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ABSTEACT

Exploratory data analysis techniques' vere utilized to
denonstrate the effectiveness of such technigues in identi-
fying factcrs associated uiih attrition from the United
States Army. Multivariate graphical data analysis was
performed utilizing the "Draftsman®™ program recentl} added
to the NES GRAPSTAT fpackage, as well as other exploratcry
techniques. Eopirical svurvivor curves vhich take into.
account and explicitly display the discrete probabilities of
departure of enlistees at 36 or 48 nmonths are previded.
Tables are provided depicting probabilities of attriticn and
reenlistzent for selected Fersonal characteristics of
enlistees.
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I. INIRODUCTION

d. BACKGROUND

The incepticn c¢f the All Volunteer force in 1973
frovided Army @pmanpcwer planners with the challenge of
attracting, ‘recruiting and retaining high  quality
Eersconel. The ever-increasing technology on the Lattle-
field coupled with tudget constraints have forced mangower
rlanners to search fcr an efficient alternative tc <sheer
pumbers.  The soldier of today must be able to operate and
naintain'highly sophisticated equipment. In addition, the
. Army mappcver planner nmust also cope with a decreasing
supply c¢f 18-21 year olds. In fact, this <cohort is
pradicted to shrink by about 15 percent by 1988 when
compazred to the 1979 cohort,and by about 25 per cent ty 1994
[Ref. 1: p. 2] _

0f course, manpcwver shortages in the army are ncthing
nev. Past shortages have been both gquantitative and quali-
tative; the shortages historically have fluctuated cver the
years depending on the intricate balance among military
:eguitelents, civilian employment ‘and wage alternatives.
[(Ref. 1: p.1] ,

Currently Army 1zrecruiters have eliminated shcrtages.
Through an exteasive advertisihg - campaign, aray [flanners
bave taken maxinum advantage of current ecorcmic conditions:
since tle inception cf the A1l Volunteer Force, the army bhas
met its objectives in numbers of enlistees in all but two
years (F177,FY79) and has met 100 percent of objective in
the last foiur years [Bef. 2: pp. 6-7]. ‘

The trends alluded to above, however, 1nd1cate that such
€ase in !anning the fcrce may Le short-lived. Army manfpower
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Flanners pay be forced to recruit "less-qualified® scldiers
just to meet manning requirenents. More screening will Le
necessary to meet these reguirements in an adequate
fashion.Cne particular screen that has seen widespread use
is educatior level [Ref. 3: p.342]. Future recruiting may
not result in the bigh percerntage of High School Diplcma
Graduates ttat is currently enjoyed: from FY79 through Fi83
an average cf sixty percent of all non-prior-service enlis-
tees have been Higb-5chocl Diploma Graduates [Ref. 2:
Ep-6-17]. ' '

The FY85 Army Eudget calls for holding active end
strength to PY 84 levels [Ref. 4: p.16]. This in turn
leads to maintaining an 80.6 per cent level of High Schcol
LCiplona Graduate content [Ref. 84: p.16]. 1In order to main-

- tain this level ard maiatain PY 84 end strength, a maximum
of 12 per cent of tctal enlistees may be non-high-schcol
diploma graduates (NiSDG).

In light of increased (dhe to inflation) or at best
constant recruiting costs, army manpower planners mcst
necessarily be ccncerned with deteraining exactly what level
of education produces the best recruiting riske. In ctter
wvords, if VNomn-Eigh-School Diprloma Graduates and Graduate
Equivalent Degree emlistees are a necessary part of the
force structure, what, if any, are the associations between
education level and "performance"? This research effcrt
will provide some insight to this question. T

Scme ccmmonly accepted measures of performance currently
in use by aray manpower planners are

1. Attrition (various definitions and levels),
2. Skill Qualificatinn Tests scores,
3. Military judicial and non-judicial actions or lack

tierecof.
[Bef. 5]
14
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The terx attriticn itself has taken on many different
meanings in recent researclr. It many studies, attrition has
teen defined as "failure to conplete' the first terz of
service."® [Ref. 6: P«24] In this study total length of
service chbtained will be used as a measure of perfcrmance in
the initial aralysis and the above definition will be used
in later aore detailed analysis.

Banpower policy makers have been investigating attrition
since tle <carly 60's [Ref. 7: Pel]e Such research has
ittel;ted to predict attrition through various scrts of
modeis. lcross the Army, Havy, and Air Force, level of
education, mental atility and age have been detersined as
the lest “"rre-service" predictor variables of attrition
[Ref. 7: p.l]e ‘ v

The cost of "assessing, dressing and training" a tyrpical
soldier has been estimated at approximately $15000 [Ref. 8
P-16]. This initial cost resulted in a total cost of
$1,783,2C0,000 in reaching FY 83 enlistment goals, tlased on
116,215 accessions [Bef. 9: p. ile Obviously one means of
meeting requirements at ainimua cost is to reduce
unnecessary losses of monmey througi premature attrition.

Attriticn studies have been, for the most part,tased cn
different fcras of regression models, particularly linear
and lcgistic models using both individual occupations and
occupaticnal groups. [Bef. 10: pp. 1-10]

B POURPCSE OP RESEARCE EFFORT

' The purpose of this thesis will be twofold:

1. To demonstrate the usefulness of Exploratory Data
Analysis (EDa) technigues in "preprocessing®™ large
vcluses of data gererally associated with any
sanpover analysis. This thesis will use a study of
attrition of U.S. Acray enlistees as the vehicle for

15
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this deacnstration. The dependent variaktle under
investigation is specified as "total active federal
service" . Tbis phase of the research will provide
exanmrles as tc hov EDA technigues can assist manpover
apalysts and decision makers in deteramining grctlems
in the data under analysis and in variable selecticn.
(a discussion cf exploratory data analysis techniques
is found at Appendix A) -
2. Upen selecticsn bf suitable predictor variatles of
attrition, apn analysis of survival functions will be
utilized to prcvide more detailed information. -

16
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II. DAIA )ND METHODOLOGY

A TEE LATA
1. DBDS Cohert File Description

As stated, the data used to fulfil the purfoses of
this thesis was the FY79 COQHCRT file, maintai ned ty the
Defense Banpower Data Center (LMDC) at Monterey, Califcrmia.
This COHORT file is a longitudiral register of all acces-
sions for a given jyear, updated at various predeterained
times so as to allcw for tracking of pérformance of that
cohort in subseguent jyears. The PY79 cohort under investi-
gation vas last updated in September 1983. The file deficts
¢ach individual thrcugh 69 variables [Ref. 11]. - FY79 was
arbitrarily selected as a representative saaple; it should
' Le noted that the data froam any given year may be confcunded
by pclitical, sovial, and ecomomic factors vhich are bighly
subjective and difficult to aeasure.

2. Ereliaminarcy Jlovestigation and Data L_smn,édu

The data set was reduced based on a regquest fcr an
- investigaticn into nén-high—schocl—gradnate,peffornance fronm
the Upnited States Army Recruiting Command (USAREC), PFcrt
Sheridan, Illinois. This request and subégguent telegphonic
requests for information suggested inve  tigation into three
military occupational £kills (MOS): specifically at least
one BCS frcam each of the major subhdivisions of the Arny,
namely Coskat Arms, Combat Support, and Combat Service
Support. A histogram of the PY79 accessions (vith non high
school diploma ¢raduate status) by M0S was developed
(Appendix B) and sulsequently the MOS*s rank ordered by
numbers accessed. Eased on this ranking, Table I dericts
the HNCS's chosen for apalysis. '
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TABLE X
Bilitary Occrcurational Skills To Be Analyzed

Majcr Sukgrour of Army MOosS

Ccnmktdt Arms Infantryman
Infantryman

Artilleryman

Yotor Transport
Operator .
Multichannel Communica-
tions Operator

Ccntat Service Support 76Y Supglg Specialist
9 Pood Service
Specialist

W<

O

Ccmtat Suppert

W N adcda
-t £ WSt

=

In addition, the data set wis further —reduced to
only nco-prior-service male accessions, based again on
conversations with USAREC. 0f course, all education levels
vere included so as to be akle to ultimately compare the
effects of education level. A data request was provided to
DMDC for the data described akove; the final form of the
data was in character form, stored in 5 files on the Mass
Storage System of the Naval Postgraduate School 'ccmputer

systen.
3. Ereraration fcr Exploratory Data Analysis

BEased on the above reduction of the data, the 69
availakle variables ¢f interest were reduced to 14 variables
to lizit the scope of the investigation and to demcnstrate
the use of the Explcratory Data Analysis techniques. It
should be noted that these procedures will be useful on any
size data set for apy number of variables subject ¢nly to
the linitations of the storage capacity of the conmputer
systen in use.  Table II rrovides a listing of this first
selecticn of variables.
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IIBI! II
Initial Variahles ot Interest
Exzlapatory Yariatles Levels
Higbk Schcol level Cbtained 13
Cufrent 2ay Grade 31
Narital Status (ccrrent) 2
Numler of Dependerts (current) 9
Character of Service 4
Reenl;stxent Code 4
ge at Entr 15
n gh Scheol Level at Entry 13
3
Bthnic Ccde 20
Marital Status/Ro.cf Dependents at Entry 20
AFCT Group (uental Category) 8
Derendent Yariable Leyvels
.Total Active Federal Service Nuaber of months

Total active Federal service vas chosen ag the
dependeat variable at this stage of the apalysis to allow
for investigation of possible associations with the abcve
candidate [predictor variables over time as opposed to a
"go~nc-gc" tinary rerresectation of attrition. This depen-
dent variatle allows the decision maker to initially‘see the
effects of the candidate predictor variables on different
levels of attrition, wvhether the assesions coatracted for
thtee\o: four years cf initial service.

Tkese variables haviang been selected, siaple FORTRAN
and AFL programs (Aprendix C and D) vere written to retrieve
the data frca mass storage into an interactive envircoment
for graphical analysis.

19
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B. HBETHCDOIOGY

BExploratory data analysis technigues are to be utilized
to analyze the data described above.. A draftsman's display
[Ref. 12: p. 136,145] is prepared to initially process the
data. Associaticn Letween variables of interest are deter-
ained as well as any possible errors in the data. Ugron
necessary refinement, further Draftsman's dispiays are
'ntilized to select pcssible explanatory variables. Bexplot
analysis is performed to analyze the ‘distribution of the
levels. ¢f the candidate explanatory variables and their
contribution in deteramining length of service. A comgarison
of the statistics of cach distribution is utilized to deter-
»ine relationshirs ameng the various levels of each cf the
candidate eiplanatoty variables. Confirn&tory analysis in
the fcrm of parametric and nonparametric hypothesis testing
is rresented to indicate the statistical significance of
sasple ccaparisons.

