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DEPARTMENT OF THE ARMY
US A R M Y  CONCEPTS ANALYSIS AGENCY

REPtY TO 

BETHEWA MARY LAN D 20014

ATT ENT ION OF~

8 Au gus t 1977
MOCA-MRR

SUBJECT: Cost Effectiveness Analysis of Bonuses and Reenlistment
P o l i c i e s

Ass istant Secretary of the Army
(Manpower and Reserve Af fa i rs)
Washington , DC 20310

1. Reference: Letter , Offi ce of the Assis tant  Secre ta ry of the Army ,
dated 13 Oct 76 , subject as above .

2 . In accordance with the re ference d di rec ti ve le tter , the US Army Concepts
Analysis Agency (CM) has conducted a study and related system design effort
to assist in eva l uating the potential costs and effectiveness of alternative
reenlistment bonuses and policies . This work has resulted in a quanti tative
methodology for application in management of enlisted personnel . The
at tached study re port presents th e met hodolo gy, detailed system design
specifications and additional information necessary for full implementation .
Th i s report also p rovi des ins ig hts and obs ervat i ons on the reenlistme nt
behavi or of FY 71 accessions and discusses alternative s to high bonus
payments.

3. A substantial portion of the CEABRE P methodology has been embodied and
tested in a set of computer-based programs resulting in i mmediate benefits
to personnel managers .

a. The MOS-unique continuation rates developed for the CEABREP system
have been provided to MILPERCEN; these rates will imp rove the accuracy
of force projections at the MOS/Grade/Years of Service level of detail.

b . The methodology for estimating the reenlistment behavior of fi rst-
term soldiers based on a multi —d i mensional demographic view provides an
i mmedia te and solid approach for improving personnel forecasts , focusing
personnel pol i c i es , an d estimating the effects of personnel polic ies .
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MOCA-MRR
SUBJECT: Cost Effectiveness Analysis of Bonuses and Reenlistment

Policies

4. Pending the availabil i ty of data required for full operation , the
CEABREP System will provide the Army with a versatile analytical tool to
assess present and future retention programs . This development offers a
substantive opportunity to improve the Army ’s capability to analyze and
direct i ncentive programs for enlisted manpower manageme nt.
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DEPARTMENT OF THE ARMY
OFFICE OF THE ASSISTANT SECRETARY

WASHINGTON. D.C. 20310 

1 3 OCT 1976

SUBJECT: Cost Effectiveness Analysis of Bonuses and Reenlistment
Policies Study

THRU: Director of the At~ t a f f ~4i€~~ ~De par tmen~~..D.&11~~ Army ‘ OCT 1916
IJajb.i.st~gf~n , D.C. 20310

Deputy Chief of Staff for 2p~
.
~
at io

~s/
and Plans oc~r I~,c
Depar tmen t 0 rmy
Was n , D.C. 20310

TO: Commande r
US Army Concep ts Analys is Agency
8120 Wo odmont Avenue
Bethesda , Mary land 20014

1. Purpose: This Category 1 (Manpower and Personnel) stud y w ill be
perf ormed to develop an automated system that will enable managers to
assess the potential costs and effectiveness of bonuses and bonus
policies as management tools to attract and retain enlisted personnel.
This tasking directive supersedes reference 2a below.

2. Ref erences:

a. Let ter , Off ice of the Assistant Secretary of the Army, dated
23 Apr 76 , subject: Bonus Management Study.

b. Program Objective Memorandum FY 77-81.

c. Personnel Inventory Analysis/Years of Service/Objective Force
Mode l (PLA/YOS /OFM) System Documentation .

d. Concepts Analys is Agency Study Report CAA-SR-74-19 , Vol 1 ,
“The Enlis tment Bonus.”

e. General Research Corporation Study Report , “The Effect of tht.
Combat Army Enli stment Bonuses on Army High School Graduate Accessions ,”
Feb 76.
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SUBJECT : Cost Effectiveness Analysis of Bonuses and Reenlistment
Policies Stud y

3. Stu4y Spon~p:~~ Office of the Assistant Secretary of the Army (M&RA).

4 . Study A~ençy~ US Army Concepts Analysis Agency (USACAA).

5. Terms of Reference :

a. Background. The Army has historically used bonuses to attract
enlisted personnel in military occupational specialties (!iJS) that ar~:
perceived by the potential enlistee to be hazardous or unattractive .
Bonuses have also been used to retain enlisted personnel who have
developed Army skills that are closel y correlated with better paid
civilian jobs. Because of funding constraints and continuing Congress ~~~~~~~
challenge , i t  is vital that the Army use bonus dollars in the most
effective manner and be able to present a sound and comprehensive case
to demonstrate that effectiveness . This Category 1 cost effectiveness
stud y will provide insights on bonus management as well as bonus
e~ffectiveness .

b . Problem. Enlistment bonuses , when expanded to include ~11~S other
than Combat Arms and used in conjunction with the reenlistment bonus ,
present the Army with an increased capability to influence accessions
and retentions. To manage the bonus program effectivel y, the Army ne - ~
the capability to predict the results of bc’nus and policy decisions or
reenlistment by MOS and the ability to evaluate the cost effectiveness o~
potential courses of action designed to alleviate projected shortfalls .

c. ~j~jectives.

(1) To develop and transfer to the US Army Military Personnel
Center (MILPERCEN) an automated system that will: (a) predict the
effects of the selective reenlistment bonus (SRB) and reenlistment poi c
decisions on reenlistment rates for individual MOS. (b) permit A m y
personnel managers to estimate the cost and assess the effectiveness
over time of bonus programs or policies desi gned to alleviate MO S s h o r t t - -i~~is .

(2) To exp lore alternative s to high selective reenlistment
bonus payments such as restoration of the CONUS to CONUS station— .’f-

choicc reenlistment option.

d. Scope. The stud y will encompass t h e  £ o l I ~ w i n ~- areas:

(I) Bonuses offered to induce reenlistments.

(2) The potentia l effects of the enlistment bonus on reen hi~-L:I e nL -

(3) P’ssible alternatives to hi gh SRB I I I V C 1 s .

(4) MOS-un ique continuation rates.

Vi
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SUBJECT : Cost Effectiveness Analysis of Bonuses and Reenlistment
Policies Stud y

e. Limits.

(1) This stud y will be limited to analysis of those MOS
authorized a bonus and a representative set of plausible bonus policies
as determined by the sponsor. Sensitivity testing will be performe d
on the assumptions and key parameters.

(2) Models to be developed will be operational on the CA.A
computer and CAA will provide system documentation and assistance to
aid in transferring those models to MILPERCEN .

(3) Analysis of SRB elasticities will be confined to Zone A
bonuses .

f . Time Frame. 1976/1977.

g. Assumptiops. See Inciosure 1.

h. Essential Elements of Analysis.

(1) Wha t are the factors influencing reenlistment ? Can r~ Ls
influence be quantified?

(2) Does the enlistment bonus , when used in conjunction with
SRB , become a lower cost method of providing fill to an MOS? If so ,
what SRB level?

(3) Are there other cost alternative s that could be used in
lieu of or in conjunction with the SRB to provide fill to MOS?

i. Models.

(1) PIA/YOS /OFN (see reference c).

(2) Automatic interaction Detector (AID).

(3) Others to be developed .

6. Support and Resource Requirements.

a . ODCSP J~ will provide MOS and personnel informa t ion as requested
by the stud y agenc .

b . OCOA will provide militar y personnel cost data as reques ted b
the stud y agency.

c. MILPERC IN will provide computer support an d a i~~C for model
transfer as requested by the study agency .

3 ~ii
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SUBJECT : Cost Effectiveness Analysis of Bonuses and Reenlistment
Policies Stud y

7. Administration.

a. Study Title. Cost effectiveness Anal ysis of Bonuses &
Reenlistment Policies .

b. Study Director. MAJ C. M. Anderson , Methodology and Resources
Directorate , USACAA , 295-0390.

c. Study Schedule. See inclosure 2.

(1) IPR/SAG 23 Nov 76 , 15 Feb 77 , 3 May 77.

L 

(2) Delivery of final report - 8 Jul 77 .

d. Control Procedures. The stud y will be guided by a Stud y Advi s my
Group (SAG) in accordance with the provisions of Chapter 3 , para 3-4
AR 5-5. The SAG chairman will be appointed by the OASA(M&EA); SAG
members will be appointed by the SAG chairman as required.

e. Action Documents.

(1) The automated system will be full y documented and pr ograr
to run on computers available at MILPERCEN .

(2) A final report on the stud y will be prepared.

f. Coordination. This tasking document has been coordinated wim
CAA LAW AR 10-38.
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ASSUMPTIONS

1. The demographic characteristics of accessions to an MOS will not
change unless the level of the enlistment bonus is changed.

2. If one MOS is added to the list of MOS authorized an enlistment
bonus and if the added MOS is similar to MOS previousl y authorized
an enlistment bonus , there will be no net change in the total
number of bonus recipients.

3. At a given SRB level , the average SRB payment to a reerilistee is —
independen t of MOS.

4. Continuation rates after the 4th year of service are independent
of initial enlistment obligations.

5. The values of exogenous random variables such as unemp loyment
rates that impact on the system will remain relative ly stabl e.

6. The Objective Force Model will provide the desired MOS populations
by grade and years of serv ice by which to gauge MOS shortfall.

7. A peacetime environment will continue .
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SUMMARY

1. BACKGROUND. Technol ogical advances in Army materiel have en-
couraged the substi tution of capital for labor; however , the Army
remains a labor intensive force wi th personne l cost constituting
the single greatest expenditure wi thin the Army budget. The
trained soldier , therefo re , is both the Army ’ s princ ipal “combat
system ” and its major expense . As such , the tra ined soldier rep-
resents a val uab le asset involving considerable investment in re-
sources and special i zed capabilities justifying intensive and dy-
namic program s desi gned to improve personnel retention.

a. An illustrative program is the reenlistment bonus. The
reenl i stment bonus is designed specifically to increase the reen-
lis tment rates of soldiers who are in military occupat ional speci-
alties (MOS) that are understrength because of low retention; low
retention may be due to the perceived hazardous nature of the MOS
or the perception that the Army is not competi tive wi th the wages
provided by the private sector. Limited options exist to change
the hazar dous real iti es of cer tain MOS; however , the reenl i stment
bonus i s a potential ly powerful mana gement tool that can be use d
to co m pensate for t he hazar d or to offse t the perce pt i on o f l ow
wages.

b. Because bonuses can be expensive and some soldiers may be
mo ti vate d to reenl i st for ot her than f i nanc i al cons id era ti ons , a
con tinuing effort must be pl aced on using the bonus effectivel y
and on using incentives which may serve as less expensive but
equally effective incentives or surrogates for the bonus. The
manner in which to focus bonus program s can be identified by ob-
serving the pattern of reenl i stment behavior exhibited by the en-
listed force. This behavi or is sharply divided between two
groups: the first-term soldiers and the career soldiers. First-
term soldiers are individual s who are serv i ng their initial en-
listment , and career sol di ers are those who h ave reenl i sted a t
least once. The reenlistment rate of career soldiers is both
higher (nearly double) and more stable than the reenlistment r~1t ,~
of first-term soldiers. It is the transition of first—te rm sol-
di er to career sol di er , or the first reenl i stment , which consti-
tutes the cr iti cal focal point for the reenlistment bonus or cost
effective alternatives to that bonus. Al though the generc~ low
reenlistment rate of the first—te rm forc e is wel l known , tb

reasons for it are subtl e and com plex . ‘~~‘ a use of the ~i ’ 1 n i f i -
cance and compl exity assoc iated with anal yzing and controlling
first-term retention , peopl e who m .3nage tht t’~r ’ i1 V S bonus progra m
(bonus manager s) recoqn ized t b  n eed for a F S t I ~~0i to assist in
integrating the formulation . anal ~5 l S  ana l à S S b S, i C ’It it pu l ic l , a.;
desi gned to infl uence rete n tior i t  tb t ’  f i r s t  t , ’y ’ ~: ‘ r , + - ~

-~~~~~~~ -~~~~- — -  - - - - -  a.
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2. PURPOSE AND SCOPE. The Cost Effectiveness Analysis of Bonuses
and Reenlistment Policies (CEABREP ) Study was initiated at the
direction of the Deputy Assistant Secretary of the Army for Man-
power an d Reserve Af fa i rs  [DASA , (M&RA)]. T he pur pose of th i s
stu dy was to develo p an au tomate d system t hat wou l d ass i st bonus
managers in assessing the costs and effectiveness of reenlistment
bonuses and bonus policies. Closely related to this purpose was
an objective to explore alternative s to the reenlistment bonus.

C Because the reenlistment behavior of the first-term force is the
cr itical focal point for application of the reenlistment bonus ,
the emphasis of this study was on the first term soldier: how to
assess his retention behavior more precisely; how to Improve it
through incentive programs .

3. APPROA CH AND IMPACT. The bonus manager , in order to influence
the retention of the first—term soldier , must have specific infor-
mat i on to focus , formulate , an d evaluate his programs . This in-
forma ti on is developed from the components of the analytical envi-
ronment in which the bonus manager operates. Effect ive management
wi th in this environment , depicted in Figure 1, consists of quanti-
ta ti ve assessmen ts of :

• Force projections

• Reenl istment behavior

• Al ternativ es to the reenlistment bonus

• Cost

The components of the b onus management env i ronment forme d t he
framework for the approach to this study and the nucleus of the
automated system that was designed to ass is t  the bonus managers.
The following discussions sun~iiar ize how these components were ad-
dressed within the study report and integrated into the automated
system design.

x i i
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Year of Service

Force MOS
Pro,j~~~~01, /

/ I ( Reenlistment’-
\

.~~~ Behav ior
- •

Cos t

Bonus
Al ternat.F ves

Figure 1. Bonus Managem ent Environment

a. Force Projection. The A rmy uses a computer-based simula-
tion mo del to estima te the future personnel composit ion of the
force. This model , the Personnel Inventory/Year of Service (PIA/
YOS ) Mo del , projects the current enlisted force from one to four
years into the future . These projections are used throughout the
manpower manag ement conuilunity and , in particular , by bonus man-
agers to identify which MOS are , an d/or will be , understren gth and
to quantify the shortfalls. The PIA/YOS Model , therefore , p ro-
vides the basis for p lanning, programing, and a llocating r~ s~ ur~ e~
within the bonus program. As input , the PIA YOS Model requi res
continuation rates , i.e ., data specify ing the li kelihood that sol-
diers in the current force will remain in service for at least one
more year. in tne past , the complexities of personnel cha r -~esfrom one MOS to another and the addi ti on or delet i on of ~a.~S ha vepr ecluCed the develop m ent of cont inu at ion rates for each “ S  level
ano , consequently, aggregratea rates DaSed on total Army (all &S)
statistics have been used. A si gnificant irr~rovement developed
for and incorp orate d into the CEPO [IREP system design was a metho-
dology to compute MUS -uni que contin u ation rates. Th is ~etn Cl olo gy

~i ii
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led to an operational algorithm which has been i ntegrated into the
PIA /YOS Model ; as a consequence , MOS projections provided by the
PIA /YOS Model are based on the aggregated historical conti nuation
pattern of each MOS and not on the historical performance of the
A rmy. These MOS projections, accordingly, provide a more informa -~t ive basis upon which to shape and foc us the bonu s program.

b. Estimates of First—Term Reenlistment Potential. Reenlist-
ment behavior expressed in terms of aggregated monthly reenlist-
ment rates provides information useful in estimating total force
levels under current pol ic ies and bonus levels. However, because
the se rates reflect the total pattern of all soldiers and all MOS ,
aggregated rates cannot be used to estimate the effect of pol icies
designed to change reenlistment behavior for specif ic groups of
sol diers.

(1) To provide the capability of estimating the effects of
bonus policies on first term retention , a methodology for taking a
multidimensional view of reenl istment behavior was developed.
This development was supported by analysis of demographic charac-
ter i stics of soldiers who entered the service in FY 71; this
analys is defined 32 subpopulations which exhibited reasonably ho-
mogeneous reenlistment behavior. These subpopulatlons were de-
fined by four variables : race , educat ion , pay grade , and number of
dependents (see Table 1).

Tab le 1. Classes within Variables used to Define Subpopulations

,, ‘ i a b l e  Classe s  W thin V a r ia b h

B idsk
Race -o i lte  and other

- E 1- E3Pay (,rade
£4 and above

hone
‘~- .a ’ L a , ’ a ’ ~f ‘ - a,~.~C r) ~ e ra do

or q, a ,  p

C’ C C C, J t F
Hioh sa tool d ipl~~’ - v ‘ a ’ ’ - a ~~ d a ’

dUD t s ’ school o’a ’ S a m j  C.

- - - ~1 i  ecf’ a — I  a t - CC
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.~~~~~~~~~~~~~~~~~~~~ - ‘



CAA -SR - 77- l 0

(2 ) Figure 2 identifies the subpopulat ions which have the
highest and lowest reenl istment responses wi thin the Black and
White subpopulatio ns. Figure 2 al so Indicate s a trend observed in
the FY 71 data where the subpopulations wi thin race general ly ex-
hibi ted paral l el responses. For exampl e, the General Educa ti on
Devel opment (GED) high school graduates , wi th dependents and in
grade £4 and above had the highest observed reenl i stments rates in
both the Bl ack and White raci. ” ca tegories; those wi th more than a
h i gh school educat i on , wi thout dependents and in grades E1-E3 had
the l owest reenl istment rates. The general ly higher reenlistment
rates demonstrated by Bl ack subpopulat lons does not obviate the
fact that certain White subpopulations (e.g., GED high school ,
wi th dependents , £4 an d above ) reenl i st at hi g her rates than cer-
tain Bl ack subpopu lations (e.g. , more than high school , no depen -
dents , E1-E3 ) . Exam ination of the reenlistment rates demonstrated
by the subpopulations prov i des useful insights on past reenlist-
ment behavior and provides a templ ate wi th which to estimate the
reenl istment behavior of the current force. Quanti fied estimates
of the reenl istment rates by SRB level for the 32 subpopu lations
of the FY 71 enl i stees , are included in Chapter 4.

c. Bonus Al ternatives. Because the reenl i stment behavior of
f i rst term sol d iers varies from one s ubp o pu l ation to ano the r an d
because funding constraints may limit the size or quanti ty of bo-
nuses , alternatives to high bonuses are required to provide the
manager with increased fl exibility . Two cost effective al terna-
tives to the reenl i stment bonus are anal yzed wi thin this report.
These alternatives are: induced reclassification and the CONUS—
to-CONUS station of choice option.

(1) Induced Recla ssification. Induced reclassification is
an option which offers a minimum bonus payment to soldiers in sur-
p lus MOS who vo l un tar il y reclass ify into shortage MOS. This bonus
payment is offered in lieu of increasing the bonus leve l for sol-
diers al ready serv i ng in the shortao’~ MOS. In duced rec lass i f ica-
tion is designed to redirec t the reell istment potential ex ist ing
in sur plus MOS into shortage MOS. Analysi s of this alternative
shows this to be a cost effective mechanism for personnel manage-
men t.

C v
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(2) çoNus-to-coNus Station of Choic e. This opticr , cur-
rently not oT~ered , T d  ri~d~fo ~~~~ soldiers whd are not
highl y motivated by monetary i nducements but who may have strong
geographical preferences. The option eliminates a relatively high
bonus payment an d i ncurs , instead , a l ower cost for a permanent
change of s ta ti on (PCS ) move .

d. Cost. In evaluating bonus and policy alternatives , the
bonus manager must know the cost of the options available to him;
this is required not only to assess the cost effectiveness of
policies but also to develop a budget. The CEABREP methodo’ogy
provides the capability to compute rapidly cost differenti als be-
tween al terna ti ves.

e. CEABRE P Sy~tem. The automat’~d system design resultin g from
this study meets the fundamental r2quirements for managing a bo-
nus p rog ram. In F i gure 3, the system design is presented. The
system begins with current policies (base case). Refined input
data , in the torm of r”(JS-uni que conti nuation rates , are used to
increase the accuracy of force projections provided by the PIA ,’YOS
Model. The force projection i’ s then evaluated in terms of MOS
fill and program costs. If the projected f orce does not satisfy
personnel or fundi ng constra ints , kniwn information on the his-
torical effects of prior bonus level and policy change s can be
used to formulate ne~ alternatives. These new alte rr’atives ~~ultin changes to the projected force and the process is contin~eduntil personnel and cost constraints are ‘~et. 1nc~rpo !-ation of
this complex methodology into a sing le automated system would pro-
vide the bonus manage r w~th the Lo p ab ility to ide ntC fy short]~eMOS within a ~- r -ojected force; to assess the cost and effect of
alternatives desi gned to reciu t - tne shortaqe ; and to compare these
alternatives to determi ne their cost e t t’ a.t’i veness .

-C 1 ‘I
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4. DATA. The CEABRE P system requires a supporting data base con-
sisting of five contiguous years of demographic data on soldiers
entering the service. This quantity of data is required to rnea-
sure continuation and reenlistment behavior of soldiers wi th var i -~ous years of service. This data base could not be developed from
existing sources because the required historical personnel files
are retained currently by M ILPERCEN fo r  onl y three years .  Accord-
I ngly, the CEABREP system desi gn presented within this report
coul d not be fully val i dated with actual data.

5. ESSENTIA L ELEMENTS OF ANALYSIS. The EEA specified in the
tasking directive are discussed below .

a. What are the factors influencing reenlistment? Can this
influence be quantified?

(1) S i nce onl y the data on FY 71 enlistees were available to
th is study , the quantitative answer is lim i ted to that group. In
spite of the data limi tations; howeve r, it can be affirme d that
reenlistment-influencing factors can be identified and quantif ied.

(2) The most important factors influencing the reenlist ment
oehav ior of FY 71 accessions were race , cclucation , pay grade , and
the number of dependents. Estimating relationships were derived
to predict reenlistment as a function of these variables and the
SRB. These estimat ing relationships are presented in Chapter 4.

b. Does the enl istment bonus , when used in conjunction with
the SRB, become a l ower cost method of provid in g fill to an MOS?
If so, what SRB level? Th is EEA could not be addressed during the
study because of data limi tations di scussed in Chapters 1 anu 2.
Onl y the FY 71 cohort file was available and the enlistment bonus
was not offered in FY 71.

c. Are there other cost alternatives that ccu ld be used in
lieu of or in conjunction with the SRB to provide fill to MOS?
Yes. Specific examples includë F~storation of the CONUS-to—CO~US
station of choice reenlistment option and induced reclassification
whereby soldiers in surplus MOS are encouraged to reenlist for
shortage i’lUS. These altern atives were show n to be cost effectiv c
at t he MOS level, but were not recommended as general reenlistment
inducements.

o. OBSE RVATI ONS. The major observations res u lting from tni s
study of the reenlist ment process are as follo ws:

a. Reenlistment factors can be dftv eloped and qu~intified using
historical ree r llis t it ot data. These factors can he used to provide

x i ”
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a comprehensive view of reenl i stment behavior. Observations ~cle-vant to three- and four-year enl i stees of the FY 71 cohort are :

(1) The most significant variables as predictors of reen-
listment behavior for FY 71 accessions were : race , education , pay
grade and the number of dependents.

(2) The best single discriminator of reenl i stment behavior
is race. The Bl ack racial group reenl i sted at a rate approxi- a

mately double the rate of Whites and Others at all SRB l evels.

(3) Wi thin the education category , GED high school graduates
exh ibited the highest reenl i stment rate and those with some educa-
tion beyond high school demonstrated the l owest propensity to re-
enl i st. At the SRB 1 lev el, high school di pl oma graduates reen-
listed at a slightl y higher rate than non-high school graduates;
however , hi gh school dipl oma graduates were infl uenced by in-
creased bonus level s to a greater extent than non-high school
graduates.

(4) Soldiers in pay grades E-4 and above consistentl y dis-
pl ayed higher reenl istment rate s than individual s in pay grades
E1-E3 . Those in pay grades E1-E3 had low reenl i stment rates at
the SRB 1 level compared to soldiers in grade E4 and above , and
littl e improvement was noted as the bonus level increased.

( 5 )  At the SRB 1 level , the dif ference in the responses of
soldiers wi th dependents and those wi thout dependents was not sig-
nificant. As the bonus level was increased , individual s wi th de-
pendents exhibited higher reenlistment propensities than those
wi thout dependents.

