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A common assumption exists which asserts that the formation of com- 
posites of predictors represents a method for dealing with adverse im- 
pact. It is often expected that including predictors that demonstrate 
smaller group differences with others that demonstrate larger group 
differences will help to alleviate the amount of adverse impact ob- 
served at the composite level. The purpose of this paper is to answer 
the question “lf two or more predictors are combined to form a com- 
posite, what will be the magnitude of group differences and, conse- 
quently, of adverse impact, of using that composite for selection?” In 
answering this question, a set of tables, figures, and formulas are pre- 
sented that highlight variables influential in affecting how composites 
of predictors influence observed group differences. A number of con- 
clusions are drawn that clarify the extent to which forming composites 
decreases group differences and subsequently adverse impact. 

An ongoing concern in the field of personnel selection is the search 
for selection systems with high validity and low adverse impact (i.e., sim- 
ilar selection ratios for majority and minority groups). A longstanding 
source of tension in this area results from certain types of predictors 
emerging as valid indicators of performance, but also exhibiting sub- 
stantial group differences. For example, extensive research has demon- 
strated a strong relationship between general cognitive ability and job 
performance for multiple jobs (Hunter, 1986; Ree & Earles, 1991). 
However, cognitive ability tests traditionally demonstrate adverse im- 
pact against racial minorities (Hartigan & Wigdor, 1989; Jensen, 1980). 
Previous work outlines a variety of strategies for reducing the adverse 
impact which results from predictors. Options such as including modi- 
fications of the content or format of a test, using low test cutoff scores, 
modifying individuals’ scores through within-group norming, and using 
banding strategies have all been considered (see Sackett & Wilk, 1994, 
or Campbell, 1996, for a review). One additional strategy for reducing 
adverse impact is to form a composite of valid predictors that differ in 
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the degree to which they produce group differences. The expectation 
is that the inclusion of predictors that demonstrate smaller group differ- 
ences, with others that demonstrate larger group differences, will help to 
alleviate the amount of adverse impact observed at the composite level 
(Campbell, 1996). 

The purpose of this paper is to answer the question “If two or more 
predictors are combined to form a composite, what will be the magni- 
tude of group differences and, consequently, of adverse impact, of ushg 
that composite for selection?” To illustrate this question, consider two 
scenarios we recentlyencountered in fair employment practice trials: 

Scenario I :  The defendant organization had produced criterion- 
related validity evidence for a cognitive ability test that had a Black- 
White standardized mean difference of about 1.0. The plaintiff argued 
that the defendant organization could have reduced the Black-Whi te dif- 
ference by supplementing the ability test with a relevant writing skills 
test. The organization replied that writing skills tests of the type in ques- 
tion tend to exhibit a Black-White standardized mean difference approx- 
imating 0.8. In response, the plaintiff asserted that as long as the writ- 
ing skills test demonstrated a smaller standardized mean difference than 
that of the cognitive ability test, forming a composite of the two tests 
would produce less adverse impact than use of the cognitive ability test 
alone. This assertion may seem intuitively reasonable. However, the 
assertion, while true in some instances, is false in others. 

Scenario 2: A defendant organization required candidates to score 
above a specific cutoff on two separate predictors, one cognitive and 
one involving a personality measure. The judge asked the defendant’s 
expert for an estimate of the degree of adverse impact that would result 
if the two predictors were combined into a composite, rather than used 
in multiple hurdle fashion. 

To address issues such as these, two operations must be performed. 
First, one must estimate the group difference that would result from the 
combination of predictors into a composite. Second, one must estimate 
the degree of adverse impact that would result from the use of a com- 
posite predictor with a group difference of that magnitude. To that end, 
we present a set of tables, figures, and formulas which highlight the vari- 
ables affecting group differences at the composite level and in turn, af- 
fecting adverse impact at the composite level. This information is pre- 
sented in the context of three questions: (a) How much adverse impact 
is produced by the use of a predictor or predictor composite with a given 
standardized mean difference between groups? (b) What standardized 
mean differerice will result when two or more equally weighted predic- 
tors are combined to form a composite? and (c) What standardized 
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mean difference will result when two or more differentially weighted 
predictors are combined to form a composite? 

