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I. INTRODUCTION

BACKGROUND

Marine Corps recruit training has been traditionally a challeiiging experience. The
vigorous nature c' recruit training is, in part, responsible for the reputation of the
Marine Corps as the most demanding of the military services in terms of discipline,
physical fitness, and general military bearing. The training environment is one in
which the recruit is under constant pressure to perform and there have been some in-
cidents of physical and mental overexertion. Approximately 10 percent to 25 percent
of entering recruits fail to complete recruit training. The reasons for failure include
injury, discovery of fraudulent enlistment, disqualifying medical condition, substandard
performance or inability to learn. The rate of failure, or attrition, at recruit training
increased from 9 percent in July 1972 to 18 percent in July 1975.

Figure 1 shows the recent trends in recruit attrition for each of the two Marine Corps
Recruit Depots. The attrition rates at the two depots and the difference between attrition
rates at the two depots increased from 1972 thrcough mid-1976. The fiscal year 1975 at-
trition rate at Parris Island was 20.2 percent, approximately twice the rate of San Diego
which was 10.9 percent (see reference 3).

Attrition rates of first term enlisted Marines after recruit training also are a matter
of concern. Of the male recruits enlisted during fiscal year 1974, 11 percent failed
during recruit training and 18 percent passed recruit training but failed to serve at least
twenty-four months of their initial enlistments. This analysis of recruit attrition and
subsequent attrition during the initial enlistment will provide some understanding of the
differences in attrition rates at the two depots and will suggest methods for controlling
attrition.

OBJECTIVES

This analysis was requested by the Deputy Chief of Staff for Manpower, USMC (see
reference 5). The objectives of the analysis include:

1) Analysis of the differences in recruit depot attrition rates to include the
amount of difference and the causes of differences,

2) Examination of the validity of the current method of assigning recruits
to a depot, and

3) Exploration of methods of early identification of substandard recruits.

-l -
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II. METHODOLOGY

The method of analysis used here is step-wise multiple linear regression with
individual (nongrouped) data. The variables related to attrition L'ld other measures
of manpower quality will be identified. Results will be expressed as regression equa-
tions which predict values of the dependent variable (such as the attrition rate) as a
linear function of independent variables.

An alternative model considered for this analysis was linear regression with grouped
data. Such a method predicts the value of a dependent variable not for individuals but
for groups of individuals. Since a part of the variance in the dependent variable is lost
by grouping, the portion of remaining variance explained by the regression equation is
larger than that achieved with individual data. The results of analysis with grouped data
are consistent with but not as useful as results from the individual data model. The
grouped data model and results comparable to the results produced with individual data
are discussed in appendix A.

DATA

The data for this analysis were collected from the Manpower Management System
(MMS) at Marine Corps Headquarters. The data describe the performance and personal
characteristics of all regular, male recruits who reported for active duty during fiscal
year 1974. Their performance on active duty was monitored through the first twenty-
four months of service. The data considered are listed at table 1.

The selection of the fiscal year 1974 recruits for this analysis is based on three
considerations. First, this group of recruits entered the Marine Corps in an all-
volunteer environment. Draft calls were terminated in December 1972 and these men
reported for duty after June 1973. Second, a sample of recruits entering during a full
twelve-month period should eliminate seasonal problems associated with the tradition-
ally heavy influx of high school graduates in the summer. Third, these recruits have
completed training and are serving in the Fleet Marine Force. By monitoring these
men for twenty-four months, they can be evaluated in terms of on-the-job performance
rather than only by test scores and demographic characteristics.

The variables available to measure quality of service include superior recruit train-
ing performance, recruit training attrition, desertion, rank achieved within twenty-four
months of entry, and attrition from the Marine Corps during the first twenty-four months
of service.

The explanatory or independent variables available for the analysis include personal
characteristics and aptitude test scores. The personal characteristics include such
items as education, age, marital status, rural or urban background, and recruit ti.ining
site. The test scores available are from two test batteries. During fiscal year 1974,

-3-
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the aptitude test used for Marine Corps enlistment screening was the Armed Forces
Qualification Test (AFQT). The mental group score from the AFQT, based on the
verbal, arithmetic, and pattern ainalysis tests, is available for each man in the sample.
Until August 1976, the Maeine Corps administered a classification test to recruits ar-
riving at each recruit depot. That test, the Army Classification Battery (ACB-61) is
composed of eleven area aptitude scores which are also recorded for the men in this
sample. These test batteries have parallel subtests and area aptitude scores in the
test now used for enli3tment screening and classification, which is the Armed Services
Vocational Aptitude Battery (ASVAB).

Because the men entering the Marine Corps were required to achieve an AFQT
mental group score at or above the 21st percentile, the mental group distribution of
the sample was restricted. The data have been corrected for range restriction by
normalizing the mental group distribution to that of the mobilization population. The
normalization is based on the general classification test score (GCT) from the ACB-61.
The procedure is presented at appendix B.