(6 )  The general trends in reenlistment which emerge when
viewing the four retention factors (race , education , pay grade ,
number of dependents) both in concert and in isolation reinforce
the need to view the attributes of the soldier in more than one
dimension. The multidimensional view penni ts improved estimates
of the kind of soldier the Ar-my wi ll attract wi th an incentive
policy and where , if possible , to focus that policy .

b. Force projections at the M~S grade/year of service leve l ~ 4

detail can be improved us ing MOS—unique continuat ion rate s devel - -(
ope-~ for the CEABqEP system . - -

c. There are Lost effectiv e alter da tives to ni gh SRB lc’t els.
These aitern atives can provide fl exibility to rnana~ers and ~ppe ,fl
tu a wider s~ea trum of potential reenl i stees. Such altnrnat ,ves
should be used to al 1 eviate imbalances in MOS and should n~~t De
used as general reen listi ent induce nents.

xx
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d. Implementation of the CEA BREP system would provide the po-
tential for improved mana gement of the incentives program through
the use of automation. The system would provide the capability of
analyzing reenlistment in terms of policies , monetary i ncentives ,
and exogenous influences which cumulativel y constitute the reen-
listment environment.

(1) The data base to support the LEABRE P system design does
not currently exist. Imple m entation of the CEABREP system would
require that MILPER CEN collect demographic data on accession co-
horts , institute data quality assurance procedures , and cr~ i nta in
data spanning at least f ive years.

(2) The data base acquired to support the CEABREP system
would provide a source of data to support other Category 1 Man-
power/Per sonnel studies dealing with the demographic characteris-
t ics of Army enl isted personnel.
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Cost Effectiveness Anal ysis of Bonuses and Reenlistment Policies
Study (CEABREP)

CHAPTER 1
INTRODUCTION

1-1. BACKGROUND. The Ar my has placed increasing emphasis on in-
troducing more sophisticated and effective equi pment into its in-
ventory to improve the combat capability of the force and to re-
duce the number of military personnel needed to operate and main-
tain that equipment. Despite these efforts , the Army remains a
labor-in tensive force and must compete with the private Sector for
its manpower. In testimo ny on 2 March 1977 before the US Senate
Armed Services Commi ttee’ s Su bcomm i t tee on Man power an d Personne l
regar di ng a s tudy perf orme d for that su bcomm it tee , Dr . W i ll i am R.
King stated that , “ . . .the ‘ total force ’ of ac ti ve forces an d re-
serves w ill need to recruit 1 of every 2 qualified and available
male youths in the mid to late 1980’s . ” In rega rd to recommenda-
tions made by the Gates Commission * on the all volunteer force ,
Dr. King further stated , “. . .the recommended programs of capital
substitution for labor , civilia n izat ion , and reen li stme nt ra te
imp rovemen t, which would reduce the demand for young qualified
males , have not been aggressively pursued by DOD.” If the Army is
to compete successfully for its man power , then it must have the
capability to assess the effects of external and internal factors
whic h influence enlistments and reenlistments and be prepared to
use these assessments to sharpen accession and retention programs .

a. Histor ically, the Army has used bonuses to attract and re-
tain enlisted personnel in military occupational specia lties (MOS)
tha t are perceive d to be hazar dous or una ttract i ve. Bonuses ha ve
also been used to retain enlisted personnel who have developed
Army sk i l ls  that are closely related to better paid c iv i l i an  jo bs.
Bonuses are paid directly to the service member and may be shifted
rapidly between MOS as MOS shortages occur. The bonus program
has , therefore , great f lex ib i l i ty  and incentive potential .  Be-
cause of tigh tening defense budgets; however , the A rmy must use
its bonus dollars in the most efficient and effective manner that
will assure the highest number of enlistments ireenl istm ents at the
lowest cost.  The A rmy must also be able to present a sound and
measurable case to demonstrate that e f fec t iveness.

*~J 5  President ’ s Commission on an All-Volunteer A rmed Force.
Report., Washington , U.S. ~ovt. Prin ting O fti Le , 19/ u.
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b. In 1974 , the US Army Concepts Analysis Agency (CAA ) per-
forme d a personnel study to determi ne the cost ef fect iveness of
bonuses . * This study demonstrated that the enlistment bonus was a
cost effective management tool . Because of data limi tations , how-
ever , the study did not include an analysis of the reenlistment
bonus. Following efforts by the Army to assemble a data base
which would support analysis of the reenlistment bonus , the Cost
Effec tiveness Analysis of Bonuses and Reenlistment Policies
(CEABREP ) Study was init iated in 1976 by direction of the Assis-
tan t Secre tary of t he Army for Ma np ower an d Reserve A ffa i rs.
Analysis concerning the reenlistment bonus was needed to measure
the effect i veness of current reenlistment incentive programs and
to determi ne if alternative incentives could be used to meet man-
power objectives at a l ower cost.

1—2. PURPOSE. The US Army Concepts An alysis Agency was tasked to
conduct a category 1 (Manpower and Personnel ) study to develop an
automa ted system that will enable managers to assess the potential
costs an d effectiveness of alternati ve bonus levels and bonus
policies as management tools to attract and retain personnel.
This purpose recognizes that all programs and policies designed to
increase accessions and /or retention through incentives (both
monetary and nonmonetary ) must be integrated into an overal l  i n-
cent ives management process. Accordingly, the automa ted system
discussed in this report was designed to project the effects of
various incentive policies and to provide a basis for comparing
i ncentive pol i c i es. T hese com par i sons w i ll pr ovi de personnel man-
agers quantitative rationale by which to select the incentive pol-
icy providing the hi ghest probable retention at the lowest cost.

1-3. SCOPE. Because of data limitati ons , the scope of this study
was modi fled fr-oti the on gi nal tasking direct ive to exclude items
of ana l 1sis which could not be supported by existing Army person-
nel data. These excluded i tems are highlighted within thi s report
and the rationale for their deletion is presented in detail in
paragraph 1-8, and in Chapter 2.

a. thi s study report encompasses the following i tems of anal y-
Si s:

*CAA Report SR — 74 -1~ , “Cost E f fec t iveness  A nd lys is  of Enlist -
ment / Reen list ment Bon~ ,es ,” 15 Nov 74 , ONO LASS IFIED.

1-2
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(1) Bonuses offered to I nduce reenlistments.

(2) ReenlIstment I ncentives as alternatives to high selec-
tive reenlistment bonuses (SRB).

(3) Force projection accuracy.

b. The following i tems were excluded from analysis because of
data limi tations:

(1) The potential effects of the enlistment bonus on reen-
listments .

(2) The effects of external factors such as unemployment on
reenlistment.

1—4. ESSENTIAL ELEMENTS OF ANALYSIS (EEA). The EEA pertaining to
this study are listed below . As explained in paragraph 1-8 and
Chapter 2, data was not available for enlistment bonus recipients.
The lack of this data precluded analysis of the second LEA.

a. What are the factors influencing reenlistment? Can this
influence be quantified?

b. Does the enlistment bonus , when used in conjunction ~ii thSRB , become a l ower cost method of providi ng fill to an MOS? If
so, what SRB l evel?

c. Are there other cost alternative s that could be used in
lieu of or in conjunction with the SRB to provide fill to an MOS?

1-5. APPROACH. An overview of the approach used for designing an
automated system to assist in management of the A rmy Bonus Program
is shown in Figure 1—1. This approach consisted of identifying
the information or tool s that the bonus manager requires for di-
recting and assessing an incentives program and establishing the
tasks necessary to meet the requirements. (See Figure 1-1.) The
tasks formed the basis for the study effort and provided focus for
designing an automated system to assist the bonus manager. The
following paragraphs , keyed to the requirements shown in Figure
1-1 , provide supporting rationale for the study approach.

1— 3 
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a. Force Projec tions. Bonus management requires accurate and
periodic identification of personnel shortfall by MOS. Because
this requirement is fundamenta l , focus was directed toward improv-
ing the Army ’s capability to develop force projections that were
accurate at the MOS level. The current method of calculating force
projection s is based on an aggregated continuation rate that is
used for all MOS. (A continuation rate is a probability that a
soldier will remain in service one more year.) By developing
separate continuation rates for each MOS, improved force pnojec—
tions would result , reveal ing those MOS requiring the attention of
the bonus manager. Improved force projections were obtained by
modi fying the i nput to an existing Army personnel simulation
model.* Modifica tion of an existing model minimized the cost to
the Army and avoid ed duplication of current capabilities.

b. Policy Effects. The reenlistment incentive policies con-
sidered in this study were :

(1) The Selective Reenlistment Bonus (SRB): The SRB is cur—
rently used to increase the number of reenlistnients in designated
cri t ical  MOS that are characte rized by retention levels insuffi-
cient to adequately man the force. Two zones of eligibility exist
for the SRB :

(a) Zone A: Reenlistments which occur between 21 months
and six years of act ive servic e.

(o) Zone B: Reenlistments which occur between six years
an d ten years of active service.

The amount of the SRB (zones A and B) is computed as f o l l ows :

Basic  pay time s years or f rac t ions of years of addit ional
obl igated serv ice  t imes SR~ mul t ip l ier  or designator = 5kB . The
SRB desi~ nator (e.g., SR~ 1...SRB 5) is establ ished by Department
of the Army base d on the c r i t i ca l i t y  of the MOS. (See AR b~-u-2Uef o r complete d is cuss ion of bonus eli g ibi l i ty anc payme nts ’,.

( 2 )  :nduce d TM 5 _ S r e c l a s s i f i c a t i o n :  Th is  reenl istment incen-
t ive o f fers  a mi n1 rnu~1 bonus pa)ment to so ld iers  in surpl+ . s 4’ L~S wno
vo lunta r i ly  rec lass i f y  into s nortage MJ S . Th e bonus payment is
o f fered ~n l ieu of increas ing  the Do n us level  for so ld iers  a l ready
servi rig in tne shortage MOS. T ni s incentive is not currentl y
offered.

*personne l rv en t c ry /Ye a r  of Se rv ice  Mooe l ( ° :A  ~JS ) see
Cr~ao ter 2, pp 2-2 .
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(3) The CO NJS - to -C O N US station of c ho i ce opt i on: T fl i s reen-
listmen t option guarantees assi gnment to a CONUS stat i on of cho i ce
for soldiers serving in CONUS. The CONUS station of choice is
curren tly offere d only to soldiers serving in an overseas area.
( See AR 601-280 for option eligibil i ty and prerequisites.)

These three polic i es were selec ted for the fol low i ng reasons:
these policies have the potential of favorably influencing reen-
listrnents thereby resolving MOS shortages; the policies can be
focused di rectly on problem MOS; and they are policies whic~ areei ther currenti~ in effect (SRB and recl ass ifi cati n) or were used
(station of c C~~ce) durin g the time frame relevant to the study
data base used in the study . The potential effects of each policy
could therefore be estimated in terms of its cost eftect i~eness.

c. Reenl istment Factors. A soldier ’s decision to re~-n1 ist was
assumed to be a function of many variables or inf ~ uence s. - - sw Of
these variables are demographic , some economi c , and some social.
Study ef for ts  were directed toward an examination and qu3 rt~ tat 1vE
analysis of reenlistment behavior and inf luences in order to Ic-
velop predictors that 5-ou ld be used to project reen liylls ent ..
This analysis was performed on historical data c~ ns in t ’ ng  of the
personnel records of al l  enl isted serv ice members who entered th e
Army in FY 71; included in the data .,Or~: the month and year of
each person ’ s separation or first reenlist me nt. (Th’s fil ’- , calle G
the FY 71 cohort f i l e , is discussed in more det ail in Chapter 4.)
The ana lys is  Ut reso1i i stment t actors  was performe d by div id ing tn~historical records into subgroups s t r a t i t i ed  by SUCri variable s as
age , race , an d education , and then co rre lat i r- o the reen l is t sn~r
behav i or of t~ e -~5.- groups w i th  bonu s leve ls .

d. Costs. The cost - evalua toa in this stud~ c- ; n~~ist e I of

those expenses wb ’ch d i t t e ren t ia te  bonus p o l i c i e s .  Cos ts  w~- ich
Nould be incurred reojrdless of ~c 1 icy (e.g. , pay and a l ln~-an s )
are not considered. Thus the C’ AH-’~P stddy tocu~~s n ~~~

- - - l if t e r -
ences in costs between various bonus and reen li s~sieni . po l ici e--
The elements of c ense 4.~i ich r e f l t c t  these di~ t ’ s  s are .

( 1)  Cost of tne bonus (SRB )

(2) Training costs

(3) Permanent Change of St -iti on (PCS) cos’~

Eac h of the~~,s: cost categories represent ex~ - - -es pot~ nti~ l iy in-
curred in the policy alt erna ti 7 -s di - 5 - - -e d i~~i ~~s - p ’ e ~~1 u s  ~ a a -
gra ph. For example , SRL3 costs rel~ te ‘ . the 5kB e v - - 1 ~ ‘ t f C r t -  —

soldier; t r a1 nir -~ cos t-~ ar t .  s i~ n i t i c a n t  w ’ -  rc -i - - r e Hj .~~if ~ •~~~~- r 4

1-b 
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is involved and PCS costs are relevant to the station of choice
reenlistment option. Cost areas such as nomi nal soldier
pay /benefits and accession costs ( recru itment and initial Army
training ) are ei ther sunk costs or are common to all soldiers
regardless of the manner in which each soldier is persuaded to
reenlist. Accordi ngly, this study focused on the cost
differentials between incentive policies to highlight the cost
effecti veness of each policy .

e. Task Integration. By estimating the impact which a policy
has on reenl-i stments, the projected effect of the policy on the
Army -force can be gauged using the previously mentioned ODCSPER
simulation model . Separately, costs to support the policy can be
determi ned. The policy can then be accepted , modi fied , or re-
jected based upon an evaluation of its cost effectiveness.

1-6. ASSUMPTIONS. Major assumptions pertinent to the study and
specialized in the tasking directive are :

a. The demographic characteri stics associated with accessions
to an MOS will not change unless the level of the enlistment bonus
is changed.

b. If one MOS is added to the list of MOS authorized an en-
l istment bonus and if the added MOS is similar to MOS previously
authorized an enlistment bonus , there will be no net change in the
total number of bonus recipients.

c. At a given SRB level , the average SRB payment to a reenlis-
tee is independent of MOS (SRB payments are computed based on base
pay time s the number of years of reenlistment obligation time s SRB
multiplier or SRB level ).

d. Continuation rates (probabil i t ies of remaining in service
at least one more year) after the 4th year of servic e are indepen-
dent of initial enlistment ooligations .

e. The values of exogenous random variables such as unt !nploy-
ment rates that impact on reenlistment will remain relativjy
stable.

1—r 
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f. The Objective Force Model* will provide the desired MOS

populations by grade and years of service by whi ch to gauge MOS
shortfall.

g. A peacetime environ ment w i l l  continue.

1-7. STUDY LIMITS. Limi ts specified in the tasking directive for
this study are :

a. Limi t analys is to MOS authorized a bonus and a representa-
tive set of plausible bonus policies as determi ned by the sponsor.

b. Analysis of the effect of the SRB will be limi ted to zone A
bonuses.

1-8. VALIDATION OF CEABREP SYSTEM. Opera ti on of the CEABREP sys-
tem discussed within this report requires supporting data bases of
five chronolog i c ally consecu ti ve data fi le s. T hese f i les , calle r
cohort files , contain demograp hic data on soldiers grouped by the
fiscal year these soldiers entered the Army . The structure , con-
tent and rationale for these files are discussed in detail within
the study report. Al though one cohort file was available to de-
velop the metho’~o logy for the CEABRE P system , the ‘ lye cons o c ut ive
su pporting files required to support operation of the system were
not. Ac~ u - 5~nu 1y . direct validation of the CEABREP system and
an&jsi.; of JEA~ -~+c~ output could not be performed. This data
limitation is discusse l in more detail in Chapter 2, paragraph
2-8.

1-9. STUDY REPORT. The remainder of this report presents a de-
tailed di scussion of the study methodolog y (Chapter 2); a discus-
sion of the techniques used to develop MOS continuation rates
(Chapt”r 3); development and analysis of reenlistment facto rs
(Chanter 4); and a discuss ion of bonus alternatives (Chapter f- ).
The study observations are presented in Chapter 6, and a series o~
appendi xes pro v ide dotailed information to support specific di s-
cuss i ons ~nt hin the main report.

* A subsystem of the PIA/YOS Model used by ODCSPER In determin-
the number of ;oldiers required in each M )S/~rade -year of ser-.-ice
to satisfy A rmy operational requirements.

1-8
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CHAPTER 2

METHODOLOGY

2-1. OVERVIEW. A diagramatic overview of the methodology to as-
sess the cost effectiveness of bonuses and reenlistment policies
Is presen ted in Figure 2—1. Existing Army personnel policies ,
bonuses , costs , and populations constitute the base case . Since
the purpose of CEABREP is to determi ne the least cost method of
prov iding fill to a shortage MOS , the base case serves as a base-
l ine for comparison of alternati ves. The CEABREP methodology in-
volves an iterative procedure that treats the projected force as a
dependent variable and alternatives to improve the projected force a-

as in dependent variables. A dynami c simulation model provides the
means of performing this interative procedure with output fur-
nished as force projections from one to fou r years Into the fu-
ture. The projected force is portrayed by the simulation mode l as
MOS populations distributed by grade and year of service (e. 9. ,
MOS 11B — grade ES — sixth year of service). MOS imbalance (oven
short) is determi ned by comparing the projected force with pro-
jected requirements. The cost of the projected force , if it is
the base case , is the cost of continuing current programs . The
bonus manager evaluates an alternative projected force and its
cost (relative to the base case) to determi ne if personnel and
funding requirements are acceptable. If personnel projec tions and
costs are satisfactory , act i on can be taken to i mp lement the pol-
icy . As shown in Figure 2—1 , i f the al terna ti ve i s unsu it ab le ,
the manager must formulate a change in policy , es ti mate the effec t
of the change and evaluate the impact relative to the current
force. The estima ted impact of exogenous variables such as unem-
ployment is an integral part of CEABREP methodology because they
may influence the effect of a new policy . Each alternative must
be expressed in terms of revised accession and retention estimates
before the alternativ es can be evaluated with the simulation mo-
del. The simulation model then generates a new force projection
and re lat ive cost based on the new alternative . This process may
be continued until the projected force meets personnel and cost
requirements. The remaining paragraphs in this chapter discuss
the components of the CEABREP methodol ogy in more detail and pro-
v ide supporting rationale.

2-2. FORCE SIMULATION. A key component of the methodology is the
PIA/YOS Model; this is a computer-based model used to project cur-
ren t MOS inventories up to four years into the future. The opera-
tion of PIA/YOS is shown in general form in Figure 2-2.

2—1

~
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a. The PIA/YOS Model requires input data con sisting of: cu r-
rent MOS populations cy grade and year of service; continuat ion
ra tes; an d “feeder patterns. ~‘ie “feeder patterns ” describe per-
sonnel flows or movement within and between MOS due to ~r uriu otion
or reclassi fication . These f lows may be conceptual ized as roa d
maps used to route the distribution of personnel to meet Army re-
quirements for each MOS. The continuation ratec are probabili-
ties , expressed for each MOS by grade and year of service , that a
soldier will continue in service at least one ~ure year.

b. The functions of trie PIA - Y O S Mod el are to simulate the ~:f-fects of time-phased attr i t ion , MPP recla ssifi Lation , and promo-
tion. The t s - -~innin g MOS populations are updated or “aged ’ using
the continu ation rates. The mode l then sim ulat ec promotion and
reclassification according to the feeder patterns. The re cu lt ing
MOS population s are compared to Army requirements at each gra in to
determine MOS s~-ortages or overages and thereby assist in deter-
mining -i- cession requirements. The PIA/ YP S Model is used i)v

ODCSPER and M ILL - :. f N  to forecast losses and promotion require-
ments; to identity inadequate ca’-eer progression with in MOS ; and
to develop ~~~~ iOnt estim ates ~or the bonus p rog ram. The P ~/YQ~
simulation model is inher -r t to the CEABREP stud y methodolo gy and
is used to support ana 1 ysi s of Lhan ges to a starting ~op u 1at ion
resu tin g from c-~i~ ces in policy or bonus levels. ouwever , the
continuatio n rites USed in the P A ’ Y U ~ Model were too nio r ly ag—
~

i ) a.~~ a - t ed for use in the stud3. Therefore , refinements were made
to these cont i nj~ tion rat y s , as Wi scussed in t i n  next parag rooh.

2-3. REFI N- I S~~ UJJIuN ~~P T. A si go1 ‘lcant de~ormi -ant in the
value sf the CEAOR : P s stem is the qaalit ’ o~ accuracy of the pro—
jected furc -- generate d by - - - PIA , YU~ “~odel . Be’a.aus e the pro-
jected force is use-I to measure the effects ot changes in p o li :y
or bonus at toe I- -

‘ l - v - l  the prc~e:ted t — ~ rc s -i -nust re~iect a-
accur ac~-ly as po cs ioln th1 ~

1
~~w of o r  ~e ~i~~ in MOO a I ot-tweor

MO (red ~s s i  i c a t io i ) .  The ca ) -aa1 - 
‘. ,  o~ the P IA Y cJS Model to

compute these f low- ;  u rd tn l y depends on the p rec i s i on  ot the
Conti nuati on ‘ es  a n t  ~ee r - r  -1 ttnrri c . In trio past , the conti ri—
uation r-: tes used -is /~ 

- ‘~‘- - 1 e  rpj ~ ~~- o  A~~ny - -~ de cont in~a-
ti on ra~~- - - Triese rit e s n -~rn d c - y e  aped oy d lv i  di no tUc- t Ot - i  I
rent Army st re r i y t is  in fle 1e0r ~ ;f- r v ice Py the p r e L IH1 ‘i~ 

y ea ’ -  c t
serviL e Stren~~trI of the tot - i l ~r iy one yn i r  e,~rl ier .  Al t e 1’
h is tori Lil da Li  w-: r j . u 1 l a~ le u~ ‘-tuu . g r l - : e . ~~‘~~ - year St - - - ‘ . ‘

~~ a. i ’ ,

the cuiiip lexit ~ u t  toe t ‘~~ s It p s - S .:io act~~- ~- n ~-‘ ~ (‘~ - S ml jrd t l  n )
i~iip~~l~cd (1f- ~~- ls )p 1t- nt ana a pp l ic a tion Ot M J i - u n i 1 J e  ~on t s’ ,a dt1 jn

rates. R ’ - a. lass i  t i c a t  ion t rom one ‘~uS to -yi tner , tar uxatip F e ,
rope  - c o t  a loss tO O le  ‘A - i ~ and a q~ n to u r O t its r -~ 

- tO no

- a.flan -j e in Arm y st’ -n ~th. ~~
- -  c - r , ,i rec 1 assi t i ca t i  on u’ - i

-



CM-SR-71-1O

quent separation represent losses to two MOS but only one loss to
the Army. Attempts in the past to reconstruct these dynami c f lows
in the form of MOS continuation rates were unsuccessful. As shown
in Figure 2—3 , the use of A rmy-wide continuation rates avoided the
complexity of MOS migration but resulted in force projections
which were accurate only at an aggregated l evel. This level of
aggregation restricted effective management because of lack of
confidence in the accuracy of the projections at the MOS level of
detail. To improve this degree of resolution , the CEABRE P Study
developed a methodology for deriving MOS -unique continuat ion rates
and then integrated that methodology into the P1A/YOS Model by
modi fying the computer program. This new methodology is explained
in detail in Chapter 3.

Arm y-wide 
_______________________

Continu at ion rates El Cl

_ _ _ _ _ _ _ _ _ _ _ _ _  

.
~~ HH

P I A /Y OS 
Assumed

Projected Force

Figure 2-3. Unmodified PIA/YOS Projected Force

a. The derivation of MOS— unique continuation rates represeats
a significant achievement of the CEABREP Study because these rates
contri bute to much greater accurac y in force projections under
curren t policies. The effect of the refinements in MOS and term ot
serv i ce con ti nuat i on ra tes on the accurac y of the projected for ce
is illustrated in Figure 2-4 .  Note that an estimated array of
projected force data is computed with the modified PIA , YOS :~~~‘l
when compared wi th the assumed array of projected force data of
the unmodified model (Figure 2-3).

