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16. Abstrac t /
In addressing the issue of test fairness, the sample size of the ~inority group is
usually very small. Thus, sampling error alone could cause a te�t to appear unfair
to either the majority or minority group, when in fact both groi,4s were sampled from
populations with identical test and criterion characteristics. ~‘There are three
prominent models of test fairness in the dichotomous situation: (a) Thorndike’s
Constant Ratio model (the ratio of the proportion successful to the proportion
selected should be equal for the majority and the minority groups);.(b) Darlington’s
Conditional Probability model (the probability of selection, given that an individua:
is successful, should be equal for both groups); and Cc) Einhorn and Bass’ Equal
Probability model (the probability of success, given that an individual is selected ,
should be equal for both groups). The present study explored , using a Monte Carlo
technique, the robustness of these models to divergent sample size. This technique
allows the generation of normally distributed variables of known means, standard
deviations , and intercorrelatioris . -J One hun dred samples of 1,000 subjects, having
predictor/criterion correlations p? .3 and •14 , were generated. Minority samples of
100 subjects were randomly ~~~e~ted from each large sample and the three models were
applied. The inodels—wer~~~~mpared for their robustness to sample size differences,different ~~ed16tor/criterion correlations , and different selection and success
ratios. ~~esults indicated that all three models were equally able to identify test
fairness under the conditions specified in the present study. The choice of model t
use when evaluating test fairness must remain a subjective one based on the fairness
goals of the testing agency and further definition of test fairness by Federal
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A COMPARISON OF THREE MODELS FOR DETERMINING TEST FAIRNESS

I. Introduction.

The Uniform Guidelines on Employee Selection Procedures (1978) ( 9) ,
which were recently adopted by the U.~~. Civil Service Commission, the Equal
Employment Opportunity Commission , the Department of Justice, and the
Department of Labor, state that a selection procedure has an adverse impact if
the selection rate for any racial, ethnic, or sex group is less than
four—fifths of the rate for the group with the highest selection rate. The
guidelines further state that these same rules apply to any employment
decision, which can include training, retention, or promotion. The current
Air Traffic Control (ATC) training program conducted at the Federal Aviation
Administration’s (FAA) Academy is a pass/fail program which affects whether or
not the trainee will be retained by the FAA in the ATC option. As such, it
involves an employment decision and is subject to the standards for validation
research and fairness defined by the guidelines.

Although the Uniform Guidelines acknowledge that “the concept of fair-
ness or unfairness of selection procedures is a developing concept,” they
require that, when - feasible, a test must be demonstrated to be fair. The
guidelines further specify that “unfairness is demonstrated through a showing
that members of a particular group perform better or poorer on the job than
their scores on the selection procedure would indicate through comparison with
how members of other groups perform.” The key concept in this definition of
fairness is that performance of a group is compared to the performance of the
larger group on both the selection procedures and the job performance measures.
If’ performance is not the same for both groups on both measures, unfairness
may exist.

Unfortunately, deciding when “performance is not the same” is not as
simple as it may seem. The literature has many articles offering approaches
to the evaluation of test fairness. However, these articles seldom deal with
the distribution of various fairness indices, nor do they address directly the
decision processes involved in deciding whether or not a test is fair.

• Several authors have found that the major definitions of test fairness lead to
conflicting conclusions about test fairness (l ,~I,7). In addition, Hunter and
Schmidt (5) concede that they cannot agree on a definition of test fairness.
The available literature offers many methods of evaluating test fairness but
little guidance in choosing the most appropriate method.

Most of the models of test fairness define it in psychometric terms. The
three major models to be discussed in the present study define fairness in the
dichotomous case in which an applicant is either accepted or rejected based on
a predictor score and would succeed or fail based on a criterion. Table 1

1
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Table 1. Three Definitions of Test Fairness

False True
Negatives Positives

Succeed
II ICR ITERION
III IV

Fall
True False
Negatives Positives

Reject Select
PRED ICTOR

CONSTANT RATIO MODEL (CR) — Thorndike ( 1971) The ratio of the proportion
successful to the proportion selected should be
equal for both the majority and minority groups.

1 + 1 1  1 + 1 1
a a 

- 
b b

I +IV I +IV
a a b b

CONDITIONAL PROBABILITY MODEL (CP) — Darlington (1971) The probability of
selection , given that an individual is successful,
should be equal for both the majority and
minority groups.

