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INTRODUCT ION

Most enlistees attending Class A schools do so with
guarantees of Navy schooling . They qualif y as school
elig ible on the basis of various combinations of test
scores from the Armed Services Vocational Aptitude
Battery (ASVAB) . Some enlistees later qualify on the
basis of test score waivers.

The difficulty with guaranteed schooling upon enlistment
is that the selection process depends heavil y on the
results of paper—and—pencil tests . While these tests
measure skills and aptitudes that affect the chances of
successfully completing training , they do not measure
personal characteristics that may affect success in Navy
jobs.

In addition to selecting enlistees for Class A schools
immediately after recruit training, the Navy selects
individuals for Class A schools after they have served
in the fleet on general detail. These delayed A school
entries may or may not have been qualified for training
at the time of enlistment. With such enlistees , the
Navy has had the opportunity for additional screening
and evaluation before making a training commitment.
On—the—job performance and personal characteristics , in
addition to background data collected at the time of
enlistment , can be considered . Further , an enlistee
with fleet experience may have more realistic career
expectations when he enters A school , resulting in a
lower probability of early discharge.

1
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MODEL FOR A N A L Y S I S  OF A SCUOOL DELAY STRATEGIES

P R O B A B I L I T Y  OF LOSS

To stud y the advantages and disadvantrlqes of delayed A
school t ra i n i n g ,  we ough t to compare Tv ~~sures of perfor-
mance for enlistees who had fleet exper ience before
star ting A school with those who had attended school
imme diately after recruit training . Moreover to make a
f a i r  compar i son  o ther  fac tor s a f f e c t i n g  p e r f o r m a nce mus t
be hel d cons ta nt b y e i t h e r  empi r i c a l  or sta tist i c a l
means.

Id e a l l y ,  the pe r fo rmance  measures  sho u l d he di re c t l y
re la ted to an i n d i v i d u a l ’ s prod uct i v i ty or p e r f o r m a n ce
on the  job; such measures unfortunately arQ not availa-
ble. However , as d i sc ussed in a p p e n d i x  A , the probabil-
i ty t ha t  an e n l i s t e e  does not complete  h i s  f ir st term
(loss p r o b a b i l i t y )  can be viewed as a crude measu re  of
job performance in the following sense: If the benefits
r e c e i v e d  by the  Navy are  less tha n the  costs fo r  a g iven
e n l i stee , then  he ought  to be d i s c h a r ged be f o r e  the end
of h i s  ac t ive ob l i gated service. Thus , whe the r or no t
an i n d i v i d u a l  is prema ture l y discharged should be de ter-
mined  by h i s  loca t ion  on a c o n t i n u o u s  scale of perfor-
mance relative to cost; below a cer tain threshold value
he is t e r m i n a t e d , above the threshold he is not . We
will use the four—yea r loss probability ds a proxy fo r  a
more e x a c t , but unavailable , performa nce measure .

The model for  the a n a l ys i s  of loss p r o b a b i l i t i e s i~
illustrated in figure 1. Each individual in the cohc~~t
is c h a r a c te r i z e d  wi th respec t to h i s  loss or surviv al  ~t
the end of fo ur yea rs by a v a r i a b le L d e f i r e d  as

L = 1 i f e a r l y  d i s c h a r g e
= 0 i f  s u r v i v e  for  fo ur yea r s

d e p i c ted on the  f a r  r i gh t  ha nd s ide  of f i q u r I . 1.

Benefits derived from a recru it depend upon pr oduct ivi—
ty, which is a func tion of characteristics such as mot~ —
va t ion , adap ta b i l i t y ,  a nd p e r seve ranc~~, in ad d i t ion to
aptitudes and relevant skills.

Costs invo l ve military pay and allowances , t r a i n i n g ,
tr a n s p o r t a t i o n , subs id ies , health care , counsel i ng an d
le gal a i d , an d v a r i o u s  in di rect  costs of person nel
managemen t. Some of these costs , such as m i l i t~i ry pay,
are rel ativel y c o n s t a n t  among f i r st term en l i s t ee s ,
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while health and disciplinary costs will vary greatly
for d i f f e r e n t  i n d i v i d u a l s .

The attributes listed in the dashed box of figure 1 have
not been directl y measured , but they can be proxied by
the background and service characteristics (on the far

L left) that are empiricall y available. For examp le ,
educational attainment can be taken to be a rough indi-
cator of perseverance , mo t i v a t i o n , and skills that the
recruit bring s to the Navy, and mental group can be
taken as a proxy for aptitude.

Disciplinary and health problems may depend on back-
ground characteristics and assignment , since living and
working conditions are expected to differ by assign-
men t.

The timing of A school training is crucial to this anal-
ysis for several reasons . For those who were school—
delayed , the Navy had the opportunity to make evalua-
tions and selections on the basis of job performance and
personal characteristics. All else being equal , school—
delayed individuals ought to have lower loss probabili-
ties . Moreover , school—delays have a shorter time
period over which they can be lost compared to non—
delayed A school graduates. To make fair comparisons of
loss probabilities for delayed and non—delayed trainees ,
it will be necessary to control statisticall y for time
delay.

Lastly, note that in figure 1 a dependence is indicated
between the timing of A school training and the back-
ground characteristics of the recruit . Some persons of
lower quality (as measured by educational attainment or
mental group) but having desirable personal characteris-
tics (as deduced from job performance) will be se’ected
to enter A school after having served on general detail.
A d ummy variable D can be defined such that

D = 1 if A school is delayed
0 if A school immediatel y after recruit

training

The probability of school delay as a function of back-
ground variables can be analyzed by using probit analy-
sis.

The analysis of loss probabilities is complicated
because the data was generated by a selection process
based on personal characteristics. The problem is that
the process of selection produces an empi r i ca l  d i s t r i b u —
tion of losses tha t  does not meet the n o r m al i t y  requ i re—

4
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ment  of probit  ana lys i s . Appendix A descr ibes  probit
ana lys i s  and the problem of s e l e c t i v i t y  bias .

REENLISTMENT PROBABILITY

Another measure of in te res t  to the Navy is the probabi l—
i ty  of r e e n l i s t m e n t .  All  else being equal , an enl is tee
with a hig her reenlistment probability is preferred over
one with a lower probability . Since the time between
the completion of A school and the end of act ive obl i-
gated service is less for school—delayed i n d i v i d u a l s ,
h igher  reen l i s tment  rates are needed to compensate for
the reduced amount of t ra ined services received .

The formalism for estimating reenlistment probabilities
is similar to that for loss probabilities . Reenlistment
is conditional upon the successful completion of a four—
year tour of d u t y .  Whether  or not a person reenl is ts  is
presumably a func t ion  of h is  back ground cha rac te r i s t i c s
and the type of Navy a c t i v i t y  to which  he was assigned .
Employment and schooling opportunities in the civilian
sector d i f f e r  depending on fac tors  such as educat ion ,
mental group , race , age, etc.; greater civilian
oppor tuni t ies  imply a lower tendency to r e e n l i s t.  On
the other hand , those with dependents might be risk
averse , and hence , more w i l l i n g  than others  to r een l i s t.
Finally, the activity type determines working conditions
which are expected to i n f l u e n c e  the r een l i s tmen t
p r o b a b i l i t y .

For the cohort of enlistees who survived four years in
the Navy , a d ummy variable R can be defined such that

R=l if r een l i s tmen t
=0 otherwise

Probit analysis can then be used to estimate the reen—
li s tment  p robab i l i t y  as a f u n c t i o n  of the backg round
characteristics and the activity type . As in the calcu-
lation of the loss probability, we might expect selec-
tivity bias to enter the analysis. However , initial
analyses showed that the coefficients associated with
the s e l ec t i v i t y  bias correct ions were s t a t i s t i c a l l y
insignificant and the corrections were small.1 Thus ,

1 An alternative approach was attempted by pooling the
delayed and non—delayed cohorts , and then accounting for
selectivity bias . Once again the selectivity bias
correc tions were small and insignificant.
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we deci ded to use the pooled cohort approach inc lu di ng
the school delay variable, D, as an in tercept sh i f t
term , but  ignor ing  s e l ec t iv i ty  bias correct ions . The
probit in tegral  then becomes:

X/3+~~D
1/2 1’

Prob ( R=lI X , D) = (.
~-~

-) J du  e x p ( — u 2/2 )  (4)

where f3 and w are the coefficients to be estimated. The
introduction of the explanatory variable D serves to
shift the constant term in the upper limit of the inte-
gral . Thus for D=0

Xfl +wD = $0~~ lXl
+.. 4i3nXn

whi le  for  D=l

X~+wD =

If the coefficient w is greater than (less than) zero ,
then the reenlistment probability for the school delay
group is greater than (less than) that for the non—
delayed group .

