
&

, Thorndike (1971) suggests that inggdstudy of culture-fair .

selection we ‘'should consider the implicationé for the proportions

£S .

of applicants admitted from each subpopulation as well as the

implications of thg within—subpopulafion regressionylines as was
v, A
suggested by the Regression Model. He demonstrates that if a

L -

test has equal regression lines for each subpdpulation but the

discrepancy between subpopulations on the test differs from the
. T

discrepancy between subpopulations on the criterion, then'the use of

the selection,strateéy'implied by the Regression Model, ’ .
which is "fair" to individual members of the group scoring
lower on the test, is "unfair" to the lower [scoring] group N
as a whole in the sense that the proportion qualified on
the test will be smaller, relative to the higher-scoring '
group, than the proportion that %ill reach any specified \n‘
level of criterion performance. [p. 63.] .

\

the qualifying scores on a test should be set at levels that

will qualify applicants in the two groups in proportion to

the fraction' of the two groups reaching a specifiedplgvel

of criterion performange. [p. 63.!‘ .

- —— w—— FORvE N — = e+

Ly

-
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This definition assumes thet the'selection procedure is fair if‘ ,° -

applicants are selected’ so that the ratio of the proportion selected .

' \'to the proportion successful i the same in all subpopulatiozs: hence
the reference to it.as th3 Conssant Ra@,o Model. Therefore, given a

bl

T
minimum level of satisfactory cr erion performance'(y ), a selection
< ! ’

proceduré is considered fair when ’ {/

. *

Prob(X >x In ) P!ob(x > x |7)
R= veo = — & B (2

" ) ‘ Rrob (Y _{jln ) | . Bpob(¥ >y Ing) i . ’
) - . L ' ! S : o . S

- ' H YA —

uawhere R is a fixed constant for all{snzpopulations nizand fi repre- ‘;
gents the predictor cut score fo% subpopulation ni(i =1, see, 8)e

. \ .
It should be noted that, Thorndike did not give'a gormal statement :of 3

] § "
a model, only a general prescription. The explication of the moded, .

. ) . \ . ‘ .
- as given above, is due to Cole (1973). ) AN ¢ ’

® ' . .
s - To illustrate, refer to Fié::2\2.+ (Adapted from Thorndikée, -~

' 1971, p. 66.) Assume tne applicants to tne institution were divided
5 . - .
into two subpopulations, LY and né. Figure\}(a) depicts the ’ .

-

situation which Thorndike refers to as being "fair" to individual .

. o .
members of thé minority population nlrbut‘"unfair" to the minority . N

» - - , 8 - K B B . i 7
) . P .—/p \ . o
g .To simplify the diagrams in Figure 2 and Figure 4, it is )

assumed that (1) the variables X and Y have a bivariaté normal distri—' .

bution in each subpopulation, (2) the correlation between X and Y -«
(r_.) is positive, and (3) the standard deviation of the test (s )s

- the standard deviation oﬁ¥the criterion,(s ), and rxy are constant : ,

- for each subpopulation. urthermore, the predictor cut score (xz)

for the majority population is. chosen to be on the regression line ,

L S

% .
(i.e., for subpopulation “2’ given X = Xy then Y = y ) The predictor

cut score (x ) for ‘the minority population is then adjusted

accordingly. ) ’ . . 3

'_ \}. . ‘ . i
ERIC . | , |
T / A .t » c ey
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. Figure 2
N Illustration of Culture-fair Selection , - -
as Defined by the Constang Ratio.Model"
- - - . . L3
- “
® L -~ ."c
Jd . ' ~
.. . “ N
. 3 , hd . »
[} ’ ’ * -
— Yy - PR ]
. Test (X)
. l -N A . .o
4 ':‘ T s I
.Figure 2(a). Subpopulatiops with common regression .
line. Mean difference on test is not - . !
. equal to mean difference on critérion. .
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Figure 2 (cont'd.j ’
- ]
Criterion (Y) ) )
” - Test (X)
. " T2 . -
> Figure 2(b). Bubpopulations with parallel regression
lines. Mean difference on test equsls
mean difference on criterion.
” Criterion (Y) . ) . ”
T, .
—\_7 ‘v
- 9
' .
Tast (X)

g | Figure 2(c). Subpopulations with parallel fegression
. - lines, Identical criterion score :
distributions. '
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population &s a whole. The regression is identical in each subpopu-

lation; thus the test would be considered fair according So the

Regression Model if’all individuals,‘regardlesé’of group ership,
who ﬁavé test scores greater than or équal to x; are seiecéed. Note
that the mean of X in subpopulation nl'is ges; thaﬁ in subpopulation

'"2 ang that this hifference is greater thag the correéponding T

) differénce on the criterion measure. If only those applicants with
predicted criterion scores equal to or greater than y* were selected,
then appfoximately 50% of‘subpopulat}oﬂ Ty w;uld bé’accepted and
agp:oximately_soz'would be successful, but essentially no members of
subpopulation LA} would be accepted, yet approﬁi&ately 10% of the

members of subpopulation 7, would have been suctessful. Thus, if

* .
X, is used as the predictor cut score for each subpopulation, the

test discriminates against subpopulation x. according to the Coﬁstant' .

1
Ratio Model. In this situation, to make the selection p:.locedure fair

<

acco;ding’to the Constant Ratio Model, the members of subpopulation

. *
"2 with test scores greater than.or fqual to x2 would bes accepted,
. ’ . . A

and members of subpopulation " with test scores greater #han or

*

. 3 .
equal to x, would be accepted. It is important to note,ihowever,

1
théf if the difference in the group meéns“;n the predictor.is less

than that on the criterion measure, then application of] the Constant
. /

Ratio Model will give the lower cut score to subpopulation ﬂz rather = -
) Ve

n to‘ﬂl. . . ,
'. %v In figure é(b), the regfession lines are parallel aad\JJEi\

%
s % .

N
difference between means on the test is the same as the difference
%, .

between means on the criterion. The ratio of the proportion quali- .

-

. fied on the test to the proportion successful is the same for each

1

5 subpopulation. This strategy is fair according to the Constant

LRIC | 3 45
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Ratio Model, but not according to the Regression Model. én
Qe
there are differences in the distributions of the criterio
scores, the strategy is fair according to both the Constgnt Ratio

Model and the Regression Model, only if the validity is pfrfect and

the regression lines are the same for each subpopdfatioJ

-

.
In Figure 2(c), the regression lines are para11e1~and the

distribution of criterion scores is the same for both ubpopulations.
/ ¢
*
If y represents the minimum level of satisfactory criterion per-
/
formance, then the same selection strategy would be ;onsidered fair

4 /

by both the Regression Model and the Constant Ratio‘Model The

institution woui?,accegiwmembers of subpopulation. ﬁ who had test
®

scores-greater than or equal to X and it would apcept members

of subpopulation m, who had test scores greater thén or equal to

* "
xz. -._l/
- ’ .
In many applications, the mean' criterion scofe of the minority.

P

population T will be less than in the majority pulationxﬂ§~~and
: ' : b C

that difference will beless than the difference ¢f the p edictor
means, in which case an acceptance procedure based on the Constant
[
Ratio Model will almost always accept applicants from the minority
(2
|

\

population ﬂl who do less well oﬁ the criterion, on the average,

-

than applicants from the majority population ﬂz._ This feature
explains the attractiveness of this model. .

The Constant Ratio model and the Conditional Probability and

Pl

I
Equal Probability models, to follow, have been described (Sawyers

Cole and Cole, 1975) as Group Parity models in that they focus on -

fairmess to groups rather thdn to individuals. By contrast other

models studied focus on the individual.