Finally, a survivor function approach is utilized to
analyze for probabilistic relationships. Failure times and
survival tines are identified that lead to calculaticns of
the protability of attrition and reenlistment for Loth the
three ycarx enlistees (3Y0) and the four year enlistees (410)
from the PY79 COBORT data. |
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IIT. IJRLOBATQEY DATA ANALYSIS

A. IRITIAL DRAPTISHAN'S DPISPLAY

As descrihed in Appendix A, the draftsman's display
[Bef. 12: pp. 136,185] is an efficient means of taking a
mfirst glance" at a cata set. In addition, the use of APL
as a prograaming language fcr this analysis allows fcr rarid
manipulaticn of large arrays in a user friendly fashion. A
ten percent sample cf the data set consisting of the vari-
ables listed in Tatle II above was run through the
“draftsman® program [Ref. 13]. Sampling was performed by
reading every tenth record of the data set provided Lty CHMIC.
The file¢ was prepared in Social Security Account Huaker
order so . 10 percent saapling ensured that a cohnt:y-wide
Sanplc was created. Also, the file being longitudinal, any
length-tiased sampling prcocblems were avoided [Ref. 14:
P13]e The output rroduced was a 14 by 14 matrix cf two
dimensicnal scatter rlots. A segmented copy of the display
is found at Appendix B. -Refer to this Appendix for the
folicwing discussion. Bote that the data has been
njittered" to reduce cverlap of the data or data points with -
the same discrete values [Ref. 12: p.21]. (note: coding of
the variakles is defired in [Ref. 11]) - o

Pirst an overall view of the entire display is very
useful tc an apalyst in several wvays: _

1. Categorical data is rapidly identified by the
"tlocking effect® seen in most of the displayed vari-
atles, e.g., ™Marital Status" vs. "MOS." This aspect
of the display is critical in allovwing the analyst to
w“sea™ the data and immediately determine where dumay
variables, for example, may be necessary.
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2. Also coding of the variables is displayed as in "Hs
at entry " vs. M"Total Service® One observes that
the scale of e€ducation ranges from 0 to 13, with the
sajority of the data gtcuped at 4 and 13, which
ccrresponds to 2 years of high school and a Graduate
Equivalency Diplonma '(GED) , respectively.
rcrtunatély. in this analysis, ¢the file descrigptiom -
containing the coding schedule was available; one can
envision the vsefulness of the graphical technigque in
"uncoding®” data sets that may not have an acccmga-
nying description. The apalyst could then recode as
necessary vith nmany of the comsmonly-used file
maragement systeas available. |

3. Brrors in the data may be identified in a ra;id?and
efficient manner. Again referring to "HS at eni:y"
vs. "Total Service®". the majority of the datg is
shown to be 2 year high school 1level (4) andéuzn
(13) . - Now tte official request for data to DNMDC) wvas
fcr all education lavels. Because of a simple li#ﬂn-
derstanding apd a misplaced operand in the code that
extracted the data from the master cohort file, only
NHSG data were provided. The use of the disp#ay,
then allowved fcr the prevention of the costly aistake
the unsuspecting analyst may have sade in develcping
a model with erroneous data. This error-preventing
aspect of this procedure manifested itself in
subsequent disrlays as will be discussed later.

4. llthcngh' further analysis wvas not performed, the
disglay allcws the analyst to deteruine
multicollinearity/interaction effects of the concomi-
tant variables. Por exanmple, "Age at entxy"
vs."Husber of dependents® plot may provide the
ispetus for further study, if either of the variables
bed a visual effect on, say, total service.
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The use of the entire display is simple and "intuitive".
It a.lows an analyst to bridge the gap, at least in scme
fashicn, betwveen the quantitative world of the apalyst and
tr- mrealm world of the decision maker through the power of
the Lrain's visual ccrrelation abilities.

In the rroblem at hand, that is, the efiect of various
persoral characteristics on r[periorrance (in the foras of
attriticn or more generaliy, total service), analysis of the
first ccluan of the display is mos: revealing. Again, this
data set has been discovered to only contain NHSG and GED;
the entire spectrum of education 1luvels vill be analyzed in
a sulsequent draftsmar's disgplay. Ihe first coluan of the
display dapicts scatter plots of ali iviependent variables
versus total Pederal service. To aid 4in the discussicn,
seven of tlke plots have been reproduced in Figure 3.1 and
the ielaining seven in Pigure 3.2 below.

Viewving both figures, no rapidly disceraible or
"glaring® associaticus are evident. This is largely a
result of tke shear size of the data set.

Bowever, much useful information is available:
1. [Pigure 3.1, HCS Yersus Jotal Sexvice: |
e This figure indicates that the laryest npumber of
assesions wvere MOS 11B (a "*1" In <the DMDC coding) .
__followed by 13B(2 cm coding scale). No 11X's are
‘discernible lecause this entry 1level "basic foot
soldier™ MOS wvas not created until 1980. NOS €4C
seems to have a distinct break in length of
service: this break indicated that perhaps furtlter
apalysis is needed. One possible explanation may
be that a fpecrtion of the accessions entered this
MOS only fcr the training, and subsequently left
the gservice at first opporturity through an admin-
istrative discharge. MOS 76Y (6 on DNMDC scale)
.Seens to ke the most successful in teras of
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"Pigure 3.1 Pirst Column of Draftsaman's Display

performance (i.e., completion of at least 36 aonths
of service) . :

Riguzre 3.1, AICT Group Versus Iotal Service:

e This variable contination is coded from 1 through
8, vith 1 being a Category V. This lowest category
_corresponds to an AFQT total score of 9 or less. A
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slight trend is evident: as APQT increases, more
data points are found in the higher total service
range. This qraphical analysis agrees with the

literature presented irc the intrcduction of tais
thesis. This also indicates that most of the
accessions ccnsidered here (NHSG and GED) are found
in categories 3,4,5,6, which corresponds tc mental
categories 1VB,IVA,IIIB, and IIIA, respectively.
This leads to the conclusion, as expected, that
NESDG accession t[performance on the AFQT is in
consonance with education level.

Figure 3.1, Marital Status Versus Iotal Service:

e This plot indicates that most NHSDG vere siagle
with no derendents(10 on the DMDC coding schene).
Again the mass of data points requires furtter
suksequent analysis. The upper grouping depicts a
slight increasing trend as accessions differ by
nuzber of dependents (20=narried/no deps.,
21=parried/1 dep., etc.). This, along with ctker

aspects will be analyzed in more detail in section
B, this ciharter.

Figqure 3.1, Ethnic Code ¥Yersus (fota] Servige:
e This plot indicates that a great preponderance of

the accessicns were "other" which corresronds to
Caucasian in the DMDC coding. Puerto Ricaps (ccde
4) ipdicate increased total service, leading to the
conclusion that race is an impeortant predictor of
service and attrition. '

Fiqure 3.1, Race Versus Total Service:
e This plot reinforces that of the ethnic code flct.

Most assesicps wvere white, as indicated by the mass
of data at ccde 1. ° There is a slight increase of
service indicated in the category 2 corresponding
to blacks, and perbaps even a greater massing in
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the 50-60 mcnth area of category 3, which ccrre-
spends to race "“other". Again race seems tc be a
predictar of service or attrition.

6. [Figure 3.1, Sex Yersuys Jotal Service:

e Although the data requested from DMDC was for male
accessions (coded 1), at least a few data pcints
are evident in the category coded "2", ccrres-
ponding to sex “ferale“. Subsequent analysis
through an AFL program written to "scan" the data
and count the freguency of certain data elements
(Appendix D) indicated that in excess of 200 female
NHSDG persons vwere accessed and recorded in this
file. Again the draftsazn's display and mcre gener-
ally the exploratory data analysis apfproach
indicated erroneous data,‘pe:haps preventing faulty

analysis.
7. Eigure 3.1, High Scbool at Entry Versus JIotal
Sspyice:

e Previously discussed above. This variable bas seen
videspread use as as a screening device in
recruiting [Fef. 7: p.1). '

8. Pigure 3.2, Ace at Entry Yersus Iotal Service:

e This variable combination indicates a wide range of -
values Lecatse of the more "continuous® nature of
the age variable. Although most NHSDG accessicas
vere in the - 18-20 year category, this plot indi-
cates a slight increase in total service as age
increases tc about 25. Then the plot may indicate
that older accessions do not fare as well in the
neasure of rerformance chosen. This agrees wvith the
literature; further investigation is deemed
necessary by the display.
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Figure 3.2

9. Pigure 3.2, Reenlistment Code Versus Total Service:

that premature

e This plot frrovides

information

" pirst Column Continued

attritors and successful first- tour completers may

receive the same reenlistment code. A
cates unknown or nc code, a

reenlist, a "2
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has been afpplied, a "3" that a DA-level EAR blas
been applied, and a "4" that the soldier is totally
ineligible. The DMDC file descripticn only
provided 2 codes: again the display has indicated
erroneous data or perbaps changed codes sdhsegnent
to latest file update. This display rrompted a
telephonic clarificaticn to DMDC that may not have
teen made in the aksence of exploratory data anal-
ysis. Since both "failures" and ‘"successes" can
receive a ccde of “eligible", this variable is not
useful as a predictor of attrition.

10. Pigure 3.2, Chagracter of Service Yersus Iotal

Servjce: '

e This variable combination, like reenlistment ccde
above, is ar indicator of "after the fact® perfora-
ance, eitker premature attrition or successful
first-tern completion. Again, a "0"® indicates
unknowvn or uncoded data, a "1 an honorakle
discharge, " ®2u ynder honorable conditions, a "3"
other than honorable conditions, and a "4* a
dishonorable discharge. A massing of the data in
the 0-20 ncnth area of honorable discharges indi-
cates that premature attritors vere granted such a
.discharge through perhaps the Trainee Discharge
Prcgraa or Expeditious Discharge Progras. Thus

e s hig-yariable combination is not a - good predictor
of performance since discharge award in scme cases
is based on the local commander's decision. Quite
often the hcnorable discharge may have been granted
toc speed tle discha:gé of a suhstandérd scldier;
Under Honorable Conditions discharges,Other Than
Honorable discharges and Dishonorakle discharges
require more "red tape" and administrative delays.
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11. Pigqure 3.2, Humber of Dependents VYersus Iotal
-Se€rvjce: '
e This plot is an updated data entry that allcws for
the tracking of the addition of dependeats through
the serviceran's tenure. The plot indicates a
majority of the service people considered through
September 1983 still had zero dependents (coded
"mn. As rumber of dependeuts increase, total
service seers to increase, although there is a
preportion c¢f data points with more dependents that
failed to ccaxplete 36 months of service. This plot
indicates that with further analysis, nuater of
derendents may be a predictor of total service and
attrition. |
- Figure 3.2, Marital mm Yersus Igtal Servige:
e This varialle is an updated variable indicating
" current marital statué of the service member, a "2"
for married and a "1" for other [Bef. 11]. The
Elot indicates a najciity of the service meabers
are still sirgle. uaEried service members seez to
demonstrate an increase in total service, indi-
cating that this variable is a candidate predictor
-variable reguiring furﬁher analysis. Again , this
agrees with the litera&ure.
13. pigure 3.2,Pay Grade JVersus Jotal Service:
e Although pay grade is not really a relevant means
' of predicting performance of accessions, this plot
gives a gocd indication of the "intuitiveness® of
the graphical depiction of the data. This plot
indicates an "ideal"™ upvard trend: as mcanths of
total service increase, the mass of data =xoves
‘upvard and to the right. High performers are those
that receive promotions earlier than the mass in
that particular pay grade, for example, grade ES
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indicated by a S5 on the vertical axis of the plot
shows that the majority of the service members were
prcmoted in the 48-60 month time frame, which is
the norw. Hcuever, observe the points in the 38-40
month area, indicating waiver or early promcticn.
From this plct, one can ascertain some idea cf the
nunber of achievers in this cohort. Along the same
lines, the fpoor performers are evident in, for
example, tke E1 grade in thg 50 month time fraze.
The entire frlot seems to indicate that there is the
expected upwaxd mokility of the average soldier.
14, Pigure 3.2, [High School Obtajined Yersus Total

Seryvice: ' :

e Although massive data size obscures the plot, this
Flct does indicate the some of the NHSG accessicas
have completed their GED requirements (a"6é" cn the
scale) during this tiase franme. Of these that have
corpleted, a slightly increasing trend is evideat,
again reinforcirg the literature that education
level is a suitable independent or predictor
variable on attrition.