I I
a b

I +11 
— 

I +11
a a b b

EQUAL PROBABILITY MODEL (EP) — Elnhorn and Bass (1971) The probability ofsuccess , given that an individual is selected,
should be equal for both the majority and
minority groups.

I I
a b

-
~ I +IV I +IV

a a b b

where a = majority group
b = minority group
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graphically depicts this situation and states the three major models of test
fairness, verbally and mathematically, in terms of the four cells depicted
in the table.

The first model is Thorndike’s (8) Constant Ratio model (CR) which states
that for a test to be fair , the ratio of the proportion successful to the
proportion selected should be equal for the minority and the majority groups.
Expressed in terms of the cells in Table 1, the ratio of the sum of the cells
I and II to the sum of cells I and IV should be equal for both groups.
Darlington ’s (2) Conditional Probability model (cP) states that a test is
fair if the probability of selection, given that an individual is successful,
is equal for both groups. In terms of the cells in Table 1, the ratio of
cell I to the sum of cells I and II should be equal for both groups.
Finally , Einhorn an d Bass (3) propose the Equal Probability model (EP ) in
which a test is considered fair if the probability of success , given that an
individual is selected , is equal for both the minority and the majority
groups. In terms of the cells in Table 1, the ratio of cell I to the sum of
cells I and IV should be equal for both groups. The three models differ in
the target groups to which they are ~‘fair.” The Constant Ratio model is
aimed at insuring that the proportion of applicants selected from both groups
is fair. If this model is used , an equitable proportion of applicants from
both groups will be hired. The Conditional Probability model is targeted at
successful individuals and is intended to insure that an equitable number of
successful individuals will be hired. The Equal Probability model is
targeted at individuals already hired and is intended to insure that an
equitable number of hired individuals will be successful. These models can
lead to conflicting conclusions about the fairness of a test. However, there
is very little in the literature to describe the distribution characteristics
of the three models and how their distributions differ.

The purpose of the present study is to evaluate the distribution of the
fairness statistics generated by the Constant Ratio, the Conditional
Probability, and the Equal Probability models of test fairness. Since the
sample size is, in general, much smaller for the minority sample than for the
majority sample, the three fairness indices will be compared for a large
sample and a smaller sample across different success ratios on both the

• criterion and the predictor and also across different correlations of
predictor and criterion. Research studies have shown that sampling error
leads to an inverse relationship between sample size and correlations (6).
It is expected that sampling alone should cause the correlations for the small
sample to be higher than corresponding correlations for the large sample. The
Constant Ratio model is not sensitive to differences In the correlation of the
predictor and criterion, while the Conditional Probability and the Equal
Probability models are. It is expected that the Constant Ratio model will be
more robust to sampling errors related to sampling size than will either the
Equal Probability or the Conditional Probability mod’ 1~- 
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II Method.

The data used for analysis in this study were computer genera ted by using
a Monte Carlo technique. This approach allows the generation of a number of
normally distributed variables with specified means, standard deviations, and
intercorrelations. The technique essentially allows definition of the
characteristics of a population and then selects samples from that population.
A score of 70 or greater was arbitrarily set as a out score , scores above 70
were defined as successful for the criterion variable , and scores above 70 were
defined as selected for the predictor. Variable means and standard deviations —

were assigned values such that either 60 percent , 70 percent , or 80 percent of
the sample would be above the cut score , and predictor/criterion correlations
of .3 or .4 were assigned. Nine variables were generated for this study by
using the proportion above 70 and the correlations specified in Table 2. The
success rates, selection rates, and predictor/criterion correlations were
chosen based on recent experience with the FAA’s Air Traffic Control selection
and training program. The 18 possible combinations of selection ratio,
success ratio, and predictor/criterion correlation described in Table 3 were
evaluated.

Table 2. Proportion Above a Score of 70 Assigned Each Variable and
Relevant Correlations Input Into Monte Carlo Program

1
Proportion Var # 1 2 3 4 5 6 7 8 9
.60 1 X .3 .4 .3 x x x x x
.60 2 X X .4 X X .3 X X
.60 3 X X X X . U X  X
.70 4 1 .3 .4 I I X
.70 5 X I X .3 X
.70 6 X X .4 X
.80 7 X .3 .4
.80 8 x x
.80 9 I

I The correlations denoted by X were not used in the analysis.