IS
1




The Conditional Probability Model

k4 -

Cole (1973) proposed a fully explicated criterion foq.culture-.
fair selection based on the ;onditionalakfobabilitx of being selected
" given satisfactory criterion performance; hence the reference to

it.as the Conditional Probability Model. Cole argues that all appli-

cants who, if'selected, are capable of béing successful should be

guaranteed an equal, or fair, opportunity to be selected,regaraless

of their group membership. . |

s—

The basic principle of the conditional probability selection
model is that for both minority and majority groups wﬁose*
members can achieve a gsatisfactory criterion score [Y > y |]

there should be the same probability. of selection regardless .
of group membership. [p. 240.]

..

Therefore, given a minimum level of satisfactory criterion perfor-

* - ’ . .
mance (y ), a selection procedure is considered fair when
p .
* . o * *
K=Prob(X>x,]¥Y>y, n)=... =Prob&E>x |Y>y, 1),
-1 = o1 - 8 - g
’ ' . 3).

A,

-_t
. — g™

*
where K is a fixed eong tant for all subpopulationg L and x:»i reprehﬁb
senzs the predictor cut score for subpopulation E (i = 1, ...,*g)

Figure 3 is an illustration of a hypothetic%i bivariate -
distribution of test and criterion scores. IﬁdiV%ggals falling in

. ‘ By
'region II haVe test scores legs than 'the predictor’cut score (they

\would Be réjected); yet, if ‘selected, they would have satisfactor&

criterion performance. Such individuals are referred to as false

negatives. False positives are those individuals with test scores

greater than the predictor cut score (they would be accepted) but
1

with tmsatisfactory criterion performance. Such 4individuals fall in

17 o .
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i

. members of subpopulation 7

- - p ‘ 16 !
) P : ) )
region IV. The assignﬁent of an individual to either region II or

»

IV is an incorrect decision (error). Cbrrect decisions are made

-

- for those individuals aésigned~to regions I and III. (Linn, 1973,
pp. 152-153.)

.

The emﬁhasis in the Cénditiénal Probabiiity Model is on the

»

number of applicants in region ‘I in relation to the number of

applicants in regions I and II combined, wﬁereas the emphasis in

*

the Constant Ratio Model is on the number of applicants in regions.

I and IV combi@gd in relation to the number of éfpligants in regions
; g
I and II combiﬁed.+

i

Figure 4 contrasts the Regression Model; the Gonstant Rétigp

Model and the Conditional Probability Model for the situation’in- :

b

wﬁicﬁ the regreséion is identical fo; each subpopulation, but éhe
mean test’score and the mean ériteri;n performance is less for

1 thaih for members of subpopulation

Mo (See commént in referenge to Figure 2.)f In Figure 4(a),
all applicants, fegafdless of group:ﬁéﬁbership, who have test

* : :
scores greater than x , are accepted. Using this selection strategy,

the selection‘procedure would be considered fair according to

7
H T

+Linn (1973, p. 153) stated that a tesslwéé failr according to -

-t

Thorndike's definition of selection fairness (the Constant Ratio

Model) if the number of individuals in region II equals the number

of individuals in region IV. (See Figure 3.) Strictly speaking,

the Coﬁstant Ratge Model does not require equality of region II and ’
IV. However, tﬁe-model will be saEisfied and equality of regions

- IT and IV will occur gﬁ and only if the selection-success ratio R

* *
[Equation (2)] equals 1 implying Prob(X > xilni) = Prob(Y > y Iﬂi)
for each subpopulation ﬂi: For purposes of heuristic comparison
among models, we shall assume that/this assumption holds.

v
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- Figure 4

~

A’ Constrast 6?\the\§ggression, the Constant Ratio, and - .

the Conditional Probability Models

!
! o .
!

Critﬁ}ion ¥ - : , T

-

' Figure 4(a). Subpopulations with common regression .
line. Selection strategy. fair according
to Regression Model.
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the Regreésion Model, .In Figure 4(b), applicants from suﬁpofa;u* -

. . *
#}ation ni-are accepted if they have test scores greater than xl, and
. @pplicants from subpopulation L are accepted if they have test

.k .
scores graeater than Xye The ratio (I + IV)/(I + 1I) is constant

for each subpobulatioh. (Refeg to Figure 3,) Thus, using this

-gelection strategy, the test is consldeiéd fair according to the -
Constant Ratio Model. ;n Figure 4(c), the predictor cut score for
subpopulation'ﬂ1 is xzs and for subpopulati;n “2; the predic#or cut

score 1is Xge Here the ratio I/(I.+ II) is constant for each subpopu~

lation (ré&ev to Figure.3). Using this selection strategy; the

test is considered fair according to the Conditional Probability Model.
: N&te that as with thé Constant Ratio Model, a selection strategy

based on the Conditional Probability Model will almost always accept

applicants from subpopulation “1 who do less well on the criterion,

»

on the avesgéé, th?nﬁggéligants frqm_squopulation,nz. _Also note’
that if an apblicant from subpopulation T ié predicéed to do just

as well on the criterion as an applicant from subpopulation "2’ then ‘
a selection Strategy which is fair adcording\tq the Reg;ession ﬁode}’

will consider the two applicants equally-desiraﬁle candidates for

’

admission. However,.a selection strategy which is fair accoraing
to the Constant Ratio Model will\give preference to the applicant

from subpopulaéion m and a selectdion strategy which is fair accord-

ing to the Conditional Probabiiity Model will given even greater .
preference to that applicant. Note also that this preference for
subpopuLgtion‘nl will hold even if the "minority" population happens

to be majority subpopulation Ty @8 will be discussed 'later. The

remarks in this paragraph can be substantiated by noting that the

3

.
o

, o
- ‘ ‘22 ,
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Cole criterion can be written as

»
-

*
" Prob(X > x IY > y ) = [;rob(x x*) Prob(Y >y IX >x ) .
- Prob(Y > y )

-

The first factor on the right is the Thorndike ratio and the second

factor will be smaller for subpopulation "1 than for "2 under’.the

specific conditions assumed earlier. Thus, for the Cole oefini— :
. - b *
tion of selection fairness to be satisfied the cut score x for

subpopulation "l must be lower than that value required to satisfy

the Thorndike definition.

]

The Equal Probability Modél

,

In the usual selection situation the “given" information for
each applicant is not his future state of being (succesa or failure)

in relation to the critera%? yariable, ‘but rathEn his present ob-
sefved'standing on the predicdtor variable.~ Thus, from one point

Qé a « £
of view, ‘it would seem reasonable to propose a definition of culture-

~

fair selection based ‘on the’ conditional probability of Success given-*

’ ~

selection. Qne might argue that all applicants who are selected should
‘be guaranteed an ,equal, or fair, chance of being suecessful, regard-
less of group membership. Such a model for selection was described

by Linn (1973, p. 153) and shall now be referred to as the Equal

Probability Model.+

+Linn (1973, p. 153) described the Equal Probability Model but

referenced it as the traditiomal psychometric approach suggested by
Einhorn and Bass (1971). The definition of cultoxe-fair selection

suggested by Einhorn and Bass, to be called the EJ&EI Risk Model,
will be discussed later in.the paper. At this point, it is enough

23
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According to the Equal Probability Model, within the selected

group from each subpopulation wi,'the proportion of successful

performers should be the same. Therefore, given a minimum level

*
of satisfactory criterion performance (y ), a selection procedure

is considered fair when

.

% % ‘ * * B y
Q = Prob(Y >y |X > xl”“l) = ... =Prob(Y > y*|X > Xo wg) s

NO) ..