In sumpary this first draftsman's display has demcn-
strated that the grarhical (EDA) procedures are critical in
identifying errcneous data, determining variatles of
interest, and identifying nmulticollinearity/i.t.eraction
effects. Now a nmore refined version, with an even furtter
reduced list of candidate variables and in some cases, with
variaktles that have Leen recoded so as to be more intui-
tively appealing was froduced. This display is in segmented
forn at Aprendix PF. This version of the display wvas devel-
cped frcam the more general data set of FY79 accessions, this
tine including all education levels.
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B. BEVISED DRAFPISHAR'S DISPLAY

The initial explcratory analysis above revealed that
1. the data ¢n hand was not suitable in that it d4id not
ccntain High School Diploma Graduates (ESDG) for use
in ccmparing any effects of educatiocn on perfcrmance;
2. tle list of variables under ihvestigation could be
ferther reduced.
The purpcse of this second iteration of draftsman's analysis
vas tc serve as a final check on the data and to deteraine
any other relevart information from the data prior tc a more
detailed investigaticn utilizing other methods. |

TABLE III
Reduced Variable List for Purther Analysis .

Lependent Variable
Total Service

Ezplapatory Yarjable

Miljtary Occupaticpal Sskill (MOS
g:g%taf’Statug}nultgr of Deyénde%ts

Sex

Level of Bducation at Entry
lge at Entry

déntal Category

Gegeral Perforsance Indicators

Reenlistazent Code
Character of Service

The data shortfall in education level alluded to above
was sclved in the sulamission of a request to DMDC for a mcre
complete Jdata set. This seccnd data set was received and
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again stcred in S5 files in the Mass Storage Systen of the
NPS Ccmputer System. The FY79 COHORT file consisted of
. 30778 records of data. FIles for the FY80-PY83 COHOKIS were
also acguired for later model validation and suksecuent
research. It shculd ke noted that the target data requested
vas tc be ncn~-prior-service (NPS) male enlistees. The vari-
ables under investigation for this phase are listed in Tatle
III . The last two variables in the table were, as fprevi-
ously stated, not tc be considered as predictors Lut as a
means of assessing general perfornahée of the enlistees.

Again, FORTRAN and APL programs (Appendices C,[) vwvere
utilized toc retrieve the data from mass storage and to
manipulate it into fcrm for interactive analysis. A ten
percent sample of the data vas taken for analysis(3C78
records). The data was again jittered to reduce overlarg.

An overall view of the draftsman's display (Aprendix F )
demonstrated the follcwing:

1. The new data set is mostly categorical as expected.

2. 211 levels of education have been included as demcn-
gtrated by the "HS at Entry vs. Total Active Service"
Flot. , , |

3. The total service scale on all plots extends to 160
meanths, indicating that at least some prior service
enlistees have been erromeously included in the data.

8. Scne female erlistees have been included as indicated
Ly the *"sex vs. Total Service" plot, again
demcnstrating erroneous data.

Ncst of the discussion Lelow centers on the first cclumn
of the display; bhence this colunn has been reproduced in
Pigure 3.3 anl Pigure 3.4 Viewing both figures sirultane-
ously, the massing cf the data points in heavily concen-
trated "tlocks™ demopstrates the large number of data fpcirnts
in the sasple. The dimensionality of the problem is graphi-
cally eyvident. Scee specific information that can be
gleaned frca tais display follcus.
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Pigure 3.3 Pirst Coluan of Revised Draftsman's Display

1. piguze 3.3, rilitary Cccupatjopal Skill ys. Jotal
Service: . .
e The 11B and 13B occupational skills (1 and 3 in the
DMDC coding) appear to have attracted the smost
enlistees. No discernible trend or associaticn is
apparent in the length of service for these two
combat arms occupational skills. Skill 64C (coded
4) demcnstrates the "break™ in length of s%zvice
juset as in tite non-high-school-graduate data in the
previous section. Occupational skill 76Y, \(6 on
the DMDC scale) as before, appeared most successful
with less scldiers attriting within 36 =cnths of
service, or the normal first tour length.
2. Piguze 3.3, Neptal Category vs. length of Servige:
e This variable corresponds to "AFQT group" in' the
.original disrlay, and has been renamed based cn the
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information seen in the first draftsman's display.
This variable has alsc been recoded to reflect a 1
for mental categories 5 and 4c, a2 fo- mental
categories 4t and aa.'a 3 for categories 3L and 3a,
and a 4 for categories 2 and 1. This plot deamcan-
strates the recruiting policy of targeting the
higher mental categories by the aassing of the data
- in those respective areas. :

3. pigupe 3.3, Qazital Status at Iotry ys. Jotal

Service:
. This variable is coded with a 10 for single with no

derendents through 19 for single with 8 dependents,
and then a 20 for married, no dependents, through

‘ 29, for married 8 dependents. Most enlistees in

: this data file were single with no dependents. The

% married enlistees (20 and higher on the DMLC scale)

ipdicated a slightly increased total service,
particularly as nuater of dependents increacsed
| (21,22 and 23 on the scale)

4. plgure 3.3, Bage ys. Jotal Service:

e The addition of the high-school-diploma graduates
has not affected the pattern that was evident in
the original draftsman's display: a preponderance

. of whites (ccded 1) followed by blacks (ccded 2),

and others (coded 3)is still evident. The *cther"®
category still demonsirates increasing leangth of
service. '

5. riguze 3.3, Se€3 ¥s. Service:

e As previously stated, this plot demonstrates that
the supposed all sale non-prior-service file bhas
included in it a number of fenmale enlistees. dlso
note that the nassihg of the data indicates that a
large proportion of these females attrite with less
than twenty mcnths service.
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Mgure 3.4 Pirst Column, Continued

6. 2193:3 3.8, Bigh School at Entry vs. Iotal Servjce:

e The inclusicn of all levels of education canm ncvw be
verified. 1The plot has been recoded utilizing an
APl program (See Aprendix D) as shown in Table IV
belov: The massing of the data at position 5 indi-
cates that most enlistees in this sample were high
school diplcama graduates. Alsc, enlistees with two

- tc four years high school outnumber those with
equivalency status. No discernible differences can
be observed in the equivalency certificate hclders
over the other levels of education dAue to the
massing of the data. Bote the distinct Lreak,
thcugh, 4in the GED length of service. A grouping
is evident for zero to twenty months of s=ervice,
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IABLE IV

Recoding of BEducation Levels for Draftsaan's
Display

leaees Op to 1-{ ar of hiih school
Lecece £ xears gh, schoo

eeeese 3-8 years high school, no dirlcma
§.cee. Graduate Equivalency D;gloma
Seeeeeefigh School Diploma’ Graduate .
6ceeeecdt” least 1 year college and higher

and aaother for approximately thirty tc forty
sonths. This may ke pactially explained by viewing
age at entry versus high school at-entry along the
same rov ‘as high school versus total service in
Pigure 3.5. This same break is evident: the

s
-
b2
R
s

¥
v
4

- HS AY ENTRY

®w 120 10 W » » ____
| AGE AT ENTHY

rigure 3.5 Row of Display for Cross Comparison

majority of the enlistees with the equivalency

certificate (GED) are 20 years old and below with a

break below 20. Perhaps this break in age wien

viewed with the break in service indicate that the

younger GEL enlistee is not as successful in

ccapleting service, just as he was in not
, completing high school.
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7. Eigyge 3.4, Ace at Entry vs. Iotal Serpvice:

e The massing c¢f the data indicates that most enlis- -
tees fall in the 17-21 category. As age increases,
tctal service again seems to be ‘divided into
distinct branches. These branches could fpossiktly
te related tc¢ marital status, number of dependents,
or education 1level, where breaks of this nature

vere also evident. See the entire disglay to
conpare each of the above mentioned variable ccmki-
nations versus length of service and against ctier

possible ccabinations of other variables for

possible insights.

8. Figure 3.4, Rseplistaent Code("Beup" code) ys. Jotal
Seryvice: :

e This plot shcws that a surprising number of enlis-
tees, both premature ™"leavers® and successful
(i.e., with more than 36 months service) "stayers",
have an uncoded 0 reenlistmeant code. This ;:chahly
indicates tbhat the record has not been posted with
this 4inforration. Code 1, corresponding to
neligible fer reenlistment", is massed after 36

months, indicating that ccapletion of at least the

first tera is a requirement for reenlistment eligi-

bility. Ccde 2, a local bar to reenlistment, is
also massed around 36 to 40 months of service, = =

indicating tbat the decision to allowv reenlistment
is often reserved for the end of a soldier's tera
of service. It should be noted that the bar to
reenlistaent can Le issued by the local ccamander
at any time deemed necessary, yet it appears that
exercising c¢f this powerful option is not lLeing
dope. Code 3, the Department of the Army bar to
reenlistnent, indicates a uniform massing o¢f the

data. This agrees with Department of the Army
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pclicy ¢to antomaticélly bar soldiers that have
received certain recognition as substandard through
judicial, ncn-judicial, and adaministrative actionms.
Cross comparison with the next column cf the
display (see Figure 3.6) reinforces this idea:
This plot is reenlistment code versus charactcr of

A
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2 3 o
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Pigure 3.6 Leglent for Cross-Coaparison

service awsarded. Reenlistment code 3 has the
majority of the character of service codes 2 and 3
corresponding tc ™under honorable conditions"™ and
“"other than honorable " discharges respectively,
both of vhich =~ are <considered substandard.
Similarly, code 4 in reenlistment signifies
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ineligibility for reenlistment, which is ncticeatly
less of the data, c¢optains the vorst character of
service code, a dishonorable discharge indicat 3 by
a 4 on the character of service axis.
9. [Figure 3.4, Character of Secvice uvs. Lengsl of

Service:

e This plot indicates that as length of service
increases'tc 38-40 mcnths, character of service
"code decreases. The DMDC coding [Ref. 11] lists the
coding as 1 for an honoralle discharge, so cue€ can
infer that ®stayers" generally receive hcnerakle
discharges. Those unsuccessful soldiers with less
than 36 months service receive the majority cf the
"under honorable conditions®", ‘"other thamn hoacc-
akle® and “?dishonorakle”™ discharges, codad 2,3,and
4 respectively.

