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Exploratory data analysis techniques were utilized to

demonstrate the effectiveness of such techniques in identi-

fying factors associated with attrition from the United

States Army. Multivariate graphical data analysis was

.performed utilizing the "Draftsman" program' recently added

to the NES GRAFSTAT package, as well as other exploratcry

techniques. Empirical survivor curves which take into.

account and explicitly display the discrete probabilities of

departure of enlistees at 36 or 48 months are provided.

Tables are provided depicting probabilities of attriticn and

reenlistment for selected personal characteristics of

enlistees.
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I. INIlUTON

I. BACKGROUND

The incepticn cf the All Volunteer force in 1973

provided Army vanpcwer planners with the challenge of

attracting, recruiting and retaining high quality

personnel. The ever-increasing technology on the battle-

field coupled with tudget constraints have forced manpower

planners to search Icr an efficient alternative tc sheer

numbers. The soldier of today must be able to operate and

maintain highly sophisticated equipment. In addition, the

Irmy maapcver planner must also cope with a decreasing

suppljy cf 18-21 year olds. In fact, this cohort is

prdicted to shrink by about 15 percent by 19e8 when

compared to the 1979 cohort,and by about 25 per cent by 1994

[Ref. 1: p. 2].

Of course, manpower shortages in the army are nothing

nero Past shortages have been both quantitative and guali-
tative; the shortages historically have fluctuated cver the

years depending on the intricate balance among military
reguirements, civilian employment and wage alternatives.

[Ref. 1: p.1]

Currently Army recruiters have eliminated shortages.

Through an extensive advertising campaign, army planners

have taken maximum advantage of current economic conditions:
since tie inception cf the All Volunteer Force, the army. has
set its objectives in numbers of enlistees in all but two
years (TY77,FT79) and has met 100 percent of objective in

the last fo!.r years [Ref. 2: pp.6-7].
The trends alluded to above, however, indicate that such

case in manning the fcrce may te short-lived. Army manpower

13
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"rplanners may be forced to recruit "less-qualified" soldiers
just to meet manning reeuirements. Sore screening will be
necessary to meet these requirements in an adequate
fashion.Cne particular screen that has seen widespread use
is education level Caef. 3: p.342]. Future recruiting may
not result in the high percentage of High School Diplcma
Graduates ttat is currently enjoyed: from FY79 through FX83
an average cf sixty percent of all non-prior-service enlis-
tees have been High-School Diploma Graduates [Ref. 2:
pp. 6-7].

The PY85 Army Eudget calls for holding active end
strength to F! 84 levels [Ref. 4: p. 16]. This in turn
leads to maintaining an 80.6 per cent level of High Schcol
Diplona Graduate content [Ref. 4: p. 16]. In order to main-
tain this level and maintain PT 84 end strength, a maximum
of 12 per cent of total enlistees may be non-high-school
diploma graduates (I.-SDG).

In light of increased (due to inflation) or at best
constant recruiting costs, army manpower planners mrst
necessarily be concerned with determining exactly what level
of education produces the best recruiting risk. In otter
words, If Non-Kigh-School Diploma Graduates and Graduate
Equivalent Degree enlistees 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. -...

Some commonly accepted measures of performance currently

in use by army manpower planners are

1. Attrition (various definitions and levels),

2. Skill Qualificition Tests scores,
3. Bilitary judicial and non-judicial actions or lack

thereof.
[Rlef. 5]
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The terz attrition itself has taken on many different

meanings in recent research. Ir many studies, attrition has

teen defined as "failure to complete the first term of

service." Clef. 6: p.24] In this study total length of

service obtained will be used as a measure of performance in

the initial analysis and the above definition will be used

in later more detailed analysis.

Manpower policy makers have been investigating attrition

since tke early 60's (lef. 7: p.1]. Such research has

attempted to predict attrition through various sorts of

models. Across the Army, Navy, and Air Force, level of

education, mental ability and age have been determined as

the test "pre-service" predictor variables of attrition

CRef. 7: p.1].
The cost of "assessing, dressing and training" a typical

soldier has been estimated at approximately $15000 CRef. 8
p.16]. Ihia initial cost resulted in a total cost of

$1,74.,20,C00 in reaching FT 83 enlistment goals, based on
116,215 accessions (Ref. 9: p. i]. obviously one means of
meeting requirements at minimum cost is to reduce

unnecessary losses of money througU premature attrition.

