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FOREWORD

This report assesses fairness in selection of Blacks applying for admission to the United States
Naval Academy. An assessment of differential prediction by race addresses this concern while
clarifying some of the issues involved. Various statistical techniques are employed to determine if
the selection process is biased toward Blacks. The results may be of use to the Admissions Office,
United States Naval Academy.

This effort was conducted under the sponsorship of the Office of Naval Technology (Code 222)
within exploratory development (Program Element 0602233N, Project Task RM33M20.10
Selection Systems for Changing Organizations). This is the first report within this program
element and work unit number.
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SUMMARY

Problem and Background

The United States Naval Academy (USNA) selection process uses a single selection composite
for applicants, minority and majority. This composite, the Candidate Multiple (CM), combines
information from various sources to help predict academic and other aspects of USNA
performance. To provide equal opportunity for Blacks, it is especially important to ensure that a
single prediction system (equation) is appropriate for predicting the performance of different racial
groups.

A series of statistical procedures can be used to determine whether a single equation is
equitable. Specifically, the need for separate prediction equations based on group membership is
demonstrated when the prediction systems for two or more groups differ in any of the following
ways: (1) predictive accuracy (standard errors of estimate); (2) the relationships (slopes) between
the predictor and criterion; and (3) when the relationships are the same, the estimated criterion
scores given the samc )redictor score (intercepts).

Purpose

This study examined the USNA selection composite to determine whether it is biased against
Blacks.

Approach

The Black and White samples contained 350 and 5,155 midshipmen, respectively, from the
USNA classes of 1986-1990. Two procedures were used sequentially to compare the Black and
White prediction systems for potential race-related effects. The first procedure tests for differences
in predictive accuracy (standard errors of estimate). The second procedure tests for differences in
relationships (slopes) between the CM and academic performance and for differences in the
prediction of academic performance scores given the same CM score (intercepts). The test for
differences in intercepts should only be performed when differences in slopes are not statistically
significant.

Results and Discussion

The predictive accuracy (standard errors of estimate) did not differ significantly for the Black
and White samples. However, the test comparing the relationships (slopes) between the CM and
academic performance did show a statistically significant difference for Blacks and Whites. While
statistically significant, the minimal improvement in prediction that could be obtained by using
separate prediction systems for Blacks and Whites would have no practical significance.
Nevertheless, an effort was made to assess the impact of this statistically significant difference.

Toward this end, a regression line (a graphic representation of a prediction equation) was
plotted for each racial group and the combined group. A comparison of these regression lines
revealed that Black academic performance scores were generally overpredicted when the White
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prediction equation was used to obtain these scores. The results were similar when the combined-
group prediction equation was used to obtain Black academic performance scores. Therefore, use
of the prediction equation that was developed on the combined sample of Black and White
midshipmen does not disadvantage the Black minority.

Conclusion and Recommendation

For USNA applicants, separate selection composites for Blacks and Whites are not necessary.
This conclusion is based on three findings.

1. The predictive accuracy of the CM is not significantly different for the two racial groups.

2. The difference in predictor-criterion relationships (slopes) between racial groups has no
practical significance (i.e., the use of separate equations would not provide meaningful improve-
ment in predicting academic performance).

3. Black academic performance scores are generally overpredicted when the combined-j'7"up
prediction equation is used. Therefore, the use of a single selection composite does not adversely
impact upon the Black minority.

It is therefore recommended that the USNA continue using a single prediction system.
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INTRODUCTION

Problem and Background

The general belief that tests are biased against minorities has been prevalent for many years.
According to Linn and Hastings (1984), the results of most studies refute this belief. The evidence
reveals either no difference in prediction for subgroups or overprediction of minority-group per-
formance when it is predicted using majority-group equations (Linn, 1982; Schmidt & Hunter,
1981). Nevertheless, it is important to assess the fairness of the United States Naval Academy
(USNA) selection proccss to ensure that this specific situation is consistent with the available ev-
idence.

The USNA selection process uses a single selection composite, the Candidate Multiple (CM),
to predict academic and other aspects of USNA performance for applicants, minority and majority.
This procedure raises the question of whether it is appropriate to combine USNA midshipmen from
different racial groups into a single sample when developing a system to predict academic perfor-
mance for USNA applicants. An assessment of differential prediction addresses this question while
clarifying some of the issues involved.

Differential prediction occurs when the prediction systems for two or more groups vary in
terms of standard errors, slopes, and/or intercepts. Linn (1982, p. 374) described the implications
of differences in standard errors of estimate, slopes, and intercepts in this way:

Differences in standard errors of estimate imply that the magnitude of the nonsystematic errors
of prediction tends to be larger for members of one group than for members of another.... Dif-
ferences in slope irrnly that the predicted criterion scores changed more with changes in the
test score for the group with the steeper slope than they did for the group with the flatter slope.
With equal slopes, a difference in intercepts implies that the predicted criterion score associated
with any particuiar test score is higher for one group than the other.