2-b 
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Grade /
Con~ lnu t ion -- ~ ‘e~ E9

______________ 
C

[[ P h 
)s ] :~~~~~~~~~~~~~~~~ ~~ Es~ - a t ~’

ecr~ F~~- 5 ~

Figure 2-4. Modified PIA/ Yflo Projectee Force

b. Applicat ion of the CEABREP - iet hodolog~- , with improved is...u-
racy in the force projection provided by trio MU- - - unique continud-
tion rate s, provides the bonus manager w i th  a capab i l i t y  to ana-
l yze the projected force and isolate those year of serv ice npAl a-
t ions ~ i t O i n  M-J t~ whi ch do not meet Army requireme nts . The n .arnn l e
shown in Figure 2-b hi ghlights a projected shortaqe ~ ~~~~~~~~~~~

E 5 ’ s in the f -north and fitth year of service u i-:L r current p- u-
d es. In this example, the force projected by tfe P1A 1Y~O- M - :~-~
indicates that the current po li cies- son us level , relative to -

~ -

A , are insufficient to retain first term soldiers in this ~~~~
this ex as~

’ e , the years of serv ice  shown are WI t r i  n range of t ie
SRB an d CEA~~EP provides the manage r a capdbi li ty to evaluate ii-
ternativ u po l i c i es  to ‘edu ~ t or elimi nate the p rnin- ~t t -d sho rt f a l l

2-4. COSTS. Tnere are many costs associ ate-i with a soldier.
They range from the recruiting cost which is incurre o srio~ to
soldier entering - ;nr vi Ce to reti rement co~ t s wh i ch are ins :u rred
perhaps t w c - ’ t y  years later when serv ice is complete.

2 - r i
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a. Scope. In this study , an unequal cost-equal effect iv a.r - ;s
formulation is used. Alternatives are constructed such that their
effect on reenl istment is equal but the costs are unequal. This
permi ts the sy s tem user to focus on cost differentials when coin-
paring alternatives and to consider only those costs which vary
between al terna ti ves.

b. Relevant Costs. The cost associated with retaining an en-
l istee long enough to be influenced by reenlistment policy is as-
sumed to be independent of the reenlistment policy . Therefore ,
the relevant costs are those involving reenlistment: the SRB ,
tra ining costs associated with any reclassification , and appropri-
ate PCS costs involved i n reenl i stment opti ons.

c. Cost Methodoj.~~~ Fi gure 2-a illustrates the reenlistment
env ironment. Currently, accessions are brought into the Army as
either three or four-year enlistees. After completing the enlist-
ment term of serv ice , some of t hese soldi ers cor-t i nue in se rv i r e
becomi ng part of the career force and others are losses to the
Army .

Firs t Te’-m 

~~~~~~~~~~~~~~~~~~~~~

Fjqure 2—6. The Reen list ~~- t  Environmen t

( 1) Inducement programs are f -~~u- - - d on the inte r-~aoe O~- Lwt- ’-
the f i rs t  term and career to m es and are designed to influence tot
amount s t  flow into the career force; t~ is focus is ‘- e-~ii red t e -
cause of the signi f icant  di terer ice Pet ~~ s -  t he  r - e e r u i  st k-nt rate
of f i r s t —term soldiers and car ee r  soldie rs.  The reenl ist ment ri ~~
of c are e r  soldiers is both ni gher C r 1 -a n y iub le )  -and more stable
than the reenlistment rate of f i r s t—te rm s o ld ie rs .  The inter lace
betw ee n the f i r s t - t :-Y- ~ torce an-i the career for ce is , t h s u c t o e e ,
the in i t ia l  t o c a i  point for application ot reen ’ ls t i nrnt incen-
t i yes.
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(2) Wi thin the CEABREP methodology , cost factors to be ap-
plied are the differential costs of alternative reenlistment poli-
cies designed to maintain a specified flow into the career force.
If the SRB l evel is increased , this is expected to increase the
number of reenlistments. Another policy decision such as restora-
tion of the CONUS—to—CONUS station of choice reenlistment option
may produce an equal number of reenlistees. It is the total cost
of one course of action that must be contrasted with the total
cost of an alternative ; -this comparison enables the manager to
select between alternatives on the basis of the costs of operating
the programs to obtain a desired effect. The per man costs of
training and PCS are readily available from the Office of the
Comptroller of the Army ; these costs are applied to the number of
individuals computed to reenlist for the option. The reenlistment
data are obtained separately from analysis of historical data as
explained in Chapter 5 and Appendix C.

2-5. EVALUA IION. App licati~on of the CEABREP methodology w i ll
provide the bonus manager wi th an improved capability of evaluat-
ing a projected force to determi ne if its personnel strength and
costs meet Army goals. MOS fill is evaluated by comparing the
projected MOS strength , grade , and year of service populations to
the objective force. If the projected force satisfies MOS and
cost constraints , the policies and bonus l evels may be considered
acceptable. If the projection is not satisfactory , changes to
current policy can be formulated to resolve the problem. These
policy changes , quantified in terms of revised continuation rates ,
are then input to the PIA/YOS Model to generate a new force pro-
jection. This methodology can be app lied successively to alterna-
tive policies until the bonus manager is satisfied with the solu-
tion.

2-6 . FACTORS INFLUENCING AC CESSION/RETENTION. There are indica -
tions that an individual ’s decision to enter or continue in the
A rmy is a function of many variables , some demographic , some eco-
nomi c , and some random. Certain economi c variables such as bo-
nuses are controllable by Army po 1icy while others such as unem-
ployment are not subject to Army control . The effect of those
external and internal factors which can be estimated should be
considered when attempting to predict the result of a new policy
or bonus. The CEABREP methodology for estimating the effect of

— 
2 — 
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demographic va r abl~ s on accession d od retention uses the acc:s-
sion cohort4 data di~ c uss ed in paragraph 1-sc and the Autan~ t~c
Interaction Detector I ll (AID III )*k stat is t ica l  model. This sta-
tistical mode l is an automa ted clustering routine used to subdi-
vide the FY cohort file into a series of mutually exclusive , col-
lec tively exhaustive reenlistment subgroups. The model selects
among predicting characteris tics (such as race and education) to
form subpopu lation s which exhibit statistically different reen-
listment behavior. The mode l is used to identify the most impor —
tant variables as predictors of reenlistment. Figure 2-7 illus-
trates the model output; in this example one of the subpopulation
identified by the AiD Model with in the FY 71 cohort file was &—
fined as Black -L5- sing le— high school gradudte . Th i s subpopu lat ier
reenlisted at a rate of 35 percent. (For a complete di scussion
of AID III and the variables used see Chapter 4). when the sub—
populations have been defined , count data on the number of reen-
listments and separations are obtained for each subpopu latior at
each SRB level. If there are 100 or more total n -par at ’ons and

• reenl i strne nts for at leas t th ree SRI3 levels , linear regression is
used to estimate reenlistment as a function of the SRB . if tri s
criterion is not met , random var iat ion in the data w i l l  precludi ~stat ist ical ly va~ id regressions. As a means of deriving est~matfor the small sample subpopu lations , a “joint pr~uav-ili ty distri-
bution is constructed from the marg inal dis t n i L - u t~ons obtained by
viewing the population in terms of one variable at a t ii ~- . (T rirs
technique is explained in more detail in Chapter 4 and Appenr ii .
C). The result of these calculations is reenlistment rdte esti-
ma tes for each subpopu lation at every SRB l evel. The ef t ett ~ ot
exogenous influences (e.g., unemployment) and policy changes on
the reenlistment estimates are then developed; tius e effects are
estimated using ti - ni - - lagged linear regression on c - f ort file idta
dr -I d are used to increase or decrease the reen hi s t! - I -r t n~ ti est —
mates to compensate for uxpuc te u unemployment rates or p- l i c ~ de-cisions. (See App andix C for a more complete disc u- Csion of this
adjustme n process). The result of this ana lysis is a s et  of
poi ted roenl t-n~-nt rates for the var iou s su bp p~~i a t i s n S  ur~1’a.
iii ff e m i -nt inc entive and pol icy conditions.

* ri term cohort is used in this report to refer to a gr - i~ of
sol d iers  who entered the Amni ’1 ir the same f i sca l  yea r .

n-i versi ty of ~i ch i gar ins t i e for Social ~esearch , -~~~ ‘ - t ~
- y

~ 
hem and~~ ç~rurn_ Desc r i ptions ! ~ol . I, he ~ion 15 . A~ ..’

- ~ ri~~i i p , univers ity ot M i chi gan , Ann ArLe ,r , Mich i .- . 1i 1 3 .
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2—7. 1NTEGRAT IN~ PdLI CY EFFECTS INTO TH~ C EADR E r SYS~EM . ~~
manager has been provided wi th an improved force projection cap-
ability to highlight MOS anomalies in the force and with estima t-
ing relationshi ps to show how various subpopu latio ns react to in-
ducements and policy changes. These estimating relationships are
used to revise the input to the simulation mode l and compute a new
force projection resulting from changes to bonus levels or policy
decisions. As specified in the tasking directive , this stu dy ~as
limi ted to exclude consideration of zone B of the Skd paid for
reenlistments in the s ixth through tenth years of serv ice.  This
limi tation permi tted analysis and system design to focus on how
the continuation rates through the first enlistment (to include
the reenlistment process) would vary due to o-anagement action.
Because the number of people enlisti n g for a period of n~ re than
four years is too small to effect significantly the results of the
simulation and is also too small to Op rive estimates of reenlist-
ment propensit ies , onl y the f i rst  four years of service continua -
tion rates are considered. The factors influencing reenlistme~-t
were discussed in paragraph 2-b and these factors are used in co r--
junction with the cohort files to compute cont inuati on rates for
the first four years of service.

a. An example will be used to illust rate the process and in
the examp le onl y two subpopu lations will b-e defined--Black and
White racial ~r-aups. Fi gure 2—~3 illustrates the use of the FY 75
and FY 76 cohort files to construct a first year of service con-
tinuat ion rate for use at the MOS level of deta il. In F i -dure 2-8,
all FY 15 aa.c es sions either have entered their second year of sent-
ice or hav e left the Army . By stratify in y the FY 75 cohort into
respe ctive subp opul ations (black or Whit e ) , separate continuatio n
estima tes can be made for the ~i rs t year of serv i ce for eac h of
the subp c-nulations . The FY /b cohort wh ich comprises the current
first year service population is first stratified by MOS and the-
by subpopu lations within tIOS to determi ne the proportional mix of
the current first year of service in edch ~~~~ This proportion is
then used to form a convex combi nation or m ixture of the subpopu-
lation rates to pro v i de one sing le conti nu ation rate for the first
year of service for each of the MUS . no FY 74 and f 75 Cch o r ~ -:

can be used in the same f~nh ion to produce a second ‘ OS continua-
ti on rate ~.h ch is representative of the current sc-ca rl yea r- nt
n ” v i c e  furct- .

2- 12
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Bi ~ L
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75 Coho rt i I I 2d I W hi t e

lOS 2d - - i m i t -  - nu a t ic r
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rate Ii . - 

-
-

1~J
MOS

: : ::::
76 Coho rt

YOS

\

C

Cmit ’- - -nn Rate for lOSB- (O .60)(O. 20J+ _ 4 o - l . - -

o l e - I !  -umbers indicating that 60 percent n H -  I - l u  I -  u I  40
r Er c er : - t the wh i tes  will continue into the - u  ii - ] yea r of ,~ r
** ii J t l o r l d !  nu r ’ be r-  indicating that the current 1 - l  year - -  serv e
population il ‘-1e-~ B is 20 percent black and 80 percent whi te.

F igure 2—8. Der i v~ng a First Year of Service Continua ’ lon
Rate Us i ng Co hor t F i les
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b. If the MOS has not been offered ar enlistment bo rru t , t ~Y73 and FY 74 cohorts can be used to produce the third year at ~~rv - -
ice continuation rate , but because this rate include s the effects
of reenl i stment , a set of rates must be derived using the t ch-
niques outlined in paragraph 2—7. This set of rates represents
available bonus levels and policies. A policy set must then be
specified which will provide the expected reenlistment rate for
the subpopulations . Strati fying the current third year of service
force from the 74 cohort into subpopu lation s within MOS again per-
mi ts derivation of a single third year of service continuation
ra te for eac h MOS. Four th year of serv i ce con ti nua ti on ra tes are
calculated using the FY 72 and FY 73 cohorts in the same way that
first and seconc year of service rates were computed. Deriv 1tlon
of MOS continuation rates for the third and fourth years of serv-
ice is more complicated for MOS which have mixed populations of
three and four-year enlistees; in these cases , the third year of
serv ice rate must reflect the reenlistment deci sions of three-year
enl istees and the norma l continuation behavior of four-year e’ ‘: --

tees. Similarly, the fourth year of service continuation rate
must reflec t the reenlistment decisions of four-year enlistees d f l u

the norma l continuation of three-year enlistees who have already
reenlisted. The technique to merge these rates is explained in
detail at Ap~-endix C. The capability to alter the continuation
rates for the thi rd an d fourt h years of ser vi ce to ref l ect bonus
or policy decisions allows force projections to he based on policy
and bonus decisions and permits basing cost estimates on the cur- —

rent population effected by those decisions.

2-8. DATA RE QUIRED TO SUPPORT ESTIMATION OF POLICY EFFECTS. An
essential requirement for applying the CEABREP methodo loqy to es-
timate the effect of policy alternatives on force p -~cjections is
hist 1- - cal data. The data must include the effects of the po licy
to be evaluated and it must span a sufficient period of time to
permi t comparison of reenlistment behavior before and after init-
iation of the policy . This comparison is the methodology ut il iz :d
to quantify the policy ’ s effec t.

a. Cohort Files. The data base required to support the
CEABREP system consists if a series of fiscal year data files trot
include accession , separation , reenlistment and demograp hic infor-
w i  ti on on a 1 sol di ers who entered the Army si ice the beyi nni ng of
F? 71. ci ch file of the series , called a cohort file , is ‘imi teO
to soldiers without prior service who enter the Army within tcn
same fis ca i yea r. The co~iort file is completed when every so die
in the file has either reenlisted or separated. Because separa-
tion/reenlistment transactions are required for each soldi er , it
takes five years (for a four-year en li stm i - -r ) t o  comp ler ~ a oc h~~~file. The personnel data envisioned to support analysis of the

2- ~4 
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effects of selected Army policies and external factors such as the
unemp loyment rate on reenl i stments are the FY 72-F~ 13 cohortfiles. The FY 74-F? lb cohort f i l e s , though currently incomplete ,
are required to support analy sis of continuation rates for the
years of serv ice prior to reenlistment el igibi l i ty.

b. Data Limitations. Attempts by the An al ysis and Computation
Branc h , M ILPERCEN , to create the cohort files necessary to support
the CEABREP methodology , were unsuccessful because of data limi ta-
t ions. The only cohort f i le  that was ava i lab le  for this study was
the F? 71 cohort. This hindered the application of the CEA I3REP
methodology; estimates of policy effects , could not be quantified
an d MOS con ti nua ti on ra tes for the f i rs t four years of se rv i ce
could not be developed. Although data in the FY 71 cohort t i le
were not sufficient to apply the complete CEABREP methodology ,
some of the methodology could be ver i f ied  and Intermediate results
on the effects of bonuses were obtained. Appendi .~ C discusses in
detail the i nput data requirements and outputs that would be ob-
tained from applying the complete CEABREP methodology.

2-9. SUMMARY. The meth odology for the CEABREP system is surrina-
rized in Figur e 2-9. This figure incorporates the specific compo-
nents of the CEABREP system discussed in the preceding paragraphs.
The system begins with a base case policy and the PIA /YOS ~c o el  is
used to project a force which can be evaluated in ~erms of Doth
people and costs. If the projected force does not - -~et require-
men ts , the user analyzes the projected force problems and fsrmu-
lates new policy alterna tive s for resolving these proo l ems. ~l-
ternative policies are then quantified in term s of rev sed contin-
uation rates and provided as new in~ ut to the PIA/YOS ~- -iel. Fo rce
projection and subsequent evaluation can continue until the jspr

achieves an accepta ole means ct influe n cin g reenlistme nt behavio r .

2 - 1 5  
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CHAPTER 3

DERIVATION OF MOS-UNIQUE CONTINUATION RATES

3-1. GENERAL . A continuation rate is a probability that a
service member wi l l  remain in servi ce at least one nore year. The
continuation rate is used in personnel projections to calculate
the future size of a starting group after an elapsed time of one
year. The validi ty of continuation rates is based on the premi se
that the historical change In size of a specified population is
the best estimate of its future size . The specified populations
or groups for which the Army has cal culated continuation rates are
year of service population s. As discussed in Cha pte r 2, the
projection of the current force or base case provides the basis
for eval uati ng both the acceptability of the force and the
policies wtiich shaped that force. Because the accuracy of the
projected force is dependent upon the continuation rates used as
input to the PIA/YOS Model , these continuation rates perfo rii~ a
pivital rol e wi thin the CEABREP methodol ogy.

a. The histor ical method for computing continuation rate , is
to divide one year ’ s population in a year of service by th e ~1revi —
ous yea r ’ s population in the preceding year of service. For ex-
amp le , if , in December 1975 there were OS peop le in the ir btn y~~ar
of service and in December 1974 there were 100 people in t rw-  a.- t ~-

year of se rv ice , the estimate of the continuation rate from re1
5th year of service woul d be 80/100 or 0.80. The premise is t il t
everyone in the 5th year of service in December 1974 must either
be in their 6th year of service one year later or they have le ft
the Army . Such computation s are adequate for computing Arrn~ya-~ ide
continuation rates. If continuation rates are required at tho ~-c-
level at detail , this supposition is not valid because of Sanges
in Mu~ resulting from promotion or reclassi fication; an individual
can be a loss to an MOS but not a loss to tho Army .

b. In this study , movement between MOS as a result of either
promotion or rec lass i f i ca t ion  is defined as M LIS migrat ion. ~he
phenomena of ‘-lOS migration is known and ac c ;ep t a.-a i n personnel man-
agement; to some degree this mi i rat ion is designed m t :  the MOS
structure. The PIA/YOS Model computes the impact of MOS migration
by atte uipti nq to model the flows explicitl y through teeci e r pa t-
f e r n s .  Figure 5-1 is a notional exan i p’ e of P IA /YOS typ e f I - -dt r

pattern , but res t r ic ted  to two MW~ ~ and B) and tw o grades El
and E2. In Figur e 3-1 , the nodes ( c i r c l e s )  s i gn i t y combinatio ns ~- f
Me - - and grade; Nidenotes MOS A . gra de El : h~ denotes Mile B , q rade
E2 . etc. The are s ( a r r o w s )  si gnify pot en tial flaws • O u t  the are
va lue  is the oppo si te of the usual s e r s e .  - he ar - , reI resent flow

3-1
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origin only. The precise value of the flow in an arc Is de ter-
m i ned by the requirement at the terminal node . In Figure 3-1 , if
an unfil led requirement ex is ts  at N3, 80% of that requirement wi l l
be met by promotions in the same MOS (Ni to P43) and 20% wi ll be
met by MOS reclassification wi thin grade (N 4 to N3). If N4 was
originally below authori zed strength , the magn itude of the short-
fall wa s i ncrease d by the fl ow from N4 to N3. Of the total un-
filled requirements at P44, 30% will be met by promotion from N1

— and 70% by promotion from N2. The unfilled requirements at the
l owest grade (14i and N2), i~ any, are filled by new accessions.
In all cas es , it is the unfilled requirement that causes flow and
determines the amount of fl ow rather than a programed grade or MOS
progr ess ion.

M5 C A 
0.8 

~

\\ 10.2
‘-11) ~ B ~~~~

Figure 3- 1. Notional PIA/YOS Tvoe Feeder Patt erns

c. In deriving MOS -unique continuation rates , it is importa nt
to note that  MO migration blurs the d is t inc t ion  between MiS. 1n
Figure 3—1 , the a. ;u~~p o p u l  at ion of N-~ curre nt ly holds MD~ A and
grade E2 , but part of that subpoput ation c o n s i : f c  of peopl e who
ori gina i l y held MOS B and nay only recentl y have been reclass ifi ’—
to MOS A. To further comp l i ca te  man f r  , eer ie o f  the peop le wa.i r ’- a.
ing at node ~ who or ig inated in MOS ~ huv - also served in Mi - - B
moving ii ong t1e arcs from N~ to N4 and teen N~ to N3. Because
these fl -we are important in describ ing an MOS popu lation , thuv
must be considered in desc ribing how that Mi S population will con-
ti r u e .

3—2. INTERiM ~IUS. The tirst steu in de riving MOe- un ique cont~n-
-ai ti on r i t~-s is to cr,- it a. - inte r Im MOS whi ch have had no gains )~

l osses to the ‘-~--c
- - . his involves rel i  stribut i ng the populations

3-2
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of nodes to reallocate populations to the MOS of origin. To sim-
pl i fy the exp lanation , the fo~l ow1ng notation Is used: N1 (x ,y) isthe MOS distribution of the i h node where x is the fraction of
the population which original ly came from MOS A (first position
wi thin parenthesis) and y is the fraction which came from MOS B
(second position wi thin parenthesis).

a. Figure 3-2 shows the MOS di stribution for node N1, as
N1(1 ,O) which means that 100 percent of the current population of
N1 originated in MOS A. Similarly, the distribution of N2 is
N2 (0 ,1) . A node for which a distribution has been determined is
defined to be scanned ” . It is axiomatic that the distribution of
a node can be calculate d onl y i f that node rec e i ve d flow from
nodes w hi c h have been p rev i ousl y scanne d . In the exam ple of Fi-
gure 3— 2, nodes N1 and N2 have been scanned . The distribution of
the N3 cannot be calculated unti l N4 has been scanne d s i nc e N3
receives fl ow from N4; however , N4 depend s onl y upon N1 and N2,
both of which have been previously scanned .

105 4 0.8 
E2

~1os B
N( O l)

Fi gure 3—2 . The MOS Dis t r i bu t ion  of Nodes N 1and N2

b. Figure 3-3 shows the rel evant information needed to cc~: iuu te
the distribution of node 4. Note that multip lication of the dis-
tribution of a previously scanned node by the number on the arc
from the scanned node to the node being scanned gives a partial
distribution of the node being scanned . Let P41 -(x ,y) denote a
partial resul t where i is the scanned node and is the node bei ng
scanned with x and y defined as before but wi th unknown values.
From Figure 3— 3 , N 1 4(x ,y) = (0.3 )  x N 1 (1 ,0) = N 1 4(0.3 ,0). This
partial di stribu t io~ of N4 state s that since node ’N 1 was comprised

3-3 
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totall y of MOS A and that 0.3 percent of the populat ion i n r~~ U t  ~or ig ina ted i n node N1, at leas t 30 percent of the population in N 4
originated in MOS A. Similarly, N2 4 (x ,y) = (0.7)  x N2 (O ,1) =

N2 ,4(O,O.7). Summing across all partial distributions gives the
complete distribution of the node being scanned. From our example
N4(x,y) = i],4(0,3.0) + N2 4(0,0.7) = N4(O.3,O.7). Therefore , 3(
percent of the node 4 population came from MOS A , while 70 perce~came from MOS B . The advan tage of th i s multi pli cat i ve techn iq ue
i s that the only informati on require d i s the distri but i on and
feedin g percen tages of the nodes wh i ch are directl y connecte d to
the node being scanned.

El £2

MOS A

N1(1 ,O)

MO Z B

N2 (O ,l

FL u r e  3— 3. The ‘-lOS D is t r ibut ion of eJC N 4

c. Figure 3—4 contai ns all of the i rf aruo ti on necessa r :-, to
com :uute te a.- d istr i  bution of no de N3. The fact that there have
b~-~ n inferm ediate fl aws to N4 is sumu lj ri ed in the dis t ri but i r r
of N4 and need not be exp l i c i t l y  considered . Thus :

N 3, (x ,y) = N 1 3  (x,y) + 
~~~ 

(x ,v), where

N1,3 (x ,y) = (0.8) N 1 (1,0)

N4 ,3 (x ,y) (0 .2)  ‘4 4 (0.3 ,0 .7)

3-4
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and N3(x ,y) = N1 3 (0 ,8.0) + N43 (U.U6 ,0.14)

= N3 (O .86 ,U.14)

For larger systems the surTr~ari zation of information on previous
flow s in the node distributions greatly simpl ifies the ca l cula-
tions of subsequent node distributions. To pursue the development
of the example , assume that populations are assigned to the nodes
representing the 5th year of service as of 31 Dec 74. These popu-
lations are shown in Figure 3-5. The node distrib ution rules which
are assumed to be constant for all years of service are now used
to real locate the node populations to the MOS of origin. This
process is shown in Table 3-1. For the 6th year of serv i ce , Dec
75, the node populations show n in Table 3—2 are assume d and the
populations are also realloca ted accord ing to node distributions.
Dividing the 6th year of service populations by the 5th year of
service populations gives estimates of i nterim continuation rates
for MOS A of 0.78 and for MOS B of (.1.93. it Is not correct to
interpret these rates as MOS continuation rates. They have no
meaning outside the context of this model - - f i r s t , because the
rates are for interim MOS and secon dly, because they are total 1)
dependent on the feeaer patterns used to create the rates.