This paper complements other work recently published in this area. 
For example, Sackett and Roth (1996) focused on how the use of two 
uncorrelated predictors, one exhibiting a large group difference and an- 
other exhibiting no group difference, affects performance and minority 
hiring. In answering this question, they considered various ways of com- 
bining the predictors, including the formation of a composite. Schmitt, 
Rogers, Chan, Sheppard, and Jennings (in press) explored the results of 
using multiple predictors exhibiting varying levels of group differences 
and varying levels of intercorrelation. They focused on the effects of 
forming regression-weighted composites of predictors on validity and 
observed group differences. 

This paper is largely didactic. We focus on illuminating a set of gen- 
eral principles with respect to the effects of forming predictor compos- 
ites. We explicate the relationships between mean group differences on 
a predictor or predictor composite and adverse impact. We explore the 
degree to which equal weighting versus differential weighting strategies 
affect group differences. And, we examine how the interrelationships 
between the magnitude of group differences on individual predictors, 
the number of predictors combined, and the intercorrelation among the 
predictors affect group differences. 

Question 1: How much adverse impact is produced by the use of a 
predictor or predictor composite with a given standardized mean difference 
between groups? 

To facilitate comparisons across predictors that do not exhibit the 
same standard deviation, raw score differences on the predictors are 
converted to standardized difference scores (d). This is accomplished 
by subtracting the minority group mean from the majority group mean, 
and dividing by the pooled within-group standard deviation. This creates 
a difference score that is independent of the original units of measure- 
ment, while sensitive to the differing standard deviations of the minority 
and majority populations (Cohen, 1988). The greater the d value, the 
larger the difference between minority and majority mean scores. If the 
minority group mean is higher than the majority group mean, d has a 
negative value. 

Group differences on a predictor or composite of predictors are only 
meaningful to the extent that they influence selection outcomes. Table 1 
illustrates the practical implications of d values of a given magnitude by 
demonstrating their effect on the rate at which minority group members 
are hired. To aid in understanding the implications of this table, the 
following are some typical group differences. First, the female-male d 
on measures of the personality characteristic of “dominance” is typically 
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TABLE 1 
Minority Group Selection Ratios When the Majority Group 
Selection Ratio is .01, .05, .lo, .25,.50, .75, .90, .95, or .99 

Maioritv group selection ratio 
Standardized group 

difference (d )  .01 .05 .I0 .25 S O  .75 .90 .95 .99 

0.0 .010 .050 ,100 ,250 .500 .750 .900 .950 .990 
0.1 .008 .MI .084 .221 .460 .716 .881 .938 .987 
0.2 .006 .033 .069 .I92 .421 .681 .860 .925 .983 
0.3 .004 .026 .057 .166 .382 .644 .837 .910 .978 

' 0.4 .003 .021 .046 .142 .345 .606 .811 .893 .973 
0.5 .002 .016 .038 .I21 .309 S68 .782 .873 .966 
0.6 .002 .013 .030 .I02 .274 S28 .752 .85 1 .957 
0.7 .001 .010 .024 .085 .242 .488 .719 .826 .947 
0.8 .001 .007 .019 .071 .212 .448 .684 .800 .936 
0.9 .00 1 .006 ,015 .058 .I84 .409 .648 .770 .922 
1 .o .OOO .004 .011 .047 .I59 .371 .610 .739 .907 
1.1 .OOO .003 .OW .038 .I36 .334 571 .705 .889 
1.2 .OOO .002 .007 .031 . I  15 298 .532 .670 .869 
1.3 .OOO .002 ,005 .024 .097 .264 .492 .633 .846 
1.4 .OOO .001 .004 .019 .081 .233 .452 .595 .821 
1.5 .OOO .001 .003 .015 .067 .203 ,413 .556 .794 

about 0.5. Second, the Black-White d on measures of general cognitive 
ability is typically about 1.0. Third, the female-male d on measures 
of muscular endurance is typically about 1.5. Fourth, the Black-White 
d on integrity tests is typically about 0.0. (For additional details and 
documentation with regard to typical group differences observed for 
various predictors, see Sackett & Wilk, 1994 and Schmitt, Clause, & 
Pulakos; 1996.) 

nble  1 shows the minority group selection ratio relative to the ma- 
jority group selection ratio for d values ranging from 0.0 to 1.5.l The ma- 
jority group selection ratios span the full range of possibilities from ex- 
tremely selective (1%) where only a small number of applicants are hired 