4
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Table 3. All Possible Combinations of Selection Ratio, Success Ratio , and
Predictor/Criterion Correlation

Selection Success fixy x
Ratio Ratio variable variable

1 .60 .60 .3 1 2
2 .60 .60 .4 1 3
1 .60 .70 .3 1

.60 .70 .4 2 4
5 .60 .B0 .3 2
6 .60 .80 .4 37 .70 .60 .3 4 1

.70 .60 .4 4 2
9 .70 .70 .3 4 5

.70 .70 .4 4 b
1 1 .70 .80 .3 5 8
12 .70 .80 .~~~ 6 8

.80 .60 .3 7 2
$ 1i~ .80 .60 .~~~ 7 3

15 .80 .70 .3 d 5
16 .80 .70 .4 8 6
17 .80 .~O .3 7 d
18 .BO .80 .4 7 9

Each sample that was generated contained 1,000 subjects of which 100 were
randomly assigned to the minority group and 900 were assigned to the majority
group. Since both the minority and the majority groups were from the same

• population, the predictors should be equally fair across success ratios,
selection ratios, and predictor/criterion correlations. The CP, EP , and CR
indices were calculated for the 18 conditions described in Table 2. This
process was repeated 100 times.

III. Results.

Table 4 shows the average proportion above a score of 70 and the average
• intercorrelation matrix obtained across the 100 large samples and the 100 small
• samples. Table 5 gives the distribution characteristics of three fairness

indicators for both the large samples and small samples when the various
• combinations of selection ratios, success ratios , and predictor/criterion

ratios are combined. Table 6 gives the distribution characteristics of the
large and small sample fairness indicators when the selection ratio is equal to
the success ratio, when the selection ratio is less than the success ratio, and
when the selection ratio is greater than the success ratio. Table 7 contains
the distribution characteristics of the large and small sample fairness
indicators.when the predictor/criterion correlation is .3 or .4.

In order to compare the fairness indices for the large and small groups,
the indices were expressed first as a ratio of the large group index to the

4 small group index (La/SM), and then as a ratio of the small group index to the
large group index (SM/LG). The distribution characteristics of these indices
are described in Table 8.

5
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Table 4. The Average Proportion Above a Score of 70 and the Average
Correlation Matrix Across the 100 Large Samples and the 100 Small Samples

For 100 Large Samples
Average
Proportion Var # 1 2 3 4 5 6 7 8 9
.608 1 I 0.31 0.42 0.30 X X X X X

.603 2 X ~ 3.44 I I 0.3 1 X X

.643 3 X X X I 0. 133 X X

.703 13 I 0.34 0. 145 1 X I

.127 5 X X X 0.29 X

.712 6 X X 0.41 I

.808 7 1 0.37 0.42

.806 8 X x

.818 9 X

For 100 Small Samples

Average
Proportion Var # 1 2 3 13 5 6 7 S 9
.590 1 0.42 0.53 0.32 X X I X X X

.583 2 X 0.30 I I I 0.42 I I

.607 3 X I X 1 0.47 1 x

.727 13 X 0.23 0.43 X I I

.714 5 X I .X 0.39 X

.700 6 I I 0.57 I

.780 7 X 0.31 0.413

.780 8 x x •

.802 9 X
1 The correlations denoted by X were not used in the analysis.
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Table 5. Distribution Characteristics for the Three ‘Fa irness Indicators
for the L-~rge and Small Samples

Mean SD Range
to Ri

CRLC 1.02 .16 .74 1.35
CRSM 1.01 .18 .67 1.49
c~to 0.77 .07 .63 0.88
CP$M 0.77 .09 .57 0.94
EPLC 0.78 .07 .63 0.89
EPSM 0.77 .09 .57 0.94

Correlation Matrix
CRLG CRSM CPLC (~PSM EPLG EPSM

CRLC 1.000 .936 — .821 — .753 .791 .737

CRSM 1.000 — .776 — .797 .758 .755
• CPLC 1.000 .886 — .311 —

CPSM 1.000 — .324 — .202

EPLG 1.000 .902

EPSM 1.000

where C1~ is the Constant Ratio modelC? is the Conditional Probability model
EP is the Equal Probability model
tO is the large sample
SM is the small sample

7
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Table 6. Distribution Characteristics for the Three Fairness Indicatorsfor Large and Small Samples Comparing Selection Ratio and Success Ratio