MOS A 0.8

N 1(1, 0)

L/. ~.

905 B (~~
‘
~

~~~‘N~ (0.3 ,0. )

F i ç i r ~~ 3—~ . :be ~‘- ~ Cis  ‘hu lur ,coe

-
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90S A 300 300

MOS B 
® 200 ~~~~~~1OO

Figure 3— 5. Populations of the 5~ n ~ of Sf~rv ice

Table 3-1. December 1974 - ~-th Year of Ser~-~ ce

Node Populat ion D is t r i bu t ion  No . A ’ s ~~ - -

N 1 300 N 1 (1,0) 300 0

200 N . (0 ,1) n ~oo
4 3 300 N3 (0.86 .  0.14) 258 -~~~~

N4 100 N a (0 .3 , 0.7 ) 
~~~ 

7_n

Total 588 31~

3-f
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Table 3-2. December 1975 - 6th Year of Service

Node J Population J Distribution No. A ’ s No. B ’s

N1 200 N1 (1 ,0) 200 0

N2 150 N2 (0,1) 0 
-— 

150

N3 250 N3 (0.86 , 0.14 ) 215 35

N4 150 N4 (0.3, 0.7) 45 105

Total 460 290

3-3. TRANSFORMING INTERIM RATES. The next step in the process is
to convert the inter im continuation rates , by year of serv i ce ,
into rates that can be applied to the MOS. This is done by com-
bining the conti nuation rates at each node according to the MOS
distribut ion of that node . For the example , these computations
are shown in the followi ng table:

Thus Table 3-3 prov ides a separate continuation rate by year of
service for each MOS and grade. To apply the continuation rates
i n p roject i ng a force i n t ime , the rates must be appl i ed at the
grade level of detail. It shoul d be noted that derivation of
these continuation rates requires the arc f lows or “feeder pa t-
terns ” be defined as input to the al gorithm .

Table 3-3. Continuation Rates for the 5th Year

Rate

Node Distribution (convex combinations of pure rates)

N 1 (1,0 ) (0.78 x 1) -
~ (0 .93 0) = 0 .78

N ? (0,1) (0. 78 x 0 ) + (0.93 x 1) = O.~ 3

N3 (0.86, 0.14) (0.78 x 0.86) (0.93 0 . 1 4 )  0.80

N4 (0.3, 0.7) (0.78 x 0.3) (0.96 0.7) = 0.88 
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a. The feeder patterns are defined in cur rent personne ~~~~~~~~~~

la tions/policies and are accurate for service personnel who pr (’ir~-~.-
by grade and MOS ‘accord i ng to p lan ” . These feeder patterrs,
however , cann ot incorporate unprograned MOS reclassifications
requested by th2 individual for medica l reasons or personnel
preference . Precise def i niti on of all MOS flows i s , therefore ,
unl ikely because of these unp rog rame d flows or ‘ phantom feeders ” .
The feeder patterns are a best estimate onl y ~f MOS flows. Because
the MOS-unique continuation rates are developed from actual MQ5/
Grade/YOS (node) populations incl u din g the unpro qramed portion of
the populat ion , these rates may be greater than 1. For exam ple ,
the population of -MOS A in the 6th year of ~~rvi ce ma-i be larqer
than the MOS A 5th-ye ar population because of an in fl ux of reclas-
sified personnel from MOS B who were in their 6th -year of service.

b. The example of this chapter considered only two grades and
two MOSs. Der ivat ion of MOS —unique continuation rates for the full
range nf ~-N65 and grades is computationally sore co r- in lex . A “o~ e
rigorous exposition of tee technique expanded to consider all gra~a.i-
and MON is presented in CAA Technical ~ao’ r , CAA_ TP_ 77_ t* . ~
illustrate results , the continuation rates cnnnij ta.ed for the mane jve’
combat a rms are s hown in Appendix D.

c. The MON -unique continuation rates have been in co reo rot ed
into the CEABREP process by replac inq the Am y-wi de contin uation
rates as input to the PIA/YOS Model . Because the ‘-‘ON rates accu-
ra tel y reflect th e historical continuation of per eel , the cap-
ability of the PIA/YOS Mod e l to project MOS populations has been
incr eoso ci . The abil i ty to ca l cu la t e  and pl - u~ manpower pro ura - -e
nas, acco r ding l y, been si on ifica ntly ire roved.

*(J~ arr y Coneer te 4nal y s is  r qoncy , Der -iva t ion of ‘-‘~ O — ~ nique
Continuat ion Rates ” , T e a . b n i  cal Paper CAT ~- T P - 7 7 — 3 .  P e t  hesda , ‘-~P ,
A :r 77.
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CHAPTER 4

DEVELOPMENT AND ANALYSIS OF REENLISTMENT FACTORS

4-1. GENERAL . Individually, a soldier ’ s decision to reenlist in
the A rmy may be based on a wide variety of factors . These factors
or infl uences may be social cons iderations such as peer relation-
sh ips; economic influences like pay and/or bonuses ; pro fessional
views such as promotion and job satisfaction; education ; or ethnic
considerations. The preceding examples are but a few of a poten-
tially wide range of factors individually or collectively influ-
enc i ng reenl i s tment behav i or ; these i n rluences may result in both
positive and negative responses. The combinations of these fac-
tors comprise a b roa d s pec trum of st imuli af fect i ng i ndi v id ual
reenl istment behavior. This spectrum Is too broad to provide use-
ful ins ig hts concern i ng the p red i ct i ve reenl i stment of a s i ngle
soldier . Collectively, howev er , soldiers exhibit reenlistment
trend s and patterns , amena b le to anal ys i s , from wh i ch facto rs can
be extracted and used for predicting reenlistment behavior. Iden-
tification of such factors can provide the bonus manager with a
powerful capability to anticipate MOS shortages or excesses and
sha pe policies or programs designed to attenuate their impact on
the act ive force. In the context of the CEABREP system , these
factors are used to define the historical reenlistment behavior of
specific groups of soldiers and to estimate first-term reenlist-
ment rates of the curren t force ; these estim a tes se rve as in p ut to
the PIA/YOS Model. These reenlistment factors should not be con-
fused with the MOS-unique continuation rates discussed in CF ooter
3; the MOS—unique continuation rates operate upon the personne ’
i nventor y w i t h in an MOS from one year to ano th er and , as such ,
address the question: How many? The reenlistment factors , by
focusing on specific groups of soldiers and their behavior , a P i c e s
the question: Who will/won ’t? The remainder of this chapt r
presents in detail the data and data structure from wh i ch the
reenlistment factors were developed; discusses the derivati on and
use of the reenlistment factors ; and provides an ana lysi c o~ t~ eir
significance in shaping and assessing accession or retenti -s ’
programs within the CEABREP system .

4-2. COHORT DATA AND STRUCTURE . The reenlistment f a c t u r s  1e~-e l-
oped for the CEABREP system were derived from anal y sis O f th 1- er-
sonnel records and reen list r-o nt behavior i f  soldiers who entered
the Army in FY 71. These data collectively comprise a file call ed
the FY 71 cohort file. The FY 71 cohort file contains -ft :- -a~ h ic
information on each non-prior service soldier 1or 38 separat~
variables. The FY 71 cohort was used to develop the reenli~ t e n ~
factors because o~ the requir ement to have sep arat ion /reen lis~~o rt

a. 
_ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _- -~~~~~~ - -~~~~~ a- -a. — -a. -- - -
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infor m ation on each soldier; this required separation ree nli stm ent
data through F~ 75 for those soldiers who had e nl isted for four
years. More current data to support FY 72 and ~ Y 73 cohort files
was not a v a i l a b l e  for th is study . The t i l e  was created by the
Analys is  and Computation Branch , Personnel Information Systems
Directorate (PERSiNSD ~ at MILPE RCEN , using the United State s A rmy
Recruiting Command (USAREC ) Modern Volun teer Army File , the En-
listed Master File , and the Consolidated Uains/Loss File as source
data . Data are collected on the 38 variabl es at the time of ac-
cess i on , during —~er- v ice , and at reenlistment or separation. T o~
cohort variables and source of eac n element are shown in Table
4 -1.

4-3. UERI~ATION AND USE OF REENLISTMENT FACTORS. The variables
shown in Table 4 -1 were selected for ana lysis because co l lec t ive ly
they offered the potential of describing the “whole man. ” The
large number of variables and the close rel ationshi p between some
variables (e.g., marital status , number of dependents), however ,
indicated that these vari ables required screening to determine
w n ich woul d provide the most info rmat ion co nu e rnin g reenl i stmen t
be havior. This screening process using FY 71 cohort data was ac-
compl i shed wit h the AID III stati sti cal model . The fol 1 -~~~ ng di s—
cussion describes the AID Model; the analysis of the FY 71 cohort ;
and how that cohort was delineated into suopcp 0 ations for which
reenlistment factors were developed.

a. Aid III Model Operation. ne AID Model provides a means to
define subpopul -ati ons which demonstrate nomo gerious behavi or in
term s of a dependent variable , sui ;h as the rate of ‘ ee n l is t m~r’t ,
when many independent variables are available , no A l? Model
will accept up to 31 values for each independ ent variable. Us ’ n~reenl I stment as the dependent variable , the c~ de l ident i f ies the
one var iab le  that w i l l  a l l ow the parent pop u lation t-~ be 5 1 

~~~

into t-.~o subpopu lations that exhibi t  the U °€ d t e s t  di tte renc e in
reeni i stment rotes . Ld a.n of these s uL- ~opu lat ions is - l i v  - -ic d fur-
ther and tha.- pros in s 0onti nues , Ci ther throu qO a ~~eU ~~t€ - rw i ned
number ot suo p -upu l oti on splits or unt i l the size ot the ~-u~ popul~~-
tions fall below a predetermi ned i~ luc . ( Tnese 1 1mi t~ ~ire Oct  ib -

ii shed oy the user). The adva nt ge ot this t !-c hniqu r is that
w hile all indup endent varlaules are cons idered , only ~- hO5c ~ i~~a. fl

exert the most inf luence on reenl is tme nt  i - n  sel~ cted .

4-2 
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Tab le 4—1. Cohort Variabl es and Data Sources

Var iable —

Number Variable Name Sou rce

1 Age at Enlistment G/L a
2 En listment Term of Service GIL
3 Separation Program Designator GIL
4 Enliste d/Drafted Status MV A ~5 Lottery Number MVA
6 Race EMFC
7 AF QT Test Scores MVA
8 Sex EMF
9 Educa tion EMF
10 Primary MOS EMF
11 Career Mana gement Fiel d ENIF
12 Duty MOS EMF
13 MOS Evaluat ion Score EMF
14 Pay Grade
15 VRB /SRB Pay Grade GIL
16 VRB /SRB MOS G/L a.
17 ~RB/SRB Level G/L
18 Proficiency Pay Status [ME
19 Mari tal Sta tus EMF
20 Number of Dependents EM F
21 Enl istment Option MVA
22 Trainin g Comm i ttment MV A
23 State (Home of Record)
24 Assignment Code EMF
25 Ass ignment Location EMF
26 Recruiting Main Station

27-33 Army Qualification Battery Test Scores
34 Transact ion N umber N,- L
35 Transact ion Date GIL
36 Transaction Code G, ’L
37 Social Security Account Number
38 Zip Code (Home of Record ) t-ft-

aMILPERCEN Ga ins/Losses File

bUSARE C Modern Volunteer Army F i le
CMILPERCEN Enl isted Master File

-a.- a . -  - ~~~~~~~~~~~~ -- a.
~~~ - -  ---- -a.—--- - - - -  .-- ---
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Fur ther , by eliminating non -in fl uentia l variables , the mode~ p.’e-
vents the number of subpopu lations from becoming unman~’~ a l e  an d
the size of the subpopu lat ions from becoming too smal l t s r  stat is-
tical s igni f icance. ~n examp le of resul ts obtained wi th the AI D
Model is shown in Fi gure 4- 1. This exampl e refl ects at block 1 -u

parent population wi th an overall reenl i stment rate of ~~~~ Eac h
member of the parent population in this exampl e is known in terms
of tiie three most infl uential independent variables: term of 5cr - -
v i ce , race , and ton number of dependents. The AID M’sn €- l first
divides the p - a ’ e n t  nopulation into two s~~~ :a.~~~~~~~~ - , ations , bloc ks 2
and 3 , based on init ial terms of se ’s-ice w~ t h o  reenl istment rate
of 4.4~ for draf tees and two-year  en) i stees and a reeni I s tinent
rate of 11.Qt for those wi th other init ial t~~r~nS of service , r p a .

spective ly. No other variable cou ’d be use l to subdivide the pa r--
ent population into two snbpopul -at~ons that exhibit e ’i as great a
difference in reenlistment rates. ub oo oi- jt ion 2 is then further
subdivided based on the number of dependents while subpopu latio n ?
is subdivided by race. A gain , these sp li ’ s ‘-esu 1t in subpopu l a-
tions exhibi t ing the greatest d i f t r - ! r s O  Ia reenlistment rate . It
this example , by knowi ng only t rr, - att ri ou~~ - o~ the p n ~ ’.ation ,
reenlistment rate estimates can ne deriv ed w~~,a. h range r~ s a low
of 3 .6 t  to a hi gh of 2 1. 7k - .

b. An al -,’s fs o~’ °Y 71 Lo h ir -t. ~here were 256,479 accession re-
cords in te a.’ [-

~ ~
‘1 cohor t f r 1 e. °rio r to -o~.rt  r’i ’-ng jn al s; is , tnc

data on the cohort files were checked t: eliminate r — ,o r - .s \‘j rl-

able entries which were ill o - ~’c-il (e.g. aqe 5). Aft ri’aectinc
records/variables wi th illogical data , a random samp le of the re-
mainin g error free records consisti ng of  46,l hP records was used
for initial analysis of the FY 71 cohort. Cert ‘in prep- . . 0ss

~ r- -.~of t b ’  cohort file data was requi r - -u before using the 41U Model
because of the iVrI ,US 1 CS of the personnel system . In tn past ,
bonus leve l s have been changed to correc t oO se rved oct  icienc ~es 1,
MOS St rr - - -  th level s. If bon u s managers observe rea.nl I ;tjrrent r - -

which are ~n.ac c up t rbl y I ‘~~ toe bonus is ‘ aised. If ¶ nc reenl j~~t _

men t r a r ~s tu~ nig h , the bon us level is l owered . Pc ause the
i c y  1 of r*’ rejn, s can serve to boost M O -  wi th low rec-ni i s~urm -’ t
rat s a~ d to r~~~ j~~~~ y those wit h hi g h r i t t - ~~, th e  bon us is ,  in e~-

tect , a loveli r l - ; agent. The result is that many M (IS , tor d i i l- a. ~~- t
bonu , 1 ~~~~ ave sim i la r rates; because ni’ dependent var~a -~e
u-oi l Dy tOe A1 U Model is  the reenl i stonent behavior of the scldi cc .
tFlO s t- ~r i1H ~~- u s_~ ~~~t the SRB as an i ndepen i~nt var ’ab le may t - e  1O”~inished O~ hr I ‘:v’l m g  ci feet of the SRB . lo compensate for th i ‘,
poss ihi - ‘ t ?r - a. t , ne - - 71 c ohort data was strat i fi rn accordi - 0 to
the SRU lev~ l wh ich was paid or for which the individua l S e~
— i l b i e  at t~ ’ - time of ‘, i - ia . a r a t i o n .  AID analysis W is t b - n  :er ’ ’~”-
on the s~rati t el s uhset a. s . D~ red ’- I rin g I t o  error— tree par
p ( u1.J tio rl into strati f e d  . -~ ii populations , t’~ ’ ma rg inal e’ t~ - ç t 

~ l
each bonus 1 evel coul d be reta i n - I .

4-4 j 
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( 1) Selection of Reenlistment Var iab l es.  The results c~ ~!L
runs on the strati fied error-free data set are diagrame d at .~n pc ~- -

dix E. To determine the effect of the SRB , ident ical  subpopu ’a-
tions defined by attribute sets are required at each SRB level in
order to observe the change in reenlistment rates as a func t ior  of
the SRB when other factors are held constant. A cursory examina -
tion of the AID spl i ts at Appendix E reveal s that the AID trees
are not id en ti cal at all levels of the SRB. Thi s di spar ity may
resu lt from correla ti on between var iabl es suc h as ma ri tal status
an d number o f dependents and the random variabi lity in the data .
A more detaile d examin ation of these AID trees reveals that , al-
though the order of splits varied between SRB levels , the same
ge neral set of var iables and c lasses within var iab les appeared at
all SRB levels.  These var i ab les were : term of serv i ce , race , pay
gra de , number of dependents , and educational level . Based on these
five selected reenlistment variables , an error-free data set was
then extracted from the FY 71 cohort file. There were 174,228
records that had valid entries for these five variables. These
reco rd s , however , included two-year enlistees and draftees ~hi :h

rep res ented a ca tegory of sol di er no lon ge r in the force.  A c c o r ’~-
ingly, the error-free sampl e was reduced by excluding the two-year
term of service soldiers from the sample. This exclusion r,~- - Osce1
the sample from 174,228 records to 39,047. (This reduction is
particularly si gnificant at the SRB 2 level which had a rema -i n ing
population of only 512 records out of the sampl e of 39,u47 re-
cords). The term of service variable within the AID trees in Ap-
pendix E appeared to discriminate only between soldiers with twc-
year service obligations and soldiers wi th three or more years o f
obligated service. Because two-year enlistees/dr aftees had been
excluded from the error-free sample , this variable was no l onger
significant and was discarded. The remaining variables and thc
classes or categories within each variable used to define ~een-listment subpopulations are shown in Table 4-2.

4-6
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Table 4-2. Classes Within Variables Used to Define Subpopulations

Variable Classe s Within Variable

Bl ack
Race -White and other

E1- E3Pay Grade
E4 and above

None
Number of Dependents

One or more

Education Non-hi gh school ci raduate
I-l iqh school diploma ci raduate
GED hi g h school graduate
Some college educati on

(2 )  Definit ion of Subpopu lations. The comb ination of vari-
ables and c lasses shown in Tabl e 4 —2 de f ine  3,? mutually e x c l u s i v e
and collectively exhaustive subp opulations (e.g. , Black , E4 or
aoove , no dependents , high school diploma graduate). tn illus-
trated in Figure 4—2 , the JY ,u47 error i ron records from the F~ 71
cohort , after excluding draftees and two-year enlistees , wo re
categor ized by subpopulat i ur i .  Each s ubpo pulat ion w as t ti-n f u r t he r
d is t r ibuted across the f i v e  SrB 1-csel s based on t n -  Si~u eligibil-
ity that each soldier had at separation or re e n l i st - -~ ’ t -  Tt is
distr ibut ion acr oss SkO levels per:ni tted assesniur r ,t of c h i n p : -s in
reenlistment rates as a funct i on of toe 0k B level t O n  ~ dCf l  -t th~-
defined su bpopul at ions.  ~he number of soldiers w~ t ni n each o~these 32 su bpopu lat ions at each SRB level is snown in A p p ’ nc i i .

a l  so shown I s the number of sol di ers whu reenl i sted ‘- i t Ot !, c u C h  t~
’ a.

these subpopu lat io ns.
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(3 ) Framework for Update . The reen l istment factors wttich
def ine each of the 32 sub populat lons pr ovide a multidimensic oal
v iew of reeni I sUnent behavi or. Reenl i stment incent ive program s
-sre designed to infl uence reenl i stment behavior. Knowledge of the
reenlistment behavior of specifi c type s of soldiers provides a
valuable capability to focus inc entive programs on these specific
populations and anticipa te the effect of the p01 -i cy based on their
demonstrated historical behavior . The technique used to measure
the historical reenl i stment behavior of the 32 subpopul ations is
discussed in the followin g paragraph. This technique is ciscussed
in detail to provide the framework for updating w~ie n mo r- e :urrent
cohort data are available.

c . De v~j~ pi ng Su~p~pul ati on Reenlistment Pates. In thi S re-
port , reenlistmenFfs mod~fe Fas a bino~fi1 process where eac h
indi v idual case has onl y two po ssible outcomes: reenl i stment or
separation regardless of type . The unbi ased estimator of the true
reenl istment propensity is the number of reenl i stments div ded by
the total population. This estimate is a statistic of the sampl e
and , ~s such , approximate s the true reenlistment propens ity w~ tnin
confidence i t - erval s. Stati stical tables * can be used to est ao -
1 i rh con t iden ~ e i n t ’-rva l s on the est i ’ t !a te as a function of the
sample size and the number of reenl i stments realized. ~or n~-amp le , if in a sample of size 10 , one indiv i dual reenlisted , the
estimate of t o o - reen~ I stnient propensity ~~ l d be U. IU. -

~
- °5~ con-

f idence inte rs -al on that est imate ranges f rom a l.)w ul alm os t zero
to a high of 0.47; the probabi l i ty  that the true propensity to
reenli st is greater than j.47 is 0.05. As the - a. i ole S i Z e  in-
creases the r .on c e ‘a~ the conf idence int e rval d imin ishes .  bjs . it
in a sampl e Ut 100, 10 reeni st the e s t i m at e  of the  nt - e n l is t  ‘it
propensity is 0.10 , but a 95c conf idence in t e rv a ° on t h e  ‘r j r  cr c-
pensity woul d now rin se from 0.05 to 0.18. ~ni s ‘-ata ’a l . - r i a b i l
ity of the data obscures the impact Of t t o~ ORE ~ 

- tri o estimat e
at each SRB l ’ v e l  is considered in is o l a t i on .  To righi I r tFc S
ef fec t , consider  the subpopu l o t on s t a t i s t i c s  Sh~~ iI in  ~ ~~ro ’ 4 - 3
for B l a c k , high school dipl oma graduates in grade E i - E - i  ~ tfl 0
dependents where the g b r  con f idence  in terva l  fo r e i a. h e s t l e t r ’  iS
5rlowri o~’ b r acK et s .

U ixon and F - IPinsey , Jr . , Int roduct ion ic St ~~t i~~t~~C- ’.l
A n a l 0 s i s ,  McG r aw _ Hi l l , 1969.

- -a . - - -  -~~~~~
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(1) In Figure 4-3, the raw reenl i stment rate i s 7.J~ at SRB
4 and 5.5% at SRB 5. The total s of this subpopu lation at those
SRB level s were , however , only 82 at SRB 4 and 73 at SRB 5. An
increase of only two reenl lstments at SRB 5 woul d have increased
the SRB 5 reenl i stment rate from 5.5% to 8.2%, thereby avoiding
the apparent inconsistenc y of a l ower reenl i stment rate in return
for a higher SRB level . The 32 subpop ulat ions In App endix E
coul d be consolidated into more general ly defined populations by
eliminating one or more of the four reenl istment var iab les.  Wi th
fewe r subpopula ti ons , the subpopulat i on s i ze woul d be i ncrease d
and the sensitivity of the reenl i stment rate to smal l populations
avoided . This approac h, however , was rejected because there was
no bas i s fo r assum i ng that smal l populat i ons woul d rema i n cons tant
between cohort files. A reduction in the number of subpopulat ions
was al so rejected because of the strong statistical significance
that the variables of race , pay grade , education and number of
dependents displ ayed in the AID III analysis. According l y,
weighted linear regression was used to establish a relationsh i p
between reenlistment rates and SRB level s for all 32 subpopu i a-
tions. The probl em of potentially wide variation in reenlistment
rates for smal l subpopulations was addressed by creating a joint
probability distribu tion for use wi th subpopu lations of less than
100 records at more than two SRB levels. These technique s are
discussed in paragra ph s ( 1) and (2 )  below .