B M %* v
where Q is a fixed constant for all .subpopulations L and Xy repre-

i

sents the pred;ctor cut scoret*for subpopulatioq wi(i =1, o0y £).
In reference‘to Figure 3, the eﬁphasis in the Equal Probabil-
ity Model is on the number of aﬁplicants in region I in reiatién to
the number of applicants in regions I and IV comSined. ;n reference
to Figure 4, the selection strateéy depic;ed in Figure,a(a)‘is gair,

accorZing to the Equal Probability Model, when members of subpopula~

tion 7

»

1 and members of subpopulation , who are prediéted to do

equally well on the criterion’ are considered equally desirabie

candidates' for admission. Clearly, a selection stratégy dictated

-

_ by the Equal Probability Model will not typically coincide.with one
dgtived.from either of the three preceding models. ' Thus, the prac-

titioner is faced with the task of choosing from among four "attrac-

tive" models. ﬁow should this choice be made?

Vto:ﬁote that in the E&ual Probability Model the conditiéning is on

X > ;:~while in the Equal Risk Model the conditionipé is en X = x:.
It should be emphasized that,the Equal Probability Model was not
proposed by Linn, but was only discussed by him as an academic exer-
cise. 'By contrast both the Constant Ratio and Conditional Probabil-

ity fiodels have been recommended for current-adoption by'Cole.
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The Converse'Constant .Ratio Model ‘ o

? ’

- ’ «© ’ ~ @
- The 'last three models described (the Constant Ratio Model, .

the Conditiomal Probability Model and the Equal Probability Model):ﬁ .

-

presented defigitions of culture-fair sglectfon stated in terms of .

—

. -7 . . - *
success and selection probabilities. Conceptuall;i it seems just

as reasonable to explicate the fundameﬁta} cohcept of each approach ° ..
. . B . s .

]

by exhibiting concern for the rejectediand/or unsuccessful appli=

cant. Thus, the following three mode185f0£ culture-fair selectiOﬁ-‘

-
z

will be restatements of the previous three%models in terms of ~
ko \ . .

1 , e [
x

failure and rejection. ' . ,f oo oL

“

v . ~

Recall ‘that the Constant Ratio,Mpdei éompares selection rate with

success rate‘in'each subpopulation. The emphagis is on the proportion

of applicants who are selgctéd in relation to the pfopﬁrtion of appli~ .
cants who are suécessful. However, one could conceivably considey it "
-— - ) . ) .

just as important or necessary to consider the implicationg for the

proportion of applicants rejected in each subpopulatibn. One could

v

- propose that the cut scores on a test should be set at levels that will

4
\ [N

eject applicants in each subpopulation in proportion to‘the'fraction

r
\f\\sfﬂqgch subpopulation failing to reach a specified minimum level of

¢

criteriaﬁ-gérformance. Such a selection étrategy~w111 be referred to

’

as the Converse Constant Ratio Mgdel. If we are particularly concerned

with a Bubpopulation m.» then w would want to be sure that the

¢

ratio of the proportion'rejected to the pfoﬁortion failing be no °

. N . e
more than in any other subpopulatjon, whereas with the original -

. . e ? ' - )
proportion succedsful to be not less than in any other subpopulation.
' T . o . -

"
> . e

% Lo N~ Lo
"model we would wzzt the ratio of ,the ppoportion selected to the - . 1




’ i -

Tne new definition assumes that a selection procedure is fair 1f

) - T -
- applicants are rejected so that the proportion rejected to the N,
proportion unsuccessful 1is the same in all subpopulations. Thefefore, -
*
given a minimum Ievel of satisfactory criterion performance (y ), a

selection procedure is considered fair when

A
. Prob(X-< x, |w.) Prob(X < x |7 ) . .
- R=— ,{la...‘s L, ., ® ‘
- ‘ ~
Prob(Y <y [m) _ Prob(Y <y lngh - .
a ) ) 'i“"f
ri",~ II
where tis a fixed constant for all subpopulations "i and xI repre-
. ;sents the predictor cut écore for subpopulation ni(i j?l’ ceey 8). N
/ . . ' M
The above relationship can be rewritten as N :
N . > . ’L -
- b ' 1=Prob(X > x,|m,) ‘ e .
' ‘R = el A .,

1 - Prob(Y > y*l-n'i)

ok, . -
[Prob(¥ > y |1r 3171 - Prob(x > xilﬁi) [Prob(¥ > y*|n,)17"

/ v *

” [Prob (¥ 2y fw )17t -~ | "
. N . .
‘ [Prob(Y >y Ini)]-l =R : .
-3 — -1 .
[Prob(Y >y [n,)] ~ - :
‘ . Iy %@
"where R= Prob(X > xifn ) [Prob(Y > y Ini)] is the value to be ’

equated among subpopulations for" selection fairness as specified by the %P

Constant Ratio Model. Now, suppose we have speeified a minimum level g'

of satisfactory criterion performance (y ) and a selection-sucgess !
ratio (R), then a predictqr‘gpt score xI can be determined for &ach .
gngﬁopulation LA (i 1 1, vsey ). Given the values y . Rp and xI, ' -

’ ° th ‘rejection~fa£1ure ratio (R 11 be constant for each'subpopnlation ] '\

(/‘ ' ‘\' . ’ . -«f./ ‘ .
- ! »e ‘ N ‘\-
N 4




n, if the following condition.is satisfieds ' — .

- » ~

[Prob (¥ > y*[fri)]"l- -‘R [Prol;'(Y 2 Y*[u - R
. = o j .t
Prob(¥ > y'[n17 - 1" [rob (¥ 2 y¥|n )17 -

~ x **”:‘&

for 1, = 1, . 8. .
The above condition will be satisfied if and only ié either (1) R=1
implyitig Pro_b(x > xIlni) = Prob(Y _>_1'r*[.1ri) for i.B 1, eeey 8 O z
(2) Prob(Y > y§1"i) = Prob(Y > Y*ln ) fori, =1, ..., gé but not
generally. If either case (1) or case (2) obtaiﬂs, the game set of ’
-predictor cut acores x ({ =1, ..., g) is considered fair according . |

to both the Conetant Ratio Model and its coaverse, but, otherwise,

the strategies will differ. In Thorndike's illustratfBn (1971, p. 66),

be set R = 1, though he did not indicate that this was%quired by ‘*“*" \
his model. Only by reference to various real applicﬁtions might ':;‘
_ We be convinced that R ='1 will be a,commonly accep;able value.

However, with restricted selection, it -is not generallyrwossibie to

_ simultapeously satisfy this condition and the selection constraint..

Consider carefully the force of the following argument. 1f fairﬁess
to aubpopulation LA demands that the selection~success ratio (R)
be the éihe for any other subpopulation w,, then, with identical

b
¢
logic, fairness to subpopulation L demends that the rejection~

failure ratio (ﬁ) be the same for any other subpdpulation "j’ and

the two specificatiohecanﬁot both be satisfied. This strikes ug as |

being a logical centraciction; however,'each reader must make j

personal judgment on’ this- point.

- '
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/ ) The .Converse Conditional Probability Model A
’ { » -
s Thé' Conditional Probability Model is based on the conditional

>

probab:f.lity of being selected given satisfactory criterion perfor- -
mance. JThe emphasis is on the proportion of potentially successful

applicants who are selected. However, one could argue instead that

’

potential failures should be rejected in

_.no greater percentage in aihgsubpopulation. e shall

!

label this selection strategy the Converse Conditional Probability

Model.