The coefficients of correlation between each pair of variables, corrected for range
restriction, are shown at appendix C. The regressions presented in this report are
based on these correlation coefficients. The range-corrected means and standard devia-
tions are shown at appendix D.

THE MODEL

The statistical procedure used in this analysis is step-wise multiple linea.r regres-
sion. The model assumed to describe the data is:

Y =aX +a2X 2+... +a X +a
il 22n n o

where

Y = value of dependent variable

a. = regression coefficient of explanatory variable i

X. = explanatory variable i (i=l, 2, .... n)1

a = constant.
0

The dependent variables used in this analysis are attrition during recruit training,
desertion one or more times, attrition prior to completion of the first twenty-four
months of the enlistment, superior recruit training performance, and rank achieved in
twenty-four months.

"-6-



The independent or explanatory variables are the test scores and personal charac-
teristics shown at appendix D. The regression procedure identifies the linear relation
between each dependent variable and the explanatory variables in terms of the regression
coefficients and other statistics. Using these results, Marine Corps applicants can then
be compared in terms of their predicted performance. The explanatory variables identi-
fied as important in predicting performance are the variables that can then be used to
compare the two depots and to screen applicants for enlistment to minimize attrition.

-7-



III. REGRESSION RESULTS

The results of this analysis are based on the regression model described above and
the fiscal year 1974 data. Periodic updating of the data and verification of the model are
required to maintain an understanding of the issues discussed here.

The analysis of recruit training depots and recruit assignment policy will be presented
first. These results are based on regression analysis of recruit attrition rates, considering
recruit depot as one of the explanatory variables. The analysis of methods to identify mar-
ginal candidates is based on regression analysis of several measures of quality of service.
These measures are based on performance both on and off the job and will be described
below.

ATTRITION DIFFERENCES AT THE RECRUIT DEPOTS

Regression analysis was used to identify the variables related to attrition, both during
recruit training and during the first two years of service. Table 3 shows the regression
of recruit training attrition of fiscal year 1974 enlistees on test scores and personal
characteristics. The two best predictors of recruit training attrition are the tests' classi-
fication inventory (CI) and pattern analysis (PA). The CI test is a psychological test of
interests thought to be related to military service. The PA test is a nonverbal test of
reasoning ability which forms a part of the traditional mental group score. Age, education,
race, and recruit training depot attended are also statistically significant correlates of
recruit attrition.

The signs of the coefficients indicate the direction of each effect with respect to recruit
attrition. The negative coefficients of the test scores, race, education, and depot indicate
that lower values of these variables are associated with higher recruit attrition rates.
(See table 1 for values of variables.)

The cumulative R2 value is shown for each step of the step-wise regression procedure.
The R2 value is a measure of the percentage of the variation in the dependent variable
(such as recruit attrition) that is explained by the independent variables in the regression
equation at each step. Although the variables identified as correlates of attrition are
highly significant, the R2 values appear to be relatively low. The level of the R2 values
is due in part to the nature of the model and data. The record of each man in the sample
is considered separately, so that the actual attrition value for each man is either zero or
one. The predicted attrition ranges from zero to one and would virtually never be exactly
correct in predicting the attrition outcome for a given recruit. This apparent problem can
be overcome by grouping the men according to common test scores and other characteristics.
Such a model based on grouped data has been computed with these data. The results are
consistent with the results presented here and the R2 values were in the range from .75 to
.85. The higher R2 values simply demonstrate that it is much easier to predict the percen-
tage of failures from a large group of similar men than it is to predict the attrition outcome

-8-



TABLE 3

REGRESSION RESULTS: RECRUIT TRAINING ATTRITION

Variable Coefficient Cumulative R

CI - .0014 .038

PA - .0014 .049

Age + .0990 .056

iLcucation - .0400 .01

Race .0568 .065

ACS - .0009 .066

Recruit depot - .0275 .068

(Constant) +..7319

F = 542

N = 45,948

Variables considered but not selected:

Marital status

Enlistment quarantee

VE

AR

MA

ARC

CIT

SN!

A!

ELI
"-9-
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for a single man. Appendix A provides a discussion of the grouped data regression model
and comparable results. Additional details are given in reference 7.

Recruit depot attended enters the step-wise equation as a significant predictor of
attrition, although its coefficient (-.0275) is relatively low. The interpretation of this
coefficient is that the difference between the probability of attrition for FY 1974 recruits
of the same education, test scores, and other measured characteristics who are assigned
to two depots differs by about 2.8 percentage points. The negative sign indicates that
higher attrition is expected at Parris Island. This figure is an estimate of the "depot
effect," or the difference in recruit attrition due solely to unmeasured personal charac-
teristics and the depot training environment adjusted for measured recruit input quality.
The actual FY 1974 recruit attrition rates were 15. 1 percent at Parris Island and 9.9
percent at San Diego, and the difference in recruit attrition at the the two depots was
5.2 percentage points. The "depot effect" accounts for 2.75 percentage points of the
difference, and the difference in education, test scores, and other measured personal
characteristics of the recruits accounts for the remaining 2.45 percentage point difference.