(2) Wei ghted Linear Regression. This technique establishes
a trend or regression line by weighting the observed reenlistment
quantity at each SRB l evel according to its proportion to the en-
tire subpopulation. In this manner , a population of 100 at SPo 2
woul d infl uence the regression line less than a populat ion of 500
at SRB 3. By weighti ng each of the SRB data points according to
the size of i ts SRB population , the regression l ine on reenlist -
ment trend is not biased by disproportionately smal l SRB di stribu-
tions (e.g., SRB 2 wI th only 512 error-free records). 0iqur e 4-4
illustrate s the use of this techni que for the suopopul ation de-
fined as: White/other; no dependents; E-4 or above ; non-high
school graduate. The popul ation size at each SRB level is shown
in parenthesis. In Figure 4-4, the regression l i r ,e is expre ssed
as:

Y 0.124 0.0U4A

where: .~ is the SRB level and Y is the reenlist nient rate .

4 — 11
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I I
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SR B Leve l

Figure 4-4. Reenli stment Behavior of White and Other , Non -high
Schoo l Gra dua tes , with no Dependents and in Grade E4 or Above

(a) This regression equation accounts for 77 percent ot the
variability of the weighted da ta and based on the sample of
weighted data , the 77 percent is statistically signi t ic ant at th -~
0.05 level ((~5~ confidence). Because all members of the FY /1
cohort we-e oftered a minimum reenlistment bonus (SRB 1). this
equation is not statistical ly valid for populations which are nc:
offered any bonus (SRB 0). Reenl i stment estimates for SRB U not ’ -

lations would have to be developed from more current data . As an
interim , the intercepts of the regressi ’’ lin e s ba sed on FY 71
data are considered rea ;on a. ibl e approxi matio ns.

4- 12
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(b) Al thou~h weighted regression equations are sul Ubl e for
estimating reenl istment rate s for large samples , the degree of
precision is sharply reduced when all or most of the SRB leve ls  of —

a subpopu lation are sma ll. The exampl e of Figure 4-3 illustrated
the variability of smal l samples wi th associated broad confidence
Intervals. For this reason , the use of weighted linear regression
on the raw data was restricted to those subpopu lat ions wi th sampl e
sizes of 100 or mo re wi thin at least three of the SRB levels.

(3) The Joint Probabil i ty Distr ibution for Small Samp les.
The AID Model identified the variabl es most Important in predict-
ing reenlistment; the infl uence of these variables is verifie ci by
considering the separate or marginal significan ce of each of those
variables as predict ors of reenlis tment. Figures 4-5 throu gh Fig-
ure 4-8 show the raw data and weighted regressions for each o~those variables when the subpopulat ions are defined in term s of
only one variable. These weighted regressions conform to the
l imitat ions (subpopulat ions equal or greater than 100 ) d iscussed
in the preceding paragraph.

(a) n Fi 9ures 4-5 to 4-8, the r2 values validate the im-
portance of each of the variables as separate predicto rs o~ reen-listment. The ind i vid ual significance of each of the variables
appears to ju stif y rolling up smal l pop a. ulat ions on one variable
an~ Dasi n; the predictio n of future effects on that v a r i able.
T hi s would oe a valid tec hn i gue if the deelographic C h a ra c t e r i s t i c s
of the popul atio n s re rained constant , but the dem ograph y of the
Ar-’j has and w ill continue tc change. For e x am pl e , Conside r  ra~grade as a predictor  v a r i a b l e .  :n ~iou re 4-r at S~B 4 , a reen-
listmen t rate of ib.8; is expecte d for E 4 s  and above and a reen_

li st in en t rate of 3.6~ is ant i cipated ~or E 1-E 3 ’ s. At the sa—e
tii’ e , RI gure ~.-5 in d cate s that Bl acks at the same S~~ le v el w i l
r eenli s t at the rate of ~~~~ w h ile other races w i l l  reen li s t at a
rate of j 3~~ The percenta; e of sla ck s in the ~ r~~~y has jnc~~as€ d
sin c e ~ and , acco rcin ; to the ra c i a l  Oe b avlo r oat a , ~~l 1 r, a , ~~

a re e n l ist -r e n t rate tw ice as b ig n as Otne r races at trC S~-E 0
lev -~l . f tne ratio of E4 and aoov e to E 1-E3 has r erila’ neo Con-
stant , the n any p r ediction based on :ay gra~~ di sc ou nts t~ e .no~~
e~~ec ts of race. Si m il a r l y, i f ec c a t i -or arc tre ramo er o f o e :e~-
Oci ts are val i d  pr e~~CtorS t~e eff ici e nc ~ o f trose o r e- oicta. r5 i s
co nt 1-’~ent o n tne other i r r po r t a rt  att r iou tes o ’ t m :c c~ la~~o~ at
tne ti -re the estimating r el a trons b i o ~as cc-ve ’ c:ec .
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(b) To compensate for the interaction :— t - i a.ween predicto r
variables , tht ’ir marginal distributions wi thin the Ft 71 cohort
were used to form a joint probability distribution function , In
constructing the joint function , the individual predictors ~~reassumed to be i ndependent. As an examp le of this methodology ,
cons ider tr~ variables race and pay grade. If bU~ of the entire
sampl e is White and 30~ of the sampl e is in pay grade El to E3 ,
then it can be hypothesized that the va r iab le  subpopulat ion de-
fined as White , in grade El to E3 would be , prop o r t i ona l l y ,  repr e- 

a.

sented by 0.60 x 0.j~ or 0.18 of the entire sample. Similarly,
White  in grade £4 and above woul d comprise 0.60 x 0.70 or 0. 42 of
the sample. Figure 4-9 illustrates the proportional distribution
of the four col l ective ly exhaustive reenlis tment subp opu lations
for the variables race and pay grade.

Race Pay nrade Race and Pay Grade

White E4 and White , > E4
0.60 above 0 .60 x ~, 70 = 0. 42

0.70
B l a c k , > E4

x = 
Q 4  x 0 7 0

Wh ite , El -

060 x 0 30 018

Black Ei -E 3
0.40 0 30 H a c k , E i- E3

0 .1- x 0 30 = 0.12

Fiqure ~~~~~~~~ Pr or or~ i ’ r a l  Dis tr ib ot ion o~- ( - ‘ - I L l i s t r t e n t  ~d poit l o tions

( c )  Note in F i g u r e  ~-9 that the ra t ios  ot ñti i te I - [11 .1
in the race/pay grade sample (0. 42 + U.~ - - = L . o’ i; to 0.2b 0 . 1 2
0. lj ) are ma intained for the race s n b i anti simM arM y, t he

‘~rade ratios ar- maintained (0.42 4 U.2b - u . I U , 0 . 8  0.12
- : 30). Based on the principl e of proport .i n a l1 t~’ , i t I’; p o ss il — l e
to e - tin - t te reenlistment rates tor smal l populations by sca ing
the reenli stm ’t t rat s of one of the var iab les acco rd ing to the
reeni I sttnent di str I 1 - u ti or t t  the ot h - r v on ab le .  To c~ ntl nun tnc
:Lr e~ i ow~ exo:n pl e , suppose that the sampl e s ize  is 1,001.) ani ti lt

the n .l r i ina l reeni i ~tn- --- r a t e - , a r e  a s sno -~n in iobi ~ 4- 3 .
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Table 4—3. Ill u strat ive Ma rg inal Reenlist ment Rates and
Subpopulation Sizes

I Marg inal Nur~ -rr ~i
Var iable 

~ 
Subpopulation Reenlistment Rate Pee~ 1 istee~

White 600 0.10

Black 400 0.20 80

Tota l  1000 141

Ei-E 3 300 0.12 35

E4 and above 700 0.15

Tot a l  10-C o

(d) In Thole 4—3 , both race and oay grade estim ate 00
reen listees from the samp l e of l ,0u3. In const ruct ing the ~omn t
di str ibut i on it is assu mec that reenl i stment D y race ~~l 1 ocCu r a t
the rate s calculated for ~~Qy gr ades e x c e o t  ~~r c o r s t a n t s  O~ ~‘o-
po rtiona lity represe nting tne eff ects of race. For the sar r p e
size of 1 ,333 , the results of ~igure 4-9 indicate t~at o~ toe o~-

~M i t es , 423 would oe in pay grades E~ or ac- -o ve ano ~~L 1’ pa~
grades El to E3. The constant of pro po r tionality fcr 

~
-
~~tes ,

can oe de rived by solvi ng the f cllow ~ n~c ec~ at~~m :

+ (
~~ ‘, , ) (

~~~~~‘~ 
=

=
— -

a. -I,
—

This con sta rt ~ tne ” -s e d t: - ~~ a r~~ ’°i st’e’t r3 ~~~ . 0’
x CJ. 5 for ~~‘tes i n q r ~~~~~~ E4 ano aoo- -+e arc e.c; ..7.-1

. 2 l  0r ~m i t es ~ ~raies E -E3. ~o— c iHacK s , t~ e co n st a n t o~ 
r Q_

P rt io n d l i t ,  i s : ( 2~~ ) (3.~~~l ~~
- ( 2 .  - .~~~

) C - ~~~~~~ -:~~ =

~~~~~~~~~~ 3s~~; a 10 ..~~~D f r  :~~ d C~~5 ,  a ra 0’ ~~~~ i s
tm :r El a~ i aoov e a~ c a ~~~~~~~ ~~~~ i s  Qo ta i r e d f 0r  grades
Thol e . t - 4 SP ow s t he res ts a ’ t~ - - s e  c a l c ~.’ a t i o ns  ~~~~r t b . ~~~~.:i e

-- — - - - - - -

~ 

- --- —a.--- -- a.- - ----a.- - -
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Table 4 -4. The Joint Reen list mner l t Distr ibut ion

Reenlistment Number ot
Variable Subpopulation Rate Ree nli stee n

White , E4 and above 420 0.107 45

Wh i t e , E1-E3 180 0.086 15

Sub total 600 60

B lack , E4 and above 280 0.213 63

Black , E1-E3 120 0.170

Sub total 400 80

Total 1000 140

(e) In Table 4-4, note that summi ng over race yiel ds the
marginal distributions by pay grade shown in Table 4-3 and that
summing over pay grade yiel ds the appropriate marginal s t -y race.
The use of this techni qu” provides an estimate of reenl i stment
propensities for those samples too smal l for direc t estimation.
Weighted lin c~ - - regression ~as then used to establish rm ’qressi on
equations to~- t iese reenlistment est imates.

4-4. ANALYSIS OF RELNLISP ’IENl FACTORS. Us ing the regression
equations devel oped from the actual reenlistment d att (for 1dr ~epopul at ions ) and from the esti ma to a. derived t ~roug h joint prol:--
ability distributions (for smal l popu l -it ’on~ , reenlistment rate s
for the 32 subpopulations at eac h Sl~B 1 e~ -~~~ wt re c .w:puted . Ir- ’
reenl i stment rates are shown in Table 4-5; Inn t a [ - l e  i s  in •L W l -

parts: A and B. The followi ng paragrap hs a - ~lyz ’ the ir -r i t io r
ot the four retention factors : race , edu cat iun , Oy , r lents ana
pay grade on reenl i stment and tnv SRB . To tdLil atn disc - - - i n n ,
each of the 32 subpopulat i -ns have be -on seq ‘ -

~~ ial 1+ nun: er d in
each table and su f f i xed  wi tn a le t t a . t - r  t u  duno r~’ ti 1~, i ( -  I t~

which it was taken. Subpopul o tior - nt , t ur  - .,iItt , lt , r u-t ens to sol
diers who are -~hi te; (tl )~-r , L1 — E3 ’, +. depende r t ~~; l i t ter t O o -  ~1gh
school educat ion.  Lurpopu lat ion 88 is  tho n-line ux c ~ p l h~ Sn ~ul-
diers ire Black.
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a. Race. The reenl i stment rate s for all 16 Black sut~~o p u ~a-
tions (Table 4-5, Part B) are significan tl y higher than their 16
White counterpart populations (Table 4-5 Part A). This di t feren , n
Is also ref l ec ted in the higher overal l Bl ack marginal response
(Part B) to the SRB when compared to the lowe r Whi te  marg inal re-
sponse (Part A). The Bl ack marginal response to the SRB is
consistent with a hi gher reenlistment propensity ; it is log i cal
that a subpopu l at ion wi th a hi gh reeni i stiiient nro pe nci ty at a low
bonus level is more likely to have that propensity reint rced by
an increase in the bonus. In sp i t’:- of the marked di f fe re r L - be-
tween the overal l Bl ack and White r€-nnl istmer : t rates , the ma ’q ina l
response to the SRB of the 16 Blac k popul at ions qt: n~rul 1y para l —

lel ed the White counterpart marginal response to the S~ B .  In
this manner , subpopu lations 4A and 4B had the l owest ma r g in a l ~
sponse to an SRB and subpopulat ions IJ\ and 15B had the h ig h est
marginal response to the SRB . The parallel effects of reenl ist
ment behavior and bonus marg i nal response are illustrated i° Fi-
gure 4 -10. These paral lel  e f fec ts  not only show the siq r~ f i c a nc e
of race as a retention facto r but also serve to hi ghl ight the im-
portance of the remaining retenti on factors (~‘ay grade , number of
dependents and educational level in describing comp lete r t~c ’nl i st-
ment/bonus behavior.

b . Educat ion. The General Educational Devel opment (GED) sub-
popul at ions showed high reenl i s tinent propensity and hi gh res po - so
to the bonus. At the opposite end of the ree nh i st i o~nt /Oonus ~e-sponse spectr’im were those soldiers who had educational acrieve-
ments g rudt:r r tnan high school . The indi f ference to reenl i~ tj oent
and bonuses displ ayed by soldier s w~— o had high educatio nal achieve-
ments may wel l be a shared per ception that civilian opo ortuniti es
resulting from their educational achi -v ein er its are great o’- than
military opportuni ties. The high reenlistment rates e~hi~:ited ~ythe GED subpopulat ions may refl ec t an at t i tud e that the lED
equival ence has p’ - cv ided them wi th an i n- a. rt -a sed opportu nity t.
compe te wi th the high school dip l oma graduat- wit h In the - -~‘y
rather than wi thin civilian occupations. The GEt) subp opu l it o’is
nay also be hi ghly -m oti a.’ ited , non-hi gh school g r iia.iu t os -..,~io o r-
ceive that the 6F1) equiv a le n u- will en h - in a. k’  the - n  nil ny o~- ;n - ’ --
tuni ties. The distinction betW en non-high school y r iu ,a.a ti-s and
hi- lh school dipl oma gradu ate s is les s c l e a r . High ~cho~ite s reenli st at a higher rdt t- (-In excel o ion is sut )p op ul uti on - ‘ 5 .

~hi t s  . E4 ~~r above ; non -niqh school graduate ,  no d e p e na . l - n t S ’l and
o re Hon e respons ive to the bonus th i n sol di ers ~itn out a h i - i ’
no ho ) di pl em-i . Th 1 s di sti nc t ion , hua. ’~v ~ ~ n , i 5 1 e s s pr on~ a . o  - a. i i
between soldiers in gr u - lu - - E l -Li.  the reeni i s tment boh i v i o ’ - ,:t
t ie hi- lh school j rad uato unq Il s t ion ab l y  has some b ias r C-

fr om An y ~ol icy which t u v o r s  -;oldi -’--: I I  C S I P q  a h1~~h sc r ol :1 1 —
ploma or cF D - - l u i v o l e n c e .  Th is  pre fer e nce , h w ’-~~-r , ,13es not
C I I I , ) U I )t  ~~j r  the ti 1 ~rr- r C - 1~~1 1 nal resp o nse t~ the IRB demon s~ rat i o
by the high school di ploma graduate .
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a. 

- 
c. Dependents. At an SR13 1, so ld i e r s  w ’ ‘e dependents display

littl e difference in reenlistmen t r d t ~~~~ t r o ~ ’ those wi tnout  depend-
ents; exceptions to this general rule are Bl ack a ’d ~h ite , E4 or
above , with more than a high school eau atio n and ~itriou t depend-
ents (subpopulations 1’2A and 1 2 13 )  who reenlist for an SRB 1 at a

-
~~~ slightly hig her rate than their m arri ed bla a.~~~ or ~‘;ite counter-

parts (subpopulations ibA and 1b~). 
m nese e~ceptio ns may reflect

the perceived need on the part of the h i ghl j educated soldier with
dependents tur higher pay consistent with his education ana his
famil y responsibilities. As toe SI~i3 level is in reased , ns~ever ,
family obligations appear to exert more influence. r O i S  percep -
tion is reinforced oy the si gn i f i can t l y  nignen marginal ‘-es ponse
to the higher SRI leve ls  l isp layed by al l so l d ie r  w - t - i  dependents
than those without dependent s . The soldier with dep~±~ 1ents is
apparently more likely tc De induced oy a higher ocous tno n his
counterpart without dependen ts Decause the bonus offers increased
family support without tie un i_~- - t i i n i t - y of seeking new employment.

d. Pay Grade. Sol diers in p i y  ~raa - 4 or above dellioC otrate a
decidedly higher reenlistment p r - , ‘ -‘n sit y and marginal response to
the SRB than their counterparts in grades E1-E3 . The hi - a.~h reen—
listm ent propensity at the SRt3 1 1e v -i is rei n fir0e ’1 at tre higher
SRB levels. This hi gher ree nli st c ent response to an SR~ is possi-
bly due to the positive reinf orcement that ‘ successful soldiers
receive from military service (as demo ’strated t)y t h e i r  r i  j i O r

grade). Conversely, those soldiers in the luwei ~raa~-s m ay be
displaying an indifference to the service by f~~il i r ~ to compete
succes fu l ly.  This indi f ference to reenl is t  even at h i - ~h DOfl uS
leve ls  is general ly reciprocat e by Army retention p o l i c i e s  w r i - ~a. r

may not encourage , or even prohibi t , r -eni l i stment ~ a rg i nal per—
formers.

4—5. SUMMARY. As discussed in the preceding oarau ”i phc , tr’~ re
arL- general trends in reenli stment nr SRB response which c’-~~’-oe
when viewi ng the tour retention f actors (race , education , pa,
grade , and number of depende nts ) either in i s o l a t i o n  cr  in con-
cert. The d i f ference in spec i t i c  reenl i -,t~ t - n t  ra t  - - tee ThI— mar-
ginal responses between the 3~ subpopu iat ions i den t i f i e u  in th is
cha pter i nd ica t e  the need to m a i n t a i n  a mul t idimenni u n i l v 1 t a.-~~ 1

the soldier. Al tt-ou~ h t h e gt i u- r i l st a t ont That t i la c ks ~~~~~ ‘ ii ‘-t
at a hi gh er rdte t I ’  ~li i tes is S u p l o a . r t c l c  c~ analys is  of  thin t ‘f ii
cohort data , Ui 5 s td t en l t - f l t  iqro r e~ the fact  that a. t’~ tu ri ~ - i tesreenl is t  at hi }her rat s than ‘;o e Bla ks .  Toe four ~ ten t on

fac to rs  of race , Our at ion , number of dta.pr’nle nt s, and pay ri ~
p r e y  or enough spec i t i c  data to penal t a be t te r  est  1 mat - ut the
kind at soldier the A rny w i l l  a t t rac t  ~ i t t  an ire ~ -nt i v , - pol~ c~ dud
wrl ,a.-re , it po ssioli- , to focus that retention policy. The a bi lit
to focus on t i ’  “whole n on ” in formulating retc-nti c— n po i i - v al so
has a. i co ro l idry in recru i t ing et t o  t -  dnd i n —  ser v i  ci - I I id “ - ti
as promotion , ed cA ~ a Li on , ama de pc-nee t car e and ~ ii are.
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CHAPTER 5

BONUS ALTERNATIVES

5-1. INTRODUCTION. In Chapter 4 , reenlistment factors we re de-
veloped and used to derive reenl istment rate s for f i rs t  term so l-
diers. These rates differed from tabulated statistical data be-
cause these rates defined specific soldier subpopu lations in a
manner tha t exp la i ned or to ld ‘ who ’ was reenl isting . The histori-
cal reenlistment behavior of these soldier populations was then
correlated wi th the five SRB level s which permitted inferences
concerning the effec t of the SR B; who responded to each SRB level
and who did not? By quantify ing the effects of the SRB in thi S
manner , these ef fects  coul d be used as input to the CEA SR E P System
and used to provide a bonus manager with more detailed projections
of the impact of the SRB on the enl i sted force. In the same manner ,
the historical effects of other policy incentives can be assessed ,
quantified and used within the CEABREP system to estimate their
effect on the projected force. Implicit in this approach , is the
requirement for historical data which spans the policy unde r con-
sideration and from which the hi storical e f fec ts  can be d e r ’ v o o .
As discussed in Chapter 1, the effects on reenl istment rates of
incentive policies as alternatives for the SRB coul d not be qua n-
tified because of current Army personnel data limitations. ~c- t-
wi thstanding this impediment , a stated objective of this StuO-,
requi res the expl orat ion of a l te rna t ives  to high SRB pay ren ts .
This chapter , within the constraint of the data l imi t a t~c’s , dis-
cusses two al ternativ i_ s to the SRB . These alternatives are in-
duced MOS red assi f i ca t i on  and the CO b ,J S-to-CO N US stat ion of
choice reenl is tment opt ion. The f o l l ow ing  d iscuss ions  are based
on the rat ionale that reenlistment incent ives that cost no more
than an SRB , and are acceptab le  to a sold ie r  in l ieu of -an PIP ,
are v i ab le  bonus a l te rna t i ves .

5-2.  IND JCEP RECLASSIFICATIO N . ~bi l e tn-~ Army cur rent l y pe r - i t s
sol diers in su rp lus ‘~OP to reenl i St for shontia:’ MOS (if ment al 1~
and physical ly qua l i f i ed ) , ex i s t i ng  regulat io ns provide l i t t l e
incent ive for these sold iers to do so , even i f toe s r a. r t , j - ~~e ‘

~nas a bon ds enti tip ent. Purre’i t regu la t i ons  re q u l  r -  a solct i or to
03 11 an MOS tor  9L- day s p r i r to reenl ist ’ c’nt to be el i g io le  to
rece ive  a oonus in t hat MIS; yet in most cases , for  a so l - te r
chang ino nis special t~ ( r e c l a s s i f i c a t i o n ) , the new I-’ - cann o t oe
awarded unt i l  a t  t- - r  the soldier has reenl i - - t ’ d f o r  i t .  Al t n u u g ’  a
shor t a i t - “~ 0- may be iu t n , r ized a sel e c t i v e  rer-n l 1 ‘t nt c-nu s
level  ( 5~P ‘ )  and a surp i us ~DS author ized  no bonu s ( SPB O ’h , f r ,

sol d ier in ~~e surp lus ~ -S c an’~~t be ; a i d  a t)ca.’ius -a . r  reeni  1 stnient
in ei tner t’~ - sa. rHus or t oe sh a.: - r t- ~ - . ne re is PD

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a.~~~a. ~~~~~~~a.~~~~~~~~~~~~a.
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inducement for the soldiers in surplus MOS (who are mental ly and
physically qual i fied for a shortage MOS) to move from the re 1at i ’~-
security of their current MOS to the unknown enviroruient of to-
shortage MOS.

a. Marginal Cost. A reenlistment incentive does not need to
be focused eriti rely on the reeni I s tnient deci sion of sol di ers in a
shortage MOS. As discussed in the analysis of retention factors
(see Chapter 4). eac h SRB i ncrease wi thi n an MOS focuse s on a
sma ler residual population that is more “bonus resistant ” or i s
less career-motivated. Concurrentl y, the SRB i ncrease “over
sells ” the MOS to those soldiers who were motivated to reenlist
wi thout a bonus or at a l ower bonus level . To illustrate this
effec t, consider a notional MOS wi th a popul at ion representat ive
of the FY 71 accession cohort. Table 5-1 shows the expected reen-
listment rates and both the direc t and marg inal costs per reenlis-
tee.

Table 5-1 . Representative Peerlist ni ent Rates and Costs

SRB Cost per Marg inal Cast
Level Reenlistment Reenl istee d I c’ - Reen l istee

1 9.2 percent $2 ,380 --

2 11.0 percent 4 ,625 $16 ,099

3 12.8 percent ~,150

4 14 .6 percent 9 ,020 22 ,317

5 16 .4 pPrcent 10 ,695 2i ,SPi

aSource : !A 000tary Incentiv e s Mon g on ‘t Bran , EPD, ~

(1) In Table 5-1 , a reenlistment rate at 9 . ? t  is ~-x~ ected
f o r  an SRB 1 and th is ra te  ~~~1d incrn- o -; ta. to 11.U P at SRB 2 ;  it
may be i n t e o r  d that included in toe 1~~ at SRB 2 a r :  the .~~~~~ wO

would have reenl I sted at the SRB 1 le ve l  . I~~i 5 1 nI r - , i - f l l  15

bused on the premise that a soldie r w - h ,  is -~~ lii r q f r ’e r ,  1st 1 jr
a low bonus wi ll also reenl is t  at a hi gher S iLa. S 1 e v - i .

5-2
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The marginal costs shown in Table 5-1 are developed from the fol-
lowi ng equation:

Marginal cost = ( C n+1 Rn+i - Cn Rnl
n+1 - R n )

Where C equal s the bonus cost per reeni i stee at bonus level n and
R equal s the reenl i stment rate expected at bonus level n. Using
the reenlistment rates and cost per reeniistee shown in Table 5-1
the marginal cost per reenlistee of changing SRB 1 to SRB 2 is
calculated :

Mar m a ]  cost = $4625 X 0.11 - $2380 X 0.092

Marginal cost = $508.75 - $218.96
0.018

Marginal cost $16,099.

An increase of the SRB level from 1 to 2 therefore results in a
margin al cost of $16 ,099 per addi tional reenlistee. The hi gh ilar-
ginal cost of providing additional reenl i stees through bonus in-
creases might be reduced by of fer ing smal l bonuses to induce
career-motivated soldiers to reclas sify from surplus to sh o rt a i t
MOS. Used in this manner , the bonus is 