3

* The Converse Conditfonal Probability Model is based on the

-~

conditional probability of being rejected given uns‘atisfactory

criterion performance. Therefore, given a minimam level of satis-

- e

-'faetory eriterion performance (y ), a' selection procedure is
.. ¢
' ‘consider,ed fair when . ; Lo S

. *

- . % Lk ) S TR ;
K= Prob(X < xl,IY <y, 1r1) .= Prob (X < xg.lY <y, ng),
] ' ‘ . . 6)
4 t

. . ' .
~—~where 4 :I.s a fixed constant for a11 subpopulations 1r1‘ and x, repre-~

y o
&ents the predic‘tor cut score for subpopulation ] =1, sa0y 8)e

- The above relationship can be rewritten as’

K = Prob(X < xi, Y <y 'Ini) [Proia(Y-f y l"i)]- ) J . ‘
' 4

= {[Prob(x> g >y |1r ) + Prob(x<x , Y<y*[1r )] Prob(x>xi, >y l"ﬂ.)}

¢

.

[N

: ,[l-Prob(Y?_y lmi)]—l . R




- {[Prob(ngz, IZy*Ini) + Prob(x<x;, Y<y*,ni)]IProb(XZy*lni)]-l

- Prob(xgy*, !Zy*lﬂi)tProb(iZy*[niJ]~l}{[Prob(i:y*lni)]-l-l}-l

* * . * * * -
= {[Prob(ngi, >y lni) + Prob(Z<x,;, Y<y ]ni)][Prebcxgy I"i)] L

{erob(@ > y*|n )17t - 7L,

where K = Prob(X > x:, Y Z_y*[ni)[Prob(Y Z_y*[ni)]-l ig the value to
be equated among subpopulations for selection fairnems as specified by
the Conditional Probability Mbde11 Ngw’4epppose th decision maker
has specified a minimum levei of satisfactory critegion performance

(y ) and a constant conditional probability of selection given success

*
(K), then a predictor cut score X, can be determined for .each subpopu-

) ' x _ .- %
lation m.(1 = 1, ,.., g). Given the valyes y , K, and x, the

conditioeal probability of rejection given failure (K) will be

.

constant for each subpopulation "i 1f the follawing condii}ﬁn ie

satisfied: N
{[Prob(x > x » Y2y lﬂ ) + Prob(X < xi’ Y <y l" )] ‘\f
[Prob(Y > y*[ﬁi)]-l~-‘K} f[Prab(Y.z y*lni)]-l - J;TF
= {[Prob(x > x,, ,Y >y ln‘ }+ Prob(X < x;‘, Y<y ln )]

[Prob(¥ > y*[nj)]'l - KH[Prob(¥ > yf‘lnj)]'l -3t .

for i,j’l’ ee ey 80 x




t

This condition will be satisfieo if and omnly if Proh(YZy*lni)tProb(ZZy*lnj)

and Prob(X < x , Y < y'ln ) = Prob(x < xj, Y<y ]nh) for 1;

i-= 1, +evy g, a most unlikely(s?gte of affairs. In that case,
thexsame selection stnategy, - the same set predictor cut
"scores-x:.(i = 1, cvey 8) is.considereo fair according to both
the'Conditional'Probability Model and the Converse Conditional
Probability Model, but, otherwise, the salection strategies will
differ. It does not seem at all apparent to us whether for the
particular subpopulation that is of public concern it is more
important o keep the conditional probability 6% rejection (given
potential‘failure) low or the conditional probability of acceptance
(given potential success) highflgﬁnfortunately, the two criteria are

-

based on different conditioning events and hence are contradictory.
a

— A — a— »
— e~ - ——

The Convetse Equal Probability Mgdel

' The Equal Probability Model is based o the condd tional bioba-

bility of success given selection. _The emphasis is on the proportion
of the selected applicants ;ho are successful. However, one could
propese that all applicants who are rejected should have the same
probability of being a failure, regardless of group membership. Such
a selection strategy will be labeled as the Converse Equal Probability
Model. ‘ '

The Converse Equal Probability Model is based on the conditional -
probability;of failure given rejection. Therefore, given a’minimum
level of satisfactory criterion performance (y ), a selection -

/
procedure,is considered fair yhen ' N .

S ~ '* * ' . * ’
Q= Prob(Y < y Ix < Xy» 111) =, = Prong < y*lx < xg, ng) s

1 '\_} / ‘ - - ' @
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¢

*
vhere Q is a fixed constant for all subpopuiations LA and X repre-

»

senta the predictor cut score for subpopulation "i(i =1, cooy 8)s

. - -— e —

The above relationship can be rewritten as

- * ' % -
Q= Prob(X <x,, Y < y*lni)[Erob(X < xil"i)] 1
S ko * * *
= {[Prob(X>x,, Z:y |ni)+Prob(X<xi, Y<y lni)]-Prob(XZ;I, Y>y l"i)}

[1 - Prob(X > x:lni)]-l
I 1

*’ %* * * * -
= {[Prob(X>x;, Y2y [m,) + Prob(Xex, Y<y |r,)][Rrob (X>x|m)] 1
‘ \

_Prob(x>x >y Ini)[Prob(X>xiln Il }{[Prob(x>xi|ﬂi)] 1}

- {[Prob(ox’, Toy"|n,) + Prob(Xexy, Yoy [n)1[Prob Choxt )17 @)

{Prob(X > x; |7 )17 - 170, -

where Q = Prob(x > %, Y 2y ln ) [Prob(x > xiln )1 1 45 the value to -

s
be equated among subpopulations for selectiap fairness as speéified by
the Equal Probability Model. Again, suppose d%-have specified a
minimum level of satisfactory criterion performance (y ) and a comnstant
conditional probabiiity of success given éelection (Q), then a
prg@ictcr cut score kI can be determined for each subpopuiation

ﬁ \ * *
my (1 =1, ..., g). Given the values y , Q, and X the conditiona}

probability of failure given rejection (Q) will be comstant for each
- - ¢

. . \
subpopulation Ty if the following condition is satisfied:




4
»

.\.f ‘ ‘ {[Prob(x > x y Y > y [n ) + Prob(x < xi, Y <y lﬂ J1 x

(Pgob(x 2 x:lni)]-l - QH[Prob(X > xj[w )17t = 137"

= {[Prob(x > xj Y>>y [n ) + Prob(X < x*, Y<y lﬂ )]
]

{Prob(X > x I" )] - Q¥{[Prob(X > x;lﬂj)]'l _:1}'i

fOl‘ i’ j = 1’ oeey go —

N P

This condition will be satisfied if and only 1if Y
I =
Prob(XZ?il"i?:- Prob(XZ;jlﬂj) and Prob(X < xI, <y l"i) Prob(X < xj, Y<y l" ) for 1,

j =1, ..\, 8 but not gemieraliy. In that ‘case, the same selection

strategy, e same set of predictor cut egores x (i = 1, esoes 8)
. t, (/ is considered fair according to bath the Equal Probability Model
and the Converse Equal Probability Mbdel, but, otherwise, the selection
s * | strategies will aiffer. . . T {
Figure 5 c0mpares the Constanr Rebio_ﬁodel, the Conditional
“ ’ Probability Model, the ﬁquaiﬁProbability Modei "and the three .
"converse"ﬂmodels. Representing proportione gs areas, we see the )
8ix ratios for the six models. bnfortunately, there are indeed B
‘six-models, each seemingly attractive‘and each paired with an in~

distinguishable converse. Which is the appropriate model? Or,

. indeed, is .any, one of them acceptable in any common situation?

> .. . The Equal Risk Model

- Einhorn and Bass (1971) proposed a model for culture-fair )

selection which takes into account, for each subpopulation, the

probability of suoces%;associated with an applicant's test score

0 1 *
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A Comlaarison of Six Models fof Culture-fair Selection- .
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Test (X)
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The cut score on the test (x ) is determined so that the

ratio (as specified by a particular model) is the same

for all subpopulations.

" Model
Constant Ratio
Conditional Probability
Equal Probability
Converse Constant Ratio
Converse Conditional Probability
Converse Equal Probability.