It is important to note that the measured personal differences in the group of recruits
assigned to each depot explains approximately half of the total difference between depot
attrition rates. In order to illustrate the differences in recruit input to the two depots,
the mean values of selected quality variables for the FY 1974 recruits assigned to each
depot are shown by table 4. Note that the mean value of every variable identified by
table 3 as correlated with recruit attrition is more favorable (i.e., associated with
lower attrition) for the recruits assigned to San Diego than for those assigned to Parris
Island for training. Tables 5 and 6 show the distribution of each cohort group based on
age, education and two ACB-61 subtest scores (CI and PA). The test scores are grouped
into three ranges that each include approximately one-third of the men in this sample. It
is clear from tables 5 and 6 that the San Diego recruits have more desirable test scores
and other characteristics most highly related to recruit training attrition.

While no statistical analysis can prove the causes of personnel performance or attrition,
this analysis does reveal the variables most highly associated or correlated with attrition.
Efforts to manage attrition must be based on an understanding of these variables and con-
tinued analysis of recent attrition data.

RECRUIT DEPOT ASSIGNMENT PROCEDURES

An objective of this analysis is to investigate the current procedures for assigning
male enlistees to one of the recruit training depots at Parris Island, S.C. or San Diego,
California. (All female recruits are trained at Parris Island.)

-10-



TABLE 4

MEAN VALUES OF SELECTED VARIABLESa
BY RECRUIT TRAINING DEPOT COHORT

(FY 1974)

MCRD, MCRD,

Parris Island San Diego Total

Percent white race 70% 83% 77%

Percent high school
graduate 44% 48% 46%

AFQT 56.5 57.3 56.9

ACB-61 scores:
VE 95.,.7 102.0 98.8
AR 91.7 96.2 94.1
PA 102.3 106.6 104.6
CI 88.4 101.1 95.2

Percent age 21 or more 9.4% 8.8% 9.0%

Percent assigned
remedial training 21.6% 16.3% 18.8%

Percent recruit attrition 15.1% 9.9% 12.3%

aMean values prior to correction for range restriction.

The policy of the Marine Corps is, in general, to assign recruits to the depot nearest
their home. During fiscal year 1975, 96 percent of enlistees from the three Marine Corps
Districts on the east coast (First, Fourth, Sixth) were assigned to MCRD, Parris Island.
The twelfth Marine Corps District, in the far west, sent all but two of its enlistees to
MCRD, San Diego. The Marine Corps Districts in the midwest (Ninth) and southwest
(Eighth) sent 85 percent of local enlistees to MCRD, San Diego. Of all regular and reserve
(male, non-prior service) enlistees who reported to recruit training during fiscal year
1975, 49.7 percent were trained at San Diego and 50.3 percent were assigned to Parris
Island for recruit training (see reference 3).

S~-11-
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The recruit assignment policy can be evaluated by determining whether the depot
assignment of a particular recruit affects his chances of completing recruit training.
If the depot of assignment materially affects the chances of success of a recruit after
considering education, test scores, and other relevant variables, then the reasons for
the effect should be investigated. Possible reasons for a differential depot effect could
be differences in training standards, weather, attitude of drill instructors, or charac-
teristics of the recruits which are not measured adequately by the available test score
and other personal data.

The regression results shown by table 3 show the relative importance of the depot
effect and other factors associated with recruit training success. The depot effect can
explain 2.75 percentage points of the 5.2 percentage point difference in recruit training
failure rates at the two depots. The remainder of the difference in recruit attrition rates
which can be explained is due to the test score, education, age, and race variables shown
by table 3. If recruits were assigned to the depots so as to equalize the education, age,
test score, and racial Drofiles of the recruits at each depot, then the failure rate would
fall by 1.4 percentage points at Parris Island andSthe recruit failure rate would increase
by 1.8 percentage points at San Diego.

The actual recruit attrition rates for men assigned to each depot in fiscal year 1974
have been computed and organized by the first four variables identified by table 3. The
results are shown by tables 7 and 8. The consistently higher Parris Island attrition rate
is clear.

If a Marine Corps goal is to achieve nearly identical recruit attrition rates at each
recruit depot without external controls, then there is clearly a method of doing so. That
method is to balance the recruit input quality to each depot by the key variables found to be
associated with recruit attrition. Such a Marine Corps goal is not recommended since
the predicted effect of such a policy change would seem to offer no advantages for the
Marine Corps.

EARLY IDENTIFICATION OF SUBSTANDARD APPLICANTS

The third objective of this analysis is to provide a method of early identification of
men unlikely to serve satisfactorily in the Marine Corps. This analysis is based on the
fiscal year 1974 enlistees monitored for two years of active duty. As outlined above, the
fiscal year 1974 cohort group was selected for this analysis for three reasons. This
group includes all regular male enlistees who began service over a twelve-month period
so that no seasonal effects should complicate the analysis. These men enlisted in an
all-volunteer era. And this is the only twelve-month, all-volunteer group for which two
years of performance data are available. These data permit analysis of the factors of
Marine manpower quality based on a large sample of recent volunteers who have served
in the Fleet Marine Force.