'lhble 1 is based on the assumption that the predictor in question is normally distributed. 
With that assumption, the table can be derived from the cumulative density function for 
a normal distribution. The decision to present nb le  1 in terms of majority vs. minor- 
ity selection ratios, rather than overall vs. minority selection ratios, reflects the fact that 
the relationship between majority and minority selection ratios at a given d can be com- 
pared independent of the proportion of each group in the applicant pool. The relation- 
ship between the minority group selection ratio and the overall selection ratio, however, 
is dependent on the representation of the minority group in the applicant pool. Should a 
reader wish to translate tabled values of majority and minority group selection ratios into 
an overall selection ratio, the reader would have to specify values for the proportion of ma- 
jority and minority group members in the applicant pool. Then, the overall selection ratio 
equals the majority group selection ratio times the majority group proportion in the appli- 
cant pool, plus the minority group selection ratio times the minority group representation 
in the applicant pool. 
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to virtually all-inclusive (99%) where almost all applicants are hired. For 
each majority group selection ratio, nble  1 presents the corresponding 
minority group selection ratio which would be observed across a range of 
d values. For example, when an organization chooses a predictor cutoff 
score that results in a majority group selection ratio of lo%, the minority 
group selection ratio will be 8.4% when d is 0.1 (i.e., the two groups differ 
by 0.1 standard deviation units). The table is also informative in that, if a 
specific majority group selection ratio is anticipated (e.g., lo%), the rel- 
evant column of Bble 1 provides a range of minority hiring rates likely 
to be observed (e.g., 0.3% to 10%). Conversely, if a specific d value is 
anticipated (e.g., d = l.O), the relevant row of ’hble 1 also provides a 
range of minority hiring rates likely to be observed (e.g., 0% to 91%). 
nble  1 is an expansion of a table presented in Sackett and Wilk (1994), 
which examined only three selection ratios. 

A clear pattern emerges when scanning the resulting minority group 
selection ratios in nble 1. The tabled values indicate that the effects of 
group differences are greater as an organization becomes more selective. 
For example, consider the effects of a predictor with a d of 1.0. With a 
majority group selection ratio of 95%, the minority group selection ratio 
is 73.9%; 78% of the majority group selection ratio. With a majority 
group selection ratio of 50%, the minority group selection ratio is 15.9%; 
32% of the majority group selection ratio. Finally, with a majority group 
selection ratio of 5%, the minority group selection ratio is 0.4%; 8% of 
the majority group selection ratio. 

A second way of considering the impact of various d values on the hir- 
ing rates of minority group members is in the context of the “four-fifths” 
rule of thumb used by the Equal Employment Opportunity Commission 
to determine a prima facie case of adverse impact (Uni;fotm Guidelines 
on Employee Selection Procedures, 29 C.ER. 1607). According to the 
Guidelines, the percentage of minority applicants selected must be at 
least four-fifths (80%) of the percentage of majority applicants selected. 
If this percentage is less than fow-fifths, the selection decisions are con- 
sidered discriminatory unless they are based on performance on predic- 
tors proven to be job-related. 

Xble 2 presents the values obtained when the majority and minor- 
ity group selection ratios in nble 1 are translated into “four-fifths” ra- 
tios across a range of d values.2 As the majority group selection ratio 
increases, the four-fifths ratios observed increase. The tabled values in- 
dicate at which points the four-fifths rule is violated. Specifically, the 
four-fifths rule is violated for any value in the table which is less than 

2Tible 2 can be derived directly from ‘Thble 1. The values are obtained by dividing 
each minority group selection ratio listed in TLtble 1 by the corresponding majority group 
selection ratio. 
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TABLE 2 
Four-Fifihs Ratios When the Major@ Group Selection Ratio is 

.01, .05, .lo, .25, 30, .75, .90, .95, or .99 

Maioritv PTOUD selection ratio 
Standardized group 

difference (d) .O1 .05 . 1 0 .25 S O  .75 .90 .95 .99 

0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1 .o 
1.1 
I .2 
1.3 
1.4 
1.5 