-

- . . g,

Ratio

(I + 1IV)/(I + II)
_1/(1 + II)

I/(I+1IV). ..
(III + II)/(I1I + IV)
1II/(III + 1IV) ’
I1T/(II1 + II)




rather than just the\applicant's predicted criterion -score as .

. . Q «
suggeated by the Regression Model. Their model is based on a b

definition of selection bias éiven by Guion (1966). Guion stated that

” ’r
P ; i

‘ unfair [test] discrimination exists when persons with equal-’
probabilities of success on the job have unequal probabilities '
of being hired for the job. {p. 26.]

T ' The objective of this model is not simpiy to accept those persons
who are predicted, in the sense of best point estimate, to be above

a spécified minimum ﬁoipt on the criterion,but rather to accept those
persons foo whom this prediction can be made with a specified degree
of confidence.  The prébiem théa becomes one of finding a cut score
on the predictor variable so that the ctiterion acore for persons

¥ with test scores greater than the cut score will be above the-

]

‘miniAum acceptable criterion score, with probability at least equal
to some specified value. Furthermore, this model specifies that this
ptobability (cf; conversely, risk) must be the same in all subpopu<
\\\ lations; hence the reference.to it as the Equal Riskfmcdel.
‘ Therefore, symbolically, at the minimum level.of satisfactory critericd
performance (y*), the Equal Risk Model requires that the predictor

% -
cut scores xi(i =1, ..., g) be determined so that

P‘ M N : - LY

, * * * *
; Z=Prob(Y>y |X=x, m) = ... =Prob{Y >y [X=x_, 7) ,
* Z 1’ M , g '8

v

.
. EY
4 ¥
' N ¥ - .. -

- -

.
\ i

where Z is a fixed constant probability of success’ for all-subpopi-

lations . ’ _ . ‘ 13

To illustrate, again suppose the applicants tcvan institution .
can be subdivided into two subpopulationa,~wi and Tye. Refer: to
-Figure 6. (Adapted from Einhorn and Bass, 1971, PpP. 265, 267.)

’

. Figure 6(a) shows the relationship between a predictor (test)®

.'34
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Figure 6 (cont'd.)
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Figure 6(b).- Subpopulations with common regression
line but different standard errors of -
estimate. .
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Figure 6(¢). Subpopulations with the same standard -
. error of estimate and the same slope
but different intercepts. .
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‘

variable and a criterion variaple for one subpopula>&on. The condi-~
¢ . Y, s
tional distribution of Y (criterion) given X (predictor) is assumed )

to be normal. The shaded partion of the distribution repreéents the
risk level for a particular value x on the teét. In Figure 6(b),
the reéression lines Ebr the two subpopulations coincide; however,
the standard error of estimate 1s smaller for sﬁbpopulat%on “1 than

. *
for T, Provided, as in the figure, y < yo (the sample|mean), then
for any test score x, the level of risk is 'less for members of

T
subpopulation “1 than for members of subpopulation n2. Thus, if

all applicants with predicted criterion scores greater than or equal
% * T .
toy (X> xl) were selected, the test would discriminate against

subpopulation accord}ng to. the Equal Risk Modef? 1In thﬂé situation,

1
to make the selection procedure fair (according to the Eizgl Riak. .

o et

Mbdel),m;mbers of subpopulation “1 with test scores greater than or

* . .
-equal to X, would be accepted _and members of subpopulation ﬂz with

1

% LA
test scores greater than or equal to x2 would bevaccepted. Hewever,

-

if the standard error of estimate had been thé same in each subpoéu-
* . 1
lation or if y = y., then the use of a single cut score would be

consideréd fair to members of both subpoeg;ations. In Figure 6(c),

.
-

the two subpopulations have the same standard error of estimate and .

the same slope but different intercepts. For any test sgore x, the

£

level of risk is less for a person from subpopulatioh T than for a R

person from sﬁbﬁopulation ﬂl.,‘If a single cut score is used, théh‘khe

.

test discriminates against members of subpopulation ﬂz according to
the Equal Risk Model. Thé selecti&n procedure would be coﬁsidered fair
(according to the Equal Risk Model)“if members of subpopulation T

7




" : ¢ * *
(ﬂz) with test scores greater than or equal to x (xz) are accepted.

1
Note that if each subpopulation has the same standard error of estimate.

and the game slope, then the selection strategies proposed by the

Regression Model and the Equal Risk Model are the same. The two models
are very closely related, differing only in that one is based on

the mean-sguared-error criterion and the other on a threshold-loss
criterion, and both are straightforward applicatﬂbns of statistical\

R

decision theory.

et e
The convel/e of the Equal Risk Model would require, given a .

minimum level of satisfactory criterion performance (y ) that the

predictar cut scores: x (i=1, ..., g) be determined 80 that

-

Z=Prob(Y<y|X=xl,ﬂ)=._.. Prob(Y<y|x=x, ), )

Pl

9)

.
4

- whereZ is a\fixedjconstant degree of risk for all subpopulations Mye

-

This relationship can be rewritten as

5

- * R
Z=1-~Prob(Y>y |[X= Xy ﬂi) ©

.

=]."'Z, ‘\ /
| ?

~

‘ * * ' )
where Z = Prob(Y > y |X = x> 1,;) is the value to be equated among ,

. . 4
subpopulations for selection fairness as specified by the Equal Risk
i - S

Model. Thus, the criterion of the Converse Equal Risk Model is a lipear
function of that of the Equal Rish Model. Hence, unlike the Constant

Ratio Model, the (onditienal Probability Model and the Equal

A\l

Probabilitynﬁpdel the Equal Risk Model and its converse will always

specify the same selection .strategy. There is no internal contra-

"

diction; the model is coherent.

. a8
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"either K or K among subpopulations. Howeve

~

A Critique of the Constant Ratio, the Conditional Probability

-

. and_the Equal Probability Models -

One problem With the Conditional Probability Model and tie S
Converse Conditional ?robability Model is that each model treats only |
one aspect (selection-success) of‘the cuatpre-fair selection issue. Rejall
that K = Prob(x > *IY > y*, T 9-andli'e Prob(X'; x*i;~<-y*, "1) are the
values to be equated among subpopuletions for selection tairness as
specified by the Conditional Probability Model and Converse Conditional
Probability Mbdel, respectively. In practice, we must consider

equating both both K and K among subpopulations. "Since it can be sh\wn

that only under certain special corditions equating K among spbpopu-
] =

..,_

lations leads to equating K among suhpopulations,%and vice Versa

(refer to the section entitled The Converse Conditional Probability .
Model), it might be. suggested that in order to take bothwaspects of

the culture—fait selection issue [the‘conditional probability of selection
given successg/ (K) and the condifional probability of rejection giveﬁ‘ﬁailure

(i)] into copsideration, we should at least contemplate equating some

/

combination of K and K instead of trying tozequate, independentlyu
, 1t will be difficult to

decide what function of K and K should be equated amonéxsuhpopulations .

for fair test use./ , B

v - ~— Co

—

Similar comments can be made regarding the Constant Ratio and
Converse Constant Ratio models, and regarding ‘the Equal Probability
and Converse Equal Probability models. Each model deals with only one‘
aspect of the culture~fair selection;issue. In contrast, the definition of

N ‘ ’ v ; . ;‘\5
39 | | :
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" culture-fair selection proposed by the Equal Risk Mésel deals with both

sides of the i_ssue; because if one equates Z [Equat::$n $8)] among subpbpti-“ -
a . LI ‘ « . :"q &y .

lations, then one also equates the conyerse Z-=1-~-12 [Equ%ai:ion' 'C)) St
) among subpopulations. . ? P .'1-. .