This revised draitsman's display analysis has prcvided
some insights into those personal characteristics affecting
length of service and hence attrition. All seven fossitle
explanatcry variables under consideration have demonstrated
‘at least some effects on length of service. The effects of
education level, mential category, marital status and numter
of derendents, and age have at least initially seen to be
post frofound. | A

These displays have served to provide an initial grach-
ical view cf the data that is both intuitively plecsing and
siaple. In addition to identifying possible erronecus data
entries and any peculiar coding of the variables, a major
result of the analysis has been a rceduction in the dimen-
sionality of the data itself. The displays also aid in a
general familiarizaticn vith the data under iuvestigaticr.
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C. BCXEL1OT ANALYSIS

The boxplot will be utilized to demonstrate anctler
Exploratery Data Analysis technigque that provides a powerful
means of ottéining mcre iaformation about a data set. (See
Appendix A for a discussion of boxplots in general.) - /

1. Fducatjon Level Yersus Lenqgth of Service

In crder to demonstrate the effectiveness and fower
cf bexplets, one of the six candidate exrlanatory vari- 3
ables, high school education level at entry, will be : -
investigated in detail. As stated in the introduction, the )
literature bas pcinted out that education level at time cof
entry bas leen a generally accepted predictor variable in
attritior analyses during the last ten years. Therefcre a
toxplot analysis utilizing the category subpopulaticn anal~
ysis program in the IBM experimental GRAFSTAT package is
presented in the fdllcving discussion. length of service,
the chosen dependent variable for this portion of the study,
is plctted versus education level at entry.

The left panel of Pigure 3.7 is a depiction of a ten
per cent sample of P179 enlistees as of September 1983. As B
previcusly stated, this data set is a smaller subset J;’
consisting ¢f seven military occupational skills from the "
entire FY79 COHORT file from DMDC. - The GRAFSTAT input
screen fcr this program allcws the analyst to subdivide tlis ,
batch of data into its seven component occupational skills
through the input of a simple fcategory" vector.(See
Appeadix G for a depiction of this input screen.) The ¥y
axis is length of total active service in months, while the
x axis irdicates education level at time of entry intc the
army. Ike pon bigh school diploma graduate 1level is indi-
cated by "NESD.™ and indicates three to four years of high :
school without a diplcma. ERducation level decreases toward '~
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the origin, with a 4 indicating 2 years of high schecl, a3
indicating 1 year of bigh schocl, a 2 indicating 2 jears of
-junior high school, ard a 1 indicating 1 year of junior high
schocl. 7Ic the righi of the position marked “NHSDG", educa-
tion level increases until the position marked “GED" which
indicates a graduate equivalency "diploma" or certificate.
A 6 indicates high school diploma graduate, a7 indicates 1
year cf college, 8 fcr ziyears of college, 9 indicates 3 to
4 years college tut nc degree, and a 10 indicates a college
degree. Eleven and 12 indicate a wnasters and dcctcrate
degree, respectively.

Vieving the entire display in the left panel, the
toxplct provides a graphical statistical sumnary of the
distribution of each of the subcategories (i.e., the levels
of education) in a form for easy comparison. A takle of
values is also presented bereath the display. The mean of
each sulcategory is depicted by the dot (with 1lines
connecting the subcategories). The median of each sulkcate-
gory is depicted by the other dot in the body of the bex.
Adjacent values and their associated "whiskers", or the
lines drawp froa the rody of the box to the adjacent values
depict'tte ~tails of the distribution of each sukcategory.
Outliers are depicted by heavy dots and are defined as thcse
values greater than 1.5 times the int-.rjuartile range of the
distributien. The zean of the ent’.e display across all
subcategories is depicted by the arrow.cad on the y axis.

It is immediately apparent that this subpopulation
contains some enlistees with prior service, indicated by the
outlier valvues in tie left panel of figure 3.7 that have
sore than 60 months cf service. (If an enlistee entered the
Armay on 30 Septeaber 1978, max length of service uithoui
prior service is 60 xcnths through 30 September 1983.) The
data requested from L[HMDC wvas to be non-prior service (NES)
only; again the important error-indication quality of this
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technique is readily apparent. The non-prior service enlis-
tees <¢an ke easily extracted from the data set in the
interactive mode of this rpackage; by the insertica of a
sinble truth statement (e.g., length-of service <60 manths)
the data set is redvced to the desired set. (See Appendix G
for the depictior of the in;ui screen; selection is entered
in the "selection" area.) This feature is also most useful
in the «ckpariscn =i rortaip other characteristics of the
data as will be demopstrated. o |

The ability to interactively subdivide the data
according to other variables of interest is an extremely
poverful tcol, allouing the anélyst’ to "compose" his areas
of coarariscn and graphically deternine associations in a
sultivariate sense. The actual data is never altered and
there is no delay due to timely resubmissions of prograss.
In addition the grap"ical displays are rapidly available and
intuitively appealing , requiring little explanation to
those decision makers with less background in classical data
analysis techniques.

The right panel of Figure 3.7 indicates the results
of rémoving the cutlier enlistees with prior service. The
scale of the boxrlots is now larger so the mean, median, and
spread can be readily ascertained. Note that the mean
lengtk of service has been only slightly modified hy'the
removal of the 5 outliers(determined by the "ALL" rew of
the two taltles belcw the [flcts,3078-3073), as expected.
Also nofe that the shape of the boxes before and after the
removal of the outliers is the same, indicative of the
resistance cf the bcxgplot. The right panel of the figure
shows tbhat performance in the form of 1length of service
tends tc increase as education level increases froa the
jJunicr high 1level tc high school diploma graduate status.
College level enlistees and higher do not demonstrate this
trend. Note that enlistees with the graduate egquivalency
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certificate demonstrat. poorer performance than ncn-ticgh-

'school-diplcma gradcates (NHSDG). The variance of the

distriltuvtion of the enlistees with the GED 1is greater,
rerhaps due to the manner in which the GED may Lke awarded:
Perscns with any level of education can test for and gain
the GED, and numerous tests are available for the certifi-
cate. Hence the large variarce may be explained by the
“"variance" of the means of awarding the certificate.

In the next figure, (Figure 3.8), the non-prior-
service enlistees are again presented in the left panel as a
"comparative other." 1In the right panel of the figure, all
those soldiers who had an uncoded educatiocn level and those
with EhD degrees have been deleted, again utilizing the
selecticn feature of the GRAFSTIAT progran. This results in
a "smccthker" line thrcugh the means, allowing a more discer-
nible view of the asscciation of each level of educaticn and
length of service. Note frcm the table that only 2 persoms
vere in these deleted categories, hence they are referred to
as "cutlier" educaticn levels in the title of the [lctes
These fpoints will renmain deleted throughout the remainder of
this particular analjysis.

In Figure 3.5, left panel, the previocusly discussed
Loxplot with "outlier" educaticn levels deleted, ncn-fricr-
service enlistees is again presented for further compariscn.
In the right panel, utilizing the selection capability, all
those enlistees with any years of college have heen deleted.
Now the increasing trend is clearly evident. As education
increases, length <¢f service increases. Again thcse
soldiers with the graduate equivalency certificate (GED)
denonstrate a lower mean performance than both the ncn-high-
school-graduates and the high school diploma graduates. To
isolate this trend even further, GED soldiers are deleted in
the right panel of Figure 3.10 Now, compared to the left
Fanel of this display, the upward trend is most evident.
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The distributicn of each education level is graphi-
cally described in the boxplot. For example, in Figure 3.10,
the high-school-diplcaa-graduate distribution appears to be
symmetric as indicated by the position of the mearn and
median relative to tle ends cf the body of the box. The
distributicn appears to have a "thicker" tail in the lower
length of service side, depicted by the longer whisker on
the bcttcm cf the boxrlot. Rafpid comparisons of the distri-
buticns c¢f each of tle subcategories can be done thrcugh the
toxplct analysis. _ .

Thus the use c¢f boxrlots has indicated that level of
educaticn dces have ar effect on performance in the form of
length of service. 1t should be reiterated that this fhase
of the analysis is exrloratoery in nature; the comparison of
means could be strengthened through such confirmatory anal-
ysis as a one-way ANCYA or in a non-parametric test such as
the Kruskal-wallis test of equality of means. An exaagle of
. this confirmatory analysis will be [provided in a later
secticn cf this thesis.

2. Jhe Multivariate Capability of the Boxplot

Bilitary occcrrational skill of the enlistee will be
exanined fcr any indication of an association with fperform-
ance, ané then <further analyzed with regards to education
level within the occurational skill. Seven military occupa-
tional skills (MOS) were considered in 'this analysis.
(Refer tc Table I, frevious chafter). Again a ten percent
sample of the data was utilized for analysis.

Figure 3.11, left panel, provides the first lock at
this sulkcategory of the data. Mili tary occupational skill
is rplctted against total active service. Each ailitary
cccupational skill is presented on the x-axis, beginmning
vith costat arms(11B, 11X, 13B), combat support (314, €4C),

1.
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and ccukat service surport (76Y,94B). As before, the distri-
tuticn of each military occupational skill with resgect to
total service is presented by the boxplot. Again note the
cutliers in total service; these same 5 soldiers have Leen
deleted in the right ranmel so as to expand the scale cf the
boxplcts for analysis. Through the graphical depicticn of
these distributions, the occupatichal'skill most successful
in terms of service can be readily determined. Here, skill
76Y, =supply specialist, demonstrates the greatest success
followed ty 11B, Infantryman.

The soread c¢f the distribution can be observed in
the bcedy of the bcex; note that the deviation is also
rrovided in the table below. The 11X occupational skill is
noticeably vacant. This MOS was created as an entry level
of infantryzan in PY80, hence this data set contains ncpe of
this general skill. Comparing the three branches of skills
descrited akove, comkat arms was most successful in perform-
ance as deterained ty viewing 11B and 13B boxplots collec~
tively. Ccmbat service support was next in order of acnths
successful service fcllowed by combat support.

The shape of each of tue distributions is readily
apparent in the boxplcts. Each military océupational skill
appears to be skewed toward the lower range of service as
indicated by the postion of the median inside the Lcdy of
~each lLoxplct. The variances appear relatively constant
except fcr skill 64C. The utility of the boxplot in deter—
sining hcmogeneity cf variance, for example, for sulksegquent
tegressidn analysis or for ANOVA assumpticas is iéadily
obvicus.

In Figure 3.1Z2, left panel, the previous figure of
non-prior-service-only «nlistees bhas been reproduced to
¢llow ccmparisons. Iz order to isolate the effects of
education level, all high-school-diploma graduates (and 60
enlistees with at least some college) have been selected cut
of the subpcpanlation, using the selection capability. Thus

4s
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in the right panel, non-prior-service,high schocl difplcma
graduates bhave Leen plotted against total active service.
Innediately note that a higher mean service is observed by
these tetter educated enlistees. The variance of
cccupaticnal skills bhas been reduced indicating that this
subporulaticn is not as great a risk when considering how
long €ach will =serve. Those soldiers in skill 11P demcn-
strate tle highest success (mean 36.15 months). Based on
these graphical results bigh school diploma graduates
perfcrm ltetter than the average aon-prior-service enlistee,
and nmore specifically, comtat arms skills rank first
followed by combat support, and then combat service support.
This may seem counterintuitive as technical skills required
are tlkought to be bigher in the combat service sugpert
trancktes.