1 .00 
.80 
.60 
.40 
.30 
.20 
.20 
.10 
s o  
.10 
.00 
.00 
.OO 
.OO 
.m 
.00 

1 .00 
.82 
.66 
.52 
.42 
.32 
.26 
.20 
.I4 
.12 
.08 
.06 
.04 
.04 
.02 
.02 

1.00 1.00 
.84 .88 
.69 .77 
.57 .66 
.46 .57 
.38 .48 
.30 .41 
.24 .34 
.19 .28 
.I5 .23 
.ll -19 
.09 .I5 
.07 .12 
.05 .10 
.04 .08 
.03 .06 

1 .00 
.92 
.84 
.76 
.69 
.62 
.55 
.48 
.42 
.37 
.32 
.27 
.23 
.19 
.16 
.I3 

1.00 1.00 
.95 .98 
.91 .% 
.86 .93 
.81 .90 
.76 .87 
.70 .84 
.65 .80 
.60 .76 
.54 .72 
.49 .68 
.45 .63 
.40 .59 
.35 .55 
.31 5 0  
.27 .46 

1 .00 
.99 
.97 
.% 
.94 
.92 
.90 
.87 
84 
.8 1 
.78 
.74 
.71 
.67 
.63 
.59 

1 .00 
.99 
.99 
.99 
.98 
.98 
.97 
.% 
.95 
.93 
.92 
.90 
.88 
.85 
.83 
.80 

Note: Thbled values represent minority group selection ratio/majority group selection 
ratio. n b l e d  values < .80 represent scenarios which violate the four-fifths rule. 

30. It is informative, though perhaps disheartening, to note that even d 
values commonly viewed as small (e.g., the value of 0.2 used to designate 
a small effect by Cohen, 1988) can produce violations of the four-fifths 
rule at a variety of commonly occurring selection ratios. Note also that 
the d value of 1.0, commonly observed between Blacks and Whites on 
cognitive ability measures, produces violations of the four-fifths rule at 
all but the very highest selection ratios. 

To summarize, Ztbles 1 and 2 are useful tools that a researcher or 
practitioner can consult for an estimate of the selection ratios for major- 
ity and minority groups and the degree of adverse impact that is likely 
to result from the use of a predictor or predictor composite with a given 
d. It is important to remember, however, that the tabled values are ex- 
pected values based on normally distributed predictors that exhibit equal 
variances in each group. 

Question 2: What standardized mean difference will result when two or 
more equally weighted predictors are combined to form a composite? 

The formula for group differences on a composite can be obtained 
from psychometric theory based on the correlation between a composite 
and a variable external to that composite (in this case group member- 
ship), Because the standardized group difference (d) for a predictor is 
an algebraic transformation of the correlation between the predictor in 
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question and a dichotomous variable reflecting group membership, the 
formula for the correlation between a composite and an external vari- 
able can be extended to reflect the standardized group difference ( d )  
for multiple predictors combined to form a composite. By extending a 
composite formula presented by GhiselIi, Campbell, and Zedeck (1981, 
p. 163), the following formula for determining the degree of group dif- 
ferences present when two or more predictors are combined to form a 
composite is obtained: 

i=l d =  
J k  + k(k - 1)rli 

where di indicates the d value for each predictor included in the compos- 
ite, k indicates the number of predictors combined to form the compos- 
ite, and ri, indicates the average intercorrelation among the predictors 
included in the composite. As an example, computing d for a composite 
of three predictors, with individual d values of 0.0,0.5, and 1.0, which ex- 
hibit an average intercorrelation among the three predictors of 0.2 would 
be represented as: 

0.0 + 0.5 4- 1.0 
d =  = .73 

This equation for d reduces to the following when only two predictors 
are combined to form a composite: 

J3 + 3(3 - 1)0.2 

d l  + d2 
d =  

GEG 
where dl  indicates the d value of the first predictor, d2 indicates the d 
value of the second predictor, and r12  indicates the correlation between 
the two predictors. 