Selection Ratio Equals Success Ratio

Mean SD Range
Lo Hi

CRL.O 1.017 .024 .97 1 .08CRSM .999 .0135 .89 1.11CPL.O .773 .058 .68CPSM .7 78 .076 .61EPLO .786 .055 .69 .86EPSM .776 .074 .62 .89
Selection Ratio Is Less Than Success Ratio

Mean SD Range
Lo Hi

CRLG 1.194 .081 1.10 1.35
CRSM 1.220 .099 1.00 1.49CPLG .703 .0136 .63 .77
CPSM .698 .057 .5
EPLG .836 .035 .7
EPSM .847 .0145 .73 .913

Selection Ratio Is Greater Than Success Ratio

Mean SD Range
Lo Hi

CRLG .8141 .054 .74 .91CRSM .825 .068 .67 1.00
CPLG .836 .035 .76 .88
CPSM .8147 .045 .73 .94

• EPLG .703 .046 .63 .77EPSM .698 .057 .57 .79

where CR is the Constant Ratio model
CP is the Conditional Probability model
EP is the Equal Probability model
LG is the large sample
SM is the small sample

8
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Table 7. Djstrjl,utjon Characteristics for the Three Fairness Indicators
for Large and Small Samples Comparing Predictor/Criterion Correlati~ ns

Predictor/Criterion Correlation Equals .3
Mean SI) Range

to Hi
CR.LG 1.016 .165 .74 1.35
CRSM 1.013 .182 .67 1.49
CPLG .761 .074 .63 .87
CP SM .760 .088 .57 .91
EPLG .763 .074 .63 .87
EPSM .758 .087 .57 .91

Predictor/Criterion Correlation Equals .4
Mean SD Range

to
CRLG 1.019 .145 .78 1.29
CR811 1.017 .173 .69 1.44
CPLG .781 .069 .68 .88
CPSM .789 .082 .62 .94
EPLG .787 .067 .68 .88
EPSI4 .790 .081 .62 .94

where CR is the Constant Ratio model
CP is the Conditional Probability mode l
EP is the Equal Probabi lity model
tO is the large sample
SM is the small sample

9
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Table 8. Distribution Characteristics for the Ratios of the Three Fairness
Indicators

Mean SD Range
to Hi

CR LC/SM 1.01 .05 .88 1.15
CR SM/tO 1.00 .05 .87 1.14
CP LCISM 1.00 .06 .86 1.20
C? SM/tO 1.0!) .05 .83 1.17
El’ tO/SM 1.00 .05 .86 1.20
El’ SM/t O 1.0’) .05 .81 1.17

Correlation Matrix
CR CR CP CP El’ El’tC/SM SM/tO to/SM SM/tO tO/SM SM/tO

CR LG/SM 1.000 — .997 — .554 .544 .448 — .439

CR SM/tO 1.000 .574 — .561 — .426 .416
CP tO/SM 1.000 — .996 .493 — .502

CP SM/tO 1.000 — .502 .513
El’ LG/SM 1.000 — .996
El’ SM/tO 1.000

where CR is the Constant Ratio model
CP is the Conditional Prob abil i ty model
EP is the Equal Probability model
tO is the large sample

• SM is the small sample

10
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IV. Discussion.

As expected , Table 4 shows that the correlations for the small samples
tended to be higher than those for the large samples. It is not surprising
that for all three fairness indicators, the small sample groups demonstrated
greater variation than did the larger sample groups. The range of the fair-
ness indicator was virtually identical for the CP and EP models, and was a
smaller range than that for the CR model. This is to be expected since the

• CF and EP indices could range only from 0 to 1, while the CR index could
range from 0 to infinity.

When the distributions of fairness indicators are examined for the three
relationships of selection ratio to success ratio described in Table 6, it can
be seen that all three tend to have moderate values when selection ratios are
equal; CR and EP have high values when selection ratios are greater than
success ratios, while the C? value tends to be higher when the selection ratio
is greater than the success ratio. Both CF and EP show the greatest amount of
variance when the selection ratio is equal to the success ratio, while CR shows
the greatest amount of variance when the selection ratio is less than the
success ratio. When the distributions of the fairness indices for the large
and small samples are examined separately for correlations of .3 and .~I (see
Table 7), all three fairness indicators have lower means and higher standard
deviations for the lower correlation.