6
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DATA BASE

The four—year loss and reenlistment probabilities of
delayed and non—delayed completors of Class A schools
were estima ted from service data for cal endar year 1973
entrants; details of the data base creation are pre-
sented in appendix C. The 1973 cohort was chosen
because the cohort members have had time to complete
four years of service.

Table 1 gives the sizes of the delayed and non—delayed A
school groups.

Table 1: Numbers of Class A Completers , Four—Year
Survivors , and Reenlistees in 1973 Cohort

Category Non—delayed Delayed

Completers of A school 33 ,850 876
Four—year survivors 25,470 613
of which four—year obligors 18,061 611
Four—year obligors reenlisting 3,849 252

For each enlistee in the sample , backgroun d and service
history data defined in table 2 was extracted; all
varia bles ex cept TDEL are d ummy vari ables (values of 0
or 1). The activity type variables refer to an individ-
ual’s first non—training tour of duty.

BACKGROUND CHARACTERISTICS

The background characteristics of the delayed and
non—delayed cohorts differ substantially. Table 3 gives
the distribution of the two groups by educational
level .

Persons in the delayed cohort have , on the avera ge ,
lower educational qualifications . About 40 percent of
the delayed group had less than 12 years of educa tion
compared to 15 percent of the non—delayed group , whil e
60 percent among the delayed had twelve or more years of
education compared to 85 percent of the non—delayed .

Similarly, the delayed cohort had , on the aver age , lower
mental qualifications than the non—delayed group as
shown in table 4.

School eligibles (MGi , MG2 , and MG3U) constituted 85
percent of the non—delayed group compared to 40 percent
of the delayed . Thus , 60 percen t of the delayed group
were not initially school eligible.

7
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Table 2: Definitions of Variables

Sac kg roun d
charac teris tics

RACE 1 if nonwhite
PDEPS 1 if any pr imary dependents at

en l i s tmen t
AGE17 1 if age at enlistment is 17
AGE 18/ 19 1 if age at en l i s tmen t  is 18 or 19
AGE2OP 1 if age at enlistment is > 20

ED<l1 1 if <11 years of education at
eni i s tment

EDll 1 if 11 years of educa t ion  at
en l i s tmen t

ED 12 1 if 12 years of educat ion  at
en l i s tment

ED> 12 1 if >12 years of educa t ion  at
en l i s tmen t

MGi 1 if  AFQT score 95—100
MG2 1 if AFQT score 67—94
MG 3U 1 if AFQT score 50-66
MG3L 1 if AFQT score 34—49
MG4 1 if AFQT score 21—33

Service
characteristics

SURFACE 1 if duty  on sur face  combatant
CARRIER 1 if du ty  on a i r c r a f t  ca r r ie r
SUB 1 if duty on submarine
REPAIR 1 if duty on repair vessel
SBSAIR 1 if d uty in sea—based a i r  squadron
LBSAIR 1 if duty in land—based a i r

squadron
AMPHIB 1 if du ty  on amphib ious  ship
ArJX/PTL 1 if  du ty  on a u x i l i a r y  or patrol

ves sel
SBEE 1 if du ty  in cons t ruc t ion  b a t t a l i o n
D 1 if entry to Class A school

delayed
TDEL Time in months between active duty

base date and completion of first
A school (continuous variable)

L 1 if discharged before four  years
of servic e

R 1 if  reenl is ted a f t e r  successfu l
completion of four year s of
service

8
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As shown in table 5, the delayed group contained a
greater fraction of younger persons at the time of

Table 3: Educational Level Distribution (Percentages)

Level Delayed cohort Non—delayed cohort

ED<1l 23.1 6.8
EDii 17.2 7.9
ED12 55.9 74.2
ED > l2  3.8 11.1

Table 4: Mental Group Distribution (Percentages)

Mental group Delayed cohort Non—delayed cohort

MG1 0.5 7.5
MG2 ii.]. 53.1
MG3U 28.1 2 4 . 4
MG3L 36.4 11.0
MG4 23.9 4.0

Table 5: Age Distributions (Percentages)

Age category Delayed cohort Non—delayed cohort

AGE17 35.8 21.0
AGE18/19 50.3 60.4
AGE2OP 13.9 18.6

enlistment than the non—delayed . About 36 percent of
the delayed cohort were 17 years old compared to 21
percent of the non—delayed cohort. Previous studies
have shown that 17 year olds tend to exhibit high loss
ra tes, so that postponing their further training until
on— the—job performance data can be evaluated might be
warranted.

About 6 percent of the delayed cohort had dependents at
the time of enlis tmen t compared to 7 percen t for the
non—delayed . Minorities constituted about 19 percent of
the delayed group compared with only 6 percent for the
non—delayed . Relatively fewer minori ties are school
eligible by mental group qualification at the time of
enlis tmen t ; thus the screenin g of such persons on the
basis of job performance could prov ide an impor tant
source of successful minor ity en tran ts to Class A
schools.

9
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SERVICE CHARACTERISTICS

Table 6 shows the activity distributions of the
two cohorts for their first tour of duty. Note that
about 24 percent of delayed entrants first served on
aircraft carriers , while only 16 percent of recruits are
assigned to carriers on general detail. This may be due

L. to the selection process for carrier duty, or because
such duty provides superior opportunities to qualify for
delayed e n t r y .

Table 6: F i r s t  Duty Tour D i s t r i b u t i o n  (Pe rcen tages)

Delayed cohort Non—delayed cohort

SURFACE 21.0% 19.0%
CARRIER 2 4 . 3  9 . 3
SUB 1.4 5.0
REPAIR 8.0 6 .9
SBSAIR 11.6 9 .5
LBSAIR 2.1 5.7
AMPHIB 10.8 5 . 7
AUX/PTL 9.1 5.6
SBEES 1.3 2.7
OTHER 10.3 30.6

Note also that  about 10 percent of delayed A schoo l
entrants are listed under “OTHER” versus about 31 per-
cent for the non—delayed. This group contains those
i n d i v i d u a l s  who do not f i t  into any of t’-ie d~~-y types
“SURFACE” through “ SBEES ” shown in table  2.

The ana lys i s  of al t e rna t ive  s t ra teg ies  for  delayed A
school t r a i n i n g  cannot be performed adequatel y w i t h o u t
information about the timing of the delays and the~ r
e f f e c t s  on service t imes .  In table 7 , “ Ti me Delay ”
represents the average number of months between the
active duty base date and the completion date of the
first A school attended (the plus or minus terms repre-
sent standard deviations). For the non—delayed cohort ,
“Time Delay ” includes recruit training time and A school
time ; for the delayed cohort , “Time Delay” also includes
“ Flee t Time ” , defined as the difference between the
starting date of the first A school attended and the
date received into the first duty tour. . The average
“Time Delay” was 18.8 months for the delayed cohort and
5.3 months for the non—delayed . “Fleet Time” , during
which the delayed tra ining cohor t is on gener al deta il ,
averaged 12.3 months.

10



Table 7: Times Relevant for Analysis of School Delay
Strategies (Months)

Delayed cohort Non—delayed cohort

Time delay 18.8 ± 8.3 5.3 + 2.2
Fleet t ime 12.3 ± 8.1
Pay back period 25.3 ± 11.2 36.9 + 12.2
Total time 37.6 ± 11.41 36.9 ± 12.2
The “Payback Period” —— the time between the date of
attri tion (or comple tion of four years of service ) and
the completion date for the first A school attended ——
was appreciably lower for the delayed group . This t ime
is a rough measure of the amount of skilled services the
Navy receives from a four—year first termer after his
graduation from A school. Since an enlistee may attend
addi t ional  schools throughout  h is  Navy career , “Payback
Period ” represen ts an upper bound on the amoun t of ser-
vices . The average “Payback Period ” was 25.3 months for
school—delayed persons and 36.9 months for the non—
delayed . This 12 month difference is due principally to
the “Fleet Time” served by the school—delayed. “Total
Time ” , reflecting the total amount of services to the
Navy , is sli ghtly higher for the delayed group . For the
non—delayed cohort, “Total Time” is defined as the time
from the date receive d in to the f irs t flee t assi gnmen t
until the date of attrition (or completion of four years
of service); for the delayed cohort , “Total Time” is
equal to “Flee t Time ” plus “Payback Period ” .