Table 3 presents the d values which would be observed when two pre- 
dictors are combined to form a composite.g The two factors that in- 
fluence composite d (i.e., the summation of the standardized difference 
scores for each predictor and the correlation between the two predictors) 
are systematically varied. Tabling the summation of d over independent 
values for each d reflects the observation that levels of composite d are 
reached based on the sum of d regardless of the manner in which that 

3We remaining tables to be presented involve a range of values for variables chosen to 
demonstrate how levels of composite d change as the magnitude of influential variables 
change. Some combinations of influential variables may be rarely, if ever, observed in 
applied settings; the point of the tables is to demonstrate several principles concerning the 
effects of different variables on group differences 
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TABLE 3 
Standardized Group Differences(d) for Two Predictors 

Combined to Form a Composite 

Correlation between the two predictors 
Sum of d .OO .10 .20 .30 .40 S O  .60 .70 .80 .90 

0.0 .oo .oo .oo .oo .oo .oo .oo .oo .oo .MI 
0.2 .I4 .13 .13 .12 .I2 .I2 .11 .11 .ll .I0 
0.4 .28 .27 .26 .25 .24 .23 -22 .22 .2 1 .21 
0.6 .42 .40 .39 .37 .36 .35 .34 .33 .32 .3 1 
0.8 .57 .54 5 2  S O  .48 .46 .45 .43 .42 .41 
1 .o .71 .67 .65 .62 .60 .58 .56 .54 5 3  .51 
1.2 .85 .8 1- .I7 .I4 .72 .69 .67 .65 .63 .62 
1.4 .99 .94 .90 .87 .84 .8 1 .78 .76 .I4 .72 
1.6 1.13 1.08 1.03 .99 .% .92 .89 .87 .84 .82 
1.8 1.27 1.21 1.16 1.12 1.08 1.04 1.01 .98 .95 .92 
2.0 1.41 1.35 1.29 1.24 1.20 1.15 1.12 1.08 1.05 1.03 
2.2 1.56 1.48 1.42 1.36 1.31 1.27 1.23 1.19 1.16 1.13 
2.4 1.70 1.62 1.55 1.49 1.43 1.39 1.34 1.30 1.26 1.23 
2.6 1.84 1.75 1.68 1.61 1.55 1.50 1.45 1.41 1.37 1.33 
2.8 1.98 1.89 1.81 1.74 1.67 1.62 1.57 1.52 1.48 1.44 
3.0 2.12 2.02 1.94 1.86 1.79 1.73 1.68 1.63 1.58 1.54 

Note: Sum of d = the d value for one predictor + the d value for the second predictor 

sum of d was obtained. In other words, assuming the level of correlation 
is held constant, whether two predictors exhibit d values of 1.0 and 0.0 
or d values of 0.5 and 0.5 does not influence the level of composite d 
observed. The summation of the two is the same. 

A review of n b l e  3 reveals a number of trends. First, holding sum of 
d constant, as the correlation between the two predictors increases, the 
level of composite d decreases. This occurs because when two predictors 
become more highly correlated, they share increasing amounts of com- 
monvariance. Combining two such predictors in a composite creates ad- 
ditional common variance which produces decreased group differences. 
Second, Table 3 demonstrates that in certain contexts, supplementing a 
predictor exhibiting a large d with another predictor exhibiting a smaller 
d actually produces a composite that exhibits larger group differences 
then would be observed by using either predictor alone. For example, in 
reference to the fair employment scenario presented earlier, the forma- 
tion of a composite including both the cognitive ability test (d = 1.0) and 
the writing skills test ( d  = 0.8; thus the sum of the ds is 1.8) will only re- 
duce the level of group differences observed when the writing skills test 
and the cognitive ability test correlate at r 2 .70. When the correlation 
between the two predictors is less then .70, use of both predictors actu- 
ally results in greater differences between groups than would the use of 
the cognitive ability test alone. 
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TABLE 4 
Standardized Group Differences (d) for K Predictors Combined to Form a 

Composite when the Average Correlation Between Predictors is .&I, .30, and S O  

K Dredictors 
Sumofd  2 3 4 5 6 7 8 9 10 

0.0 
0.5 
1 .o 
1.5 
2.0 
2.5 
3.0 

0.0 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 

0.0 

Average intercorrelation among K predictors = .OO 
.oo .w .oo .oo .oo .oo .oo 
.35 .29 .25 .22 .20 .I9 .18 
.71 .58 .SO .45 .4 1 .38 .35 

1.06 3 7  .75 .67 6 1  .57 .53 
1.41 1.15 1.00 .89 .82 .76 .71 
1.77 1.44 1.25 1.12 1.02 .94 .88 
2.12 1.73 1.50 1.34 1.22 1.13 1.06 

Average intercorrelation among K predictors = 30 
.oo .oo .oo .oo .oo .oo 
.31 .23 .I8 .I5 .I3 . I 1  
.62 .46 .36 .30 .26 .23 
.93 .68 .54 .45 .39 .34 