~~~~~~~~~~~ 
ex i stin 1 ren -~1i stment pp~ential rather than attempting to create it W ithin d

l imited and rel uctant audience. Furthermore , every bonus payment
used to induce rec lass i f i ca t i on  contr ibutes to the resolut ion o~ a
surplus problem as wel l as a shortage proble m . Because the bon~ s
would be paid only to so ld iers  who vo luntar i l y  r e c l a s s i f y , t
high marg inal cost encountered by increasing the SRB level is rt ’-
duced. Figure 5-1 compares the cost of inducing reclassification
oy using an SRB 1 compared to the cost of increasing r ’enl i st~t- nt s
through higher SRB payments.
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Figure 5-1. Cou f Cor npari snr between Induced
~‘igra t ion and SRB Increases

(2 )  The c a . r v e s  in Fi gure 5— 1 are based on the d a t f  of Tabl e
5— 1 .  The marginal c o t  for each re classification is equal to tn-
SRB 1 cost because the SRB woul d Pc pa id a.: nlv to those soldiers
who rec lass i fy .  The marginal cost  t o r  inc re as ing  the SRB leve l
for those already qual i f ied in the NIP- i s as shown in Table P - - I.
If the short age MOS re uo i red no addi tiona ’ a m ino , the cos t
avoidance as a So ui t of reclassi t i c i t ion is the di florence tie-
tween the curves. If training is requi red , then the induc e- rot
SRI3 plus the variable cost : t  t r a i n i n - t  mus* or less than tO - ’ -i -i r-
g ina] cost ot inc reas ing  the SR13 ~ -th ri tne “ILlS to j u s t i f y  t t ~in iu c e!nent : o ’ u s  on -i s t r ic t  cost  i - I t  I f ice Ou S i  s. Tht’re ire.
however , circumstances when it oy tie i na p p r o p r i a t e  to in ci u e
t ra in ing Costs in ca lcu la t in g  the tr - ,o s t  a~ c - i d a n ce.  Th0 An ,
currentl y permit- - pot -n t  ial r- enl i a. t --s tc- reeni i st for a - Othi r
NI PS which is e- i l h ’ r wi ] inced ~~r short . ‘h is - t i O n  ~ S 00
s’A ;p or t - f-t by M ILPE R CEN to - u ,r ,t : o  I ~ ‘ rum surt i j c  Mt ~~ , ~ as
_ a. r r ntl y admini ste red , M I L P E - -I S c a ’ n n ’ in t l u - l c e  t~ - t - t o w  I nto

a. ) 4

a. - - - - a .  - - a. - - -  --—- --a.-- a.-~~ - -
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the MOS most seriously short. MOS managers are wi lli ng to incur
addi tional training costs at reenl i stment as a general reenlist-
ment incentive and manage the program only in terms of reducing
the strength of surplus MOS; from thi s viewpoint , training costs
coul d be regarded as sunk costs and the cost differential of Fig-
ure 5— 1 can be appl i ed as the true cost savings of induced
reenlistment from surp lus to the shortage MOS. If authorized , the
inducement bonus should be restricted to permi t fl ow onl y from
surpl us to shortage MOS. Reenl i stment into a shortage MOS frs~
balanced or other shortage MOS coul d continue under cur r e v t poll - a.

d es , but the use of an inducement bonus for such reclassi fica-
tions can not be considered cost effective and shc- u~d probably be
di scouraged.

b. Advantages of an Inducement Bonus over Mandatory keclassi-
ficatmon. The Army , sel ectively, can deny re Tistment to sol-
diers in surplus MOS or mandatoril y reclassif y individuals wI thin
surplus MOS who have not comp leted their enl i stment or reenlist-
ment terms of service. Mandatory reclassification may be unavoi d-
able when changes in the force s t ructure create large and sudden
MOS imbal ance. Mandato ry reclassification coul d be used in lieu
of an induce ment bonus; however , there is a potential for in-
creased turbulence wi thin the force as wel l as the negat ive ef-
fects on morale and efficiency of soldiers who are involuntar i ly
rec lassified. Figure 5—2 illustrate s reclassificatio n prior to
reenlistment where indiv iduals in surp lus MOS A are involuntari ly
reclassified to a shortage MOS B , perhaps requiring addi tional
training. Because the Army currentl y authorizes reenlist ment from
any MOS to any other MOS which is either balanced or short , the
potential is hi gh for those involuntarily reclassi fied to reenl i st
out of the shortage MIS and into a balanced MOS , in Figure 5-2 ,
MOS C. The impl icat ion is that reclassification should t i~ - pl a c e
after reen histm ~nt when additional changes of MOS are not possi-
ble. Figure 5—3 shows the reclassification process taking pl ace
after reenlis tment where again lIDS A is  surplus prior to reenlist-
ment and MOS B is short.  Currently, in manag ing the e -nl i~ a .tj u€-n t
pr ocess , MILPERC N and the career counse lers in the fiel d ‘n our-
age r i -enl istments out of the surp lus  MOS. In Figure 5-1 t n s  t ’tow
is repre sent il (solid line ) as going to MOS C through M(0a. L.
the reen listment process is com p lete, t he r e c l a s s i f i c a t i o n  process
(solid lint- ? is then used to co r rec t  the s h u r t fa l ]  in MOS B. The
net flow a f t i e  both r,- nl j stj flent and rec lass i f ica t ion may have
been a f low • rom I~I - A to ~~: -  B , but because man l i e r ,  ir a.’ unatile
to d i rect  fl ow t roni t h-  surp i :a. s MO- - , to the ~- hor tao - Mt - a. at
time Of reenl ston ’nt , addi t ional  chan ges of ~ w i  th rosul tin - ?
training i n  unavo ida: r . TOt -  o p t i o n  of  an i Odul ement bonus , as
shown t y t O - - O t t o 1 ~nes in ~iquro ‘,_ 3 , ;n~~ ides a means for in —
f i  ueric i n ; t oi s flow at t a . - t ime of reen l Stint’ t .

5—5
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c. Reclass ification Train in.~~ The Army ’ s current method of
al l ocating school spaces gives pri ori ty to accessions and may pre-
clu de effective operation of an i nducement bonus program . The
required number of school spaces for an MOS is established based
on a total projected shortfal l (first term and career for’ es) in
the MOS. These sc hool s paces are en tere d into the Rec ruit Quota
System (REQUEST),* for use by the Rec ruiti ng Comman d . The REQUE ST
System allows Army recrui ters to reserve school spaces by name for
access i ons to the Army. Because o f priority accorded to the ac-
cess i on prog ram , some of these school s are fully subscribed uy new
access i ons several mon th s i n advance , even though the justifica-
tion for some of those spaces may have been predicated on the
nee d s o f the ca reer force. The poten ti a l reen li stee in thi s case
is effectively denied reenl i stment in the shortage MOS because the
Army is not capable of qualifying the individual in the new MOS
wi thin a reasonable time . There are currentl y no provisions to
~fence ’ school spaces for the active Army . Before considering
induced reclas sification as an alternative to the SRB , the Army ’ s
pol i c i es on al loca ti on o f sc hool s paces s houl d be rev i ewed .

5-3. THE CONUS-TO-CONUS STATION OF CHOICE REENLIS~~ENT OPTION.
This option was eliminated by the Army in April 1975 , primaril y to
reduce the Army ’ s re qui remen t for permanent c hange of sta ti on
(PCS) funds and to stabilize job assignments. While elimination
of this option may have been successful in el iminatirq PCS obl iga-
tions direc tly associated with this option , it may have resul ted
in increased accession costs and/or repl aced the stabilization
problem with a shortage problem .

* Request System Guide Jul y 1~ 74 , nl I sted Personnel M t  ‘ n t
D i rf s a. t o r a te , Enl is ted Tra in ing Div is ion (~ eques t Project f l a .  ‘‘)

MILPE RCEN.

5-
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a. The ef f ec t  of the Stat ion of Choice qptlon. :n Fi gure 5-4 ,
Case I i l lust rates the stat ion of choice reenTf ~~~ent Option. Ar
individual assigned at “A” desired to reenlist for a vacancy at
“ B” as snown by the dotted line , and is permitted to do so resu 1t-
ing in two PCS moves shown by the solid line s; an operational PCS
to move the individual from “A” to “ B” and ~ PCS move (acce ss i on
or operation al l from some external source “S’ to “A ” . Ideal ly,
e l im in it ~ :n of the s~ a~~io n of cho ice  opt ion would resul t in Ca se
II where ttie individual at “A ” , denied “ B” , woul d reen list for h i s
own v a c a n c y  rOSOl ti rig in on 1 y on’~ PCS move— -from “S” to “ B’- . How-
eve r , Case Ii is not the only possible outcome from elimination of
this option. Case III results in three PCS moves ~ b e f l  the indi-
vidual at “A” refuses to n - m i  i St at a l l - — a  separation PCS results
and vacanc ies  must be f i l l e d  at both “A” and “B” ; Attempts to
quantify the effect of the CONUS _ to_ CIN IlS station of choice option
were unsucc essfu l due te the lack of compl e te cohort f i les  cover-
ing the period when the option was eliminated . Attempts to esti-
mate the effect of the option from ODCSPEP aggregated data were
also unsuccessful because of multipl e poi icy changes. At the erte
of March 1975 , tOn- CONUS-to-CONUS stat ion of c ho ice  opt io n  was
el iminated and the reenl istment eli g i b i l i t Y  zone simultaneous i~was changed from 21 months of service to with i n 90 days of Sxpira-
tion of Term of Service (ETS). In mid -M ay 1975 , reenl i stment eli --
gibility was restri oted to 30 days prior to ET S for bonus recipi -
ents. Effective 1 Jul y 75 , 15 days lost time (e.g., absent wi th-
out leave) constituted an unwaivera ol e bar to reenlistme nt , in 1
Aug 75 , control s were imposed on the reenl istment of non-ii ic r i
school graduate s ~nd ind ividua l s who had scored less than liP on
MIS pro f ic iency tes ts .  The expectation was that the se polic ies
would depress the reenl is tment  rat - . In Ma rch 19/ b . ODC SP ER re-
ported a i~egui ar Arm- ,’ i ir st term unadjusted ree n’ is t me nt  ra te  t r ~ a.
enl istments div ided by tj t~l sepu rat ions )  of 55.~~t ; by June th at
rate had fa l len  to i7.3 ’~ and by September 1,1 1 re~~~f ic a low of
lu .b , .* The compound e f fec ts  o~ the sev er a l  pers onn€ ’~ poi icy
changes precluded i so li tion of tI’~ effect o f ru minating the sta-
tion of ch o ice  opt ion. O DCSPER is  c urrenti plan n in ~ to resto re

~ni s option on a test bas is  under s t a t i s t i 0 a l  co ntrol  to de - - ’ ~’: - -

the e f fec t  of the opt ion on reenl i st~ne’i t ‘r- oe -l s i t ies. This w i

permit a f ull co m pa r ison ut t h i s  op t ion  w i t h  the SRE .

~uUCSPL o Mon t h ly ~een t S t J ) : n I t  ~atu ~epu n i a. . ROLl tJr? — t ’ L U

5- -
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Case I Case II

(Separation PCS)

Case I I I

Figure 5-4. PCS Alternatives

b. Cost. The CONUS-to-CONUS station of choice option can be
shown to be a cost effective al ternative to the SRB even in the
absence of specifi c data on the effect of the option. The Office
of the Di rector of Plans , Programs and Budget, ODCSPER , currentl y
estimates that a PCS wi thin CONUS for an individual in grade E4 or
E5 costs $120 wi thout dependents and $909 wi th dependents. If an
MOS is critically short at the SRB 1 level and an increase to SRB
2 i s contemplated , the individuals in the MOS coul d be offered a
cho ice of the SRB 2 or the SRB 1 wi th station of choice. From
Table 5-1 , the average SRB 1 costs $2380 per reenl i stee. The SRB
1 payment plus the $909 PCS cost for an E4 or E5 total s $3 ,289
wh ich is less than the average cost of $4,625 which would be paid
at the SRB 2 level . By offering the potential reenl i stee this
choice of opti ons (stati on of choi ce plus SRB 1, or an SRB 2 or
higher) , the Army is assured at least the reenl i stment rate that
woul d be achieved ~y simply raising the SRB l evel . For each m di-
vidua l who accepted the station of choice option at the reduced
bonus level a net savings of $1 ,336 could be real i zed if the reen-
l istee had dependents and $2 ,125 coul d be saved for eac h reenl istee

5-9
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wi thout dependents . While the CONUS -to-CONUS option can be j usti-
fied on a strict cost avoidance basis , other factors cannot be
quantified . Stabilization commi tments for reenlistees who have
accepted this option may conflict wi th overseas rotation require-
ments. This is a consideration left to the decision maker for
subj ective eval uation. The CONUS-to -CONUS station of choice op-
tion, when used as a reenl istment incentive , can accompl ish a
twofol d purpose : it can stimul a te a reenl istment in a soldier who
might otherwi se separate ; and it can serv e to fill a requi rement
at the sol dier ’ s station of choice. Accordingly, this option , by
synthesizing the needs of the serv ice wi th the desires of the sol-
d ier , provides a powerful and effective al ternative to high SRB
payments . Th i s opt ion s hould , however , be restr ic ted to those
soldiers who are serv i ng in shortage MOS and appl i ed to stations
where vacancies exist in that MOS. Prol iferation of this policy
to all soldiers could stimulate soldiers In surp lus or balanced
MOS to request new duty stations when otherwi se content to remain
at their present duty station thereby dimini shing the effective-
ness of the option in terms of cost and Army operational requi re-
ments.

5-4. SUMMARY. The preceding discussions have presented empirical
arguments for using al ternative reenl istment incentives in lieu of
high SRB payments. At the present time , data limitations requi re
that these asse s sments be substi tuted for quanti fied est imate s of
eac h policy ’ s ef fect  on reenl i stment (see Appendix C). Empiri-
cally, induced reclassi fication and CONUS-to-CONUS station of
cho ice option have been shown cost effective. These options can
be used by the bonus manager as addi tional tool s to infl uence re-
enlis tment decisions. Induced reclassi fication redirects ex i sting
reenl i stment potential wi thin surplus MOS to shortage MOS. The
CONUS-to-C ONUS station of choice option , by substituting a geo-
graphical inducement for a monetary inducement , has the potential
of attracting sol diers indifferent to monetary incentives. The
demonstrated cost effectiveness and utility of these al terna tives
are , however , base d on the i r use as a subst i tute for high SRB pay-
ments. Accordingly, li ke the SRB , these opt ions shoul d be use d
for resolving MOS imbalance. Non-selective use of these incen-
tives could encourage soldiers to remain in surp lus MOS or to
leave balanced or short MOS; this woul d obviate the cost effec-
t iveness of the al ternatives.

5-10

_ _ _ _ __ _ _ _ _ _  _ _ _ _ _  A



CAA—SR-77— 1O

CHAPTER 6

OBSERVATIONS

6-1. INTRODUCTION . The Cost Effectiveness Analysis of Bonuses
and Reenlistment Polices (CEABREP ) Study developed a methodology
and system design for an automated system to enable bonus managers
to assess the potential costs and effectiveness of bonuses and
bonus policies. Portions of the CEABREP system were used to ana-
lyze and quanti fy factors which Influenced the reel lstment
behavior of FY 71 accessions to the Army.

6— 2. ESSENTIAL ELEMENTS OF ANALYSIS. The EEA specified in the
tasking directive are discussed below .

a. What are the factors influencing reenlistment? Can this
influence be quantified? The most important factors influencing
the reenlistment behavior of FY 71 accessions were race, educa-
tion , pay grade, and the number of dependents. Estimating rela-
tionships were derived to predict reenlistment as a function of
these variables and the SRB. These estimating relationships are
in Chapter 4, Development and Analysis of Reenlistment Factors.

b. Does the enlistment bonus , when used in conjunction with
SRB, become a l ower cost method of providing fill to an MOS? If
so, what SRB l evel? This EEA could not be addressed during the
study because of data limi tations discussed in Chapter 1, Intro-
duction , and Chapter 2, Methodology . Only the FY 71 cohort file
was available and the enlistment bonus was not offered in FY 71.

c. Are there other cost alternatives that could be used in
lieu of or in conjunction with the SRB to provide fill to MOS?
Yes. Specific examples include restoration of the CONUS-to—CONUS
station of choice reenlistment option and induced reclassification
whereby soldiers in surplus MOS are encouraged to reenlist for
shortage MOS. These alternatives were shown to be cost effective
at the MOS level , but were not recommended as general reenl i stment
inducements. These alternatives are di scussed in Chapter 5, Bonus
Alternati yes.

6—3. OBSERVATIONS. The major observations result ing from this
study of the reenlistment process are as follows:

a. Reenlistment factors can be developed and quantified using
historical reenlistment data. These factors can be used to pro-
vide a comprehensive view of reenlistment behavior. Observations
relevant to three— and four-year enlistees of the FY 71 cohort
are:

6-1
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(1) The most significant variables as predi ctors of reen-
listment behavior for FY 71 accessions were: race, education , pay
grade and the number of dependents.

(2) The best single di scrimi nator of reenl i stment behavi or
is race. The Black racial group reenlisted at a rate approxi-
mately double the rate of Whites and Others at all SRB l evels.

(3) Within the education category, General Education Devel-
opment (GED) high school graduates exhibited the highest reenl i st-
ment rate and those with some educati on beyond high school demon-
strated the l owest propensity to reenlist. At the SRB 1 level ,
high school diploma graduates reenlisted at a slightly higher rate
than non—high school graduates; however, high school diploma
graduates were i nfluenced by increased bonus levels to a greater
extent than non—high school graduates.

(4) Soldiers in pay grades E-4 and above consistently di s-
played higher reenlistment rates than Indiv iduals in pay grades
E1—E3. Those in pay grades E1-E3 had low reenlistment rates at
the SRB 1 level compared to soldiers In grade E4 and above, and
littl e improvement was noted as the bonus l evel increased.

(5) At the SRB 1 l evel , the di fference in the responses of
soldiers wi th dependents and those without dependents was not sig-
nificant. As the bonus l evel was increased , I ndividuals with de-
pendents exhibited higher reenlistment propensities than those
without dependents.

(6) The general trends in reenlistment which emerge when
viewi ng the four retention factors (race, education , pay gra de,
number of dependents ) both in concert and in isolation reinforce
the need to view the attributes of the soldier in more than one
dimension. The multidimensional view permi ts improved estimates
of the kind of soldier the Army will attract with an incentive
policy and where , if possible , to focus that policy .

b. Force projections at the MOS/grade/year of service level of
detail can be improved using MOS-unique continuation rates devel-
oped for the CEABREP system.

c. There are cost effective alternatives to high SRB levels.
These alternatives can provide flexibilit y to managers and appeal
to a wider spectrum of potential reenlistees. Such alternatives
should be used to alleviate imbalances in MOS and should not be
used as general reenlistment i nducements.
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d. Implementation of the CEABREP system would provide the po-
tential for improved management of the I ncentives program through
the use of automation. The system would provide the capability of
analyzing reenlistment in terms of policies , monetary incenti ves,
and exogenous Influences which cumulati vely consti tute the reen-
listinent environment.

(1) The data base to support the CEABREP system design does
not currently exist. Implementation of the CEABREP system would
require that MILPERCEN collect demographic data on accession co-
horts, Institute data quality assurance procedures, and maintain
data spanning at least five years.

(2) The data base acquired to support the CEABREP system
would provide a source of data to support other Category 1 Man-
power/Personnel studies dealing with the demographic characteris-
tics of Army enlisted personnel .

6-3
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APPENDIX C

DEVELOPMENT OF THE CEABREP SYSTEM

C—i. OVERVIEW OF THE CEABREP SYSTEM. This appendix develops the
complete automa ted CEABREP system which coul d not be impl emented
because of data limitations. The compl ete macro -level ADP system
design shown in Figure C—i uses the existing Personnel Inventory
Analysis /Year of Service Model (PIA/YOS) as a major component. As
a first step in applying the methodology , force projection accu-
racy is improved by using MOS-unique continuation rates. (See
Chapter 3.) Costs of the SRB at all ~evels and policies currentl y
in effect are obtained and applied on a per man basis. The compo-
nents of cost and the force projection provide the capability of
assessing the current force in terms of MOS fill and cost. If the
manager considers the degree of fill to be inadequate or the cost
too hi gh , the capability is provided to evaluate the historical
effects of bonuses and policies to formulate new alternatives. If
the alternative involves implementation of a policy or an i ncrease
in a bonus level , such data must be quantified in terms of contin-
uat~on rates by MOS, grade , and year of service for input to themodel ; the model then projects the force as it would appear under
rev i sed inducement policies. Total cost can then be develo ped for
these new policies and the process conti nued until a policy set is
developed which sat isf ies cost and force constraints. Within this
appendix , a narrative description of the various operations is
given to explain the system logi c. Each narrative description is
supported by a series of “Hierarchical Input-Process-Output
(HIPO)” flow diagrams wi th extended narrative to support program-
ing.

C-2. DATA REQUIREMENTS. The CEABREP methodology requires the usc
of two primary data sets. The first of these data sets consists
of series of accession cohort files which provide demograph ic data
on each soldier who entered the service during a five-year period .
The accession cohort files provide the basis for develop ing eon-
tinuation rates from the initial enlistment period into the career
force. These rates are functions of Army policies , demographic
data , an d exogenous influences such as unempl oyment. The second
data set consists of historical strength data used to estima te
continuation after the first reenlistment. This histo rical data ,
taken from the ODCSPER 411 Report , provides the information re-
quired for the derivation of MOS-uni que continuation rates di s-
cussed in Chapter 3. The remainder of this appendix will show n~~
the data sets are used in conjunction wi th other models within the
CEABREP system to provid e the manager insights into the reenlist-
men t environment.

C-i

- -S--
~~~~~~~~

—
~~~~—-~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _-~~~~~ ~~~--_~~~~~

_ _ _  

—-~~~



CAA-SR-77-l 0

L
0

a)

>~
~.- U
C ..-

> “—0 . 0  —
LU

~ 9—
C LU

C o

o EL) C)
4-,

>,
~/)

0~

(LI
L)LU ~,. C)

0 0  I—0) S- 
______

Q L ~~I—
0.

L)

C)

C-,
~~ C •1—

U-.
____________________________ >

LI)
cD

3 >-
o_ 4~

—
0.

a)

L) 0

a).—
~I~~0
0.