Figure 3.13 repeats the same sort of analysis, this
time ccmparing ncn-prior service enlistees total service in
the left panel tc aon- prior-service enlistees that have not
received a diplcma (NHSG) and those thut have received a
araduate equivalency diploma (GED). Note that "success" has
fallen frcm 31.85 @mcnths to 29.08 months. Occupational
skill 761 has the highest wmean success, and comkat service
support now leads ipn total mean service. Also ncte that
cccufpaticnal skill 314 demonstrates a much bhigher variance
vhen only these non?high- schocl graduates are compared to
the tctal population. This could perhaps be explained by
the lack c¢f any real standards in how the GED is awardzd.
This cextificate can be awarded at any 1level of educatica,
provided that one of rumerous tests has been passed. Also
the nca-high-schcol graduate with ,say, oerly a 10th grade
level of educaticn cculd account for extremely poor fperform-
ance in this somewhat techmical microwave operator skill.
Cn the cther hand, those enlistees with an equivalency
degree or 11-plus years of education from a "technically
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criented" school system could account for the high fperform-

ance. Mcre research could ke performed in the area of

"levels" of equivalency status and in a demographic analysis
of those non high school graduates.

| A comparison of high school diploma graduates to
non~high-school~-diplcna graduates is presented im Figure
3.14 « Those soldiers with equivalency certificates (GED)
bave reen included in the non high school graduate category.
In the left panel of this figure, the high school graduate
categcry is presented for ccmparison. Again, this plct is

non prior service only graduates. The right panel is ncn-
" prior-service, non-high-schocl-graduates and equivalency
certificate holders. The "tetter educated" enlistees ,on

‘the average, have outfrerformed those with less tham a school
degree (as shown Lty the mean values both in the boxplots and
the taktled values Lelow the plit). Skill 76Y, supply
specialist,in the right panel, indicates a Ltetter perform-
ance, (mean of 33.6) than the same occupational skill with
a high schecl dirloma (mean 32.7). The variance of the two
distributions is rouglly the sanme. Again personal charac-
teristics and the 'technicality of the skill involved aleng
with the effects of smental group distributions, enlistment
tonus differences may explain this anomaly.

Since a difference bhas been established in perform-
ance based on the certificate status at entry, the tcxplot
can be utilized to go even intoc further detail. In Pigure
3.15,non~high~school-graduates only are compared tc bhigh-
—school-dirlcma  gradcates amd in Pigure 3.16 those with
equivalency degrees are ccmpared to the diploma-carrying
soldiers. 1In each figure,  the batch remains liaited to
non-prior-service enlistees, varying only education levels.

Figure 3.15 demonstrates that the non-high-schocl-
graduate fperformance ,depicted in the right panel,  was
telow diploma -graduate perfornance. This is se€en
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grapbhically by ccmparing the relative position of the mean
lines apnd in the tabled value below each plot. Going
further, a compariscn of each individual occupational skill
in the left panel tc its counterpart in the right franel
indicates that the varied educational 1level produces and
entirely different distribution. This is observed through
the location of the respective means and medians, the size
of the bcdy of the bcx, and the length of the"whiskers" or
tails cf the distribution. .

In Figure 3.16, this same difference in the distri-
buticn of military occupational skills with resgect to
education level is again obvious. In every case, the‘high
school diplcma graduates outperform the soldiers with equiv~
alency status. Again, GED holders exhibit a larger variaance
as indicated by the lody of the box, indicating a higher
risk in attrition. f

The entire anal}sis fresented on the effects of
education level within hilitary occupational skill is sumza-
rized inm Figure 3.17 ,E where the baseline of acn-fgrior
service enlistees, cateéorized by occupational skill versus
length of service is displayed simultaneously. Education
level has teen selected: in each plot. Education level,

. military occupational skill,_and length of service have been
integrated into a single}display. Any other combinaticn of
variakles such as marital status, age, race, coculd be
furtbher selected to ;xovide more of a multivariate disglay.
The ELA techniques ccmbined with the IBM GRAFSTAT package
allows fcr any combination of covariates in an analysis,
limited only by the ipagination of the analyst. This
display allows a rapid comparison of the effects of educa-
tion level on perfcrmance (in the form of 1length of
service), perhars providing a strong argument in faver of
these graphical methcds fcer at least initial decisicas
regarding what level of education to recruit. Again,

55

PP | PR L P
PR B NS
o ~.

- i - - i
BN . . N .. . . i
. . P N e . 5 . - N .
> . i X R . " . / ,
Lo i Ko A R e - s ; !
; .. P 3 N .o P
N \ \ ; . . .




NS

‘,-'_f..<t4 ‘."'J' J‘ >

confirmatory analysis is necessary for a amore refined
analysis of relative merits of alternative educational

policies.
3. Supmery cf Bozplot Analysis of Bemaining Variables

The remaining possiktle explanatory variables and the
two "general perforaance indicators® were analyzed in the
same manper as presented above. In each case the effects of

education level were cbserved in a multivariate sense by the .

use of selection costined with the pairwvise compariscn of
length of service and the other candidate explanatory vari-
ables. 1The actual bcxplots are found in Appendix H. Again,
confirmatory anilysis should be performed to verify the
statistical significance of any conclusions drawn from this
exploratcry analysis. A summary of this analysis is
presented below:

1. Mental Categery TYegsus length of Service: — (See

Figures H.1 through 3.9, Appendix H)

e As mental category increases, length of service
increases. Category 4c outperform Categories
4t ,4a,3k. _

e High school diploma graduates outperforna the nca-
high~school-graduates and equivalency certificate
holders (GEL) in all categories.

e N¢c category 1 soldiers were observed in the ncn-
bigh-school-graduate or GED categories.

e Non-high-schcol-graduates outperformed the equiva-
lency certificate (GED) holders in every categcty.

e Variance in the non-high~-school graduate and ¢GED
performance is higher than that of the difplcema
graduates, indicating higher risk in attritica.
Equivalency certificate (GED) holders' variance was
okserved to be higher than non-high-schocl-
graduates, again indicating a higher risk.
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3.

Marital Status and Number of Deperdents vs. Length of

Service: (See Figures BH.10 - H.15, Appendix B)

e Most enlistees vwere single with no dependents at
time of entry (92%)

e Single enlistees with 1 dependent had highest mean
perforaance. |

e In general, married enlistees outperformed single
enlistees. '

e As numbcr of dependents in married soldiers at tinme
of entry increased, sc¢ did performance. (note: true
ur to 3 dependenté.)

e High-school-diploma graduates led in performance,
fclloved by non-higa-school-graduates, then GED
holders.

Age Yersus lLepgth 9f Service: (See Figures H.16

through H.24, Appendix H)

e As age increases (at time of entry) from 17 to 19
years, tctal service(performance) -increases,
folloved by a leveling off in the 19 to 24 year
range. Perfcrmance decreases as age increases from
2% to 29 years old. '

e BHigh-school-diploma gfaduates outperformed ctler
less educated entrants, non~-high-school graduates
followed, tlen equivalency certificate holders.

S€x Yarsus Lepgth of Sexvige: (See Figures H.25

through H.30, Appendix B)

e Males outperformed females.

e Diploma graduates (HSDG) outperformed all cther

education 1levels; Non-high-schooli grads outper-
forzed the GED holders.

e Non-high-schocl-graduate females outperformzed male
non-highb-schcol-graduates and female high-schcol
diploma graduates. However, non~h igh-schocl~
graduate females displayed the greatest variance in
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5.

6.

7.

length of service, indicating a possible higher
risk in attrition.

e Non-high-schcol-graduate females vere followed by
GED males and then NHSG males in variance ir length
of service (risk).

Bace Yersus length of Sepvice:  (See Figures H.31

through H.36, Appendix H) ‘

e In gencral, the "cther® category were the highest
performers, fcllowed Ly blacks, and then whites.

‘e Bigh-school-diploma graduates were the highest

performers in terms of length of service in all '
categories. .

e Non-high-schcol-graduates outperformed the graduate
equivalency certificate holders (GED).

e GED blacks displayed the highesf variance in length
of service, indicating a higher risk in attritica,
folloved by GED vhites.

Beenlistment GCode VYersus Educatios lLevel: (See

Figures H.37 through H.29, Appendix H)

e At least through the hi~1 school diploma graduate

level of education, as education increased, reen-
listment eligibility incre~sed.

e GED soldiers receive. about the same reenlistment
codes as thcse soldiers wh.. entered the aray with 2
years of high school.

e A vwide variance in reenlistment eligibility was
otserved, [cssibly related to the fact that reen-
listment eligibility is pmostly up to the 1local
ccamander's discretion. ' .

Beenlistment Cccde VYersus length of Service: (See

Pigures H.39 through H.44, Appendix H)

e Aprroximately 30% of the sample wvas uncoded at the
time of the last file update, indicating that the

.bar to reenlistment may not used as often as it
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8.

L e

could he as a rehabilitative tool for sukstandard
scldiers.

Geperally, as length of service increased, sc did
the nunkter cf soldiers eligible to reenlist.
Approximately 505 of the GED holders and of the
non-high-schcol-graduates indicated a reenlistment
code of 3,ccrresponding to only 30% in tle ' .~
school~-diplcaza graduates. This code corresgpoands
tc a Derartment of the Army initiated bar tc reen-
listment. 1his proportion seems a bit unreascnakle
and more research seems necessary in this multivar-
iate combination.

Bigh-school-diploma graduates outperformed all
others, folloved by non-high-school-graduates and
the graduate equivalercy cectificate holddrs.
Again, the GED hclders dJdemonstrated the largest
variance (risk) in length of service, followed by
non-highb-schcol graduates.

Character of Service ¥ersus fducatjon Level: ~ (See
Pigures H.45 through H.47, Appendix H)

Generally, as educaticn level increased (at tize of
entry) thrcugh high school diploma, so did the
character of service avarded. '

GEL and non~-kigh-schocl-graduate soldiers received

akout the =ame treatament in character oﬁ’sexyiqgw

avarded. Agéin, bigh-school-diploma 'graénates
received the largest proportion of the henorakle
discharges.

Ccllege graduates outperformed the high-schacl-
dirloma grads; hovever those entrants with one and
tvo years of college wvere outperformed in terms of
character of service awarded by the non-high schcol
dirloma graduates.
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» A vide variance was noted possibly because of the
ccemanders' discretion allowed in determining what
‘character., ¢f service will be awarded tc¢ an
individual. | B

9. chagacter of Service Versus Length of Service: = (See

Pigures H.48 through H.54, Appendix H)

e As length of service increased so did the number of
honorable discharges avarded. .

e Over half <¢f the cohort received an honorakle
discharge. A large proportion of early "leavers"
also received this honorable discharge,perhaps
indicating that some commanders are very lenient in
their deterxmination of type discharge to be
avarded. ‘

e BHigh-school-diploma graduates receiving hcnoratle

- discharges performed the best in terus of length of
service, again followed by non-high-schocl gradu-
ates and the GED's.

e A vider variance in length of service wvas ncted for
the non-bhigh-school graduates and the GED's who
received honcrable discharges, when compared to the
high-school-diploma graduates. This Ferhaps
relates agaip to the discretion that is exercised
by the local commanders in awarding discharges. It
seens that length of service may not be considered
as an indicator of "good" service Lty a number of
ccamanders in (the field.

L. ZEIABELE CONFIRMAICEY ANALYSIS

ysis asust be analyzed a formal manner to determine if
differences, say, in the mean performance among the varyiug
levels of education at entry is statistically significant.

Ccnclusions drawn E: the above explanatory data anal-
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An exarrle is presented bélou; this type of amalysis shkould
te performed on all ccnclusions reached before any fpolicy

. implementation.

The cne-way=-analysis of variance provides a vwell-
structured approach in testing the equality of means amcng k
sample pcpulations. 1In this approach, the k populations are
assumed _ :

1. tc te i.i.d ncraal powulations, and
..2. tc have equal variances.