-14-
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It is important that manpower quality be judged by performance in the Fleet Marine
Force. The measures of Fleet Marine Force performance available for this analysis
include both positive and negative measures. The positive measures are superior
recruit training performance (as recognized by promotion at the end of training) and rank
achieved within twenty-four months of enlistment. The negative measures are attrition
and desertion during the first twenty-four months of service. Regression analysis has
been used to identify the explanatory variables most highly correlated with each of these
measures of manpower quality. Table 9 shows a summary of the results. The complete
regression results are shown in appendix E.

TABLE 9

SUMMARY OF REGRESSION RESULTS:
FOUR MEASURES OF PERFORMANCE

Measure of Recruit train- Rank
performance: ing success achieved Attrition Desertion
Best predictor

variables: CI education education education

ARC AR CI AR

education CI PA VE

PA PA age marital
status

race age GIT PA

Graduation from high school is an important favorable indicator for each of these
four measures of performance. Education has been found to be a key correlate of quality
in many military manpower studies (see reference 1). Education is the best single
indicator for rank achieved, attrition, and desertion. Analysis of the general equivalency
diploma as a separate educational level revealed it to be no more desirable than the
eleventh grade educational level. Other important indicators of these performance
measures include the CI, PA, AR and VE test scores.

A composite measure of performance has been selected for the remainder of this
analysis. The variable selected is the combination of attrition and desertion. Any man in
the sample who ever deserted or was discharged from the Marine Corps during the first
twenty-four months of his enlistment was classified as a substandard performer. Re-
gression analysis of this quality variable on the available data is shown in table 10. A
high school diploma is the single best indicator of high quality. Several test scores from
the Army classification test (ACB-61) and age at time of enlistment are also significant
predictors of quality of service.

-17-



TABLE 10
REGRESSION RESULTS: QUALITYa OF SERVICE

Variable Coefficient Cumulative R2

Education -. 1879 .067
PA -. 0016 .095
CI -. 0016 .106
Age +.1076 .110
GIT -. 0011 .112
AR -. 0007 .112

(Constant) +.9057

F = 969
N = 45,948-

Variables considered but not selected:

Race
Marital status
VE
MA
ACS
ARC
SM
Al
ELI

aQuality as measured by either attrition ordesertion during the first twenty-four months
of service.

-18-



A measure of manpower quality presently used by the Marine Corps is mental group
score, which is used as a criterion for enlistment. Mental group score is based -"q an
equal weighting of verbal (VE), arithmatic (AR) and pattern analysis (PA) tests, and each
of these three test scores appeared as statistically significant predictors of several per-
formance measures (table 9). In order to determine if a regression including a combined
equal weighting of these tests would provide as good a fit to the data, the regression shown
by table 11 was prepared. In this regression the scores VE, AR and PA of each man in the
sample were replaced by the general classification test (GCT) score. GCT is parallel to a
mental group score since it is composed of equal weights of VE, AR and PA. As shown
by table 11, the portion of variance in the quality variable (as measured by the cumula-
tive R2 value) is virtually the same as that provided by the model of table 10. Since the
model of table 11 is consistent with the convention of using a mental group score to des-
cribe manpower quality, it will be adopted for predicting quality of service for this
analysis.

TABLE 11

REGRESSION RESULTS: MANPOWER
QUALITYa WITH SELECTED VARIABLES

Variable Coefficient Cumulative R

Education -. 1870 .067

GCT -. 0029 .098

CI -. 0017 .105

Age +.1090 .110

(Constant) +.8694

F = 1,413
N = 45,948

aManpower quality as measured by either desertion

or attrition during the first twenty-four months
of the enlistment.
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The regression equation shown by table I1 is:

quality measure = .187 (education) -. 0029(GCT)
-. 0017(CI)+ .109(age)+ .8694 (1)

The interpretation of the quality measure is a predicted rate of failure or attrition for
men with given levels of age, education and test scores. This measure can be con-
verted to a positive measure of success:

success rate = 1 - quality measure (2)

= 1 - E.187 (education) -. 0029(GCT)
-. 0017(CI)+ .109(age)+ .8694] (3)

success rate = .0029(GCT) + .0017(CI)
+ .187(education) - . 109(age) - .1306 . (4)

Using this equation, the chances for successful service can be predicted for enlistees
with any combination of test scores and age and education levels. By comparing the
chances for success of applicants for enlistment, th1ose applicants with the lowest chances
of serving satisfactorily can be identified prior to enlistment. Tables 12 through 15
show the predicted chances of success for applicants with a combination of test scores
and age and education levels. These tables provide a method of comparing men with
different levels of dissimilar characteristics before they are accepted for enlistment.
The man with a low GCT score but a high school diploma can be compared with a non-
graduate who scored high on the GCT. Although any screening system will have some
errors resulting from it, this model provides the best linear estimate of success chances
in terms of test scores and personal characteristics available for this analysis.