1.24 .91 .73 .60 .52 .45 
1.55 1.14 .91 .75 .65 .56 
1.86 1.37 1.09 .90 .77 .68 

.oo .oo .oo .oo .oo .oo 
Average intercomlation among K predictors = 

.oo 

.10 

.20 

.30 

.40 
S O  
.60 

.oo 
.so 

0.5 .29 .20 .I6 .13 .ll .09 .08 
1 .o .58 .41 .32 .26 .22 .19 .17 
1.5 .87 .61 .47 .39 .33 .28 .25 
2.0 1.15 8 2  .63 .52 .44 .38 .33 
2.5 1.44 1.02 .79 .65 .55 .47 .42 
3.0 1.73 1.22 .95 .77 .65 .57 .50 

Note: K = number of predictors combined to form the composite. Sum of d = summa- 
tion of each d for each predictor included in the composite. 

.oo 

.I7 

.33 

.50 

.67 

.83 
1 .oo 

.oo 

.09 

.I8 

.27 

.36 

.45 

.54 

.oo 

.07 

.15 

.22 

.30 

.37 

.45 

.oo 

.I6 

.32 

.47 

.63 

.79 

.95 

.oo 

.08 

.16 

.25 

.33 

.41 

.49 

.oo 

.07 

.13 

.20 

.27 

.34 

.40 

A third trend evident in Table 3 addresses the issue of “splitting the 
difference.” In discussions with many of our colleagues we find that a 
common intuition is that the d for a composite of two predictors is ap- 
proximated by “splitting the difference” between the d values for the two 
predictors (e.g., the composite of a predictor with a d of 1.0 and another 
with a d of 0.0 will have a d of 0.5). This intuition will severely underes- 
timate composite d, particularly when the correlation between the two 
predictors is low. As in the example above, if one forms the composite of 
a predictor with a d of 1.0 and another with a d of 0.0, and those two pre- 
dictors are uncorrelated, the resulting composite d will actually be .71. 
Thus, the degree to which group differences, and subsequently adverse 
impact, can be reduced by supplementing a predictor with a large d with 
a second predictor with a small d may be commonly overestimated. 

Although Table 3 addresses composites formed using only two pre- 
dictors, 3 b l e  4 presents the composite d values that would be observed 
when two or more predictors are combined to form a composite. To 
demonstrate how additional predictors influence the level of group dif- 
ferences observed, the average intercorrelation among the predictors is 
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held constant at T = .OO, T = .30, and T = S O .  These three values were 
chosen to reflect a range of commonly observed average intercorrela- 
tions among types of predictors. In this way, conclusions can be drawn 
in the context of predictors which tend to be relatively uncorrelated 
(e.g., cognitive ability measures and personality measures) and predic- 
tors which often share some degree of variance (e.g., cognitive ability 
measures and structured interviews). The number of predictors com- 
bined to form a composite and the sum of d values are then varied to 
represent the corresponding changes in composite d. As with mble 3, 
the choice was made to table the summation of d. Similar to the two 
predictor case, the level of composite d that will be observed when a 
composite is formed from two or more predictors is based on the sum of 
d, regardless of the manner in which that sum of d is obtained. Variations 
in the individual predictor d values will not affect composite d as long as 
the sum of d remains the same and the average intercorrelation among 
the predictors remains the same. This format makes it possible to an- 
swer questions regarding composites simply by summing the d values for 
each of the predictors included and averaging each of the correlations 
between each of the predictors. 

A review of mble 4 illustrates a number of characteristics. Holding 
sum of d constant (i.e., adding additional predictors with d = O.O), in- 
cluding additional predictors in a composite will produce decreases in 
group differences. In addition, as the average intercorrelation among 
the predictors increases, composite d decreases. Figure 1 presents a 
graph which demonstrates these characteristics. The change in com- 
posite d is graphed against increases in the number of predictors with 
the sum of d held constant at 1.0. The three different correlation sce- 
narios are presented to reflect how the average intercorrelation among 
the predictors influences the resulting relationship. When an organiza- 
tion wishes to temper the influence of a predictor with a large d value 
by supplementing it with other predictors exhibiting d values of 0.0, Fig- 
ure 1 demonstrates the outcome of this decision. A common expecta- 
tion is that with enough additional predictors, observed group differ- 
ences should be reduced to acceptable levels. Note how little composite 
d changes as a function of increases in the number of predictors com- 
bined. Most of the change in the relationship occurs from adding the 
first two or three predictors. Forming composites involving four or more 
predictors does little to reduce group differences, as the change in com- 
posite d begins to level off. The three curves highlight the responsiveness 
of composite d to greater levels of average intercorrelation among the 
predictors. Specifically, the decreasing distance between curves, as the 
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I 

r = .30 
r = .50 

------ 
............ 