As has teen pointed out, some of the boxplot analyses
above has indicated that the egual variance assumpticn is
obviocusly nct truve; <contrarily, this difference in variance
vas wuwas used as an indicator of the '"risk" involved in
recruiting that entrant with his particular qualifications.
In those cases, ncuparametric tests are availalle for

‘confirmatory analysis. An exanple of that type will also be

presented Lelow. See [Ref. 15: PP 492-503] fcr a
discussicn on 1-say ANOVA.

The actual calculaticns of the ANOVA tatle were
coapleted using an AFIl prograrc contained in public dcmain of
the ©HNaval Postgraduate School computer system (Litrary
5,0A3660). A cory of the program is at Appendix I. Results
of the analysis are summarized in Table Vv Thus the null
hypothesis can be rejected at the .05 level of significance.

In instances where the homogeneity of variance and
normality of popul;ticn assumptions are infeasible, nonpar-
ametric tests - can be utilized for confirmation of
statistical significance. The Kruskal-Wallis test was
utilized tc test the'following hypothesis:

HBO:mean services across all education levels are egual.

B1: for at least one pair of the population represented
Ly the levels <c¢f education, the means are different.
See_[nef. 162 FP-229-237] for a discussion c¢f the K-W
test.
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TABLE V
Ancva Table for Testing Equality of MNeans

ZeANOVA MATR
ANOVA WAS UPDATED 1/3/79, SEE ANOVAHOW FOR CHANGES,
ANOVA TAEBLE :

SOURCE DF 5s Ms  F
TREATMENT 4 25933.42 . 6483.35 21.87
ERROR 2998 896813.32 299.14
TOTAL 3002 22746.,73

R-SQUARE = 0,028

OVERALL MEAN = 31,93

TREATMENT EFFECTS —4,76 2,69 ~1.29 ~3.24-12.73

The actual calculations were performed utilizing the
BMDP statistical = scftware [progran P3S on the Naval
Fostgraduate School Computer Systesm. See [Ref. 17:
EP-442-443] for a description c¢f this package. Results are
summarized in Table VI .

TABLE VI
Results of EK-% Test of Equality of Means

Variatle 1 L0s , IS
GICUE - Prequency Rank Sun
Ho. Name
)| Sop 10 9064.0
£ JR 75% 1017353.8
3 GED 19 250661.
4 §BSG 504 730567.5
S BSDG 1546 2517723.0
3

Kruskal—ﬁ li zeet Statistic = 75.1
Level of cance = 0.0000
Using Chi—Sguare Listributicn with 4 Degrees of Preedoa
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Thus the null hypothesis can be rejected at the .C5
level of significance. Multirle comparisons may be calcu-
lated in accordance with [Ref. 16: p.231) to determine
whichk pairs of means are different if desired. '

E. SUNMARI OF EXPLORATORY DATA ANALYSIS EFFORTS

1. General

Expla:atory Lata Analysis technigques have been
utilized in the foras of draftsman’s displays and Loxflots
to "rrerrocess®™ a large data set. This analysis was
Fresented as a demonstration of the power of EDA techniques
and tc provide initial insights into the attrition cf U.S.
Army enlistees prior tc further analysise. These techniqueé
have prcvided the following:

1. Pamiliarity with data set.
2. BReduction in the dimensionality of the data set;
~ numerous variables wvere determined as having no
arpreciable effects on the dependent variabl: under

ccnsideration.

3. IXdentification of erroneous data.

4. Structure of the data set and variakle coding.

5. Ipformaticn op multivariate and pairwvise associaticas
amcng the variables. This information will be
sumparized belcw.

6. Ap intuitively pleasing form of analysis tc assist
apalysts and decisicn makers in understanding the
Froblem at hand. .

7. A means of allowing the amnalyst to "composé" his
method of attack on a large problem in an interactive
fashion.
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2. ECh and U.S. Acoy Eplisted Attrition

More specifically, in the investigation of attrition
of U.S. - Aray PY79 erlistees, the following informaticn has

Lteen revealed:
1. The variables listed in Table VII below were ctserved
tc have some e¢ffect on a soldiers performance which

TABLE VIZ
Possible Explanatory Variables from ED2

e
€x
ace
ental Category

arital Status/Number of Dependents (at entry)

ducation level .
ilitary Occupational Skill

mMINIRIREO At

has reen defined as his total length of service.

2. Level of education at entry has an effect on the
perfcrmance of enlistees. Education level seesms to
interact vith the other variables listed in Table VII

" aktove, [frodctcing different levels of perfcrmance.

Other insights provided by the analysis are

e High school diploma graduates demonstrated Letter
performance than did non-high-school-diploma gradu-
ates and those enlistees ~who had -obtained —a—
graduate equivalency certificate pricr to entry.

e Non~high school diploma graduates demonstrated
tetter perfcrmance than did GED holders.

e GED holders demonstrated a larger variance in total
service obtained, indicating a higher «risk in
attrition than did pon-high school diflcma

‘gradnates and high school diploma graduates.
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3. Character of Service and Reenlistment Code are two
indicators of performance that may also be affected
by education level at entry; hovever, the discretion
exercised by 1local conpanders in awarding these may
have confounded them as suitable explanatcry
variables. |

4. Ccnfirmatory analysis needs to be performed after
explcratory data analysis prior to forming £final
cenclusion for pdlicy ioplenmentation. An exarple was
provided. '

3. limjtationms
The EIA techniques are not to ke used in lieu of more clas-
sical statistical analysis; they are to be used in
conjunction vith thea. Some limitations are ' '

1. Accertance of their use by other statisticians.

2. Package utilized in this thesis is in the experi-
mental stage; others may not be readily availakle to
tke apalyst. Since this package is experimental,
certain capabilities are still being develored. For
examfple, in the the ANCVA presented, the means used
in the analysis vere not stored in a global sense for
further apalysis and had to be entered "by hand"™ into
an ANOVA prograam. ' '

3. Ccst of graphics capabilities for computer systess.

4, Storage necessary for EDA packages is currently not
available for most perscnal or desk top computers.

Thus Exploratcry Data_inalysis has been shown to be
a useful technigque in the initial analysis of data. In the
pext charters, a more formal analysis will be presented.
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IV. SUEVIVOR FUNCTION ANALYSIS

-3« EBACKCGHECUND

The Exploratory Data Analysis techniques presented
(along with the necessary ccnfirmatory analysis) have shcwn
that level of education, sex, race, age, mental category,
and marital status/nusber of dependents are candidate expla-
natory variables in détermining the total length of service
for an enlistee. ,

A survivor fumction approach is utilized to gain furtbher |
insigbht into these explanatory and their relationship to
length of service.

Surpcse that the length of service of an enlistee is a
random variable X. The cunmulative distribution functica or
c.d.f., then, can ke viewed as giving the probakility that
an enlistee will "die™ or "fail" or leave the army ltefcre x
units ¢cf time, a realization of the random variable I, have
€elapsed. Tten the quantity

S(x) = 1-F(x) = P (X>x) (eqn u.1)

called tte survivor function, provides the probability that
an enlistee "survives" more than x units of tiae. The
survivor function, fcr discrete data, is a step functicn,
where the height of the jump between any two values of x is
equal to P (¥=x). The survivor function is estimated by
using the followipg relative frequency definiticn of
Frobatkility:

S{x) = 1-F(x) = (number of okservations > x)/n (eqn 4.2)
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vhere n is the nusber in the saaple being considered
[Ref. 18: [pp. 92-93, 263-264].

B. AFPLICATION

The survivor function is therefore a logical &means of
analyzin¢ enlistee lehavior with regards to 1length of
service. For this pcrtion of the analysis, attritiom will
te defined as failure to complete the first term of service.
The F179 COHORT consists of three-year obligated enlistees
(310) apd fcur-year ctligated enlistees (410). Each subset
will ke analyzed separately. The reenlistment decision will
te defined as ccmpleting greater than one term of service.
Hence, lased on the survival function model, the fcllcwing.
equations indicate tke "life" cycle of the enlistee:

TABLE VIII
Enlistee Life Cycle Models

3 Jear Eglistees

E(enlistee will attrite! = P(X<36 mos )
' = 1-P(X>36 mos.) = -5z )

FE(enlistee will ccm lete 1 ternm) = Péx-36 mOS.)
Jump a

E(enlistee will reenlist) = P (X>36 mos.) = 1-S{x)

4 Jeag Eplistees

E(enlistee will attrite; = P(X<48 mos.)
= 1-P(X>4€ mos.) = 1-S(x)

F(enlistee will conm lete 1 term{ = péx-us RO S.)
Ht. of jump at x=4§

E(enlistee will reenlist) = P (X>48 mos.) = 1-S(x)
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These realization times for the randem variable X are
chosen Just to dencnstrate tbhe survivor function wmethcd-
ciogy. Considerable research has been done in defining the
exact tize cutoff for the defimition of attrition, since the
first "tera®™ of service may actually be thirty-four months
as ofrposed to thirty-six becéuse of the varicus “early out"
programs offered by different ccmmands. This analysis dces
allow for at least this concept in its definition of attri-
tion as strictly less than thirty-six and forty-eight mcnths
(i.e. thirty-five and forty-seven months) length of service
for the threce year and four year obligations respectively.
The methcdology suffices no matter wvhere the attriticn defi-
piticr is made in the length of service paranmeter.

Survivor functions for each of the previously defined
candiédate explanatory variables are estimated utiliziag the
' Cumulative Distribution input screen in the IBM GRAFSIAT
data apalysis package. (See Aprendix J for a depiction of
this screen.) These functions are analyzed for the abceve
senticned statistics. ‘ '

The survivor function of the entire sample across all
variatles is presented to demonstrate the characteristics of
the analysis in‘rignre 4.1 « Using this type of apalysis,
statistics for the mcst prevalent enlistee are presented in
Figure 4.2 and in Pigure 4.3 for 3 year enlistees and 4 year
enlistees respectively. The ®"amost prevalent enlistee™ vas
detersined by observing the total number in each of the
seven varialtles being considered. Note that the four year
cbligated enlistees demonstrated higher probability of
attrition (0.33 to 0.24), and a lower probability of reen~
listment (0.12 to 0.37) than the three year otligated

enlistee, ceteris raribus. This may indicate that the
utilization of the three year term of service is more cest
effective than the four year - tera, considering
"assess,dress,train" cost described earlier. Results for

the mcst prevalent erlistee are summarized in Table IX .
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SURVIVOR FUNCTION, N=2563

0.4

SURVIVAL PROBABILITY

i

20 3 4 0
LENGTH OF SERVICE,MONTHS FOR ALL 3YO

SAMPLE GRAPHICAL CALCULATIONS

P(LENGTH OF SERVICE=3BMONTHS)
=HEIGHT OF JUMP AT LOS=36 MONTHS
0.559-0.320=0.239

P(LENGTH OF SERVICE<3SMONTHS)
=»VERTICAL OROP IN CURVE FROM O TO 35 MONTHS
1.0~0.559=0.441

P(LENGTH OF SERVICE>36MONTHS)
=VERTICAL DROP IN CURVE FROM 37 T0 59 MONTHS
0.321-0.000=0.321

Figure 4.1 Survivor FPuncticn Por All 3 YO Enlistees

The effects of education level on attrition of three-
year-ckligated enlistees are presented in Figure 4.4 .
Those erlistees with a graduvate equivalency certificate
indicate a tigher prctability of attrition (0.54) than both
those with two years c¢f high school and those with ncn-high-
schocl-diplcma graduate (NHSDG) status, having tkree to four
years of high school. These findings reinforce the earlier
toxplot analysis of 1length of service. The trend is also