Since the data were collected for this analysis, a new enlistment and classification
test has been adopted for all-service use. This test, the Armed Services Vocational
Aptitude Battery (ASVAB), has been administered to Marine Corps applicants since July
1974. This test now provides the only aptitude information available prior to enlistment.
The implementation of a screening method such as the one developed here would require
that these results be expressed in terms of the data currently available to recruiters prior
to enlistment: ASVAB scores, age, and education. Such a transformation has been pub-
lished (see reference 4). For an analysis of the correlation between the ACB-61 test scores
and the new ASVAB test scores, see reference 6.

CONCLUSIONS

This analysis provides insight into some differences in the attrition rates at the two
recruit training depots and in the recruits assigned to each nne. In addition, a method
of early identification of men unlikely to perform well in Marine Corps units is presented.
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TABLE 12

PRFDICTED SUCCU.SS RATLS
HIGH SCHOOL GRADUATES, AGE 17-20

General Classification
Classification Test (GCT) score
Inventory (CI'

score 160 140 120 100 80 60 40

a a
160 .99 .99 94 .88 .82 .76 .71

a
140 .99 96 .90 .8S .79 .73 .67

120 .99 .93 .87 .81 .75 .70 .64

100 .9S .89 .84 .78 .72 .66 .60

80 .92 .86 .80 .74 .69 .63 .57

60 .88 .85 .77 .71 .65 S9 .54

40 .85 .79 .73 .68 .62 .56 .50

Predicted success - +,0029 GCT * .0017C[ + .337,

aPreo~cted success rate coitstraint 4 .99.

TABLE 13

PREDICTED SUCCESS PATES
HIGH SCHOOL GRADUATES, AGE 21 OR MORE

General Classification
Classification Test (GCT) score
Inventory . (CI) - _0 _ 0

score -- _ 120 _ 00_'0 O , _

160 .94 .89 .83 .77 .71 .6S .60

.L40 .91 .85 .79 .74 .68 .62 .56

120 .88 .82 .76 .70 .64 S59 .5'

.84 .78 .73 .67 .61 .55 .49

80 .Al .75 .69 .63 .58 .52 .46

A0.77 .72 .66 .30 .S4 .48 .43

40 .74 .68 .61 .57 .S .45 .39

Predicted success -+ .0029 GCT + ,C017 CI + .2086

)1 ~-21 -
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TABLE 14

PREDICT! 1 SUCCESS RAIE.(
NON-GRADUATES, AGE 17-20

General C)assification

Classification Test (GCT) score
Inventory (CI) T-U 10

score T0 1 T40 120.__ 0 - -

160 .87 .81 7 s .69 .63 .58 .S2

140 .83 .77 .72 .66 .60 .54 .48

120 .80 .74 .68 .62 .57 .51 .45

100 .76 .71 .65 .59 .53 .4" .42

80 .73 .67 .61 .56 .50 .44 .38

60 .70 .64 .58 .52 .46 .41 .35

40 .66 .60 .55 .49 .43 .37 .31

Predicted success - + .0029 GCT + .0017 Cl + .1306

TABLE 15

PREDICTED SUCC! SS \T1 S
NON-GRADUAIES, AGE 21 OR MORE

General Classification

Classification Test (CCI) score
Inventory (CI)

score T -J -T7O 10_0 h TT _

160 .76 .70 .64 .58 S3 .47 .41

140 .72 .67 .61 .55 .49 .43 .38

120 .69 .63 .57 .52 .46 .40 .34

100 .66 .60 .54 .48 .42 .37 .31

80 .62 .S6 .51 .45 .39 .33 .27

60 .59 .53 .47 .4 .36 .30 .24

40 .55 .50 .44 .38 .32 .26 .21

Predicted success * .0029 GCT 4 .0017 CI + .0216
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Analysis of the attrition experience of fiscal year group 1974 recruits trained at
each Marine Corps Recruit Depot (MCRD) revealed that approximately 11 percent of
the variance in attrition can. be explained by a linear, individual data model. (A linear,
grouped data model explains 77 percent of the variance in group attrition, see appendix A.)
The difference in recruit attrition at each depot was found to be 5.2 percentage points, of
which slightly more than half (2.8 percentage points) was due to the test scores and
personal characteristics of the recruits and slightly less than half (2.4 percentage points)
was due to a "depot effect." The depot effect includes unmeasured differences in recruits
as well as any policy or procedure differences which may exist at the two depots. It
does not appear that these differences are large enough to warrant changes in either
recruit assignment procedures or in recruit depot policies.