Thus , the Navy gets lower first—term returns on its
training investment for enlistees who are school—
delayed. This effect will be miti gated , howev er , if
reenlistment rates for the school—delayed group are
higher than for the non—delayed.

Table 8 shows that the school—delayed group had , on the
avera ge, twice the reenlistment rate of the non—delayed
group . The table also shows that the school—delayed
group had a somew hat lower loss rate , despite its
generally lower qua l ity as measure d by educat ion and
mental group.

Table 8: Loss and Reenlistment Rates

Non—delayed
Rate Delaye d cohor t cohor t

Four—year loss rate 30.0 37.1
Reenlistment rate for
four—year obligors 41.2 21.3

11
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To see the ne t effec t of these two fac tors on the
f low of services to the Navy, we add to the “Service
Time ” the expe cted mon ths of serv ice from reen l istmen t ,
defined as the product of the reenlistment probability
and the term of reenlistment assuming no attrition .’
These results are tabulated in table 9 for 24, 36 , and
48 month terms of reenlistment.

Table 9: Net Flow of Service to Navy

Term of reenlistment Delayed Non—delayed
(in months) (in months) (in months)

24 35.1 41.9
36 40.1 44.5
48 45 .0  47 .0

In every case , the school delayed group provides less
post—school services , al thoug h for a 48—month  term of
reenlistment the difference reduces to only two months.

‘This calculation is biased in favor of the non—
delayed cohort because we have ignored the flow of ser-
vices genera ted by delaye d recrui ts be fore en ter ing A
school. In addition , the total time spent in training
(including multiple A school attendance , C schools ,
etc.) by the non—delayed cohort might be greater than
for the delaye d cohor t; thus , the flow of services of
the non—delayed would be reduced relative to the delayed
cohort.

12
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EMPIRICAL RESULTS

FOUR YEAR LOSS PROBABILITY

The f i r st step in estimating the loss probabi l i ty
involves a pro bit anal ysis wi th school delay, D, as the
dependent variable. The results are shown in table 10.
Coefficien ts of all the independen t varia b les exce pt
AGE2OP and PDEPS are statistically significant at the
five percent level . Equation (A6) of appendix A was
used to compute the probabilities . The characteristics
of persons in the base case are specified in footnote
(a) of table 10 and are called the base characteristics;
for each of the other varia bles , the probability shown
is for the characteristic defined by that variable
substituted for its counterpart in the base . Thus , a
recru it wi th al l  the base charac teri stics has a school
delay probability of 0.4 percent; if he is in MG4 rather
than MG2, this probability increases to 9.4 percent.
Consistent with our aggregate analysis of the previous
sec tion , the probability of school delay is higher for
thos e wi th lower educat ional attainm ent and for lowe r
mental groups.

In the second stage , the back groun d and service charac-
teris tics alon g wi th varia ble Wj, representing a cor-
rection for the selec tion process , are used in a probit
analysis to find the probability of loss. These results
are presented in table 11. The coefficients of the
background characteristic variables are significant at
the five percent level with the exception of AGE2OP,
MGi, and PDEPS, whi le the onl y significant service
var ia bles are SUB, AUX/PTL, OTHER , and TDEL. Note that
the coefficien t of variable W0 is also significant.

A similar analysis has been made for the non—delayed
cohort. The results of which are presented in table 12.
The coe f f i c i ents are sign i f i c a nt at the five percen t
level with the exception of AGE2OP , MG3L , MG4 , RACE ,
CARRIER , REPAIR , and W0. The small magnitude and
stat istical i n s ign i f i cance  of the coef f i c i e n t for W0imply tha t selec tivi ty b ias plays a very small role for
the non—delayed cohort; this is to be expected since it
comprises 97.5 percent of the total cohort.

The four—year loss probabili ties shown in table 13 were
calcula ted from the coefficien ts of tables 10, 11 , and
12. The first column presents the probabilities of loss
from the delayed school cohort estimated by using equa-
tion (AlOa) in Appendix A. The time , TDEL , between the
active duty base date and completion of the first A

13

.., ~~~~~~~~~~~~~~~~~ - -4~~~~~ - - - -



Table 10: School Delay Probability (Total cohort)

Probability of
school delay

Variable Coefficient I t— statistic I (in percent )

BASEa —2.63 66.9 .4
ED<ll .429 8.9 1.4
ED11 .253 5.3 .9
ED>l2 — .164 2.0 .3
AGE 17 .091 2 .3  .6
AGE2 OP .079 1.5 .5
MG1 — .329 2.1 .2
MG3U .580 12.6 2.0
MG 3L 1.04 22.1 5.7
MG4 1.31 23 .0  9 .4
PDEPS .009 .13 .4
RACE .157 3.2 .7

Dependent Variable: D (equals 1 if school delayed )
Sample Size:  34 ,726
Log(L ikelihood ) = —3413.1
—2 x Log ( Likelihood Rat io)  = 1365.4

a The base group refers to Caucasian , mental group 2
recruits with 12 years of education and no dependents ,
who entered the Navy at 18 or 19 years of age .
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Table 11: Probit Estimates of Coefficients for Four—
Year Loss P robab i l i t i e s  of School—Delay
Cohort

Probit
Variable coefficient t—statisticj

Basea —2.905 2.1
ED<ll .3715 2.2
ED II .2268 2 .3
ED> l2 — .1612 2 .4
AGE I7 - .0899 2.5
AGE2 OP .0597 1.8
MGi — .2593 1.7
MG3TJ .5129 2.1
MG3L .9192 2 .2
MG4 1.1273 2.1
PDEPS .0148 1.1
RACE .1349 2.2
CARRIER — .0 048 .52
SUB — .0062 1.9
REPAIR .0006 .05
SB SAIR — .0172 1.5
LBSAIR — .0395 1.6
AMPHIB .0122 1.1
AUX/PTL - .0253 2.0
SBEE — .0417 1.2
OTHER .0242 2.1
TDEL — .0032 7.3
W .9978 2 .2

Dependent Variable: L (equals 1 if discharged early)
Sample size: 876
Log (Likelihood ) = —480.6
—2 x Log (Likel ihood ra tio)  = 109.3

a The base term refers to Caucasian , mental group 2
recrui ts wi th 12 years of educat ion and no dependents ,
who en tered the Navy at 18 or 19 years of age , and whose
first duty tour was aboard a surface combatant.

15

_________ - - .~~~  

__________________________________ -



Table 12: Probit Estimates of Coefficients for Four—
Year Loss Probabilities of Non—Delayed
Cohort

Probit
Variable coefficient I t—statistic
Intercepta — .344 15.3
ED<ll .440 9.3
ED 11 .345 10 .9
E D > 12  — .160 5.9
AGE17 .159 8.1
AGE2 OP — .014 .6
MGi — .125 4 .3
MG3(J .068 2 .5
MG3L .109 1.6
MG 4 .088 .8
PDEPS .065 2.2
RACE — .017 .5
CARRIER .0 18 .7
SUB — .262 7.1
REPAIR — .053 1.7
SBSAIR - .157 5.5
LBSAIR — .215 6.2
AMPHIB .138 4 . 2
AUX/PTL .082 2 . 4
SBEE .169 3.8
OTHER .132 6.4
TDEL — .020 7 .8

.083 .2

Dependent Var i ab le :  L (= 1  if ear ly  d i s c h a r g e )
Sample S ize :  33850
Log (Like l ihood ) = —21650 .0
—2 x Log (Like l ihood r a t i o )  = 1347.9

aThe intercept term refers to Caucasian , mental group
2 recrui ts wi th 12 years of educat ion and no dependents ,
who en tere d the Navy at 18 or 19 years of age , and whose
first tour of duty was aboard a surface combatant.
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Table  13: F o u r — Y e a r  Loss Pr oI~~ h i I 1 t i~~~ ( P e r c e n t a g e s )

School delayed
cohort

Non—delayed for activity
Delayed cohort cohort type “Other ”

BASE 30.9 32.5 44.7
ED<ll 22.3 49.5 34.6
ED ll  2 9 . 3  4 5 . 7  4 2 . 9
E D > 12  2 5 . 3  2 6 . 9  38 .2
AGE 17 3 4 . 5  3 8 . 3  4 8 . 7
AGE2OP 24.6 32.0 37.4
MG 1 56.1 28. 1 69 .8
MG 3U 25.8  35.0 38.9
MG3L 28.2 36.5 41.6
MG 4 18.8 35.7  30.1
PDEPS 34.6 34.8  48.8
RACE 26.8 31.9 40 .0

CARRIER 28 . 4 33.1
SUB 27.7 23.7
REPAIR 31.2 30.6
SBSAIR 22.4 27.1
LBSAIR 13.7 25.1
AMPHIB 37.6 37.6
AUX/PTL 18.9 35 .5
SBEES 13.0 38. 8
OTHER 44 .7  3 7 . 4
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school was set equal to 18.84 months 1 which was the
average TDEL for the delayed cohort.’ The base
characteristics for the first column are those given in
footnote (a) of table 11; for each of the other varia-
bles , the probability indicated is for that characteris-
tic replacing its counterpart in the base . Thus , a
school—delayed enlistee with the base characteristics
has an estimated loss probability of 30.9 percent , while
one with the same base characteristics , except for mem-
bership in MG3U , has a probability of 25.8 percent.