O y -  ! I I I I I 1 I 

1 2 3 4 5 6 7 8 9 10 
K predictors 

Figure 1: The Change in Composite d, with Sum of d Held Constant at 1.0, 
when Additional Predictors are Added to a Composite The Thne 
Lines Represent Three DiRerent Scenarios; Predictors in the Com- 
posite Exhibit an Average Intercorrelation = .a, Predictors in the 
Composite Exhibit an Average Intercorrelation = 30, and Predic- 
tors in the Composite Exhibit an Average Intercorrelation = .SO. K 
= Number of Predictors Combined to Form the Composite 

average intercorrelation is increased, reflects decreasing gains when at- 
tempting to alter composite d by adding additional predictors which are 
more highly correlated. 

Question 3: What standardized mean difference will result when two or 
more differential& weighted predictors are combined to form a composite? 

When predictors are differentially weighted, it is necessary to alter 
Equation 1 to reflect these weights when computing d. Ghiselli (1964, 
p. 310) presents a formula for the correlation between a composite of 
differentially weighted predictors and a variable external to that com- 
posite. By extending this formula, the following formula for determin- 
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ing the degree of group differences present when differentially weighted 
predictors are combined to form a composite is obtained: 

i=l d =  [31 

where 711i and u i j  are the weights of each predictor included in the com- 
posite, d ,  indicates the d value for each predictor included in the com- 
posite, k indicates the liumber of predictors combined to form the com- 
posite, and T i j  indicates each of the correlations between predictors in- 
cluded in the composite. To illustrate, consider the following example 
involving three weighted predictors: 

Predictor A weight = 1.0, d value = 0.0 
Predictor B: weight = 0.6, d value = 0.5 
Predictor C: weight = 0.2, d value = 1.0 

A and B correlate T = .30 
B and C correlate T = .40 
A and C correlate T = .05 

1.0(0.0)+0.6(0.6)+0.2(1.0) d =  =.366 d(  l.0)a+(0.6)a+(0.2)2+2[(l.0)(0.6)(.30)+(0.6)(0.2)( .40)+(1.0)(0.2)( .OG)] 
Bble 5 presents the d values which would be observed when two dif- 

ferentially weighted predictors are combined to form a composite. To 
simplify presentation, the first predictor is defined as exhibiting a d value 
of 1.0, while the second predictor is defined as exhibiting a d value of 0.0. 
The weights applied to the predictors and the correlation between the 
predictors are then varied. The composite d values presented in Bble 5 
mirror the scenario which would occur if an organization chose to dif- 
ferentially weight a cognitive ability predictor relative to a noncognitive 
predictor. 

ab le  5 reveals important themes with regard to the influence on 
group differences of differentially weighted predictors in a composite. 
First, holding the predictor weights constant, increases in the correlation 
between the two predictors decreases composite d. Second, holding the 
correlation between the two predictors constant, as the weight applied 
to the large d predictor (i.e., d = 1.0) is increased or as the weight 
applied to the small d predictor (ie., d = 0.0) is decreased, composite d 
increases. This result is intuitive in that as the large d predictor begins 
to exert an increasing degree of influence, the influence of its d value 
also increases. As a concrete example, consider the case where the 
two predictors are uncorrelated. When the large d predictor is double- 
weighted, composite d is .89. When the predictors are equally weighted, 
composite d is .71. And, when the small d predictor is double-weighted, 
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TABLE 5 
Standardized Group Diferewes (d)  for n o  DifferentiaUy 

Weighted Predictors Combined to Form a Composite when d for 
the First Predictor is 1.0 and d for the Second Predictor is 0.0 
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Correlation between the two predictors 
211 1 1112 .oo .10 .20 .30 .40 .50 