Quality of service of enlisted Marines was defined as service for twenty-four months
without attrition or desertion. The variables shown to be most highly correlated with
this (and other) quality measures were education, age, general classification test (GCT)
score, and classification inventory (CI) test score. A method of early identification of
applicants for enlistment most likely to perform poorly was presented. An extension of
this methodology suitable for implementation at the recruiting station level has been
published (see reference 4).
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APPENDIX A

VALIDATION OF TilE' MODEL AND A COMPARISON
WITH ALI ERNATIVE MODELS

Comparison of the Model with the Data

The model used in this analysis is a linear regression model with the record of
each man in the sample treated as a separate data point (nongrouped data). It is desir-
able to know just how well this model fits the data or predicts attrition. The most
straightforward method to valid-.te the model is to compare the actual data with model
predictions of the same data. The data selected for this validation are actual twenty-
four month attrition, not corrected for range restriction.

Table A-1 shows actual attrition rates by education, age, and the test scores CI
and PA. These variables have been shown by the analysis to be among the best avail-
able predictors of attrition. The range of each test score is divided to include approxi-
mately one-quarter of the scores in each group. Table A-2 shows the attrition rates
predicted by the linear, nongrouped data model for men with selected combinations of
test scores and age and education levels. Since this model predicts attrition rates asso-
ciated with specific test scores rather than with broad ranges of scores, it was necessary
to select scores for the computation of table A-2. The scores selected are the scores
falling at the midpoint of each score range shown in table A-l. An X2 test was used
to compare the actual (table A-l) and predicted (table A-2) attrition experience assuming
a uniform distribution of 100 men in each cell. The result is that we can find it'. statis-
tical difference between the two distrilutions (X 2 = 44.8, X2 . = 45.7). When only

.05,63
the age 17-20 portions of the distributions are compared, the same result is found
(X2 = 18.0, X2  = 19.3). The conclusion is that the linear regression modcl.05, 31

(with nongrouped data) does fit the data and is a satisfactory model for this analysis.

An Alternative Model

An alternative to the model selected is a linear regression model with grouped data.
In such a model, the men in the sample are grouped by education, age, CJ and PA (for
instance). The attrition rates of each subgroup thus defined arc calculated. The data
for such a model then are the average attrition rate, average test scores, average edu-
cation level, etc., of the men in each subgroup. Such a model reduces the variance
in attrition by smoothing the variance within each subgroup. The R 2 statistic in such
a model is higher than in a nongrouped regression model with the same underlying data.
In order to demonstrate this finding, a grouped data regression modcl was computed.
"Fable A-3 show\s the grouping of the four variables (HIS, age, CI and PA). Table A-4
shows the regression results. The cumulative R 2 statistic indicates that 76.9 percent
of the variation of (subgroup) attrition can be explained by these four variables. The
regression equation of table A-4 has been computed for each of the sixty-four subgroups

A-'
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TABLE A-3

VARIABLES USED IN SUBGROUP REGRE'SSIOLN

Variable Values

HS 1 if high school graduate 0 othewise-

Age I if age 21 or more 0 otherwise

Cl-l I if CI > 113 0 otherwise

CI-2 1 if 96 < CI < 112 0 otherwise

CI-3 1 if 79 < CI < 95 0 otherwise

PA-i 1 if PA > 119 0 otherwise

PA-2 1 if 106 < PA < 118 0 otherwise

PA-3 1 if 92 < PA < 105 0 otherwise

TABLEt A-4

RESULTS OF REGRESSION OF ATTRITION BY SUBGROUP

Regression

Variable Coefficient Cumulativ" P2

UIS -. 1650 .494

Ae .1523 .594

C -I -. 096 .641

CI-2 - .0980 .692

CI-3 -. 0704 .719

PA- -. 0969 .735

PA- 2 -. 0794 .750

PA-3 - .0621 .769

(Constant) +.4477

A-4



defined by these ranges of the four variables and the results are shown in table A-5.
These are the attrition rates predicted by the grouped-data regression model for the sub-
groups. An X2 test has been used to compare the grouped-data predicted attrition rates
(table A-5) with the actual attrition rates (table A-i). The result is that the grouped-data
model also fits the data (X2 = 29.4, X2 .005 637 37.8). Comparison of the age 17-20

. 0,3 2 2
portions of the distributions yields the same result (X = 5.2, X .005,31 - 14.5).

Therefore, both the nongrouped data and the grouped-data models fit the data. The non-
grouped data model offers the advantage of results cast in terms of actual test scores
rather than broad and arbitrary ranges. The lower R2 statistic of the nongrouped
model is shown not to reduce the predictive power of the model compared with the grouped-
data model.

A Cross Validation of the Model

The sample of 45, 948 men was divided at random into two samples, A and B.
Table A-6 shows the mean values of selected variables in each sample. Using the qual-
ity measure of either early attrition or desertion, a regression equation was predicted
for each sample. The regressions were first computed with all vap-iables available. The
results of this step-wise regression are shown in table A-7. Note that the significant
variables are the same in each subsample, the order of the variables is the same with
one exception, and the coefficients are comparable. A second regression was computed
for each sample which included GCT, the composite test composed of PA, AR, and AE
which is similar in structure to the ASVAB mental group composite score. The results
of the second set of regressions are shown in table A-8. Again, the coefficients are
similar and each equation is statistically significant.