- . To see why one should consider both aspects of the issue of. '\? s

.~ fairness, note that if one tries to increase the, gondit:!.énél' proba- .
» . tr N

*

b
P
.

bility of 'sé“‘le“'\tzn given puccess (K), then one will decrease the = - o o

-conditional ﬁrob i1ity of rejection given failui‘e'(f)'. " Rewrite K

{ . ;

and K as follows: . ! o :
. * . t : -
Prob (X > x*, Y>yin) 7 : . )
- S Xp Ty amy J .
. - \-K = T * ¢ .
' $ / P
. L ¢ Prob(Y_\_y !ni) ' ) 4
vand * . * ’ ? ' »
_ Prob(X<x, Y<y |m) - . :
K = i 17 . ) \ .
" . . . g * . . .
Prob(¥ < y'[n))
. N ‘ . * - -
§ Now, for a specified minimum level of criterion performance (y ),.

N / * .
Prob(Y > y Ini) and Prob(Y <y Ini) are fixed values. Thus, for K j{o‘

* *
increase, Prob(X > Xys Y>y Ini) must increase implying that the

* .
’ predictor cut score (xi) must decrease. (See Figure 3.) It is ‘

% ‘ . % * 5
then clear that if x, decreases, Prob(X < Xys <y lnﬁ' must

i
decrease implying that K must decrease. Hence, although both large

' ” ‘ M
'K and large K seem desirable for a given subpopulation Ty» @ny -
‘ . e

*
prédictor cut score X which leads to gn increment in K wil],,‘i'esult

1
in 4 decrement of K. This is similar to the situation in hypothesis

testing where one tries to avoid two types of errors and, therefore,

~.to reach a compromise 15‘/;e1ectingé‘ critical region. Thus, if

-
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one iq_inclined to build a model around Cole's conception,of selection
fairness, then one must.try to equate a function of K and<E'éﬁong ..
subpopulations rather than to equate K or K alone, To do this °

wouid iequire a value specification for the relative size of ? and K.

One can also s'how thatil the case of the 'Cons-tantl Ratio Model -
and ithe Converse Cons_témt Ratio Model, R [Equation (5)] will C ‘
‘éecrease as R [Equation (2)] inc%easesi Thig i;dicates the same
dilemma of trying 5p compuponise betw?eﬁ equating R or equating é{
among suyﬁopulationq, Thus, a definttion of selection fairness can only_
, be satisfactory if one comsiders both R'and'ﬁ.f'Thus, amnﬁg the
Cons\t\ﬁnt Ratio, the Conditlonal Probability, the Equal Probability

F) ,

and the Equal Risk ﬁodels, oﬁly the Equal Rigk Model 1is satiafaccoryA

" in the sense that it takes both sides (selection-success and rejection-

failure) of the culture-fair selection issue into account.

-

The Culture-Mo@ified_gritefion'Model ‘

©

In addition to the criterion variable Y and the predictor
variable X, Darlington (1971) defiames a third variable C, which
denotes an applicant's group membership. The variable C may be

either dichotomous or continuous (g.g., sex; race; socio~economic

.status). Dailington'then giveﬁ (and discards) four definitions of




L] ¢

cultural fairness in terms of the correlations among the

2 -
- . 1

., three variables X, Y, and C.
In order to :stat_e the four‘ definitions in common correlational
/terminolo‘gy, simplifying as'at:nnptions are introduced: the variables

X and Y have a Bivariate normal distribution in each subpopulation; .

-

the correlation betwéen X and 'Y (rxy) is pos;’.t_i‘ve; and the standard

deviation on the test (ax), the standard deviation on the criterion

] ’(sy), and r x}f are congstant for each subpopulation. Darlington's .
o mn T -
- 3 &: * v / . . -~ PN
F " four def%nitions of-cultural fairness are: »
- (1)‘_ Tex = 1'cy/ ’ ' . '
:~ i I
= ry . " -
@) Tex rc??, ~ . ,
(3) . L. =‘rcyrx.y, and
P Ad /4
(4)‘,“‘?61(‘: 0’ h %
where thie.r's represent the correlations between the subscripted . "

‘ R

variables. ~“In egch case, a test is qoﬁsidered culturally fair if
‘ it satisfies the appropriate equati'on. .(Darliagton, 1971, p. Y3 )
. Definition (1) is equivalent to t}le Regressionﬁnodel vhich R >
¥ requires a ce;mmon‘regreaaiép line. i)efinition (2) is the same as .
_Thorndike's Comstant RAtio i{odel. . Definition\(B) is a special case-
of Cole's Conditional Probability. Model. Dgfinit;ion (.,4) is the same
as the requirement that subpopulations have equ_ﬂ means oy the r.:ast.

(Darlington, 1971, pp. 73-75; Lina, 1973, pp. 156-157.) .

. 3




The four definitions yfeld contradictory results except in the
case of perfect validity (rxy = 1) or in the case of equal subpopu-
lation means on the criferion (rcy = 0). Darlington also claims that

’ the four definitions are - ) .

all based on the false view that optimum treatment of .

cultural factors in test construction or test selection can o ~

be reduced to completely mechanical procedures. 1If a

conflict arises between the two goai%éof maximizing a test's

validity and minimizing the test's ddecrimination agaipst

- certain cultural groups, then a subjective, policy-level

decision must be made concerning the relative importance of
the two goals. ([p. 71.]

Darlington then gdggests fhat instead of predicting the criterion
. variable Y that a variable (Y - kC) be defined where k is determined
by a subjective value judgment on the part of the decision maker

(test user). Darlington urges that

‘the term "cultural fairness" be replaced in public discussions .
by the concept of "cultural optimality." The question of
whether a test is culturally optimum can be divided in. two:
a subjective, policy-level question concerning the optimum
balance between criterion performance and cultural factors
(operationalized «s. as the optimum value of k), and a purely
. empirical question concerning the test's correlation with
- the culture-modified variable (Y - kC) and whether that
N correlation can be raised.  [pp. 79-80.]

According to this formulation, each institution must first choose a
’ value of k, indicating whether there is special value in the selection

of members from Bome subpopulation. That is, the decision maker must
answer the question,»"ﬂow many units on Y are considered equivalent

»

in value to one unit on G?". Then, fhe psychometrician's job is to
contruct a teéé to predict the variable (Y ~ kC). Note that when k

is set equal to zero, that 18, when there 1s 1o reason to favor one cultural

group, this procedure reduces to tha;: qf the Regression Model. Also

| ‘. " . . N - \43
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. : t
note that where the other models for culture-fair selection would set different

*
‘
-

. predictor cut scoré? for each subpopulation, Darlington would add a o
specified number of points to the scores of gne subpopulation and

then use thé same, predicto; cuttséore.

*
.

Darlingtgn's formulation of selection fairness recognizes, explicitly,

that the variable which is traditionally considered to be the criter&on

(e.g., college grade point average)* 1is not the only criterion. Group

»

membership or culture is also part of the criterion. Darlington,

then; argues that the traditionélly.accepted criterion must be

~ modified for culture; hence the reference to Darlington's formulation

of selection fairness as the Culture-Modified Criterion Model.

v

An Appraisal of the Test ﬁigp ﬂbdels

A Rl

~ The Regressian, the Constant Ratio, the Conditional Probability,

the Equal Probability, the Equal Risk and the_ﬁglturefnodifiéd Cri~

v

terion models are each explications of general concepts of what

constitutes the fair use of tests in a selection situation. There .
’ S~
seems to be nothing in the literatuyre that clearly indicates, when,

-t ¢

if ever, one of the models is preferable to the other five models.

Thus, the practitioner has ho clear guidance in the choice of a

culture~fair selection model. Further, we have suggested that the

//Qonspant Ratio, the Conditional Probability, the Equai Probability

models and theif converses are Internaliy contradictory.