C -2

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



CM-SR-77- 10

C— 3. THE STRUCTURE OF THE COHORT FILES. The prima ry data ele-
men ts used by MILPERCEN are frequently coded to reduce record
sizes (e.g. , code E denotes high school diploma graduate ) . Whi le
this coding may be useful from a data processing standpoint , the
technique introduces ineffi ciencies in historical files because of
frequent changes in codes. To avoid the problem of updatin g the
cohort f i les a s regula ti ons c hange an d to fac i litate sub se quent
use of the f i les , all en tries are required to be numeric with an
ex ternal mas ter li st to ma p the co des to the i r mean i ngs. Actual
cohort files are not maintain ed wi thin the CEABREP data base; a
precohort data base is main tained in third normal form * and re-
quired cohort files are constructed as needed. Structuring the
cohort f il es wh en they are nee ded al lo ws annual fi les to be pro-
duced without bein g restricted to artificial limitations such as
fiscal years. The record format wi thin the precohort data base is
shown in Table C—i. As an exampl e of the flexibility of the data
base , the FY 74 accession cohort could be constructed by selecting
those soc i al secur ity number recor d s from the bas i c recor d set
with first transaction dates occurring between 1 July 73 and 30
June 74. Given the SSAN keys from the basic records , transaction
record data can be added to complete the file. For data process-
ing efficiency the cohort files are ordered by MOS. The data base
structure permits cohort files to be constructed by calenda r ye~ c
or an y o ther cu toff da te; however , because the remainder of this
report deals with fiscal year cohort files , the examples of this
chapter will al so use fiscal year cohort files and assume the ex-
istence of the FY 72 to FY 76 files.

C—4. DETERMINATION OF SUBPOPULAT ION CHARACTERISTICS. A premise
of the CEAt3REP methodology is that reenlistment behavior can be
estimated as a function of certain demog raphic characteristics of
the eligible population. The precohort data base structure of
Taole C-i lists 31 candidate variables which coul d be used t de-
fine more hornogenous subyroupings of the population according to
reenlistment behavior. While all 31 variables may provide insight
on reen li stmen t, there are too many possible combinations to pe r—
m it exhaustive sets of estimating relationships to be formtd. A~.
described in Chapter ~~, the techniques used to estima te r~e’-list-
nient as a function of the SR~ level require that the foro c be de-
fined in four or at most five dimensions.

*A file of recorus is said to be in third noriiial t o r ~~ ii t tc
key for eacn record is uni que and it all non-key e1er1f -~ ts @~ a
record are dependent on the key and independent of each other.

-
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Table C- i. The Pre-Cohort Data Base Structure

Base Record a I Transact ion Record b

1. Social Security Account 1. Social Security Account ~1um -
Number - key ber - key

2. Firs t Transaction Date 2. Transaction Date - key

3. Age at Enlistment 3. Transaction Code

4. Enlistment Term of Service 4. Education

5. Enlisted/Drafted Status 5. Primary MOS

6. Lottery Number 6. MOS Score

7. Race 7. Duty MOS 
- 

-

8. Mental Category 8. Pay Grade P
9. Sex 9. SRB Level Pai d or El~ qi~ le ~tSe para ti on
10. Enlistment Option

10. Mar ital Status
ii . Training Committment

ii. Num ber of Dependents
12. State (Home of Record)

12. Assi gnment Code
13. Recru i t i ng Ma i n Sta tion

13. Locat ion Code
14. AQB/ACB Test Scores

14. Reer~1is~nent Opti cr

a0ne Bas ic Record per Social Securit y Numbe r .

bMult4 ple Records per Social Security ‘ 4umber.

C-4
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a. The Automatic Interactio n Uetector III (AID ~I 1 ) ~~d r 1 is
used to reduce the 31 candidat e predictor var iaol es Dy ~~lect in g
the four or five variables that provi de the most disc r imn i n a t i- c r’ .
The use of the AID III Model is Shown in Figu ’e  C-2. n t h is  e~-ample (and toe rest of the examples in thi s appendix) tnf’ F~ ~~-FY
lb accession cohorts will be used to predi ct t~e Ft 77 pc Du ation.
Of those entering service in Ft 73 , three_year enlistees must nave
reenlisted , extended or separated during or prior to tne era of
76. Three-year enli stees of the 74 co h O r t would not ce re~~i red
to make a dec ision unti l FY 7~ even though some may h~~ e ‘ d - f - f l -
listed or extended prior to their Expiration of Term o f ~ v ice
(ETS) date . T~US , the FY 73 cohort provides the most r~~c~~~ t
available infor m at ion on the reenlis tm en t behavior of r~ -~ - ye a r
en li st ee~ and triat data is useo to determine the set of va r ia r l es
ex ertirq the most influen ce on reen listment of tri rp e_ year en) is—
tees.

b. Tw ~ act ions are necessary in preprocess ing tn~ Ft ~3 ‘~le
oefore tte A J  Model is used. Fir st , the rec ord -~ of ~cc ~ -1e~~en l is tees  must ~e removed from the data set Decau se t ’el r r,~~n-
l is t ment :ec i s ion  is not forc ed until ~ 77 , anci s e c o n d l y ,  ~‘~ethree- year enlistee recorus mu st oe st ratif i ed a c co r c ln Q to the
SR~ wnlch was pai d at reenlistment or for wh ic~ they wer e e1)~~bi ’~
at the tici e of separation. ne ~~ s t ra t i f i ca t ion  iS neces 3a r
because tne SRB is used se lec t i ve l y  ( i .e . ,  at ~ DD level): i ’ not
st rati tie d , tne S~~ itself could oecome a facto r dete ’~~i 11 n~ tr :E

suop op~ lation definition rather than a factor which int ~ UenLes a
s3b~o~ulat ’on . bach of the stratif ied sets is tren input to the
~~J ‘~3ci e ’ accor aing to a pro olem definition oec~ w h ic h revi ~es t~c
data as necessar y to conform to ~~D requ ire ci ent s . Tne ~~J 

‘
~ 

;.

~~l l -accept a maximum of 31 classes ~er v an ia Dl e ~nic h ~‘i~~~ req~~i re
th at c- ’ r Tain v ari ao les sucn as ~~ be groupea. Tnis ~ rc~~p ing  ca-
DC ac0oc lplisfle d internally as part of tne pro olem oe fi n i t ic ’ ~
ac ex~ 1a~ned ‘n tne A 0  11 System 300uT-entation (see Cnact h 

~~~~~.

,The A ID Mejel is ine ’ f i c ie t. from ~n /O stan dpo int an; a~ ‘ t O  -

‘~3~ ~ti l i t y r O ut in e to accomplish tne gro uo~ n~s m a y  Dc L ; t .l
It iS unl1 ~ e iy  t ra t  tna A~J ~1oiel will ~rcd~ce ‘de~tica 1 S~~O D O p 3 —
lations at eacr level of tne S-~- . This d i ~ferehce na . e ca cen
c~ c o r r e l a t i o n  Det w e e n v a r i a : l e s  an a ran1y’, v a r ia t ~ o~ t~ e ~~ 3 .
:t is  pos s i  o le  t oo t  tn e A~ J r~~S~~i tS C O J I  0 d’ f f0 r  sm ; n m 1
D c t Aecm S~o le .ols; nc~ove r , Da000 on anal y s i s 31 tre Ft .

s o n  Cohort , to is degree of va r i- j :j i l it. i s ~n h i . c l ~~. ~ore pr ,~~—
aoi e is t -iat the sane general set o~ va n -i d es ~~1 ap o ar 3 ’. a l l

~~~n le~’~l s 3 t h o u O n  pe ’ - no ps not ~n t~ c same crier . th s ~ -s Ye
case ~i~~

- toe ~ 
‘1 access lor c o ’ m or t  as 5~ w ’ ~ fl A~’pc f l~~i~ L.

tne A :o ~~~ tS at a ll S-d o le v el s a ~ene’-al set or O rt  l ic t - r  y i ’~~~ 
—

aoles is sei cc too tho t cefi nes o~~ c c u ~ i t i O b s  w i t h  ~o ’ ie’~o~ s re_
e nl i  s t :  ~nt De n a v i o r . The nc’ t sto~ s to cev~ l :~ ~JS coot’ ‘~~~t ’ 3n
ra tes  fo r  t ne s e u3 , Oci j a ti U ns .

_ _  -— --- ~~~~~~~~~~~ -- - ---  - --
~~~~~~ — - ~~~~~~~~

- - -
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Figure C-2. Examp le of an t . D Ik I  e l
Set-u p and Execution
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C— 5. DEVELOP iNG FiRST AND SECOND YEAR OF SERVICE CONT IOL ’ATIO~
RATE S. The FY 75 and FY 76 cohorts are used to determ’ne f i r s t
year of serv ice continuation rates. This process is shown in
Fi gure C-3.

a. Every FY 75 accession must either have left the Army or
en tered the second year of service by the end of FY 76. The tran-
sition of the FY 75 cohort from the first to the second ~ear of
service permits derivation of first year of service continuation
rates by subpopu lation . The FY 76 accession cohort is structured
to be sorted by subpopu lations within MOS and is then used in ccc -
junction wi th the first year of serv ice continuation rate by su~—
population to derive continuation rates which are applicable at
the MOS level of deta i l. Trans fo rmati on o f the subp opu l ation con-
tinu ation rates to MOS continuation rates is accompl i shed in three
steps: f i rst , the MOS is sorted by the subpopu lations that com-
prise the MOS; second , the percentage of each subpopu lation to tne
total MUS population is computed; third , a convex combination of
the subpopulation continuation rate is formed using the propor-
tional distribution of the subpopu lations within the MOS. See
Table 3-3 for an exampl e of convex combination.) The conve~ c om-
bination provides the single continuation rate for each MOS r~i ii ~ h
has been we i ghted according to the current population of the MD~-
in the first year of service.

b. The same techniques are used but applied t~ di~ f o rer t  data
sets to develop second year of service MOS continuation n~tes.
The FY 74 cohort is stripped of first year of service losses to
determine how subpopulattion s which were in their second y n r  of
serv ice continued to the third year of service. The FY 75 coh~rt
is updated to the current second year of service force by strip -
pin 9 off first year of service losses from the file. Tht’ subj ULu—
lation continuatio n rates derived from the FY 74 file arc - then
app lied to the current force to derive MOS continuation ~~t- .-s for S
the second year of service weighted according to tnr char ciL ter is-
tics of the peop le in each MOS.

C-7
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C-6. DERIVATION OF THIRD YEAR OF SERVICE CONTINUATION RATES.
Derivation of continuat ion rates for the third year o f service is
complicate d by the reenl i stment process for three-year accessions
compoun ded by normal continuation of the four-year accessions who
are continuing under their normal enlistment terms of service.
This combination of effects requires data from the FY 73 cohort to
be divided by enlistment obligation.

a. Figure C-4 illustrates the computation of continuation
rates for the third year of service using the FY 73 and FY 74 ac-
cession cohorts. This figure is in two parts , A and B. Part A
illus trates the method used to compute reenlistment estima tes for
three-year access ions. The three-year enlistment records are
firs t extracted from the cohort file. These records are then
sorted by subpopulation and stratified by SRB. Count data on the
num ber of reenlistments and separations are accumulated for each
SRB level for each subpopu lation. If the subpopu lation has 100 or
more total reenlistments anu separations for at least three SRB
levels , weig hted linear regression is used to provide an estimate
of continuation as a function of the SRB (see Chapter 4, paragrap’-
4-3). If the above criterion is not satisfied , a joint probabil-
ity distribution function is constructed from the marginal distri-
butions (see Chapter 4, paragraph 4-3). A separate or ma rginal
distr ibution is computed for each class of the variab les defining
subpopu lations. For example , if one variable that defines the
subp opula ti ons i s race , count data is summed over all other vari-
ables to provide estimates of reenlistment as a function of the

SRB an d race. If a second variable that defines subpopu lations is
education , the count data is summed over all other variables (in—
clu ding race) to provide an estimate of reenlistment as a function
of the SRB and education. When all of the marginal distr ibutions
have been cons tructed , one joint probability distribution functicn
is computed using constants of proportiona lity . This tco h n l o e
was used in analysis of the FY 71 cohort and an example at t’~ use
of the techni que is explained in Chapter 4.

b. Hav ing described reenlistment behavior as a tunct ’tori of the
subpopul ations and the SRB , the next requirement is to adjust
these estima tes on the basis of projected values of exogen/~~s
variables and policy decisions. This adjustment invo lv e s a two
step process. The first step is to determine the ettect of the
exogenous van ia oles in isolation. Tne second step is to duJ~~st ~ 0

SRB estimates to compensate for expected changes in tho al ues ~f

the exogenous infl uences. T imm - e-l ag g ed l inear  regress ion is c~m-
ploy ecl on ~uop upu 1a ti on data t~ estimate the effects of x~ ~O-

nous and policy variables on real time reen listments L- t r :  mc.st

-. -~~~ -
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recent 12-month period.* Because of early reenlistments , b t ~ tn
FY 73 and FY 74 cohorts must be used to insure that all ree~ ~~c-
ments taking place in a month are included. When the lag 1~e hasbeen determined , average value s of the exogenous variables which
affected the FY 73 Cohort can be computed. The FY 73 cohort was
used to devel op the SRB estimates and the average values in effect
when those estimates were made provid e a baseline for adjustments.
These average values are computed based on when the separation and
reenl istment transactions of the FY 73 cohort took place. For
example , if 10 transactions took place when the unempl oyment rate
was 8 percent and 20 transactions took place when unempl oyment was
9 percent , the average value for unemployme nt would be:

(.08)(1O) + (.09)(20) = .087
30

On completing time-lagged regression , the FY 74 three-year records
are stripped of loss records and sorted by MOS. With user-speci-
fied estimates for the values of exogenous variables , sets of re-
enlistment rates are computed; these rates are computed by acjust-
ing the SRB— subpopulation estimates according to the changes in
the values of the exogenous vari ables from the average value ir
effect when the SRB subpopulation estimates were made. The time-
lagged linear regression indicates the amount and the direct ion 01
adjustment (e.g., an ex pecte d one percent i ncrease in unernp~oy:-iE
may portend a two percent increase in reenlistment rates for’ a
certain subpopu lation ) . A set of rates is required to prov ic~— ~~ ‘

capability of evaluati ng alternative policies that are w ith i n the
manager ’ s span of control . For exampl e , one group of co~u rates
could app ly to a subpopu lation in the absence of the CO NUS- to -CO N~o
station of choice reenlistment option , and another group of ~ tes
might apply when the option was made available.

*To test the appropriateness of us ing t~m e— lag~e~u reJres sh~~,
the technique was used on aggregated reenlistment data coflected
by OUCSPER and unempl oyment rates for - males aged 20 to 24. 1’
this test, reenlistment data lagged the unempl oyment rate tv
months in time ; the results of the test r’3ected ir~~ pen d e i’ . f e l
the two variables at the 0.001 level of sign ificance.

C-lO
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c. The next step in computing third year of service continua-
tion rates is to calculate continuation rates for four— year enlis-
tees who are not in the reenlistment eligible zone . A~ show r in
part B of Figure C-4 , this process is equivalent to the tnethc o
used in cal culati ng continuation rates for the first and secon a
years of service. The final step in the process is to combine the
three—year enl istment/ reenl istment rate and the four-year enl ist-
ment continuation rate into a single rate applicable to the third
year of service. This is done at the MOS level by forming convex
combinations of the continuation rates according to the mix of
enlistment obligations , that is , three- and four—year enlistees
within the MOS.

C—i . DERIVATION OF FOURTH YEAR OF SERVICE CONTINUATION RATES.
Derivat ion of continuation rates applicable to the fourth year ot
service involves the same methods used for the third year of ser-
vice. For the fourth year of service it is the four-year enlistee
who must reenl ist whi le the three—year enlistee (who has al ready
reenlisted) simply continues in service. The algorithms used to
calculate reenlistment rates for three-year enlistees can be used
for four-year enlistees by extracting four-year enlistee recor~s
from the FY 72 file and stripping out losses which took place dur-
Ing the first three years of service. Similarly, an ext ract of
three-year enlistee records can be used in the algorithms which
calculate continuation rates for four-year enlistees in their
thir d year of service. For those MOS which have been offered an
enlistment bonus , the result will be a set of continuation rates
refl ecting alternative bonus and policy levels.

C-8. CONTINUATION RATES FOR THE CAREER FORCE. Cohort file tech-
niques could be used to develop estima tes of continuation for tht
career force. This technique is not currentl y used nor is it re-
commended because of the size and number of data f i les which would
be required and because of the relatively hi gh and stable reen-
listment rates which have been exhibited by the career for e. An
al ternat i ve me thod of com put i ng MOS—un ique continuation rates uses
historical data on MOS populations by grade and year of service in
conjunction wi th the PIA/YOS feeder patterns to develop continua-
tion rates for the career force. A heuristic explanation of the
derivation method is given in Chapter 4. A more rigorous

C-l 3
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derivation Is conta i ned in CAA Technical Paper , CAA- TP-77-3. 4 o
i llustrate results , the continuation rates for the maneuver ~ oat
arms are shown in Appen dix D.

C— 9. THE BASE CASE AND FORMULATION OF ALTERNAT IVES. MOS-unique
continuation rates provide a set of rates for projecti ng the ca- —

reer force and cohort data files provide the basis for computing
rates for the first four years of service. Sets of rates have
been derived for the third and fourth years of service for each
MOS. These sets include expected reenlistment rates for the
three- and four—year enlistees for all SRB levels under various
policy alternatives. Because the PIA Model requires a single rate
for eac h MOS , the system user must specify an SRB level and a pol-
icy environment for each MOS. The simulation will then provide a
projected force refl ecting the policies in effect and the SRI3s
offered for ei ther the base case , that i s , current policies and
bonus levels , or for excursions to SRBs and/or policies specified
by the manager.

C-b . APPLICATION OF COST DATA. Cost data on a per man basis is
readily available for most policies. As examples , the Monetary
Incentives Branch of MILPERCEN ma intain s data on the average SRB
paid and the Office of Plans , Programs and Budgets wi thin ODCSPER
maintains data on PCS costs. Training cost data is available from
the Office of Cost Analysis , Office of the Comptroller of the
Army. To apply these data requires information on the expected
number of individuals who will accept the option If offered and
the marg inal improvement in reenlistment that can be expected. If
an inducement is offered such as the CONUS-to-CONUS station of
choice reenlistment option , some improvement in reenlistment could
be expected; however , others who would have reenl isted without the
option wil l  probably accept the offer when made. If the option
has been used wi thin the time frame of the historical data , the
reenl istment option code from the transaction record of the cohort
file can be used to estimate the total expected number of reenlis-
tees who would take the option if offered. Time-lagged linear
regression techniques discussed in paragraph C—b can then be used
to estimate the expected marginal improvement in reenlistment as a
function of the option. Applying these data to the number o rt ’s ’n-

listment el igibles currently in the third and fourth years of ser-
vice an d multiplying by the cost factors provides an estimate of
the total cost of offering the option.

*US Army Concepts Analysis Agency , “ Derivation of MOS-LIni pw
Continuation Rates ,” Technical Paper CAA-TP — 7 7 -3 , Bethesda . MU ,
Apr 77.
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C-li . THE HIERARCHICAL INP UT PROCESS OUTPUT CHARTS. The pre vious
paragraphs establish the desired structure of the data base (i.e. ,
cohort files and strength data ) and show how variations of current
policies can be explored to provide insight into the cost and ef-
fectiveness of Donus decisions. The Functional Hierarchical Chart
for the CEABREP system is at Annex I. The Hierarchical Input-Pro-
cess-Output charts wi th extended narrativ e descriptions to support
the functions are at Annex II.
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EXTENDED NARRATIVE FOR HIPO C-I I-2 -

This process is used to control the entire CEABREP system. Step 1 -

is executed only once whil e steps 2 through 5 are executed for the -

“BASE CASE” and each new “ALTERNATIVE” until a satisfactory result
has been obtained.

C-II - 3
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EXTENDED NARRATIVE FOR HIPO C-II-4

This process allow s the user to select any one of the five func-
tions via CRT . After successfully completing a selected function
the user can either select another function or return to the
CEABREP system control process.
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EXTENDED NARRATIV E FOR HIPO C-Il- b

INPUT : The input f i le  “Va l i d  MOS ” contains the grade information
for each val id MOS and the CMF/sub-c luster number the MOS belongs
to.

PROCESS: T he ‘Val id MOS” File is transforme d into a CMF set and a
node set.

OUTPUT: The CMF set is used to define each CMF and sub-cluste r
num ber an d the max i mum num ber of no des an d the ma xi mu m num o er ci —

arcs. Where a node is used to i ndicate the existence of a popu la -
tion for a given MOS and grade pair. The Node set contains the
i nformation for each MOS of a given CMF/sub-cluster number in the
form of: MOS, l i nk to MOS stren gth data , Node Number 1 (E1-E3);
Node Number 2 (E4) ; . . . ;  Node Number 7 ( E9 ) .  The node numbers cor -
rela te to the node numbers used in the Cluster file (see C-II-8).
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EXTENDED NARRATIVE FOR HIPO C-II-8

INPUT : The Cluster f i le contains one record for each CMF . Each
record contains pairs of node numbers along wi th a percent fl ow
between the two node numbers. Each node number represents a
unique MOS/Grade for a given CMF . These node numbers correspond
to the node numbers used in the Va l i d  MOS File , (see C - II-3) .

PROCESS: Each record from the Cluster File is converted into an
Arc set for each CMF along with the corresponding percent flows.

OUTPUT: The Arc set produced is in the form of trip lets: (t , s,
p), where t i s the term i nal node number , s is the source node num-
ber and p is the percent flow from s to t. Also the CMF set is
augmented by setti ng the total number of arcs for each CMF .
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EXTENDED NARRATIVE FOR HIPO C-I l-lu

INP UT: The PIA/YOS Conversion f i le contains the necessary infor-
mation to convert old MOS/t.~rade s to PIA/YOS defined MOS/Grade s
along with the percent to be converted . The strength i-ata con-
tains the strengths for each MOS by YU S/t.~rade /Quarter.

PROCESS: The input strengths for each MOS are converted to the
output strengths for each PIA/ YOS defined MOS.

OUTPUT : The output f i l e  contains the strengths for each PIUS -itS-

fined by P A/YOS by YOS/Grade/~uar ter.
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EXTENDED NARRATIVE FOR HIPO C-II-12

Steps 1 through 4 are executed Interactively for each CMF speci-
fied by the user via CR1 to produce unique contin uation rates forall MOS defined by the selec ted CMF ’s by MOS/Grade/YOS.
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EXTENDED NARRATIVE FOR HIPO C- Il - lA

This is a control process: if “BASE-CASE ” was selected then step
i Is executed to determi ne subpopulations and to set unemployment
rates and policy conditions that were in effect; If “ALTERNATIVE ”
had been selected then step 2 is executed , which allow s the user
to set expected policy condi tions to influence the third and
fourth lOS continuat ion rates.
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EXTENDED NARRAT iVE FOR HIPO C-I1-16

INPUT : The “Base Case Cohort ” describes those individuals wi th
term of service equal to three and who belong to the cohort which
is current f iscal year mi nus three years. The f i le is in MOS as-
cending order. The Problem Definition Deck” is  used to define the
range of values and groupings for each var iable used by the AID
model . The unemployment rates and the policy indicators are by
subpopulat ions/month . Each policy is treated as a binary var iab 1 e
(a one or zero ) used to indicate that a Policy is on or off re-
specti vely.

PROCESS: The “Base Case Cohort ” is f i rst  strat i f ied by SRB and
then each SRB fi le is used as input to the AID model. The user
then evaluates the AID results and selects the subpopulations to
be used. With the subpopu latio ns defined the unemp loyment rates
and Policies can be entered.

OUTPUT : Unemployment rates and Policie s by subpopu lations/month .
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EXTENDED NARRATIVE FOR HIPO C-II-l8

This is a control process used to support either the “BASE CAS E
or CIA LTERNATIVE C~:

“BA SE CASE”
Pass Cont. Rate Steps Executed

1 3rd YUS 1 , 2 & 4
2 4th ‘(OS 1 , 2, & 4
3 1s t ‘(OS 1, 3 , & 4
4 2nd ‘(OS 1, 3 , & 4

“ALTERNATIVE ”
Pass Cont. Rate Steps Executed

1 3rd Y OS 2 & 4
2 4th Y OS 2 & 4
3 N/A N/A
4 N/A N/A
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EXTENDED NARRATIVE FOR HIPO C-I I- 2U

This is a control process which is used to control the conversi L- r
of a given Cohort fil e to count data based on the ‘(OS being com-
puted. Step 1 is executed for first or second ‘(OS and Step 2 is
executed for third or fourth ‘(OS.
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EXTENDED NARRATIVE FOR HIPO C-II—22

INPUT: There are two input Cohort f i l es , one has one Year  uf I~~r-
vice (‘(OS) inform ation and the other has two ‘(OS informat ion. The
one ‘(OS Cohort has as i ts last ‘(OS the current FY being projected.
The two -YOS Cohort has the current FY minus one and the curren t Fl
as its next to last ‘(OS and last ‘(OS respectivel y. In addi tion tr-
the Cohort Files there is a Subpopulation Definition fil e which ‘is
used to strat i fy the count data along with the SRB.

PROCESS: The two ‘(OS Cohort is transforme d into count dati ~ncthe Fl are separated and strat i f ied by sub -population and 5kB.
The one YOS Cohort is simply s t rat i f ied by subpopulation and S kL3 .

OUTPUT: Count data for two—YOS Cohort by sub—popu lation/FY/SR L3
and count data for one ‘(OS Cohort by subpopu lation and SRB.

C - 1 1- 2 3
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EXTENDED NARRATIVE FOR HIPO 0—11-24

This Is a control process used to control the conversi on of One-
‘(OS and Two-YOS Cohort files to count data for third and fourth
‘(OS.
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EXTENED NARRATIVE FOR HIPO 0- 11-26

INPUT : See 0-11-22 for Two-lOS Cohort defini tion. The subpop uia- 
]tion definition file is used to strati fy the Two-YOS Cohort into

the Count Data Files.

PROCESS: The Two- lOS Cohort is used to create f ive count da ta
files which have two major groupings. Three count data file s for
Term of Serv i :e (TOS ) equal to three an d two coun t data f i les with
TOS equal to four .

OUTPUT: All f ive count data f i les , Sets A through E are strati-
fied by subpopulation. In addi tion: Set A is stratified by OP
(OP = 1) = (RE—U P) & (OP = 2) = (Sep ) and SRB ; Set B by OP and
month ; Set C by SRB ; Set 0 by FY an d SRB ; an d Set E by SRB .
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E XTENDED NARRATIVE FOR NIPO 0-11-28

INPUT : One-YOS Cohort (see C— II—22) , Subpopu lation definitions.
and the count data files Sets C & E from C-I1-26 for TOS = 3 and
TOS = 4.

PROCES S: Crea te coun t data Sets F , c_s , and H. Where Sets ( & H
are augmented w i th  the count data from Sets C & E respect ively.
Set F ref lects onl y count data from One - lOS Cohort by subpopu ’la-
tion and mont h for TOS = 3 .

OUTPUT : Three sets of Count data : Set F which re f lects  Ofll y
count data from One-YOS Cohort , Set C_s is  the count data for the
One — lOS and Two- lOS Cohort f i les  for TOS = 3, and Set ~-i i s the
count data for the One-YOS and Two ‘(OS Cohort f i l e s  for TOS 4.
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EXTENDED NARRATIVE FOR HIPO C— 1-3U

This is a control process to control the computation of l n t 1 - r i m

rates for third and fourth ‘(OS. There are two possible - a’ 5es :
Case 1 , “BASE CASE” selected by user then steps 1 throuqr 5 w -.iulsi
be execu ted; and Case 2 , “A LTER NAT IVE ” s~ 1ected D~~ user , tnen only
steps 3 and 5 would be executed.
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CAA -SR-77 -1 O

EXTENDED NARRATIVE FOR HIPO C —II - 32

iNP UT: Count data from 0-11-25 A which reflects count data for
each subpopu lation by OP and SRB , where OP= 1 for reenlistments and
O P 2  for separations. In addition to the count data f i le a sub-
population definition file is provided as input to the process.

PROCESS: The joint probability is used to compute the d1str-~bu-tion of subp opu lations with respect to OP (RE-UP/Sep) and S~B. ~linear regression is then performe d using the di stributio ns f = -:~r-i
set A. If a distribution , due to its size , is to small then the
corresponding distr ibution from the Set Ci is used. The resu iting
Set K , contains the a and b coefficiences for each subpopu latio n ,
(i.e. , a ,~b ,x , a2+~2,... ,ak+bk ), where X is the SRB l evel .

OUTPUT: Set Ci is an intermediate result which is used only if a
distribution from Set A is to small , less than lOU . The fi ra l
results of the linear regression is contained in Set K by Subpopu-
lat ion /coe f , where [ ( coef=1)  for a] and [ ( c o e f = 2 )  for b].
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EXTENDED NARRATIVE FOR HIPO C-II-34

This process performs three functions:

1. The RE-UP component (OP=1) for Set B is augmented with the
RE- UP count from Set F for each subopulat ion by month
(month=1 ,2..., 12).

2. Compute the percent Re-up for each subopulation by month us in~
Set L and producin g Set NI .

3. Perform a T i me La g Re gress i on o n :
Re-up/Unemp loyment/Policyl/. . ./Policy k for each subpopu lation by
month , resulting in a coeff ic ient matrix Z. Matrix Z is strati-
fled by subpopu lation and category , where [(category=1)= —

Unemployment], [(category=2) = Policy 1]...[(category=K+1 ) =
Policy K]. - 

-

-I

.1

C- 1— 3 ~



- - 4

I

I
CA A - S R- 77-1 O

r~
_ _ _  

_ _

_ _  

N L

,_
/ / 