To -ross-validate the model, the regression equation of sample A was computed for
each man in sample B. Then the predicted and actual quality measures for the men in
sample B were computed. The comparisons were based on three passing (cutting)
scores of the quality measure: .25, .33, and .50. Note that .33 is near the sample
mean. The performance of the prediction model can be. considered by determining the
number of correct and incorrect predictions. Each category can be grouped into those
that passed or failed. Table A-9 shows this grouping. Each man in sample B is pre-
dicted to "pass" unless his predicted quality measure equals or exceeds .25, .33, or
.50, respectively. With a maximum "pass" score of .33, 63 percent of he men in sample
B are correctly predicted. Thirty-nine percent were predicted to pass (Q ! .33) and did
pass (Q = 0), while 24 percent were predicted to fail (6 Ž .33) and did so (Q = 1).
Analysis of the erroneous predictions reveals that 9 percent of the men were predicted
to pass but failed while 28 percent of them were predicted to fail but passed. These re-
sults are consistent with the results reported by Lockman and Warner, (reference 4).
Their linear model used nongrouped data for 60, 000 Navy enlisted men who were tracked
for one year and who had a loss rate of. 17. Their cross -validation at a maximum passing
score of 20 (minimum failing score of 80) resulted in 65 percent accurate predictions,

A-5
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TABLE A-6

MEAN VALUES OF SELECTED VARIABLES

IN TWO MUTUALLY EXCLUSIVE RANDOM SA\IPLES

Mean

Selected variables Sample A Sample B

Quality measure .3255 .3309

Early attrition .2870 .2913

Desertion .1111 .1150

Early promotion .1617 .1618

Rank achieved 2.5774 2.5703

Race 1.2275 1.2218

Marital status 1.0688 1.0724

Age .1010 .1007

Education .4861 .4869

AFQT 59.0143 S8.8392

VE 100.3362 100.1012

AR 95.8911 95.7734

PA 105.5450 105.5085

CI 96.0029 96.1363

GT (VE+AR)/2 98.3622 98.1819

GCT (VE+AR+"',,'3 100.5908 100.4610

(N) (23,025) (22,923)
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TABLE A-7

RLGRISSION RESULTS: QUALTY MLiA, IRI1
WITH ALL VARIABLES IN lACH SAMPL.EI

Sample A Sample B

Variable Coefficient Variable Coefficient

Iligh school -. 185 High school -. 182

PA -. 002 CI -. 002

CI -. 002 PA -. 002

Age +.103 Age *.1l0

EInlistmcnt Enl ittmcnt
guarantce -. 039 guarantee - .054

GIT -. 001 GIT - .002

Race -. 028 Race -. 028

ARC -. 001 AFQT 001

(Constant) +.943 (Constant) +.939
R2 114R 2 

= .116

F = 372 F = 374

Variables considered Var iables con, i dered
but not selected but not set cte

M.¶arital status Marital Status

AFQT VE

VE AR

AR MA

MA A CS

ACS ARC

Sm SM

AI AI

ELI ELI
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7 percent predicted "passes" of men who attrited and 28 percent predicted attritions for
men who did not. In addition, their analysis showed, with the same data, that a non-
linear nongrouped data regression model (logarithmic) and a non-linear grouped-data
regression model could not provide better predictions of attrition.

TABLE A-8

REGRESSION RESULTS: QUALITY MEASURE
WITH SELECTED VARIABLES IN EACH SAMPLE

Sample A Sample B
Variable Coefficient Variable Coefficient

High school -. 188 High school -. 186

GCT -. 003 GCT -. 003

CI -. 002 CI -. 002

Age +.105 Age +.102

(Constant) +.864 (Constant) +.874
2 2

r = .109 r = .110

F = 707 F = 706

A-9
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APPENDIX B

CORRECTION FOR 1,-.tNGE RESTRICTION

All Marine Corps enlistees in fiscal year 1974 were required to pass the AFQT
mental group test with a percentile score of 21 or more, Those scot ing lower than 21
were excluded from enlistment and are, therefore, not in the 45, 000-man sample.
Since mental group or GCT is an important variable in explaining attrition and per-
formance, it is prudent to correct the data for this restrictiop in the range of mental
group.

In recent years the Marine Corps has enjoyed the benefits of double testing enlistees.
Applicants were given the AFQT test prior to enlistment, and successful applicants were
then given the ACB-61 test upon arrival at recruit training. The AFQT score, composed
of verbal, arithmetic, and pattern analysis components, defines mental group. The
ACB-61 test includes three aualogous subtests: word knowledge, arithmetic, and spatial
perception, which together form the GCT score.

During fiscal year 1974, an apparent discrepancy between AFQT mental group
scores and the subsequent ACB-61 scores of enlistees developed. It appears that a
sizable number of fiscal year 1974 enlistees obtained higher AFQT mental group scores
than would be expected based on their ACB-61 scores. The ACB-61 test, administered
at the Recruit Depots under controlled conditions, is thought to be a better measure of
the verbal, arithmetic and spatial perceptions of the men in tne sample. Tnetefuie,
the correc' ion for range restriction is applied based on OCT score.