Attrition studies have been, for the most part, based on

different forms of regression models, particularly linear

and logistic models using both individual occupations and

occupational groups. Cref. 10: pp. 1-10]

3*. O6RSC3 OF RESIAiCM MlORT

The purpose of this thesis will be twofold:

1. To demonstrate the usefulness of Exploratory Data

Analysis (RDA) technigues in "preprocessing" large
vclumes of data generally associated with any

manpower analysis. This thesis will use a study of

attrition of U.S. Army enlistees as the vehicle for

15



this demcnstration. The dependent variable under

investigation is specified as "total active federal

service" . Ibis phase of the research will provide

exanrles as tc hoy EDA techniques can assist 3an~over

analysts and decision makers in determining .•rclems
in the data under analysis and in variable selecticn.
(a discussion ef exploratory data analysis techniques
is found at A;endix A)

2. Clon selecticn of suitable predictor variables of
attrition, an analysis of survival functions will be
utilized to provide more detUiled information.

1
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II.~IND iP2THO LO

1. TEE ZUTA

As stated, the data used to fulfil the purposes of

this thesis vas the PY79 COHCET file, maintained by the

Defense fianpover Data Center (CHDC) at Mlonterey, California.
This COCHOR file is a longitudinal register of all acces-
sions for a given y-ear,, updated-at various predetermined

times so as to allcu for tracking of performance of that

cohort in subseguent years. lb. 1Y79 cohort under investi-
gation vas last updated in September 1983. The file depicts
each individual through 69 variables f Ref. 113. FY79 vas

arbitrarlly selected as a representative sample; it should

te noted that the data from any given year may be confounded

ty political, sok~iale ind economic factors which are highly

subjective and difficult to measure.

The data set vas reduced based on a r equest for an

investigaticn into non-high-school-graduate performance from

the United States Army Recruiting Command (IJSAREQC) * Frt
Sheridan, Illinois. This request and subsequent telephonic

requests for information suggested inve tigation into three
military occupational skills (110S): specifically at least

o .ne HCS frca each of the major subdi7isions of the Army,
namely Contat Arms, Combat Su~pport* and Combat Service
Support. A histogram of the PY79 accessions (with non high

school difloma g'raduate status) by NOS was developed

(Appendix I) and suksequently the NOS's rank ordered by
numbers accessed. Based on this ranking, Table I depicts

the HCSIs chosen for analysis.

17



TABLE I

Military Occupational Skills To Be Analyzed

ljg_ _sIq9._.U. 2f _N MOS
Ccmlat Arms 11B Infantryman

11X Infantrymaa
13B Artilleryman

Ccmiat Support 64C 3otor Transport
O perator31d Multichannel Communica-tions Operator

Ccmbat Service Support 76Y SuplS • Specialist

Specialist

In addition, the data set was further reduced to
only ncr- prior-service male accessions, based again on
conversations with. US•IEC. Of course, all education levels
were inclided so as to be able to ultimately compare the
effects of education level. A data request was provided to

SDMDC for the data described above; 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
system.

3. Ergraration fcr Exp.orator7 Data Analysis

Based on the above reduction of the data, the 69
available variables cf interest were reduced to 14 variables

to limit the scope of the investigation and to demonstrate
the use of the Explcratory Data Analysis techniques. It
should be noted that these procedures will be useful on any
size data set for any number of variables subject only to
the limitations of the storage capacity of the computer
system in use. Table II provides a listing of this first
selecticn of variables.

18



TABLE 11
initial variables o f Interest

Hiib Schcol Level Cbtained 13
Cu Tent 2ay Grade 31
Hal tal Statua Ictrrent)2
Nmter of D epenliezmts (current) 2
Character of Service 4
Reenlistsent Code 14

Age a Entr
Big Schcol Level at Ent ry 13
Sex 2
Race 3
Ethnic Ccde 20
Marital Status/Nolcf.Dependents at Entry 20
jICT Group (Mental Categor7)

2.1AinIsz !3LJ.-OJ1  &1vels
.Total Active federal Service Number of months

lotal active federal service was chosen as the
dependent variable at this stage of the analysis to allow
for investigation of possible associations with the above
candida to predictor variables over time as opposed to a
"ago-no-go" binary representation of attrition. This depen-

dent variable allows the decision Raker to initially see the
effects of the candidate predictor variables on different
levels of attrition, whether the assesions contracted for
three \or four years ct initial service.