Information regarding differences in prediction systems allows for informed consideration of
fairness issues (Linn, 1978). In recent years, debates involving the fairness of selection models
have abated. The regression model as defined by Cleary (1968) has become the most widely ac-

cepted of these models. Cleary (1968, p. 115) stated:

A test is biased for members of a subgroup of the population if, in the prediction of a criterion

for which the test was designed, consistent nonzero errors of prediction are made for members
of the subgroup. In other words, the test is biased if the criterion score predicted from the com-
mon regression line is consistently too high or too low for members of the subgroup.

Thus, according to Cleary, regression analyses provide a sound basis for the assessment of differ-
ential prediction.



Purpose

This study examined the USNA selection composite to determine whether it is biased against
Blacks.

APPROACH

Sample

The Black and White samples contained 350 and 5,155 midshipmen, respectively, from the
USNA classes of 1986-1990. These Black and White midshipmen declared themselves to be
"Black" and "Caucasian/White," respectively, when applying for admission to the USNA. Blacks
were chosen as the comparison minority group because they provided sufficient sample size for the
statistical assessment of differential prediction. Other minority groups (i.e., Hispanics, Asians, Pd-
cific Islanders, Native Alaskans, American Indians, Puerto Ricans, Filipinos, and those declaring
themselves as "other") were excluded due to their small sample sizes.

Predicter

The key predictor of success at the USNA is the CM. The CM is an empirically-developed
composite that weights Scholastic Aptitude Test/American College Test scores, high school class
rank, recommendations, extracurricular activities, and vocational interest scales to predict academ-
ic performance, military performance, major, and disenrollment criteria (Alf, Neumann, & Matt-
son, 1988).

Criterion

An important measure of success at the USNA is the Academic Quality Point Ratio (AQPR).
The AQPR is the measure of academic performance used in this report. It represents the academic
cumulative -rade pcnint average ear,d by each midshipman after one year of study at the USNA.
If a midshipman disenrolled before the end of the plebe year, the first semester AQPR was used
when available.

Procedures

Two procedures were used sequentially to compare the Black and White pedici,,, sysierns for
potential race-related effects. The first procedure tests for standard-error-of-estimate differences.
The standard error of estimate represents the standard deviation of prediction errors. These stan-
dard deviations for independent samples can be compared by employing a formula provided by
McNemar (1969, p. 94, equation 6.11).

The second procedure, moderated multiple regression, tests for both slope and intercept differ-
ences. This procedure is similar to the one provided by Pedhazur (1982). The process uses a re-
gression equation:
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Y' = bX 1 + b2X2 + b3X 1X2 + A

where Y' = predicted criterion score
b = regression weight for main predictor
X = main predictor
b2  = regression weight for moderator variable
X2  = moderator variable
b3  = regression weight for product variable
X1X2 = product (interaction) of main predictor

and moderator variable
A = constant

The moderated multiple regression process includes three steps. First, the main predictor (XI) is
entered into the regression equation and P is computed. Second, the moderator variable (X2) is
added to the equation. These two terms must be entered into the equation initially to determine the
variance accounted for (R2) before the interaction term (XIX 2) can be assessed in the next step.
Third, X 1X 2 is added to the regression equation to ascertain whezher the interaction between the
main predictor and the moderator is statistically significant. If the interaction (X1X2) is significant,
then the groups have significantly different slopes, and it would be inappropriate to test for a dif-
ference in intercepts. If the interaction is not significant, it is then appropriate to assess whether the
moderator (X2) alone provides a significant increment in R2 over the main predictor. A significant
increment in R2 would indicate significantly different intercepts.

For the present study, this three-step procedure involved the assessment of increments in R2

that occurred when AQPR was predicted using three variables: the CM, a dichotomized moderator
variable for race (RACE), and the interaction of the CM and RACE (CM X RACE).

To summarize, the comparison of prediction systems was done sequentially with standard er-
rors of estimate assessed first. Slopes were assessed next if and only if the Ntandard errors of esti-
mate were not significantly different. Finally, the intercepts were assessed if and only if the other
comparisons s."hwed no significant differences (Reschly & Sabers, 1979).