Note that the delayed enlistees of lower quality tend to
have lower loss probabilities than those with better
qualifications who are not delayed. The probability of
loss for a school—delayed enlistee in MG4 is about 19
percent compared to about 31 percent for MG2 recruits
and 56 percent for MGi recruitc .2 An enlistee with
less than 11 years of education has a loss probabilit y
of about 22 percent , compared to 31 percent for one with
12 years and 25 percent for one with more than 12 years
of education . These results are consistent with the
interpretation that persons of lower quality are
screened more carefull y through job performance than are
those who meet the Navy ’s primary requirements for
school elig ibility .

The loss probabilities in the second column are for the
non—delayed cohort , the base characteristics being the
same as for the school—delayed group . These probabili-
ties were estimated from equation (Alla) in appendix A;
the delay time , TDEL, was set equal to 5.32 months ,
which is the average time elapsed between the active
duty base date and A school completion for the non—
delayed cohort. In contrast to the school—delayed
cohort , loss probabilities increase as educational
attainment and mental group stand ing decrease. Mcce—
over , with the exception of MG1 recruits , the probabili—

1A similar calculation was done with TDEL set t~ 12
months resulting in about a 13 percentage point increase
in each probability in the first two col umns of table
13. The value of 12 months for TDEL implies approx i-
mately 6 months of fleet experience before entering A
school. Apparentl y, such a short fleet time does not
allow for adequate screening of the recruit.

2 The result for MGi recruits is based on a very small
sample and on a probit coefficient estimate significant
to only 10 percent. Consequentl y, it should be inter-
preted with caution.
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ties of loss are consistently higher for each of the
background cha rac t e r i s t i c s  of the non—delayed cohort
when compared to the school—delayed cohort .

The loss p robab i l i t i e s  for various mental group and
educa t iona l  level combinat ions are presented in table
14. The probabilities are for those mental group and
educat ional  cha rac t e r i s t i c s  s u b s t i t u t e d  for  the i r  coun—

- terparts in the base. Thus , an MG3L , ED11 enlistee
whose other characteristics are in the base has a 47.3
percent loss probability.

Note that , compared to their non—delayed counterparts ,
delayed enlistees with (MG2, ED<ll), (MG2, ED11), (MG4,
ED12)4 and (MG4 , ED>l2) characteristics perform very
well.1

When comparing the loss probabilities associated with
the activity types for the two groups in table 13 , we
get mixed results. However , note that the activity
types enter the probit analyses and , hence , the proba-
bility estimates for the two cohorts in different ways .
For the school—delayed cohort , the activity type refers
to the first duty tour before completing A school , while
for the non—delayed group the activity type occurs after
A school completion . Thus , for a non—delayed recruit ,
the activity type is an indicator of the working and
living conditions he must face , which are expected to

1Al though lower quality school delayed individuals
tend to exhibit lower loss probabilities , the possibil-
ity exists that they have higher dropout rates from A
schools. If so, then recommendations based on loss
probabilities alone will not be valid. To examine this
possibility, dropout rates are tabulated by mental group
standing and educational level :

Cohort MG1—3tJ MG3L—4

School—delayed 11% 3.7%
Non—delayed 9.4% 24.0%

Cohort ED<11 EDI2 ED>12

School—delayed 4.9% 8.5% 14.3%
Non—delayed 21.0% 18.0% 6.3%

We see tha t lower qual ity enlis tees who are delaye d have
lower dropo ut ra tes , while the non—delayed have higher
dropout rates on both the mental group and educational
dimensions .
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Table 14: Four—Year Loss Probabilities for Mental
Group , Educa t iona l  Combinat ions  ( Percentages)

Delayed cohort Non—delayed cohort

MGi

ED < 11 57.1 44.8
ED ii 67.1 40.9
ED 12 56.1 28.1
ED > 12 66.4 22.9

MG 2

ED < 11 2 2 . 3  4 9 . 5
ED ii 2 9 . 3  45 .7
ED 12 30 .9  32 .5
ED > 12 25.3 26.9

MG3U

ED < 11 36.1 52 .6
ED 11 4 0 . 9  4 8 . 7
ED 12 25 .8  35 .0
ED > 12 30 .3  2 9 . 4

MG3 L

ED < 11 46.5 54.5
ED 11 47.3 50.5
ED 12 28.2 36.5
ED > 12 28.8 31.0

MG 4

ED < 11 4 2 . 2  53.9
- ED 11 39.9 50.0

ED 12 18.8 35.9
ED > 12 18.4 30.5
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con t r i bu t e  differentially to the loss probability.
A d d i t i o n a l l y ,  the a c t i v i t y  type may r e f l e c t  d i f f e r e n t i a l
c h a r a c t e r i s t i c s  of enlistees; for example , higher quali-
ty in divi duals  and those w i t h  des ira b le persona l i ty
cha rac t e r i s t i c s  mi g ht be assigned to submarines rather
than sur face  vessels.

On the other  hand , the a c t i v i t y  type for the school—
delayed cohort results from a screening process provid-
ing differential opportunities for an individua l to
demonstrate  his  apt i tudes  and s k i l l s .  For those ind i-
viduals who return to the same activity type after com-
pleting A school , this variable would also be an indica—
tor of differential working and living conditions
c o n t r i b u t i n g  to losses.’

With the above distinctions in mind , and further noting
from table 11 that most of the coefficients associated
with the activity type variables are not significant at
the five percent level , we see that the school—delayed
cohort performs about as well as or better than the
non—delayed for all activity types except “SUB” and
“OTHER” . The school—delayed enlistees in land—based air
and construction battalion activity types have excep-
tionally low loss rate estimates , but the statistical
significance levels of the associated coefficients is
low.

A loss probability of almost 45 percent for activity
type “OTHER” is appreciably higher than the loss proba-
bilities associated with the specified activity types.
The third column of table 13 shows some loss probabili-
ties associated with each of the background characteris-
tics for a recruit whose first duty tour was in activity
type “ OTHER” . A possible e xp l a n a t i o n  for the-5e high
loss probabi l i t ies  is tha t  i n d i v i d u a l s  in the “ OTHER”
category have not been adequatel y screened . This act iv-
ity type usually involves shore duty and might provide
inadequate  i n fo rma t ion  about a r ec ru i t ’s a b i l i t i e s  to
adapt to a f l ee t  ass ignment .  Moreover , such i n d i v i d u a l s
m i g h t  have been assigned to an A schoo l whi l e  in r ec ru i t
train ing and then spen t several mon ths in the “OTHER”

1 In pr inc iple , the ac tivi ty type varia b les af ter A
school completion coul d have als o been in troduce d in the
probit analysis. However , the introduction of addi-
tional varia b les woul d tax our re lat ivel y small data
base and mu lt icollineari ty pro b lem s woul d fur ther reduce
significance levels. About 65 percent of school—
delaye d recrui ts re turn to the same act ivi ty type af ter
completing A school .
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activity type while waiting for a school seat. In sup-
port of this proposition , we note that about 45 percent
of recrui ts in the “OTHER” category complete their first
A school w i t h i n  n ine  mon ths of their  act ive d u ty base
date  compared to about 9 percent for the rest of the
a c t i v i t y  types.