0.1 1 .o .10 .10 .10 .10 .10 .09 
0.3 1 .o .29 .28 .27 .27 .% .25 
0.5 1 .o .45 .43 .42 .40 .39 .38 
0.7 1 .o .57 .55 .53 .51 .49 .47 
0.9 1 .o .67 .64 .61 .59 .57 .55 
1 .o 1 .o .71 .67 .65 .62 .a .58 
1 .o 0.9 .74 .71 .68 6 5  .a .6 1 
1 .o 0.7 .82 .78 .75 .72 .70 .68 
1 .o 0.5 .8P .86 .83 .80 .78 .76 
1 .o 0.3 .% .93 .91 .89 .87 .85 
1.0 0.1 1 .o .99 .98 .97 .% .95 

Note: u11 = first predictor weight. u12 = second predictor weight. 

composite d is .45. Thus, decisions about predictor weighting can have 
very substantial effects on composite d, and subsequently on adverse 
impact. 

Third, there is a substantial literature that discusses the use of re- 
gression weights and unit weights when forming composites (see Cascio, 
1991, for a review). Advocates of unit weighting note that in a variety of 
circumstances regression weights can be unstable, and unit weights can 
outperform regression weights upon cross validation. At the same time, 
however, it is important to note that in circumstances where regression 
weights can be estimated accurately, unit weights can underestimate va- 
lidity. Ease of operational use is also noted as a potential advantage of 
unit weights. 

'IZlble 5 sheds some additional light on this discussion. The choice to 
rely on unit weights versus regression weights has a dramatic effect on 
d. For example, if a regression revealed that a weight of 1.0 should be 
applied to the large d predictor and a weight of 0.5 should be applied to 
the small d predictor, the resulting d values will range from .76 to 39, 
depending on the correlation between the two predictors. However, if 
a decision is made to apply unit weights to both predictors, the resulting 
d values range from .58 to -71. This represents a substantial decrease in 
d. The illustration of this point is not meant to imply that one should 
always rely on unit weights. Instead, the point is meant to emphasize 
the importance of recognizing the impact of choices regarding predictor 
weighting methods on composite d. 
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Dhcussion 

This paper was intended as an applied tool permitting researchers 
and practitioners to better understand the effects of forming predictor 
composites on group differences and subsequently adverse impact. The 
paper details the effects on adverse impact resulting from choices about 
selection ratios (e.g., decisions about what proportion of applicants at an 
initial screening stage to pass on for additional screening), the circum- 
stances under which group differences will be increased or decreased by 
creating a predictor composite, and the likely effect on group differences 
of forming a compositeof differentially weighted predictors. It is antici- 
pated that the tables and equations presented here are most valuable for 
use at the selection system planning and decision-making stages. Most 
organizations are faced with limited resources forcing them to choose 
among predictors when designing selection systems. Individuals faced 
with decisions regarding the use of various predictors may use previous 
research and or experience to estimate anticipated d values and inter- 
correlation values, which when applied to the tables, make it possible to 
estimate outcomes with respect to group differences and adverse impact. 
Having the ability to predict the expected outcomes of various predictor 
or predictor composites before investing in a selection system can aid the 
decision-making process. 

Operationally, a researcher or practitioner can use Equations 1, 2, 
and 3, or Tmbles 3,4, and 5 to estimate the magnitude of d that will re- 
sult from combining two or more predictors, equally or differentially 
weighted, into a composite. This d value can then be used in concert 
with Tibles 1 and 2 to estimate the effects of the use of that compos- 
ite on minority group selection ratios and adverse impact. The tables 
are meant to function in the context where researchers or practitioners 
are considering alternate predictor composites. For those researchers 
already in possession of an applicable data set involving predictors, the 
values presented in the tables will likely be computed empirically. 

Finally, it is important to recognize that both the decision to select 
one or more predictors from among a range of alternatives and the de- 
cision as to how to weight selected predictors involve complex issues. 
This paper should not be construed as suggesting that the effects on mi- 
nority group selection ratios and adverse impact should be a sole or even 
dominant factor influencing either decision. Instead, this paper provides 
knowledge about the potential consequences of different approaches to 
predictor selection and combination. As many organizations are actively 
concerned about the inclusion of minority group members, it is hoped 
that this information will be useful when making decisions about selec- 
tion system design. 
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