Tﬁere has been considerable interest in the Constant Rdtio
Model and the Conditional Probability Model based on the fact that

. these models yield a-popular result, in that they apparently give

: /
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lower cut scofbb for disadvantaged minority populations. The appeal
o£5£§28e modeis, then, is that they produce g desirable result.
However, we might weli co;tend that it is gene;ally not'appro-
priaté to evéluate the correcfhess of ; model .solely dn the basis .
of the pleasantness or unpleasantness of its implications but, rather,
that one must look carefully at the logical Ftructure of the model.
One must be sure that the model is getting the right results for the
right reasons. If the models are giving' the right results for the
-wrong reasons, it may well be possible that, in some other circum-
stances, wrong answers will be forthcoming. We shall see that s
is indeed the case. We shall show that these models sometimes can

v

produce most undesirable results and could, in fact, be used to
justify.discrimination against some minority gréupé. ‘

- To see thﬁt this may happen, cousider a situation in which the
fegression lines in the miﬁority and the majority‘populations dare o

identical, but in which the mean® values of X and Y are higher in¥ "
'

the minority (disadvantaged) population and lower in the majority

(advantaged)'population. (Refer to Figure 4.) This situation is not

” ‘typical but, in fact, can be found if one compafes; for insfhncq a

- >

Japanese—-American minority population with the Anglo majority popu-
hd
lation., In this s;tuation,fﬁbth the Constant Ratio and the Condi-

tional Probability models will give lower predictor cut scores and
: - rskirlees

hence easier entry to the majority population. The Regression Model

- and the Equal Risk Model will give identical predicfbr cut scores.

.

¢ 1f, as well may be the cdse, the Japanege~American subpopulation

'

has been discriminated against in some gituations and is thus a dis-

advantaged group, then our desire might be to-provide easier access
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for that suppopulation, but, in fact; the two models being considered make

access more difficult.,

s

érom this exemple, it can be seen that the .two nodels.being discnssed
make a correction that is’usually }n the desirable direction, but that they
make that correction for the wrong.reeson. They ma#e the correction simply
because of differences in the mean values of X and Y in the two poﬁulat%ons

and they only coincidentally take into account the public desire or social i

necessitygto rectify unfair treatment to a minority population. The degree
of advantage to the minority population is largely a function of the diﬁfer-

ence in the mean test scores and in no way directly reflects the degree of

3

prior discrimination and disadvantage that group has suffered. On the other

hand, if, following the general ideas to be laid down here, one allows that

.

diﬁferential treatment should be given,to a degree agreed upon by the poli~-

tical process to some heretofore disadvarktaged group, then a lower predictor

!

cut score will be obtained for that group. In this case, the lower score is

obtained for the right reason, because of their disadvantaged status (different

.

utility structure), and not simply because of a difference in mean valu€s. We

judge that for these reasons the use of the Constant Ratio, Equal Probability
- .. B b

and Conditional Probability models and their converses is contraindicated. 1In

. »

'stating this, it is not suggested that any 111 effects will necessarily result

from their use. Only by more detailed study would. it be possiblé to document

" more completely all'of the situations in which these models break down. However

one could easily name other minority groups, discrimination against which would
be. sanctioned by any official, or other, recommendation, endorsement or adoption

of any of these models. Finally, we would remark that there is no reason to

believe that either the Conditional Probability or’ Constant Ratio models will

¢ -~

provide, under any circumst?nces, the degree of compensation that I think

V‘ certain disadvantaged ns should have..
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. Maximizing Expected Utility.
;’There ekiéte>e\ﬁody of quantitative reasoning, whose origins . .

4
are ancient anﬂ remote, that has received codification in this

céhtury in the ‘work of Von Neumann and Morgenstern (1947) Wald
(1950), and others. In the theory of/the tational-economic man,
developed in theee uritings, uhen all probabilities of outeomes
- areiessume{ kuoun (an assumptionfiﬁﬁe~explicitly here and imuli¥
city in previous statements of the models under coﬂgideratiqn) *
) there is a simple paradigm required for rational deciEion; In
that paradigm the deairebility or utility of each possible outcome . -
ie stgted quantitatively. Then, given 411 ayailablé'informatien
concerning the person in questibn, the probability of e;ch possible
outcome is stated for each decision u#@er consideration. Nekt,,for

» .
eech possible decision, the utility of each outcome ig multiplied '

by the probability of each outcome and the products are summed to

provide an expected utility. Finally, that decision is then made “\7

for which the éxpected utility is highest.. Most statisticians
interested in decision problems accept the correctness of the ﬂ
, Von Neumann and Morgenstern-Wald model and the incorrectness of

any statistical decision procedure that does not conform to that

model. It seems clear that the Constant Ratio Model, the Conditional

'Probability Modél and the Equal Probability'Model do not conform to

4
-

that model, thqugh the“ideas that are at their bases may well be _

reformulated in a coherent manner.

-

If the utility of an outcome depends'ﬁgly on the individual
outcome (success~failure) and the subpopulation involved, then the ,
L y
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axioms of rational decision-making require the maximizaéion of

i

expected utility (but see Suppes,‘l97é,\vor a slighé weakening of

this statement that is not relevant here) That maximization process ‘

involves only the conditional probability of success given test score
and'the utility of that success.- It doesg-not involv% any of the
marginal or conditionai probabilities used by Thorndike, Cole or

*

Linn. From this point of view, the fundamental fallacy in each of

these models is that they are based on the wrong conditional proba- /,,///

ff: 2 . ~

ility. . Lo -
Specifically, ‘the conditioning process must be on the specific

value x observed on the person d not on the marginal distribution

“

of X (Thorndike), the conditional istribution of X given y (Cole)

or the event X > x (Linn). The thre.,no els mentioned above do not

use the correct Qrobahilitx. The Regression Modgl‘and the Equal . ,
Risk Model do, and'it is for this reason that no logical contra;
‘dictions haye arisen with these models. This is not to say that
»these latter models‘are entirely satisfactory; indeed, You could

judge them to be generally unsatisfactory but only because You judge’

the utilitiés they adopt to be inappropriate. While these models

- 3

" are both special cases in the general decision-theoretic formula-

s

‘tion they are, it would seem, much too special. The utilities they .
adopt, implicitly, are not particuylarly compelling and unfortunately
they do not make these assumptiong‘very.clear. More general models
,are required. ’ . .
Some individuals (e.g.,'Hnmphreys, 1973) have indicated a

basic dislike of differential treatment of groups while possibly ’

- accepting its short-term desirability:. That position has merit,

Nz ,
Caa . .
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though in‘the current climate of opinion, it may represent a minority
view. One coherent expected utility.modél (the Equal Risk Model)

..” provides for equal treatment of all persons. However, we suggest that

-

if this criterion is appropriate it would be better to arrive at it

-.on the basis of careful analysis and debate in the area of public
policy rather ‘than because of some notion regarding the universal

applicability of- any one model. ) . -

~

Thorndike has argued forcefully that the marginal distributions

of both X and Y are important in culgure—fair testing whereas the

1

decision—theoretic formulation we discuss in the next section con-

M

centrates only on the conditional distribution of Y given x.