RESULTS AND DISCUSSION

Descriptive Statistics

Means, standard deviations, and correlations for the CM and AQPR are presented by race in
Table 1. The mean predictor and criterion scores for Blacks were about one standard deviation be-
low the corresponding mean scores for Whites. While the validity coefficients were significant for
both groups, the correlation between the CM and AQPR for Blacks was significantly lower
(p < .001) than for Whites. However, differences in validity coefficients are not sufficient to estab-
lish differential predictability (e.g., Bartlett, Bobko, Mosier, & Hannan, 1978; Linn, 1978).
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Table I

Means, Standard Deviations, and Correlations
By Race for the USNA Classes of 1986-1990

Predictor (CM) Criterion (AQPR)
Mean S.D. Mean S.D. Validity (r)

Black 58,914 3,451 2.20 .45 .27*

(N = 350)

White 63,212 4,237 2.64 .55 .46*
(N = 5,155)

Total 62,938 4,320 2.61 .56 .47*
(N = 5,505)

* P< .01

Comparison of Standard Errors of Estimate

The standard errors of estimate for the Black (.44) and White (.49) samples were not signifi-
cantly different. As a result, it was appropriate to test for a difference in slopes.

Comparison of Slopes

The CM accounted for 22.29 percent of the variance in AQPR scores (see Table 2). RACE was
added to the equation next and accounted for an additional 0.62 percent of the variance in AQPR
scores. While this increment appears to indicate a statistically significant difference in intercepts,
it is, as stated earlier, inappropriate to interpret this increment when slopes differ. When CM X
RACE was added to test for a difference in slopes, it yielded a statistically significant increment
in R), accounting for an additional 0. 14 percent of the variance in AQPP, scores. While the negli-
gible increment in R2 was statistically significant, it is too small to be of practical significance.
Nevertheless, an effort was made to assess the impact of this interaction in terms of predictive bias.
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Table 2

Moderated Multiple Regression for Blacks and Whites
In the USNA Classes of 1986-1990

Criterion (AQPR)
Total Total Increment

Predictor(s) R R2  in R2

CM .4721** .2229** .2229**

CM, RACE .4787** .2291** .0062*

CM, RACE, .4801** .2305** .0014"

CM X RACE

*p < .005
**2 < .001

Notes. N for Blacks = 350.
N for Whites = 5,155.

Comparison of Regression Lines

Having found a statistically significant interaction between the CM and RACE, separate re-
gression equations were developed for each racial group and the combined group (see Table 3).
These equations were used to plot the regression lines shown in Figure 1. It was then possible to
determine the two regions along the CM continuum for which predicted AQPR values differed sig-

nificantly for Blacks and Whites. These regions of significance were found by using the Johnson-
Neyman technique (Johnson & Neyman, 1936). Observed CM scores ranged from 48,173 to

76,258 with scores greater than 54,889 predicting significantly higher AQPR values for Whites
than for Blacks (see Figure 1). The other region of significance (i.e., CMs < 38,024) was deter-
mined to be far below the minimum observed CM (48,173) for the current samples. Therefore. the
CM values in the lower region were not germane for the present study.

The regression lines in Figure 1 reveal that Black AQPR scores are significantly overpredi.cted
by all CM values exceeding 54,889 when the White regression equation is used for the prediction
of Black criterion scores. This overprediction occurs for 88 percent of the Blacks. When such over-
prediction occurs, members of the overpredicted subgroup obtain higher predicted criterion scores
from another group's regression equation than would be obtained from their own group's regres-
sion equation. Similarly, the Black AQPR scores are overpredicted by the combined-group regres-
sion equation, but the Johnson-Neyman technique is not applicable when overlapping groups are
compared. This result indicates that use of the combined-group regression equation does not dis-
advantage the Black minority. The White AQPR scores predicted from the combined-group regres-
sion equation are similar to the scores predicted from their own group's regression equation. This
similarity is expected because of the 94 percent White representation in the combined group.
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Table 3

Regression Equations for Blacks, Whites, and the Combined
Group in the USNA Classes of 1986-1990

Group Regression Equation

Black Y' - .0000351X + .129965

White Y' - .0000594X - 1.116423

Combined YS .0000609X - 1.222959

Notes. Y' = predicted criterion score (AQPR).
X = predictor score (CM).

4

3.5

3

2.5-
A

P
R 1.5

1

0.5

0
48,173 54,889 76,258

CM

Whites B Blacks * Combined

Figure 1. Regression lines to predict AQPR from CM.
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CONCLUSION AND RECOMMENDATION

For USNA applicants, separate selection composites for Blacks and Whites are not necessary.
This conclusion is based on three findings.

1. The predictive accuracy of the CM is not significantly different for the two racial groups.

2. The difference in CM-AQPR relationships (slopes) between racial groups has no practical
significance (i.e., the use of separate equations would not provide meaningful improvement in pre-
dicting academic performance).

3. Blac- AQPR scores are generally overpredicted when the combined-group regression
equation is used. Therefore, the use of a single selection composite does not adversely impact upon
the Black minority.

It is therefore recommended that the USNA continue using a single prediction system.
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