The fairness indicator ratios described in Table 8 show that the
distribution differences observed in Table 5 virtually disappear. The means
of these ratios are around 1.00 (as they should be when the test is “fair”);
the small standard deviations and the range of the ratios are almost identical
for the large group/small group and for the small group/large group indices.
It would appear that all three fairness indicators show similar patterns of
covariance between the large sample and small sample groups.

Based on the data from the present study, there is no compelling
statistical reason to choose any one of the three fairness indicators over
the others. The range of the values of the indicators is affected by both the
relationship of selection and success ratios, and predictor/criterion corre-
lations. However, while the magnitude of the fairness indicator may vary, the
relationship of the fairness indicators for the large and small groups remains
about the same , no matter which fairness indicator is used. The three fair-
ness indicators are equally likely to lead the investigator to conclude that a
test is fair when the majority and minority groups are chosen from the same
population and differences between the groups are due to sampling. Quite
frequently , however , this is not the case in the real world. Members of
minority and majority groups may be recruited In different ways and may differ
dramatically in education , experience , socioeconomic status, and other
demographic variables that will affect their performance on the selection

• devices. The applicants from the majority and minority groups may have
different means on the selection tests, and if the means for the minority
group are lower than the means for the majority group, then the proportion

11
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selected from the minority applicants could well be less than four—fifths the
proportion selected from the majority applicants. If this is the case, then
the Uniform Guidelines state that adverse impact has occurred , and the user
must demonstrate that the selection test is fair.

The Constant Ratio model could be used at this point to determine if the
differential proportion selected for the minority group is compensated for by
a differential success rate. If the CR definition of fairness is met, it is

• unlikely that the selection procedure as defined will be perceived as unfair.
The CR model is insensitive to the magnitude of the correlation of the

• predictor and the criterion, so it would be possible to meet the CR definition
of fairness while still selecting majority and minority applicants with vastly
different probabilities of success. If this is the case, an d if the minority
group members selected have a lower probability of success than the majority
group members, the minority group members will have a higher attrition rate
during the training process than the majority group members. Since the Uniform

- . Guidelines are extended to cover not just selection procedures, but also
employment decisions including promotion , referral , retention , and transfer ,
the user may find that at some point after selection some other employment
decision demonstrates adverse impact. If the Equal Probability model of test
fairness is used , this problem may be avoided , but unless the regression lines
for the minority and majority groups have the same slopes, its use could result
in the disproportional selection of one group or the other. The Conditional
Probability model could be used to insure that appropriate numbers of
successful individuals are selected, but its use too could result in an
inequitable selection ratio.

The test user is in a dilemma , as current definitions and practices
stand. In order to meet the definition of fairness at the point of selection,
the Constant Ratio model may be employed , but use of this model may result in
adverse impact and unfairness at some later employment point . The
acceptability o” the various fairness decision models will no doubt be
determined by the courts. In the ideal case, in which the minority and
majority samples are selected from the same population and their regression
lines are identical, all three models will agree, as they did in the present
study. If the test user is in the unpleasant situation in which the models
would lead to conflicting conclusions about test fairness, then some correc-
tive action must be taken. If the Equal Probability model indicates test fair-
ness, but the CR and C? do not, then an unfair proportion of successful
minorities are being rejected, and a lower out score may be justifiable. This
will occur when the predictor/criterion correlation is higher for the
minorities than for the majority. If the Conditional Probability model indi-
cates test fairness, but the EP and CR do not, then the predictor/criterion
correlation is lower for the minority than for the majority, and resolution
of this problem may require either development of new selection procedures or
recruitment of a minority applicant population that more closely resemble~ the
majority sample.

12 
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If the use of different cut scores is not feasible, or if the data
indicate that the minority applicants differ from the majority applicants in
how well their performance can be predicted , the test user could examine
recruitment practices to see if efforts could be made to recruit minority
applicants who are more like the majority applicants in terms of
characteristics related to the probability of success. The most recent
version of the Uniform Guidelines emphasizes the role of recruitment and its
effect on fairness. This emphasis on recruitment indicates that the effects
of recruitment practices on selection and other employment decisions will be
a part of the evaluation of the fairness of a selection procedure. Modifica-
tion of minority recruitment practices could be an effective means of bringing
existing selection procedures into compliance with the Uniform Guidelines
without necessitating the development of new selection devices.

13
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