REENLISTMENT PROBABILITY

The probit  es t imate  for the reenlistment probability is
shown in table 14. The variables are identical to those
used to expla in  the loss p robab i l i ty ,  but  w i t h  several
except ions .  Since reenl i s tments  are condi t ional  on the
successful  completion of four year s of serv ice , the time
delay  factor , TDEL , is no longer re levant  to the analy-
sis. The school delay variable , D, is introduced to
differentiate the delayed from the non—delayed group ,
because the probit analysis is applied to the total
cohort .  F i n a l l y ,  the a c t i v i t y  type var iables , CARRIER
throug h OTHER , r e fe r  to an i n d i v i d u a l’ s second tour (or
the f i r s t  if he had onl y one tour)  , since it is d u r i n g
th is  tour that  he is most l i ke ly  to make the reenlist-
ment decision .1

The cohor t used for the reenl istment an alysis consis ts
of 18 ,672 four year obligors who have successfu ly  com-
pleted four  years of service ; any i nd iv idua l who had a
nuclear  or advanced electronics f ie ld  indicator  was
assumed to be a six—year obligor and excluded from the
cohort. The base characteristics , specified in footnote
(a) of table 14, are the same as those in the loss
ana lys i s .

The c o e f f i c i e n t s  in table 15 have s ign i f i cance  levels  of
less than f ive  percent for all of the background varia-
bles except ED>12 and MGI , and all of the service varia—
ble coefficients except REPAIR and AUX/PTL. Note that
the posi t ive  c o e f f i c i e n t  of the school delay variable ,
D, implies that delayed enlistees have a higher reen-
listment probability than the non—delayed . Al so, the
magnitudes of the coefficients associated with the ser-
vice characteristics , except for PDEPS and RACE , tend to
be lar ger than those of the coeff ici ents of the back-
ground characteristics; thus educational attainment ,
men tal group, and age are expected to play a compara—

‘Very few recrui ts have more than two tour s durin g
their four— year service , so the secon d tour reflec ts
w i t h  reasonable accuracy the ac tivi ty type at the time
of the reenlistment decision .

22

~~~~ 

- 

~~~~~~~~~~~~~~~~~ ~~T~1I1TT~~~_ _ _  

-



Table 15: Probit  Es t imates  of Coefficients for
Reenlistment Probabilities (Total Cohort)

Prob it
variable Coefficient I t— s t at i s t i c  I
In tercepta — 1.07 3 .6
ED< l l  .110 2 .4
EDI 1 .076 1.9
ED>l2 — .049 1.2
AGE]. 7 .08 3 2.8
AGE2 OP .070 2 .5
MGi — .086 1.7
MG3U .069 2.7
MG 3L .090 2 .7
MG4 .135 2 .7
PDEPS .326 7.8
RACE .294 7 .2
CARRIER — .199 4 . 3
SUB .52 3 9.1
REPAIR .024 .5
SBSAIR .103 2 .5
LBSAIR .355 7 .5
AMPHIB — .122 2 .4
AUX/PTL - — .075 1.4
SBEE — .350 4.8
OTHER .431 13.4
D .512 9.3

Dependent Variable: R (equals I if reenlistment)
Sample Size: 18,672
Log(Likelihood ) = —9371.6
—2 x LOG(Likelihood ratio) = 916 .4

aThe intercept term refers to Caucasian , mental group 2
enlis tees wi th 12 years of education and no depen dents ,
who entered the Navy at 18 or 19 years of age , and whose

V secon d tour of duty(or fir st tour if there was only one
tour of du ty )  was aboard a sur face  combatant .
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tively smaller role in determining reenlistment proba-
bilities.

Table 16 shows r een l i s tmen t  p robab i l i t i e s  for delayed
and non—delayed cohorts . The base case p robab i l i t i e s  of

Table 16: Reen l i s tmen t  P robab i l i t i e s  (Percentages)

Var iab le  School delayed cohort Non—delayed cohort

BASE 2 8 .7  14.2
ED<ll 32.6 16.8
ED 1 1 3 1.4 15.9
ED>l2 27.1 13.1
AGE 1 7 31.6 16.1
AGE2 O P 31.5 16.0
MG 1 25 .9  12.3
MG3 U 31.1 15.8
MG 3L 31.9 16.3
MG 4 33.5 17.4
PDEPS 4 0 . 7  2 2 . 8
RACE 39.5 21.8
CARRIER 2 2 . 4  10.2
SUB 48 .5  29.1
REPAIR 28.8 14.7
SBSAIR 32 .3  16.6
LBSAIR 41.8 23 .6
AMPHIB 24 .7  11.6
AUX/PTL 26 .2  12.5
SBEES 18.1 7.7
OTHER 4 4 .8  26 .0

2 8 . 7  percent for  the delayed and 14.2 percent for the -

non—delayed cohort are for persons with the base charac-
teristics . As with the loss probability analysis , the
reenlistment probability indjcated for each of the
variables is for the characteristic defined by that
variable substituted for its counterpart in the base .

The education , age, and mental group characteristics
have probabilities ranging between 26 and 33 percent for
the delayed cohort, and 12 through 17 percent for the
non—delayed , indicating relatively little dependence on
these characteristics. The reenlistment probabilities
tend to decrease with higher educational attainment and
higher mental group standing, presumably because higher
quality enlistees expect to have better civilian job
opportunities. Those with dependents exhibit apprecia-
bly  larger reenlistment probabilities perhaps reflecting
less w i l l i ngness to accept the risks of a job search in
the civilian sector . Similarly, the higher reenlistment
probabilities for non—whites might result from their
perception of better opportunities in the Navy.
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Nnong the activity type variables , reenlistment proba-
bilities range from 18 to 48 percent for the delayed
cohort , and from 8 to 29 percent for the non—delayed ;
these va r i ab l e s  thus  account  for a greater part of the
variation than the background characteristics. Those
assigned to submarines  have the hi ghest  r e e n l i s t m e n t
rates , in d i c a t i n g  a select ion process tha t  ass igns  high-
ly mot iva ted  r e c r u i t s  to th i s  a c t i v i t y  type . On the
other  hand , enl is tees  in cons t ruc t ion  b a t t a l i o n s  e x h i b i t
the lowest r e e n l i s t m e n t  p r o b a b i l i t i e s, p r e s u m a b l y
r e f l e c t i n g  c i v i l i a n  job oppor tun i t i e s  for such individ-
uals. Note also the high reenlistment rates for the
l and—based a i r  and “OTHER” a c t i v i t y  types . In d i v i d u a l s
in these a c t i v i t y  types tend to be s tat ioned on shore ;
as a result , the absence of the hardships associated
with sea duty seems to increase reenlistment rates .

Overall , reenlistment probabilities for the school—
delayed cohort are about twice as high as for the non—
delayed . Within the two cohorts , the probabilities for
different characteristics are related in similar ways ;
for example , each of the groups has a highe r reenlist-
ment probability associated with ED<1l relative to
ED>12 . This result arises because the two cohorts ,
pooled for the probit analysis , were differentiated onl y
by the introduction of the school delay dummy variable ,
D; moreover , selectivity bias did not enter the calcula-
tion since it was found to play an unimportant role. In
contrast, the loss probabilities shown in table 12 , dif-
ferentiate between delayed arid non—delayed cohorts , and
loss probabilities tend to increase for greater educa-
tional attainment in the delayed cohort while decreasing
in the non—delayed. In that anal ysis , each of the
cohorts was analyzed separately with no assumption o~
equality of coefficients for the two cohorts; in addi-
tion , selectivity bias was found to play an important
role.

25

~Y 
-
~~ ~~~~~~~~~ ~~~~~~~

- - 
~~~~~~~~~~~~~~~~~~~ - ~~_~~~~~r~~~~~n~~~

_
’__ .j ri—

’ 
—a -

-

- ---‘ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~ W_’,~~ ~~~~ -—  -- —-

~~~~~~
_ —---

~~-- -
~~ 

—.- - ~~~~~~~~~~~~~~~~~~~ 
— -



CONCLUSIONS

The previous sections provide evidence on the basis of
which implications for Class A school admissions pol i-
cies can be formulated . In what follows , we assume that
the relationships established for the 1973 cohort of
recruits will be valid for cohorts in the present and
near future . Unless in the period 1973—1978 rather
drastic changes have taken place in the unmeasured
charac te r i s t i cs  of enl is tees  and the i r  l i v i n g  and
working condi t ions in the Navy , this  assumption is
reasonable.

The main f i ndi ngs in t h i s  report that have implications
for Class A school admissions policies are:

1. On the average , school delayed r e c r u i t s  are of
lower quality (as measured by mental group and educa-
t ional  a t t a i n m e n t)  than the non—delayed .

2. A disproport ionate f r a c t i o n  of r ec ru i t s  who are
school delayed serve the i r  f i r s t  tour of du ty  on air-
craft carriers .