~~~~~~~~~ -‘ 
- ‘ 

/~~~~~~~N

/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -

--4 - . 5  ~~~~~~~~ - --- --~~~~~~~—~~~~~~~~~~—— ~~~~ --— - --~~~~~~~~~~~ -- --~~~~ - -

[
~~~ 

1 , 

- ‘ 
- 

5- [ -

~L::~L:LHij H 
- :  

-:

C-II- 1~



- - ‘  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CAA -SR -77- 10

EXTENDED NARRA Ti V E FOR HIPO C-II-36

This process performs two functions:

1. Averages are computed for Unemploy ment , Pol icy 1,..., Policy k
for the current fiscal year be computed wi th lOS equal to three .

2. Interim rates are computed by first modifying the coeffi-
ciences in matrix Z by the differences between the averages and
the expected values for unemploy ment , policy 1,..., Policy k. The
result ing coefficiences are then used to adjust the intercept (co-
eff i cien t a 1, for i=1 ,2,...,k) from Set k which is then used to
compute the interim rates for each subpopu lation by SRB for third
or fourth ‘(OS and TOS equal to three.
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CAA-SR-77- 1O

EXTE NDED NARRATIV E FOR HIPO C-II-38

The purpose for the process is to compute a set of interim rates
for each subpopula tion by SRB with TOS equal to four. The calcu-
lations are based on the current Two- lOS and One- lOS count data
sets. The rates from Set S are di str ib u ted base d on the convex
combination of count data from Set G.
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CAA- SR-77-~~

EXTENDED NARRATIVE FOR HIPO C-II-4U

The purpose for this process is to com bi ne d the ra tes for TO S
equal to three and four to obtain a single set of rates for each
subpopu lation by SRB , using the convex comb i nation method.
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EXTENDED NARRAT iVE FOR H1PO C - I I—42

This is a-control process which Is used to compute interim rates -

for either first or second ‘(OS for each subpopulation by SRB. 
1
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EXTENDED NARRATIVE FOR HIPO C-II-44

This process computes the percent of YR=1 from Set X with respect
to (YR=1) and (‘(R=2) for each subpopulation by SRB. (Set X was
produced in HIPO C—II —2 1 ).
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EXTENDED NARRATIVE FOR HIPO C-II-46

This process compu tes the interim rates for either first YC- S orsecond ‘(OS for each subpopu lation by SRB . The rates are computed
by taking the convex combination of X with respect to Set B for
each subpopul ation by SRB . (Set B was produced in HIPO C —i I -2 1
and Set X was produced in HIPO C- I I-43).  Set X now reflects theinterim rates for first or second YOS for each subpopu lat ion by
SRB .
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EXTENDED NARRATIVE FOR HIPO C-II-4d

T hi s i s a con trol process for computing ‘(OS continuation rates.
If “ BASE -CASE ” was se1ected then steps 1 and 2 would be executed
to compute continuation rates for either f i r s t , second , third , or
fourth ‘(OS by MOS hrade/YOS. If “ALTERNATIVE” had been selecteJ
then only step 2 would be executed to compute eitrier third or
fourth YUs continuation rates by M O S -~ rade/’(OS.
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EXTENDED NARRATIVE FOR H 1PO C-II-50

This p rocess converts the MOS/(rade pairs from the current ~~~~~~

cohort file to PIA/YOS defined Mos/Grade pairs for each subpopu ~-tion by MOS/Grade in the form of count data . This is accomp lis ~€~by f i rs t  convert ing the current ‘(OS Cohort f i le  to count data ft-
each subpopu lat ion by MOS and grade . Th is count data Set 0 is
then converted to the PIA/YOS defined MOS and grade pairs f i r ~~c’
subpopulation by MOS and grade .
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EXTENDED NARRAT IV E FOR HIPO C-II-52

. This process computes the continuation rates ~y MDS -~Uraue/YCS to.-
eitner first , second , thi rd , or fourtn ‘(OS. The convex com üi s-~a--
tion methoo is used to combined the interim rates , (Set X fi rs t ~rsecond ‘(OS interim rates) anu (Set 0 thir d or fourth ‘(OS int ericrrates)  w i t h the distrth ut ion being over each subpopu lat ion r~yGrade .

I

IL ------ --~~~~ ‘ - —



--4 
‘

.

‘ ‘
~~~~~ —-—--4 —-- -  - -4  -~~~~~~~~~~

CAA -SR-77- 1O

SC 5,4
C C - ’
0

U -  ‘5- -
‘s’ E

5._ C) 5,- c .
C C -  - C-

54-, _ __
S 5,,

C), CC

0)

-

-4 

_ 
_

C - 1 I - 5 4



~ .- - -- -—— ,-- ---—— ,— --‘~ -4

CM- ~~~~
EXTENDED NARRATIV E FOR HIPO C-I1-54

This is a macro view of the PIA/YOS Model and only show s those
inputs and outputs di rectly used or produced by the CEABREP sys-
tem.
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EXTENDED NARRATIVE FOR HIPO C— II — 56

Th is process performs three functions:

1. It allow s the user the ability to cost the projected force.

2. Determi ne proj ected manpower shortages , balances , and ove rage~for each MOS and the total force.

3. Assist in the evaluation process to determi ne if anothe ; a~ —
ternative is required.
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APPEND iX D

CONTINUATION RATES FOR THE MANEUVER COMBAT ARM S

0-1. BACKGROUND. This Appendix provides an exampl e of MOS -unique
continuation rates for the maneuver combat arms (CMF11). As ex- S

p la i ned i n Chapter 3 , continuat ion rates are probabilities that
individual s in service will continue In service at least one more
year. The methodol ogy used to compute MOS- .unique continuation
rates for the career force at the MOS , grade and year of service
level of detail is explained in Chapter 3 wi th a more rigorous
explanation provided in CAA Technical Paper 77 _3~*

D-2. THE MANEUVER COMBAT ARMS. Continuation rates were cal cu-
lated using eight quarters of data which spanned the period f rom
Jun 75 to Mar 77. The continuation rates for the maneuver combat
arm s are shown in Tables D-1 through 0-5. Because the methodothgy
of Chapter 3 is highly dependent on the feeder patterns of the
Personnel Inventory Analysis/Year of Service model (PIA/’(OS), i t
is possible for the computed rates to exceed one. When the rate s
excee d one , it is an indication that during the time spa n of th c.
data there were MOS reclassifications (voluntary and invo lunt ~r’~
constituting unexplained personnel fl ows into the MOS.

~~~~ Army Concepts Analysis Aqency , “Derivat ion of ~~~~ ‘ in ;,e
Co ntin L5~ tio n Rates ,” Techn ica l  Pa r~’r C A A-TP - 7 7—3 , Bethesda , M~~ ,
Apr 77.

f l- i
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Table 0-1. Continuation Rates by Gr~ je and Year of ~er ic~-for MOS 11B

Year of Gra de
Service E1— E3 E4 E5 E6 E7 E8 E9

1 0.848 0.848 0.848 0 0 0 0
2 0.719 0.719 0.719 0 0 0 0
3 0.868 0.668 0.668 0 0 0 0
4 0.711 0.711 0.711 0 0 0 “3
5 0.902 0.902 0.902 0 0 0 0
6 0.912 0.912 0.912 0.912 0 0 0
7 0.910 0.910 0.910 0.910 0 0 0
8 0.880 0.880 0.880 0.880 0 0 0
9 0.911 0.911 0.911 0.911 0 0 0
10 0.971 0.971 0.971 0.971 0.971 0 0
11 0 0.981 0.981 (3.981 0.981 0 0
12 0 1.023 1.023 1.023 1.023 0 0
13 0 1.025 1.025 1.025 1.025 1.013 0
14 0 0 1.059 1.059 1.059 1.058 0
15 0 0 1.058 1.058 1.052 1.055 0
16 0 0 1.076 1.076 ‘

~.O76 1.0C7 0
17 0 0 1.073 1.073 1.073 1.065 0
18 0 0 1.064 1.064 1.G5’~ 1.064
19 0 0 1.093 1.093 1. I’~03 1.091 Q
20 0 0 0.582 0.582 0.,5~-? 0.578 0
21 0 0 0 0.776 0.776 0.775 0
22 0 0 0 0.871 O.8~1 0.85? U
23 0 0 0 0.952 O.9~-~ O 9~~
24 0 0 0 0.886 0.866 0.883 0
25 0 0 0 0 1.032 1.035 U

26 0 0 0 0 0.065 0• 859 0
27 0 0 0 0 0.860 0.862 U
28 0 0 0 0 0 0.942 0
29 0 0 0 0 0 0. 180 0
30 0 0 0 0 0 0.291

0-2
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Table D-2. Continuation Rates by Grade and Year of . d ’ ~~~i 5  E~

5

for MOS 11C

Year of Gra de
Service E1-E3 E4 E5 E6 E7 E8 E9

1 0.848 0.848 0. 8~.3 0 0 0 0
2 0 .776 0 .776 0.776 0 0 0 3
3 0.682 0.682 0.682 0 0 0 0
4 0.722 0.722 0.722 0 0 0 ‘3
5 0.916 0.916 0.916 0 0 0 C
6 0.903 0.903 0.903 0.903 0 0
7 0.896 (3 .896 0.896 0.896 0 0 0
8 0.895 0.895 0.895 0.895 0 0
9 0.875 0.875 0.875 0 .875 0 0 3

10 0.879 0.879 0.879 0.879 0.879 0 0
11 0 0.946 0.946 0.946 0.946 0 0
12 0 1.015 1.015 1.015 1.015 0 0
13 0 0.951 0.951 0.951 0.951 ‘3
14 0 0 1.050 1.050 1.050 0 ‘3
15 0 0 1.038 1.038 1.038 0 -~~

16 0 0 1.020 1.020 1.020 0
17 0 0 1.026 1.026 1.026 0
18 0 0 1.060 1.060 1.060 0
19 0 0 1.078 1.078 1.078 0
20 0 0 0 .560 0.560 0.560 0 5,)
21 0 0 0 0.770 0.770 0 u
22 0 0 0 0.850 0.850 0 u
23 0 0 0 0.904 0.904 0 0
24 0 0 0 0.864 0.864 0 8
25 0 0 0 0 1.054 0 P

26 0 0 0 0 0.828 0 0
27 0 0 0 0 0 .874 0 3
28 0 0 0 0 0 0
29 0 0 0 0 0 0 C
30 C) 0 0 0 0 0 0

0- 3
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Table 0— 3.  Continuation Rates by Grade and Year c-f Serv i ce
for MOS 110

Yea r of Gra de
Service E1-E3 E4 E5 E6 E7 E8 E9

1 0.848 0.848 0.848 0 0 0 0
2 0.774 0.774 0.744 0 0 0 0
3 0.899 0.899 0.899 0 0 0 0
4 0.862 0.862 0.862 0 0 0 0
5 0.966 0.966 0.966 0 0 0 0
6 1.019 1.019 1.019 1.019 0 0 0
7 0.975 0.975 0.975 0.975 0 0 0
8 0.969 0.969 0.969 0.969 0 0 0
9 1.035 1.035 1.035 1.035 0 0 0

10 1.098 1.098 1.098 1.098 1.098 0 0
11 0 1.114 1.114 1.114 1.114 0 -J
12 0 1.039 1.039 1.039 1.039 0 ‘3
13 0 0.985 0.985 0 .985 0.985 0.985 0
14 0 0 1 .008 1.008 1.008 L008 3
15 0 0 1.048 1.048 1.048 1.042 0
16 0 0 1.083 1.083 1.083 1.083 0
17 0 0 1.093 1.093 1.093 1.0 3 C
18 0 0 1.020 1.020 1.020 1.020 U
19 0 0 1.064 1.064 1.064 1.081 o
20 0 0 0 .616 0.616 0.616 0. 616 0
21 0 0 0 Q 5 ~~ Q . I~~~~4 0 .59~~

22 0 0 0 0.827 0.827 0.827
23 0 0 0 0.914 0.914 0.914 U
24 0 0 0 0.873 0.873 0.873
25 0 0 0 0 fl 9f 3  ‘3.9~~ 3
26 0 0 0 0 0.817 0.817 3
27 0 0 0 0 U,8~4 0.874 0
28 0 0 0 0 0 1.005 0

0 0 0 0 0. - 0

30 0 0 0 3 ‘3.388 u

0 — 4
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Ta b le 0-4 . Continuation Rates by Grade and Year of 0e~v~ce
for MOS l iE

Year of Grade
Service E1— E3 E4 E5 E6 E 7 E8

1 0.848 0.848 0.848 0 0 0 C-
2 0.777 0 .777 0.777 0 0 0
3 0.709 0.709 0.709 0 0 0 ‘3
4 0. 797 0.797 0. 797 0 0 0
5 0.975 0.975 0.975 0 0 0 0
6 0.998 0.998 0.998 0.998 0 0 0
7 1.049 1.049 1.047 1.049 0 0 -‘3
8 0.998 0.998 0.998 0.998 0 0 3
9 1.114 1.114 1.114 1.114 0 0 0
10 1.162 1.162 1.162 1.162 1.162 0 ‘3
11 0 1.168 1.168 1.168 1.168 0 0
12 0 1.236 1 .236 1.236 1.236 0 ‘3
13 0 1.186 1.186 1.186 1.186 1.120 ‘3
14 0 0 1.144 1.144 1.144 1.099
15 0 0 1.228 1.228 1.228 1.169 3
16 0 0 1.168 1.168 1.168 1.141 -:
17 0 0 1.055 1.055 1.055 1.062
18 0 0 1.085 1.085 1.085 1.05- 3
19 0 0 1.O 7~ 1 .077 1.077 1.073
20 0 0 0.569 0.569 0.569 0.584 0
21 0 0 0 0.763 0.763 0.722 3
22 0 0 0 0.154 0.864 0.852
23 0 0 0 0.880 0.880 0.891
24 0 0 0 0.799 0.799 ‘3.824 o
25 0 0 0 0 0 .978 0 .87 fl
26 0 0 0 0 0. 768 0. 724
27 0 C) 0 0 0.916 0.H-96
28 0 0 0 0 0 1.007
29 0 0 0 0 ‘3 0. 2 13
30 0 0 -0 0 3 0 .27 9

-4 ’ - -
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Table D-5. Continuation Rates by Grade and Ye?tr of Service
for MOS lIZ

Year of Grade
Service E1-E3 E4 E5 E6 E7 E8 E9

1 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0

• 4 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0

10 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 1.070
15 0 0 0 0 0 0 1.088
16 0 0 0 0 0 0 1.088
17 0 0 0 0 0 0 1.066
18 0 0 0 0 0 0 1.064
19 0 0 0 0 0 0 1.085
20 0 0 0 0 0 0 0.580
21 0 0 0 0 0 0 0.760
22 0 0 0 0 0 0 0.863
23 0 0 0 0 0 0 0.929
24 0 0 0 0 0 0 0.865
25 0 0 0 0 0 0 1.016
26 0 0 0 0 0 0 0.838
27 0 0 0 0 0 0 0.872
28 0 0 0 0 0 0 0.965
29 0 0 0 0 0 0 0.782
30 0 0 0 0 0 0 0.287

0-6 
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APPENDIX E

AID RESULTS USED TO DERIVE RETENTION FACTORS

E—1. BACKGROUND. Thi s appendix presents the AID results , derive d
from anal ysis of the FY 71 cohort, that were used to extract the
four retention factors: race, education , dependents , pay grade .
The sign ificance and use of these retention factors are discussed
in Chapter 4. As discussed in Chapter 4, a sample of 39,047 so ’-
diers was extracted from the FY 71 cohort. The soldiers in th ’s
sample were then distributed among five subpopulations based on
the SRB for which the soldier was eligible at separation/reenlist-
ment. These five subpopulations were then analyzed using the A iD

E l III Model .

E— 2. VARIABLES. Table E—1 shows the vari ables and the vari able
classes used as input to the AID Model . The variable class ifica—
ti ons are defi ned i n the ~Definit ion ” column .

E-3. EXAMPLE OF A ID RESULTS. Figure E-1 provi des an example of
the symbology used in Figures E-1 through E-5. In Figure E-l ,
popula tion #5 consisti ng of 3,036 black soldiers (variable Race,
class 2) with a reenlistment rate of 0.252 is subdiv 1de d base or~
pay grade into populations #24 and 25; population ~24 has 794
black sol diers in pay grades E1-E3 who have reenlisted at a rate
of 0.049. Population #25 has 2,242 black soldiers in pay grades
E4/E5 who have reenlisted at a rate of 0.324. Figures E-2 througri
E—6 are interpreted in the preceding manner.

E-1

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Table E-l .  AI D Variables/Classes

Var iable Class Class definition

Age 1-7 17-23 (1 = 17,..., 7 = 23)
Initial Term of Service 2-6 2 years - 6 years
Enlisted /Drafted 1 Enlistee

2 Dra ftee
Lottery Number 1 1 - 50

2 51 — 1 0 0
3 101 — 150
4 151 - 200
5 201 - 250
6 251 - 366

Race 1 White
2 Black
3 Other

AFQT 1 93 - 9 9
2 65 - 92
3 31-64
4 1 6 - 3 0
5 1 - 15

Sex 1 Male
2 Female

Education 1 Non Hi gh School Grad
2 Hi gh School Grad
3 More than H i g h School
4 GE LD Hi gh School

Duty MOS 1 Combat MOS
2 Non Combat MOS

• Pay Grade 1— 7 E1-E7
Mar ital Status 1 Sin g le

2 Marr i ed
3 Divorced
4 In terlocutor y
5 Legally Separated
6 Widowed
7 Annulled

Number of Dependents 0-9 0-9 dependents ...

Location 1 Overseas ui~~
2 CO N US
3 Unknown

Zip Code 0 Rura l
1 Urban

E-2
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Race 3036 ~ — . Population

2 —— —— Variable class

1~~I0.252

Variab le Reeni rate

)ay 
2242

Variable —
~~~~~ 1, 2, 3 4, 5 I

$
24 ( 0.049 25 0.324

Fi gure E-1. AID Symbols
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APPENDIX F

COUNT DATA FOR FY 71 COHORT SUBPOPULATIONS

F—i. BACKGROUND. This Appendi x provides the size and number of
reenlistments within each of 32 subpopulatlons distributed across
five SRB levels. These count data, shown In Table F-i , were de-
veloped from a sample of 39,047 soldiers in the FY 71 cohort file.
This sample and the FY 71 cohort file are di scussed in Chapter 4.
The derivation of the 32 subpopulations defined by race, educa-
tion , pay grade, and dependents is also di scussed in Chapter 4.

F-2. USE OF TABLE F-i. The data In Tabl e F-i was used as a basis
for developing reenlistment rates which permi tted the assessment
of the SRB. The effectiveness of the SRB was quantified by corn-
paring the effect of different SRB l evels within a subpopulation
and between di fferent subpopulati ons. Table F-i is interpreted as
follows: each row, 1—32 , defines a specifi c subpopulation. Row
11 , for example , defines a subpopulatlon comprised of soldiers
with a GED high school equivalent , who have no dependents , who are
pay grade E4 or above ; and who are either white or a member of an
ethnic mi nori ty other than black. The total number of soldiers in
subpopulation “i1~ for each of five SRB levels is shown in the
“total” column and the number of those soldiers who reenlisted is
shown in the “re—up ” column . In this example there were 161 sol—
diers in subpopulation “ii” who, when eligible to reenlist , were
offered an SRB 1; and , of this number , 39 soldIers reenlisted.
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Table F-i. Count Data for FY 71 Cohort Sub ropu lat ion s
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