Refert Tce 2 provides an estimate of the GCT distribution of the mobilization
population. This GCT distribution was compared with the actual GCT distribution
of the 45, 000-man sample, and weights were computed for each of seven segments
of the GCT range. The weights were then applied to each man in the 45, 000-man
sample to produce the table of correlation coefficients shown at appendix C. These
coefficients were used to conduct thu regression analysis of this report. Table 13-1
shows the relevant GCT distribution anid the derived weights.

.4

II

I I I I I "I

'• :'I+' l 't • r



TABLE B- 1

OCT DIS'FRBUTIONS AND WEIGHTS

Mobilization Fiscal year 1974
population Marine Corps Weight

GC' range distribution distribution (2) 3)

(1) (2) (3) (4)

130-160 6.924% 2.320% 2.984
110-3-29 29.954 24.832 1.206
100-109 18.394 23.343 .788
90-99 16.734 21.664 .772
80-89 12.801 15.126 .840
65-79 12.921 10.613 1.217

1-64 2.273 2.104 1.080

Total 100.0 100.0
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APPENDIX C

TABLE OF CORRELATION COEFFICIENTS

(WEIG14TED TO THE MOBILIZATION POPUI.TION)
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APPENDIX D

MEANS AND STANDARD DEVIATIONS

I

I



I!
MEANS AND STANDARD DEVIATIONS OF VARIABLESa

Standardb
Variable Mean deviation

Quality measure .3282 n/a
Early attrition .2891 n/a
Desertion .1130 fn/a
Recruit training attrition .1118 n/a
Rank achieved 2.5738 n/a
Promoted after training .1617 n/a
High school graduate (diploma) .4865 n/a
Enlistment guarantee .5322 n/a
Age upon entrance .1009 n/a
Marital status upon entrance 1.0706 n/a
Recruit training depot 6.5432 n/a
Recycled at depot ,1868 n/a
Correctninal custody at depot .021± n/a
Motivation platoon at depot .0G77 n/a
Race 1.2247 n/a
Number of dependents .1135 n/a

ACB-61 test scores:

VE 100.2190 22.9649
AR 95.8324 22.3711
PA 105.5268 22.3827
Ci 96.0695 27.5743
MA 99.3176 19.7982
ACS 97.5904 20.3177
ARC 83.8106 25.8739 -
GIT 93.2583 20.0883
SM 96.2610 19.0195
Al 99.0146 19.2821
ELI 92.6454 23.6465

GCT (VE+AR4PA)/3 100.5260 20.0046
GT (VE+AR)/2 98.2718 21.1535

AFQT Mental Group (percentile
score) 58.9270 n/a

aVariables weighted to the GCT distribution of the mobilization

population (see appendix B).

bn/a, not applicable
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APPENDIX E

REGRESSION RESULTS: FOUR MEASURES OF PERFORMANCE
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TABLE E-l

REGRESSION RESULTS: RANK ACHIEVED
WITHIN TWENTY-FOUR MONTHS

Variable Coefficient Cumulative R

Education +.6488 .128

AR +.00S4 .174

C1 +.0046 .185

PA +.0052 .191

Age -. 2144 .194

(Constant) +.7733

F = 2,235
N = 45,948

Variables considered but not selecte&"

Race
Marital status
AFQT
VE
MiA

ACS
ARC
GIT
SM
AI
ELI
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TABLE E-2

REGRESSION RESULTS: SUPERIOR
RECRUIT TRAINING PERFORMANCEa

Variable Coefficient Cumulative R2

CI +.0916 .042

ARC +.0016 .058

Education +.0596 .066

PA +.0012 .068

Race +. 0469 .070

(Constant) -. 3372

F = 696
N m 45,948

Variables considered but not selected:

Marital status
V E
AR
MA -
ACS
G IT
SM
AI
ELI
Age

aAs indicated by promotion at end of recruit

training.
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TABLE F-3

REGRESSION RESULTS: DESERTION

Variable Coefficient Cumulative R2

Education -. 1152 .042

AR -. 6004 .046

VE -. 0004 .046

Marital status +.0215 .047

PA -. 0003 .047

(Constant) +*2557

F = 454
N = 45,948

Variables considered but not selected:

Race
C1
MA
ACS

GIT
SM
AI
ELI
Age

F-

ai
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TABLE E-4

REGRESSION RESULTS: ATTRITION
DURING FIRST TWENTY-FOUR MONTHS OF SERVICE

Variable Coefficient Cumulative R

Educatiop -. 1493 .050

CI - .0019 .081

PA - .0015 .091

Age +.1098 .096

GIT - .0010 .097

AR 0006 .097

(Constant) +.8315

F = 827

N = 45,948

Variables considered but not selected:

Race
Marital status
VE
MA
ACS
ARC
SM
AT
ECI

EI
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