3. Service time (defined as the elapsed time
between completion of the first A school and the
termination of service or the successful completion of
four years)  averages about 25 months  for  the school
delayed and 37 months  for the non—delayed .

4. The overall  r een l i s tmen t  ra te  (41 percen t )  for
school—delayed recruits is about twice as high as for
the non—delayed (21  p e r c e n t) .

5. Delayed en l i s tees  of lower q u a l i t y  tend to have
lower loss p robab i l i t i e s  compared to the i r  non—delayed
counterparts. In p a r t i c u l a r , delayed i nd iv id ua l s  in
mental  group II wi th  eleven or less years of educa t ion
and menta l  group IV w i t h  twelve or more years of educa-
tion have substantially lower loss probabilities.

6. For non—delayed r ec ru i t s , the loss p r o b a b i l i t y
rises as their quality decreases. In p a r t i c u l a r , the
non—delayed r ec ru i t s  wi th  eleven or less years of educa-
tion (about 15 percent of the cohort) have loss proba—
bilities approximately 15 percentage points higher than
the base group .

7. Reducing the time delay from about 18 months  to
12 months  increases the p robab i l i t i e s  of loss by about
13 percent .

26
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8. School delayed r e c r u i t s  whose f i r s t  tour of
duty  was a c t i v i t y  type “OTHER” ( p r i n c i p a l l y  ashore ari d
of relatively short duration) have appreciably higher
loss probabilities than those whose first tour of duty
was elsewhere .

I
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APPENDIX A

DESCRIPTION OF PROBIT ANALYSIS

Suppose for each enli s tee  the Navy incurs  costs C~ and
accrues benefits 8*. The costs include base pay,
training , various allowances , transportation , subsidies
on purchases throug h Navy exchanges , h e a l t h  care , legal
aid  and counsel ing , as well  as var ious  i nd i r ec t  costs
associated wi th  personnel management and administration .
In r e tu rn , the Navy receives b e n e f i t s  that  depend upon
the en l i s t ee’s job performance . High levels of motiva-
t ion , aptitude , education , arid skill are generall y
associated wi th  h igher  p r o d u c t i v i t y .  On the other hand ,
d i s c i p l i n a r y  and hea l t h  problems not onl y reduce produc-
t i v i t y ,  but  can also increase the costs of m a i n t a i n i n g
an en l i s t ee. A d d i t i o n a l  costs may be due to i n c a r c e r a—
tion , court m a r t i a l , or the need to recover an i nd iv id -
ua l absent w i t h o u t  leave .

If , for a given enlistee , the costs incurred , C* , exceed
the bene f i t s  8* , then , assuming the Navy to be a ra t ion-
al dec is ion— maker , the i n d i v i d u a l would be discharged .
On the other hand , when the benefits exceed costs , the
Navy would re ta in  the i n d i v i d u a l .  These two s ta tements
can be expressed mathematically. Define the quantity

= C* _B *. If costs exceed b e n e f i t s , L* > 0 , and the
enlistee should be lost; if benefits equal or exceed
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cost , L* < 0, and the i n d i v i d u a l  should be re ta ined .1

The ac tua l  measurement  of costs and b e n e f i t s  for a g iven
e n l i s tee would be an ex t remel y complex ( and  perhaps
impossible) analytical task , but they can be related ,
although imperfectl y, to the enlistee ’s attributes.
Such measurable characteristics as age , educational
level , intelligence , race , and numbers of dependents are
thought to influence both job performance and costs.
Other characteristics such as motivation , dependability,
and initiative , may not be measurable , but are thought
to be related to the measurable characteristics.

Let variables Xj, i=l , . . . , n , represent the
characteristics of an enlistee. Then , since costs and

1 Several criticisms may be leveled at the above anal-
ysis. First , the benefits of a given individual may
exhibit substantial externalities; the job performance
of person A may influence the performance of person B.
This situation mi ght be especially strong in the Navy
where teamwork is an important part of the working
environment. Similarl y ,  the costs must be viewed in
global terms ; for a disciplinary problem , the Navy must
weigh the consequences of early discharge for an indi-
vidual. vs. prosecution on the rest of its personnel.
Thus , for example , during hostilities , the Navy may
choose to vigorousl y prosecute an individual absent
without leave rather than resort to early discharge even
thoug h the costs of prosecution may far exceed the bene-
fits of retaining the individual. Such a course of
action may reduce the propensity of other personnel to
be absent without leave so that the total benefits may
exceed the costs of prosecution. While the formalism
incorporating externalities could be developed , nothing
substantive will be gained in the anal ysis by doing so.

Another criticism is that the benefits may not be
measurable in pecuniary terms . The benefit , for exam-
ple , mi ght he measured as the contribution of the
recruit to the mission of the Navy . If this were the
case , then the above analysis can proceed on the basis
of benefit—cost ratios whereby an individual is dis—
charged if the ratio falls below a certain predetermined
level and is retained if the level is exceeded.

Finally, as will be shortly demonstrated , the costs
and benefits , in practice , are not required to be
directly measurable. The only requirement for this
analysis is that benefits and costs be measurable in
principle.
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benefits depend upon these characteristics , and the
quality L* depends upon costs and benefits , it is clear
that L* can be represented as a function of these
characteristics . In particular , we assume that L* can
be expressed as a linear combination of the characteris-
tics as follows:

L* = $0 +~~9,X1 + /32X2 + ... + / 9 X — U

Equivalently:

= X/3 — u

where X is an (n+l)—d imensional row vector with X0 = 1
and $ is an (n+1 )—dimension al column vector.

The error term u results in part from the fact that
measurable characteristics are an imperfect indicator of
costs and benefits , and hence of L* . This term is
assumed to be normall y distributed with zero mean , and
incorporates unmeasured variables such as motivation ,
etc., in addition to errors in the measurement of L* .

Given the characteristics associated with each individ-
ual in a cohort , this information can be used to esti-
mate the values of the coefficients /3k, i=0 , ... ,
If the value of L* were known for each cohort member ,
then the $j values could be obtained from linear
regression analysis. We have no way to quantify L*, but
we will use retention data to infer whether L* was
greater than or less than zero. If an enlistee was
discharged , we assume that costs exceeded benefits and
L* was greater  than zero ; on the other  hand , we assumed
t h a t  f or an y i n d i v i d u a l  who was r e t a i ned , L* was at most
zero.

For each cohort member , we define the observable varia-
ble L, whose values are related to L* as follows :

L = 1 if and only if L* > 0 (a loss)
L 0 if and only if L* < 0 (a survivor )

From equation (Al ) we can infer that:

L = 1 if  and onl y if u < X
( A 2 )

L = 0  if and only if u > X

The error term , u , shown in figure A—l is normally
distributed with mean zero. Without loss of generality,
we can further assume that the standard deviation of u

________  _____  
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X/3

FIG. Al: NORMAL DISTRIBUTION WITH ZERO MEAN
AND UNIT STANDARD DEVIATION
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equals  1 s ince , otherwise, the i n e q u a l i t i e s  in (A2 ) can
be d iv ided by ~ to y ield an error term w ith u n i t stan-
dard deviation.

In figure A—i , the probability of a loss (L=1), condi-
tional upon characteristics X, is the area of the curve
to the left of X , written mathematicall y as:

rX$
Prob (L=lI X) = J du f(u)= F(X$) ( A 3 )