" SURVIVOR FUNCTION, N=153

0.4

SURVIVAL PROBABILITY .
[ X §

2 3 % . 0
» ___ LENGTH OF SERVICE FOR MOST PREVALENT 3Y0 ENLISTEE
THIS BATCH CONSISTS OF THE MOST PREVALENT

ENUSTEES: 18 YR OLD, COMBAT ARMS,3YQ, SINGLE ’
WITH NO DEPS, WHITE MALE |
|
1

P(LOS<36)=0.242
P(LOS=36)=0.385
P(LOS>36)=0.373 : |
AVERAGE LOS=35.529 |

S |

Pigurs 4.2 Survivor rnnpiion. Bost Prevalent 3!o§Bnlistee

evident in the fprobatility of reenlistment with | the high-
school-diplcma graduates having the highest, follﬂ%ed by the
NHSDG, then those with 2 years high school and then those
enlistées with equivalency certificates. Again the GED
enlistee is seen ¢tc be inferior to the non high school
diplosa graduvate (NHSILG). Results of this survivor function

analysis are in Table X in the following section.
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 SURVIVOR FUNCTION, N=33

04

SURVIVAL PROBABILITY
0.6
r

0.2

nH

° i i
20 40 48 o0

LENGTH OF SERVICE FOR MOST PREVALENT 4YO ENUSTEE

! ‘ :

| THIS BATCH CONSISTS OF THE MOST PREVALENT 4YO
g ENLISTEE: 18 YR OLD COMBAT ARMS, SINGLE WITH

. NO DEPS,WHITE,MALE ’

P(LOS<48)=0.334
P(LOS=48)=0.545
P(LOS>48)=0.121
AVERAGE LOS=40.939

- Pigure 4.3 Snrviyo: Function, Most Prevalent 4Y0 Bnlistee

TABLE I
Results of Survivor Analysis on Most Prevalent
Enlistee - ‘
Tern P(attrite) P(full term) P(Reenlist) Ave LGS
3 Years 0.242 0. 3ES 0.373 35.53
4 Years 0.334% 0.545 0.121 40.94
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C. RESUITSE OF SURVIVCR FUNCTICN ANALISIS

Similar analyses were performed on the remaining six
candidate explanatory variables for Fkoth the three year
enlistees and for the four year enlistees. Actual survivor
functicns are found in Appendix K and L respectively.
Tabular sumraries are provided in Table X and XI . Based on
there summary tables, the lcwest risk attributes in terums of
lcw-s. zrotability of attrition are provided in Table XII .
Those ittritutes that result in the highest probability of
reenlistrent are shown in Table XIV and Table XV .

The usefulness and simplicity of this agprroach is
appealing for "quick and dirty" analyses in determining
short term policy decisions ccncerning the characteristics
desired for frosgective soldiers.

Modeling of thLe survivor curves car provide further
predicticn capabilities and significance of each cf the
covariates.However, the survivor functions presented all
demonstrate the large "jumpg" at thirty-six and forty-eight
aonths fcr the three year and four  year enlis~
tees,resrectively. This large "discontinuity" causes
modelling of the survivor function to be somewhat difficult. -
Modelling of the survivor is discussed in great detail in
[Ref. 19] and [Ref. 20]. The noted similarity in the
survivor curves for all the variables under investigation
suggest that the use ¢f a Cox proportional-hazards pcdel say
e arprcpriate; howvever more research 1is needed in the
modeling of the discrete jump in the survivor curve. See
[Ref. 20 . This analysis has been presented as an initial
nethcdolcgy to demonstrate its usefulaess ; no modelling
will re rerformed.
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TABLE XI
Results of Survivor Function Analysis for 4YO
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TABLE X1I

Attribate Values Proyidin
Attriticn, 310

Variaktle Lowest E(attrition)

; Lovest Risk of

‘Next lowest P(attrltzon)

Education
Level HSIG College
Sex Male Fenmale
Race Other Black
Nental Cat. 3 1
uarital Stat/
Nc. of eps n/< s/0
Age€ 28 19
BCS 761} 31n
TABLE XIIIX
Attribute Valuegtgigzgging Lovest Risk of
0
Varialkle Lowest F(attrition) Next lowest P(attzrition)
Bducation o
—Level - HSIG - . NHSDG
Sex Male Fenmale
Jace Otlter White
Mental Cat. 3a 1
uarital Stat/
Bo. of Deps s/0 /0
Age 18 19
. (o} 112 318
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TABLE XIV

Attribute Values Froviding Highest Reenlistment,3 YO

Variatle

Bducaticen
Level

Sex
Race
Mental Cat.

Marital Stat/
Nc. of Deps

Age
MCs

lowest P (reenlist)

Next lowest P (reenlist)

- e s

HSCEC

-Male.

Black
1

MN/3
30
p6!

b
i

NHSDG
Penale
Other
4C

M/2
28
314

i

i
|
| TABLE IV

Attribute Valnés Eroviding Highest Reeniistment, 810

varialle Iowbst P(reenlist) Next lowest P (reenlist)|
Educaticn |

Level NHSLG 2 yrs HS

Sex Female Male

Race Black White

Mental Cat. 4a 2

Marital Stat/

Bc. of Deps u/0 s/0

Age 26 25

MCS 11E

13B
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V. BESULTS AND CONCLUSIONS

A. GENEEAL

An iptuitively pleasing,sisple methodology was presented
for the study of fperformance in the form of length of
service of U.S Aray enlistees. Some Exploratoxy Data
Analysis techniques were demonstrated through the use of the
IBM GEAFSTAT data analysis package. The interactive caga-
kilities of the rackage and the APL language were explcited
to prcvide a means of rapidly amanipulating and observing the
selected data. Tte tools proposed, the draftsman's
displays, lLoxplots and survivor functioms, were used on
actual cohort data fica the Defense Manpower Data Center.

Several possible explanatory variables and their associ-
ation with performance were presented based on the
Explcratcry Data Analysis. Confirmatory analysis was
rerfcrred to suppecrt the Exploratory Data Apalysis.
Probakilities of enlistee attrition and reenlistaent were
frovided using a survivor function analysis for each cf the
candidate explanatory variables. Attributes that'presented
the bighest risk of attrition and the highest prckakility
vere presented.

)

o SO S O
TR e

B. SUHNNARY

The increasing ccst of "assessing,dressing and training"
today’'s Army enlistee coupled with the diminishing surrly of
17-21 year cld prospective enlistees have prompted research
effort tcward gaining insight into those personal attritutes
that produce the most successful soldier in terms of first
term comrletion. Tbe basis for understanding the relaticn~-
ships of these personal attributes and for using this

- . ol i

R, A T L

s ey o mf
T . .

g*—“—“f‘— -

Fo—

Y N - L

ol B T
SV WU, VS,
- .

P TAS

-
oy SOpR—

82

5

- .J'.I ------
-b*‘.:,‘\*"’\‘ --:-- K




understanding in recruiting pclicy lies in the ability to
rapidly analyze the available data on current enlistees and
to present the analysis in a form that is understandaktle and
useful for the decisicn maker.

This thesis has presented a broadly applicatle and
sinple methcdology, using Exploratory Data Amnalysis through
the interactive capatility of the IBM GRAFSTAT package and
the AEFL language, for defining the area of analysis, identi-
fying errors in the data, reducing the dimensionality cf the
froblem, &nd determining relevant association of personal
characteristics of enlistees to performance. The londs
tetween Exploratory Lata Analysis and more classical statis-
tical analysis were demonstrated. Use of survivor function
analysis [rovided statistics on chosen explanatory vari-
ables, indicating the importance of these characteristics.

The further applicatidn'of the methods in this thesis
and cf Explcratory Data Analysis in general should increase
the practitioner's akility to make sound decisions regarding
future manpcver planping issues. With the increased avail-
ability cf graphics-capable personal computers, Explcratcry
fata Analysis is relevant at all levels of decision making.

C. HRICCHEBENDED FURTEEIR RES EARCH

The following iteas deen further research:

1. A ccmparison cf Bxploratofy Analysis techniques in
this theses to other data analysis packages such as
those available in BMLE and SAS (see [Ref. 17] and
[Bef. 21] ) wculd be useful in determining advantages
and disadvantages of the different approaches in
variabie selection and error identification. In
particular, tke Cox prorortional hazards model in the
BEDP program 2l [Ref. 17: pp. 576-594] uses a step~
vise approach to identify important explanatory
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2.

3.

4.

variables and estipates the survivor as well as the

hazard functicn for further analysis. |Noce hcwever

that mnodels such as this Cox proportional Lazards
mcdel for estimating the effect of concomitants on
survival curves are not applicatle because of jumps
in the survival fupnctions at knowa tines. Hcre
research is needed to determine how to apply the
pcdel to such a function with this large discrete

- Jusg.

The Graduate Equivalency Degree programs cffered
throughout the United States need to be analyzed in
detail for standards used in awarding the certifi-
cates. The wide variance and the poorer performance
of the GED hclders indicate tnat non-high-schocl-
diplcma graduates should be treated separately in any
analysis, contrary to the popular grouping of the two
categories. Perhaps different GED levels would
provide insij bt intc future performance at 1least as
well as the different levels of high schocl status
have. ' :

The trends and probabilities have been presented as a

~methcdology om only a 10 percent sample of the data:

ccaparisons c¢f these <cutcomes to other data sets
wculd be useful in the determination of prediction
pcssibilities. '

Mcdeling of the survivor curves would prcvide a
detailed account of the actual contribution of each
explanatory variables wusing multivariate regression
techpiques. Again further research is needed in the
applications c¢f wmodeling techniques to survivor
curves with tbke noticeable jumps at known times.
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< ARPENDIX A
EXPLORATOEY DATA ANALYSIS TECHNIQUES

Explcratory Pata Ana~ysis technijues are usually first
attrituted to Jcha §. Tukey din his book by that title
[Ref. 227, Exploratcry Data Analysis for the purgcses of
this thesis wvill be defined as "the activity of examining

data, toth graphically and thrcugh numerical summaries, for -

the purpose of revealing properties of the data iiself, and
with luck, of the [rocesses giving rise to that data."
[BRef. 23: p. 2]. Thus EDA techniques can be thought ¢f as

"informal " technigques to examine the data pricr to

"fornal", more classical analysis technigques, in crder to
prevent needless calculations irrelavant to the investiga-
tion at hand. Quite often more can te learned atout the
data in this initial, informal look at the data. As
Chambers et. al. fpcints cut, graphical EDA methcds are
perhaps post effective in tle initial glance at the data to
linit the scope cf the investigation to only those variables
that are pertinent [Bef. 12]. These graphical methods allow
the investigator to rapidly synthesize information, in a
sore efficient and intuitive manner perhaps than through
methods available in commercial statistical packages that
groduce tabular data.