" (Thorndike's view, which is that some consideration must be given _';f

.in‘the setting of cutting‘scores to their effect on the percentage e

of successful persous in, each subpopulation, can possibly be accommo-

4, « . ﬂ - s . 4

d@ted within a decision-theoretic framework.) It would ° geem to us Y, o :

~that it ight be appropriate in assessing'utilities in the two sub— Foe

" -

. populations to. take into consideratién the” impiications with respect‘

‘N J ¢

* to these manginal'distributions. " We. would expect, howeve}, this - . .- .y

i » v et
. 3 D
~ f . -

consideration'of ﬁarginal\distrfbutions to also takewinto accourtt -
the effect onqthe'pereentage of failures in the two subpopulations; -

- . N .
. > . ’ FaP
, -

Such investigation could result in our utilities being'nelated to Lo

,\‘ v

" @

the location parameters ,of the marginal distributions, but this would

1 L , .

. not, affect the probabilitz aspect of the.decision-theoretic formula— R
1 Y ‘a ) .

tion which would still depend only on the disrribution of ¥ given X: v

Awsimilar remark might be made with vespect to que ) conception of - .

culture—fair selection which might be‘reformulated in terms of utili— . )

'Y

ties rather than probabilities. However, in our Judgmentf until "' .

.
s
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_.able.

: terms of utilities that You and I can understand, we must caution

these ideas are given a strict decision-theoretic formulation in

v

against any use, adoption or recommendation of these ideas.
| Darlington 8 Culture-Modified Criterion Model ig the only model
surveyed that addresses itself to the utility question. It also has
the desirable feature of focusing on the correct conditional proba-
bility. Unfortunately, this formulation is still not entirely con-
sistent with the decision-theoretic approach (i.e., it does not
incorporate a formal utility function), and hence may not be accept-

We would’ urge Darlington to restate his model so that it can

be evaluated more easily.

The Threshold Utility Model

ln,a recent paper, Gross and St (1975) investigated one decision-

theoretic approach to the culture-fair selection problem. This formu-

<
.

lation maximizes expected 7kility using a threshold utility model.

The discussion in this section is taken from a somewhat more complete

" analyses due to Petersen (1974). ) ’ T

T

Assume that the applicants to an institution can be separated
into two subpopulations referred to as the minority population (n )

and the majority population (ﬂz).

’

Further, assume that a predictor
variable X (a test score) and a criterion variable Y (a measure of
performance) have possibly different (unspecified) positively

correlated bivariate distributions in each subpopulatidn.

)

Each applicant to the institution will, if accepted, be either

¥ o

.a successful performer or an unsuccessful perﬁgrmer. The state of

."the applicant being a successful performer is represented by

.

those values of Y greater than or equal to the point y , and the
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state of the applicant being an unsuccessful performer is

i

%
represented by those values of Y less than the point y where ; is

I
A

the minimum level of satisfactory performance on the criterio ' o ,
variabfe Y . Two possible actions are open to the institution? The ’

. institution can either accept the applicant or reject the applicant.’

The accept decision is represented by those values of X which Y

are greater than or equal to the poiat x:, and the reject décisioa

-by those ralues of X which are less than the point“x: wtere x:-is . )

the cut score on the predicter variable xi and ?ay.differ for each

subpopulation LI i=1, 2.

For each subpopulation Tes the action decided upon by tpe

institution can have one of four outcomes:. )

! //)// 01: X Z_x: Y Z.Y* An applicant is .accepted and‘is
successful.\ ' ' |
7/ .
',62: X < x* ¥ > y. An, applicant is rejeeted but would
ﬂ have Peen successful.
' 3t X < ;: Y < y*ﬂ An applicant’is'rejected and would |

"+ have been ugsuccessful,

*- %*, : . -
: X z_xi Y <y An applicant 48 accepted but is s

unsuccessful.

°

P L,
Oytcomes 01 and 03 are desirable since they represent correct

decisions, - whereas outcomes 02 and 04 are undesirable since they

represent incorrect decisions. Up to this point the formulation
is the same as for the constant ratio, conditional probability,

. .
equal probability and equal risk models. . ; . .

0
«

With these outcomes in mind, the ingtitution desigﬁates a

threshold utility function u(Ojlﬂi), i=1, 2, 3, 4, for each

subpopulation Moo i=]1, 2, as defined:in Figure 7, ' Por the ' .

ERIC | L 51 - .. -
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‘ o ‘  Figure 7 , i R -
Threshold Utility Function L ; '

s &

. u(Ojlni) . : ‘. -

. ; o ) o
% - .
Y >y (successful) b ' a } )

r

y ' - 1o ' 0 - W
* o 3 4 '
Y <y (unsuccessful) . cy di ;
ﬁ? ’ .. X< X (reject) X > x*J (accept)
B e |




subpopulation “i’ the utilities a, = u(O fr )ﬁ?nd c, = ufo lw )
are associated with correct decisions and should be larger than
the utilities b, = u(0 I“ ) and d, =_u(o, [v ). The zero point is

arbitrary, though. it may be convenient to take b di.5~0 and

_. refer to these _as disutilities. The dEgree of pf@ference givem‘any

group will depend upon the utilitiEs*for that group

Regardless of the ordering of the utilities, the expected g
> A

utility. of selection for '‘an applicant from subpopulation L is
. [3 « R . >
given by =~ , e 4 w

Eo)
)

6f[u(o|ni)] = jzlu(Oilwi)Prob(Oj[w%)

=.ai[Prob(01|wi)] + biEFrob(Ozlwi)] N P

I + c:fréob(oélnii] + dy[Prob(0,|n)] . (D) 3

-

. 4 ) o \
Now, the process of selection is viewed  as a series of separate

g
. decisions, each of which involves one applicant. Thus, the expected

utility of the seleétiongprocees is found by summing the expected

LY

utility of selection for an applicant [Equation )] over all- )

‘dppiicants, that is,

. 9 o . j". » . .
& O = 1 plE WOl ,
. 1= . o

“~

2 4 " | ’ b l‘ ,
*= T p, I.u(,|n)Prob(0,|w,) ,
et gep 301 i

where Py is th? proportion of the combined applicanc population (w

The problem is to find

, and ﬂz) who are members of subpopulation Ty

* *
predictor cut scores Xy 4nd X, such that the expected utility of the

[pea——— e B et s — o ——— -
—s e ——r .
»




selection process [Equation (10)] is a maximum. The method for

doing this is given'by Gross nd Su :and by Petersen.

In effect what this mgdel does 1is to select those applicants

.
. *

vith thgnh,ighest expected utility’selection. The utilities will - .

typically differ for different subpopulations. (1f they do not, \ ’%

. -

4

we have the Equal Risk quel«) The prediction equations may 'also <
differ in the subpopul'ations. - ) w
The adyantage of this;model is that'it reqdires’an explicit N
_ public sta}ement‘of utilities for each subpopulatfon. If I do not
Iike the utilities You prpyide,}@n iéfo tive public debate will
no doubt ensue;ewith neither of'és ¢laiming any axiomatic justifi-

™. . ’
cation for our utilities. The important thing is that the discussioh

¥é public with all interested parties participating in the debate.
- . . [N I3 /

> In our judgment, the concepts of culturerfairness and group . .

-
.

parity are neither useful nor tenable, and the models spawned from

them should not enjoy institutional endorsem/ﬂz. The problem, we'

¢ ) ' . o

!
think,. should be reconceptualized as a'problem in.maximizing expected

- L P . ,

utility. The Threshold Utility mofiel is one possibly useful model.

" It has its limitationms. The concerns that motivated the Thorndike: R
. & - . ‘ ' ‘
Cole and Linn models. are “important ones; however they cansbe explicated

I

rd

in conceptually simple extensions of the Threshold Utility model.
This might involve dropping the additivity assumption of this model. °*
. Our main purpose in this paper has been to show that the ideas of.
R ~ .
fch'E‘ﬁre—fairness and group parity have spawned incoherent models that
can sanction the very discrimination they seek to ;ectify.' Any new .
explications of these ideas willeneed to be scrdtinized caretully from

'

’ (44
statistical, ,psychological, social, ethical and 'legal points.of view.

N .
. ¢
. - t
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