-

where f(u) is the normal distribution with zero mean and
unit variance defined by:

f(u) = exp(—u 2/2)/(2ir)1”2 (A4)

and F(X$) is the integral of the normal distribution of
mean zero and unit variance between —

~~~~ and X$. Simi-
larly, the probability of retention , given characteris-
tics X , is:

Prob (L= O IX) dii f(u) = l— F ( X $ )  (AS )
X$

The value of the ~~~ i=0 , ..., n , chosen are those
which maximize the likelihood of the particular distri-
bution of losses and retentions observed . The maximiza-
tion process results in a system of equations non—linear

- - in the ~3’ s. These can be solved by the Newton—Raphson
technique , details of which can be found e lsewhere [1]

The measured characteristics also include variables that
depend upon selection and screening by the Navy or on
choices made by the enlistee . These variables are func-
tions of personal characteristics . For example , A
school attendance depends upon Navy policy regarding
school elig ibility, which favors the higher mental
groups .

S im i larly, delayed entry to A school after recruit
tr a i n i ng may also be a func tion of personal chara cteri s-
tics. In a manner comparable to the analysis of loss
probabilities , a varia b le D can be def ined such tha t

D = 1 for delayed training
= 0 for non—delayed training
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This observable variable is based on an assumed underly-
ing continuous variable D* depend ing upon a recruit’s
c h a r a c t e r i s t i c s  such that

D = 1 if and only if D* > 0
= 0  if and only if D* < 0

where

D* = X~ — UD

As before , X is a row vector of characteristics , S is a
column vector of coefficients and UD is an error term
incorporating missing variables and errors in the mea-
surement of D*. Thus , the probabilities of training
delay and non—delay given characteristics X, ar e respec-
tively:

Prob (D= i X) = F(X8) (A6 )
Prob (D= 0 X) = 1—F(XS) (A7)

where F(X8) is defined in (A3), and f(u) is defined in
(A4 )

Characteristics such as A—school completion and delayed
training, which are based on selectivity factors , may
influence the probability of loss. On a priori ground s
an individual who has completed A—school might be
expected to exhibit a lower loss probability than
others , all else being equal , since his working cond i-
tions are likely to be better than those of general
detail. Similarl y, within the cohort of individuals
having completed A—school we might anticipate differen-
tial loss probabilities between delayed and non—delayed
training , other factors being held constant. Since the
individuals in the school delay group demonstrated
perseverance by surviving general detail , and were
screened on the basis of job performance , their loss
probabilities may be lower than those of enlistees with
non—delayed training, and similar personal characteris-
tics.

To account for the difference in loss probabilities
because of a selectivity factor such as training , we
define the quantity L* for the non—delayed and delayed
t r a i n i n g  cohorts , respectively,  as:

L* = X $0 _ u 0  i f D = 0  (A8)
= X$j — if D = 1 (A9)

where X is a row vec tor if personal charac ter is tics , as
defined previousl y, and $~ and /31 are column vectors
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of coe f f i c i en t s. The error terms u0 and u~ are
assumed to be d is tri buted normall y wi th mean zero and

• u n i t  standard deviations . If training delays affect
loss proba bili ties, we would expect

A probit analysis could be applied to equations (A 8 ) and
(A9) separately y iel d ing resul ts comparab le to equ at ion s
for the delayed and non—delayed training groups . How-
ever , such an approach might be inappropriate , because
the factors involved in selectivity no longer guarantee
tha t  the d i s t r ibu t ions  for u0 and u~ are normal . To
pursue the analysis further define the joint theoretical
d i s t r i b u t i o n  of u0 , u1, and U

D 
as f ( u 0,  u1, uD)

wh ich is trivariate normal with variance—covariance
matrix

1 °o~ °0D

(
~io 1 O

lD)
ODO ODi 1

In addi t ion , d e f i n e  the marg ina l  d i s t r i b u t i o n s
f ( u 0 , uD ) ,  which is b ivar ia te  normal w i th  va r i ance—
covari ance ma trix

(1 O
OD\
1\ DO

a nd f ( u j , UD ) also b i v a r i a te  normal with variance—
co variance ma trix

(1 ~‘lD\

‘\°Dl ~/‘
Then , the loss probabilities with and without training—
delay given the characteristics X and the school—delay
variable D, are , respec tively:

P
~ 

du 1 
J 

du D f ( u l , u D )
J-oo -

~~~~

Prob(L=lI X ,Dl) =

F(XV)

_ _ _ _  
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~~ -

/ 

du 0 J du D f ( u O , u D )
Xy

Prob ( L=lI X , D= O) = l — F ( X Y )
where the denominators  are def ined  in (A 6 ) and ( A 7 ) .
Fo rma l ly ,  these equat ions can be rewri tten as:

1X/31
Prob ( L=lj X ,D = l)  = J du 1g1(u 1( XV ) ( A l O )

-00

Prob ( L=lI X , D= O ) = 

f 
du 0g0 (u 0~ X V) (A l l )

where
px•y f ( u i, u D )

X V ) 
~ 

du~ (A 12)
F ( X V )

[00 f (u o , u D )
g 0 ( u 0 , X Y ) = I d u D (A 13)

j
xv l -F(XY f

Equat ions  ( A 12 )  and ( A l 3 )  are not normal d i s t r i b u t i o n s
in uj  and u0 respectively so that the usual univari—
ate probit ana lys is  cannot be applied to equations ( A l O )
ari d ( A l l ) .  However , as is shown in annex A , (AlO) and
( A l l )  can be approximated by:

Prob (L=lI X ,D=l) = F(Xf3~ + ID W1) . (AiOa)

Prob (L=iI X ,D=O) = F(X$~ — G
ODWO ) (Alla)

where

= $~ /( 1 a iD ) ( A 14)

= a . D/ ( 1 
— 

1/2 (A15)
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and

- 
f(XV)

• 0 — l—F (XY)

- 
f(XV)

- F(XY)

Se lec t iv i ty  bias can then be corrected by means of the
following two stage approach:

1. Using probit analysis , estimate the p robab i l i ty
of school delay given by Prob(D=1 ~X) in (A6) for thecohort of A school graduates as a function of background
characteristics.

2. Next apply probit analysis to the delayed and
non—delayed cohorts separately to estimate the loss
probability based on the background characteristics , the
service charac teris tics and varia bl e W1 for the
school—delayed group and W0 for the non—delayed .
These expressions are g iven by (Ab a) and (Alib).
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ANNEX A-i

A BIVARIATE PROBIT MODEL

This annex presents the derivation of the bivariate
probit model appropriate for analyz ing problems involv-
ing a dichotomous endogenous variable that depend s upon
another  dichotomous var iable  subject to selectivity .
The s tudy of loss probabilities uses this model .

Suppose continuous random var iables  Y* a nd Z~ can be
expressed in terms of exogenous variables such that:

Y~ = X~~ fl~~ 
— u n if and onl y if Z~ > 0 (A—i—la)

= X2~ ~2 
— u 2~ if and only if < 0 (A—1—lb)

and

= X3~~’ 
— U 3n (A—1—2)

where ~~~ (i=l ,2,3) represents a 1 X row vector of
bounded variables  and U ln f U 2n 1 and U 3n are assumed to
be normal ly  d istri buted error terms f or the n th obser-
vation , n=l , . . . N .  $~, $2 ’  and V are R~xl ( i= l ,
2 , 3, respectively)  colum n vectors of c o e f f i c i e n t s,
which are estimated . We further assume that
Y~ and Z~ are not direct ly observable but generate
d iscrete endogenous var ia bles Y~ a nd Z n ,  respec-
tivel y , defined by

= 1 i f f  Y~ > 0 ( A — l — 3 a )
= 0 otherwise

= 1 i f f  Z~ > 0 (A—i—3b)

= 0 otherwise

where the thresholds are taken at zero without loss of
generality . The error terms are assumed to satisfy

E ( u ~~~
) = 0

E ( u ~ n ) = 1

A- 10
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E(u. U. , ) = c . .  if n=n ’in jn ii
= 0 otherwis e

where i , j=l , 2 , 3 and i ~j. The variances are assumed
equal to unity without loss of generality, since Y~ and
Z~ can be def ined  to w it h i n  a r b i t r a r y  m u l t i p l i c a t i v e
constants .

Let f (u1,u2 ,u3) be the joint probability distribu-
t ion of the error terms an d f(u 1,u3 ), 1=1 ,2, and
f(u3) the marginal probability densities , defined by

f ( u 1, u 3 ) = fdu 2 f ( u 11u 2 , u 3 ) ( A — l — 4 a)

f ( u 2 , u 3 ) = fdui f(u1,u2,u3) (A—l—4b)

f ( u 3 ) = fau1 J d u 2 f ( u 1, u 2 , u 3 ) ( A — l — 4 c )

Th us f ( u ~~,u3 ) is a b ivar ia te  normal d i st r i b u t i o n
w i t h  covariarice a .3  and f ( u 3 ) is a un iva r i a t e  normal
func tion def ined by

1/2 2f(t) = (l/27T) exp(—t /2). (A—1—5)

From (3b) we see that for Z=1 , Z~ > 0 or equivalently
from ( 2 ) ,  u3 < X3V; thus since u3 is normal ly
distributed the probability for Z=i is given by

Prob(Z=l) = F(X3V) (A—1—6)

where by d e f i n iti on

F ( L )  = f  dtf(t) (A-i-7)

I

-

. 