Cne particular asethod ¢f nmultivariate analysis is the

scltidizensional array of scatter plots called a %“general-

ized draftsman's display®of the data [Refi 12: pp. 136, S].
An exasple display is seen in Pigure A.1|This figure demcn-
strates hovw the rairwise scatter plots are arranged so that
"any adjacent' pair of plots have an |axis in cczmer®
[Ref. 12: pe WS5]. All variables of interest, then, for
the entife data set can be displayed as the first fhase of
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the investigation. Then one can rapidly and effectively
deterxine if trends exist and for which specific pairvise
association of varialles. '

Captain Malcolm Johnscen, a student of Operaticas

Research at the Naval Postgraduate School, has develored an
APL program called "draftsman" that is imbedded in 1I3M's
GRAFSIAT package on the school's computer system (See
{Ref. 24: pp. 1317). for information on use of GRAFSTAT)
that organizes any data set into a draftsman's disglay.
This prograam alsc allcws for transformations of the data and
for jitterirj of the data. His efforts have been published
as a Master's thesis that inclﬁdes a tutorial for use cf the
ndraftsman™ program. [Ref. 13]. This progras will be
utilized ip the initial phase of the data analysis efforts
cf this thesis. '
' Cf course, the draftsman's display is only the first
step c¢f the analysis. If trends are evident, then further
analysis should te performed utilizihg nore formal ccnfirsza-
tory amalysis to verify any graphically-determined assccia-
tions amcng the variakles.

The use of boxrlcts is another EDA technique that is
very useful in ®taking ar initial look" at the data. The
toxplct is a "siagple method of summarization®.

The upper and lover quartiles are depicted by the "hody"
cf the tcx, the median is portrayed by a 1line, circle or

“6th§i'&istinguishing mark as is the mean. Upper and lover
adjacents are depicted at the end of lines extending from
- the Lody of the bcx. These terms are defined as the
.Mlargest observation that is less than or equal to the upger
guartile plus 1.5 times the interquartile range, and
smallest observation that is greater than or equal tc the
lover gquartile minus 1.5 times the interquartile range,"
respectively. Values that fall outside the range cf adja-
cent values are calle¢d outside values. These are fplotted as
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individual foints. See Figure A.2 for a depiction of the
compcnents of the boxrlot.

The toxilot provides a rapid "iipreséion" of the distri-
tuticn of the data. The median, mean, and spgread are all
cbviocus. The length of the 1lines to the adjacent values
demonstrate the "stretch" of the tails of the distributica.
The ipdividual points for the cutside values allows the user
cf the plct tc consider "outliers® although not 'gvety
outside value is an cutlier. ' .

The figure also allovs for some determination of the
s;ametry of the distribution of the data, simply by vieuing
the syametry of the kcdy of the box about the median line or
dot. . ‘ |

These plots are uvseful when it is not feasible or neces-
sary to capture all the details of a distribution, or when
many distritutions need be compared. The width of the tox
bas nc significance. _

An excellent discussion of these and other ED2 tech-
nigques is fcund in [EBef. 12 ], from which this descripticn of
toxplots was taken. B
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SAMPLE BOX PLOT
PLOT OF 50 POINTS

® __ UPPER QUARTILE + 1.SxINTERQUARTILE DISTANCE
-]

== LARGEST VALLE s UPPER QUARTILE + INTERQUARTILE DISTANCE

— UPPER QUARTILE
. — MEDIAN
' — LOWER QUARTILE - -

- SMALLEST VALLE » LOWER QUARTILE ~ INTERQUARTILE DISTANCE

° == LOWER QUARTILE - 1.SxINTERQUARTILE DISTANCE

; INTERQUARTILE DISTANCE = UPPER QUARTILE < LOWER QUARTILE

-

Example box plot for fifty dats points from a regenerative
simslation. The interquartile distance equals th: estimaced
- upper quartile minus the estimated lower quartile. The light
circles are data points wvhich fall betveer the largest value
less than or equal to the upper quartile plus the inter-
quartile distance and the upper quartile plus 1.5 times the
interquartile distance. The dark circles are data with values
" above this latter point. Similarly for the lower part of
the box plet.

X  eeumv——
————————- -

Pigure 1.2 Example Boxplot
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AREENDIX C
~PORTRAR PROGRAMS TO READ DATA

. §IDTHJNAS_ JCE (1972,0398)+°0.TRIPASY i AL
773MAIN JnGANPGYML L1972
/4 _ EXEL FGRIALG
7/FORT SYS TN uo v o
INTEGER®®  SSANL,S SAWZp§3aN3,
B DUSYCUGHALIWUSEL pu LY dpbtaMs iU CS LS
INTEuER %4 oLA‘Nn‘N{nc
DATA BLAIK/® [otvINEZY =90y
¢ 0C 300 I=1,30774, 10
SSAN1 . = oLAMA
SSang = Blaiv
SEA.NE = Nlide
OLsY a =9
OL3HG = =9
LS00 s =9
88515 = =9
Sﬂg a =9
¢ DCsD s 9.
: Rﬁlnglvlw_’ SSAHL»S SANZ 9 SSANZ 1w OSTU sEUSMLIUBSLU s
C‘ 3 DOSYS,006SM5 00805
WRITE(20200) SSANL, SSANZ +3SAN3 VUGV C ouwUSHU UUSUT o
8 DOSYS,0Lam5sL0SES
300 ;?E;lhké
100 CRMAT {3A3,104K,12012 912997401241 2412)
200 E2§1A7(3AaolA'itollwliollol‘nllclZ.AA'IZpXAvKZ)
€
/. .
J/GCFTOLIF00] LL JnlT=3230V,vuLmSEnan3d ol 0laPeiuLdl,
V) OCu-(Rngﬂ-ﬁaoLRECL-BZOoounglétlziquc
10 DEMMESESSLSLITECETTS
7750.F102F 001 D5 un1$33350, vuL s SERSMVSO e 0 ISP L SHR ),
/7 SPAC:'( Yiollow) ) o LiO® (RECFMRFB LR ELLS2TvolNS 1 Lenl 9004 )y
45 Dshines jt3 3 MR Y
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ABRENDIX G .
IUPUT SCREEN, IRNM GRAFSTAT SUBPOPULATION CATEGORY ANALISIS
PROGBAM
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APRENDIX H
BOXPLOT ANAIYSIS CF BEMAINING VARIAELES

Bexplots c¢f the remaining candidate explanatcry
variables versus length of service are provided in
this appendix. Befer to Chapter 3, pages 62
tbrough 66 for discussion on each of these
bexplots. Eemaining candidate explanatory vari-
akles displayed in this appendix are listed in
Takle XVI

- TABLE XVI _
Candidate Explanatory Variables

Mental Category
Marital Status

Age

Sex

Bace _,

Reenlistment Code
Character of Service
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ARRENDIX I
APL PROGRAES TO PERFORM ONE-WAY

varovarglv

9 T¢ANOVA TTY ;N}K;MAX;BTSS;TSSTD

ANOvVA

11 'ANOVA WAS UPDATED 1/3/79, SEE AHNOVAHOW FOR CHANGES, !

£21 FENTERX | 1=p,y 1Y
£33 HedpMISSETETY
[4]  MA¥er/N

[5]  keldpr

[6]  Isum

[7] ENTER}INPUT

[8] SUMI4SKIPX{(OFPTION=1)vO=+/+/(T=MISS)

L9l
[10] SKIP!TDe¢Tx(MISSET)
£111 sSusse

v
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£181
L1931
£201
£211
[223
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vsSuMsarQle
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BLSSE(+/(((Be+/TYD)X2)+K))-C :
MSELBLSSSEBLDFeMAX-1
47X\ (OFPTION=2)
BLSS¢BLDF&Q
WTSSETSS~-BLSSHBTSSe(+/((Tr2)=M))=0C
MEREBTSSHK-1 '
TDFeNUMERER ~ |
FEMSRMSECWTSS-EDF«TROF-EBLDF 4K~

BLOCK& (B+K)~TBARE(+/T)+HUMBER
' ANOVA TABLE'

'  SOURCE DF 5% MS P

SHe ' ' '

'l TREATMEMT[,IS,F13,29F11.29FB.2' FMT(K=1),BTSS,MSF,F

9(OPTION=1),/LS ' ‘ :
FMT(MAX~1) yBLSS ,MSBL, (MSELEMSI

‘] BLOCKS{,I8yF13,2,F11,2,F8,2'

L'l ERROR[,I9,F13,2sF11,2' FMT EDF,WTSS,MSE
'l TOTALM,I9,F13,2' FMT TDF,TSS
IR-SQUARE = [],F5,3' FMT(BTSS+BlLSS)+TSS

‘[IOVERALL MEAM = [1,F10,2' FMT THAR _
'[ITREATMENT EFFECTS [J,F4,2' FMT EBTSSe(T<+H)-TEAR

Ze(MISSAEAT)XZEeV~(MAM,K)pToM
2(OPTION=1)/0

'fIBLOCK EFFECTS [],F4,2' FMT &LOCK
TeY-TBAR+BLOCK o0 ,+BTSS
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€81l E:é(né~1+G@K£A)/L3-2X(fK)#Wél?O#'“A'eK6(~K£’ ?')/K

£93 ILIX\ (BE+/G) axML23¢10412-01(Be11-610)HK
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APPENDIX J

INPUT SCREEX FOR IBM GBAFSTAT CDP PROGRAM

QAMLATIVE DISTRIBUTION

h:! or mot f 2‘\'!#

DaTA :

DISIRIBTION : (10 8 F17) PaRMETIN SPECIFICATION: &

ChatiNG . @ CSTivaT (O WETHOD E )
0O 1EMCE LEVEL(S) 1 .98

SELECTION t &

MO IES Y .

-3 SOLDS 2.l weg COFIOINCE LIVEL(S): 93

R (YY) ;Y

MOT AR (1% QUOTES) ¢ &

SCAEEW WEA0ER (v OUOTES):
X AxIS LABCL {In QUOTES) ; &
v ARl LABG. (1w QUOTES) : &

ROAL 110N FY

SCALE B-AX1S s Lin WAL V-ANIS LN O YWAK
PARTIAL ALOT EER) LI TYR(3 . Ve

AX(S MO ORI0 COTRR :0108@

L gLP IVIDH CRAPNICI(IITE) SATTUN  edRITE Ov SOWEN
SmLAST N MATIS COVIROL  SeTamik

DRtRGs .
CLEMRCEF MA Y Poals [ e lainsed
PO SOUTAUT  'O=STOM/ACTRIEVE 11=INIQ A 12wSCHIEN NWMar
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APPERDLEL K
SURVIVOR CURVES POR 3 YEAR ENLISTEES

This Aprendix contains survivor curves for FY79 3
year-obligated enlistees for the six candidate
,explanatorj variables 1listed in. Tabie XVII Lelcw.
Tabular summaries of the analysis and di scussicn of
the analysis is fprovided in Chapter 4 of this

thesis.

: TABLE IVII
Candidate Explanatory Variables

' Sex

Race
Mental Categor v
Marital Sta us}uumher of Dependents

Age
uglitary Cccupational Skill
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| APPENDIX L
SURVIVOR CURVES FOB 4 YEAR ENLISTEES

This Appendix contains survivor curves for FY79 4
year-ohligated enlistees for the six candidate
explanatory variables listed in Table XVII Lelow.
Tabular suamaries c¢f the analysis and discussicn of
the analysis is [provided in Chapter 4 of this

thesis.

’

TABLE XVIII
- Candidate Explanatory Variables

Sex

Race

aenial Cate or} ‘

gar tal Status/Rumber of Dependents
Q

Hglitary Cccupa tional Skill
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