-x

and f ( t )  is def ined in ( A — i — 5 ) .  S imi l a r ly ,  because the
sum of the probabil i t ies  for Z=0 and 1 must equal unity,
the probability that Z=O is

A—li
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Prob (Z=O) = 1—F(X 3V) 
= fdtf(t) (A—l—8 )

X 3v

The pro babili t ies for the occurrenc e of combinat ions of
Y=0 ,l and Z=0 ,l are given by

X1$1 X~7

Prob(Y= l ,Z=l) = 

f 

du 1 f du 3 f ( u 3, u 3 ) ( A — l — 9a)

Prob(Y=0,Z=l) = i—Prob (Y=l ,Z=l) (A—l—9b)

X282 
00

Prob (Y =l ,Z=0 )  = f du 2 ~~~~ 3 f 2 , u 3 ) (A- l — 9c)

Prob(Y=0 ,Z=0) = l—Prob(Y=l ,Z=0) (A—l—9d )

The l ikelihood func tion , V, g iv en pa r t i cu l a r  values of
Z n i  n l , . . ., N IS

N Y Z Y ( i — Z
v = Prob(Yn=lI Z~ =l) Prob(Y~=lI Z~ =O ) 

~~ •

( -A— i— 10)

( i—Y ) Z  ( l — Y  ) ( l — Z
Prob(Y~=OI Z = l) ~ n Prob(Yn=0I Z~

=O ) fl

where the conditional probability, expressed in terms of
equat ions ( A — l — 6 ) ,  (A— l- - 8 ) ,  and ( A — l — 9 a ) — ( A — l — 9 d ) ,  is
g iven by

Prob(Y
~ I Z~~) = Prob(Yn ,Zn)/Prob(Zn) ( A — i — i l )

Thus the problem reduces to choosing values of the
coefficients B1, B2 and V for which V is a max imum .
Since the likelihood function (A—i— ID) is non—linear in
these coefficients an approximation such as the
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Newton—Raphson technique must be used to find a
so lu t ion .

It  is possible , however , to approximate ( A — i — I D ) ,  allow-
ing i t  to be expressed as a univariate probit model for
which computer a lgor i thms  are readi l y a v a i l a b l e .  Con-
sider the particular term Prob(Yn=~lI Zn l). Substi-
tuting (A—l—6) and (A—l—9a) into (A—i—li ), and using the
r e l a t i onsh ip

f ( u 1~~~U 3~~) f ( u 3~~) f ( u 1~ t u 3~~) ( A — l — l 2 )

whe re , by recast ing terms , we find that

2 1/2
f ( u 1~ I u 3 ) f ( t ) / ( l — a 13 ) ( A — l — 13)

w i t h  f ( t )  de f ined  in ( A — l — 5 )  and t de f ined  by

2 1/2
U ln = (1— 

~~l3 ~ + 
a
13U 3 ,  ( A — l — 14 )

we get

* *X3~V F(X1 81 — 

~i3 U3Pr ob(Y~ =lI Z~ = l )  f du 3~~f ( u 3~~
) 

F(X~~ V)
—

~~~ ( A — l — l 5 )

The f unc t i ons  F in the integrand are defined by equation
( A — l — 7 ) .  F ( X 1~ 81* — a

13 u 3 ) can be expanded in a
Tay lor series about u 3~ = 0 and the moments of u 3~ for
the  normal func t ion  f ( u 3~~

) cons t ra ined  between —
~~~ and

X 3n can be obtained ; we can then w r i t e  equat ion (15)  as

f ( X  y )
Pr ob (Y~ =l Z = i )  = F (Xl~8~ + U 13 F ( X 3~ Y )  ( A — l — l 5 a )

+ a13 R(X1~B~~ X3 Y))

where

00 (a * ) k_ l

R ( X 1~ B~~ X 3~ V) = — 

F(X 3~ V) k=2 

i
~:t ( A — l — 16)

A—13

-- 
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Hk_i (X lflB~~
Ak(X3flV)

In the above expression , the Hk are Hermite polynomi--
als de f ined  i t e r a t i v e l y  by

Hk+l (z) 
= zHk(z) 

— H~ (z) (A—i— h a)

wi th

H0 ( z)  = 1 ( A — l — l 7 b )

and

X V

~ k~~~3n~~ 
= f 3n 

dt t
k f ( t )  ( A — i — 18)

Keeping only the first order term of a~~3 
in (A—l—l5a)

y ields:

- f(X3 V)

Prob (Y~=lI Z~ =i) = F(XinB~ 
+ 

~t3 F(Z 3~ V) 
) 

( A — i — 1 5 b )

For Z~=O , a comparable calculation yields

/ f ( X  7) \
Prob(Y~=lI Zn=O) 

= F(Xi~5~ 
— U

3 ~ ( A — l — 15c)
\ l — F ( X 3~~Y ) /

A- 14

— 
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APPENDIX B

DATA BASE CREATION

The data base used to predict retention and reenlistment
rates is a long i tud ina l  h is tory  of the Calendar  Year
1973 cohort .  Background in fo rmat ion  was ex t rac ted  from
the SCAT data tape created by AFEES for each non—prior
service USN r ec ru i t  en te r ing  the Navy in CY 1973. This
i n f o r m a t i o n  was merged with extracts of the June and
December Enl is ted Master Records (EMR) from 1973 to
1977. Loss data was incorporated from MARDAC and BUPERS
loss tapes and schooling in fo rma t ion  was gathered from
the NPRDC ( Naval Personnel Research and Development
Center)  tapes. Finall y,  information from the Navy
change tape for the first four months of 1978 was added
to ensure i d e n t i f i c a t i o n  of non—broken service r e e n l i s t —
merits . The resu l t ing  data  base is a complete longitud i-
nal history for the CY 1973 cohort .

The sample used in the analysis inc ludes  al l  non—prior
service USN male r ec ru i t s  who entered in CY 1973 and
completed at least one Class A school. Men who
attended , but did not complete A school are excluded
from the sample. A school—delayed person is defined as
one who returned from a non—training activity to attend
and complete h is  f i r s t  A school. The date received in to
the first regular tour of duty is compared with the
starting date of the first A school completed ; if the
date received precedes the s t a r t i n g  date , the ma n is
c l a s s i f i ed  as a school—delay .  As an a d d i t i o n a l
p re requ is i t e , a school—delay is d e f i n e d  as such onl y i f
h e does n ot hav e a special program code that guarantees
schooling as a condition of enlistment. This eliminates
in d i v i d u a l s  who attended class A school immediately
fol lowin g rec ru i t  t r a i n i n g  camp, f a i led to g r adua te ,
entered a non—training activity , and then returned to
complete an A school.

The EMR extract and the NPRDC tape both prov ide school
history data , although the NPRDC is more comprehensive .
These data sources were compared to ensure consistency.
Where obviou s errors exis ted in one source , reasonable
es tima tes were develope d base d on the al terna ti ve
source . For example , many of the A school starting
dates taken from the NPRDC tape were totally unreasona-
ble. A technique was therefore developed to calculate
average time in school for each rating . The appropriate
avera ge time was then su btrac ted from the A sc hoo l
completion date ( taken from e i ther  the NPRDC or EMR
extract tapes) to obtain an estimate of A school start—
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ing date . This e s t ima t ion  technique  was also employed
when an i n d i v i d u a l  had an EMR school h i s t o r y ,  bu t  no
m a t c h i n g  NPRDC school h is tory  could be found . ( EMR s do
not record when an enuistee entered A school. When the
comple t i on  dates of A school were d i s c r e p a n t  bu t  a l l
other data matched and both dates appeared reasonable ,
the ear l ier  of the two completion dates was chosen .
This conservative approach biased the size of the schoo l

• de lay  sample downward .

The s t a r t i n g  date  of the f i r s t  regula r  tour of duty was
determined by scanning the record of each man , starting
with the onboard activity of the earliest EMR. If the
activity type indicated a training activity, the scan
was cont inued u n t il  the next EMR. This process con-
tinued until a non—training duty was obtained or the
individual was lost (no more EMRs exist) . The account-
ing category code was used to eliminate individuals
whose only  n o n — L r a i n i n g  a c t i v i t y  was not a regula r  tour
of d u t y ;  for example , some rec ru i ts  were con f i n ed f or
medical  or d i s c i p l i n a r y  reasons . When the f i r s t  tour of
du ty  had been located , the s t a r t i ng  date  of the tour was
easi l y accessed from the EMR e x t r a c t .

The d e f i n i t i o n  of the a c t i v i t y  types spec i f i ed  in table
2 can be found in reference  [2 1
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