Those variables having been selected,, Simple FORTRAN
and All programs (appendix C and D) were written to retrieve
the da a frcm mass storage into an interactive environment

-for gr phical analysis.



S. BITECDOIOGT

Exploratory data analysis techniques are to be utilized

to analyze the data described above.. A draftsman's display

(Ref. 12: pp. 136g,145] is prepared to initially process the

data. Association tetween variables of interest are deter-

mined as well as an possible errors in the data. Upon

necessary refinement, further Draftsman's displays are

utilized to select pcssible explanatory variables. Bciplot
analysis is performed to analyze the distribution of the
levels. cf the candidate explanatory variables and their
contribution in determining length of service. A comparison

of the statistics of each distribution is utilize4 to deter-
mine relationships aucng the various levels of each cf the
candidate explanatory variables. Confirmatory analysis in

the fcrm of parametric and nonparametric hypothesis testing
is presented to indicate the statistical significance of
sample ccoparisons.

Jinally, a survivor function approach is utilized to

analy2e for probabilistic relationships. Failure times and
survival tines are identified that lead to calculaticns of
the probability of attrition and reenlistment for toth the
three year enlistees (3TO) and the four year enlistees (470)

from the ?Y79 COSORT data.

20
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1. INITIAL DRAFTSBANIS DISPLAY

is described in Appendix A, the draftsman's display

[Ref. 12: ;p. 1364145] is an efficient means of taking a

"first glance" at a data set. In addition, the use of APL

as a proSramaing language for this analysis allows fcr rapid

*anipulaticn 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 ty 1E•C.
The file was prepared in Social Security Account Number

order so 10 percent sampling ensured that a country-vide
sample was created. Also, the file being longitudinal, any
length-biased sampling problems were avoided [Ref. 14:
p.13]. The output produced was a 14 by 14 matrix cf two /I'

dimensional scatter ;lots. A segmented copy of the display

is found at Appendix E. -Refer to this Appendix for the
follewing discussion. Note that the data has been
"Jittered" to reduce cverlap of the data or data points with
the sane discrete values CRef. 12s p.21]. (note:coding of
the variables is defined in [Ref. 11] )

First an overall view of the entire display is very
useful tc an analyst in several ways:

1. Categorical data is rapidly identified by the
"blocking effect" seen in most of the displayed vart-

akles, e.g., "Marital Status" vs. "MOS." This aspect
of the display is critical in allowing the analyst to

"see" the data and immediately determine where dummy
variables, feo example, may be necessary.

21
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", 2. Also coding of the variable& is displayed as in "Hs
at entry" vs. "Total Service" One observes that

the scale of education ranges from 0 to 13, with the

sajority of the data grouped at 4 and 13, which

ccrresponds to 2 years of high school and a Graduate
Equivalency Diploma (GED)} respectively.
Pcrtunately, in this analysis, the file description
containing the coding schedule was available; one can
envision the csefulness of the graphical technique in
"uncoding" data sets that may not have an acccmpa-
hying description. The analyst could then recode as
necessary with many of the comaonly-used rile
mazagement systems available. I

3. Errors in the data may be identified in a rapid and
"efficient manner. Again referring to "ES at entry"

vs. "Total Service". the majority of the data is
shown to be 2 year high school level (4) and!QED
(13). Now the official request for data to DMDC was

I ifr all education levels. Because of a simple misun-
derstanding and a misplaced operand in the code that

extracted the data from the master cohort filet only

IBSG data were provided. The use of the display,

then allowed Icr the prevention of the costly mistake
the unsuspecting analyst may have made in developing
a model with erroneous data. This error-preventing
aspect of this procedure manifested itself in
subsequent displays as will be discussed later.

4. Althcugh further analysis was not performed, the
display allews the analyst to determine
multicollinearity/interaction effects of the concomi-
tant variables. Por example, "Age at entry"
vs."Uumber of dependents" plot may provide the
impetus for further study, if either of the variables

had a visual effect on, say, total service.
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The use of the entire display is simple and "intuitive".

It aj.Jous an analyst to bridge the gap, at least in scme

fashicn, between the guantitative world of the analyst and

t1. "real" world of the decision maker throgh the Eower of

the train's visual correlation abilities.

In the Froblem at hand, that is,, the effect of various

persoral characteristics on perlorzance (in the form of

attrition or more generaliy, total service), analysis of the

first ccluzn of the display is most revealing. Again, this

data set has been discovered to only contain NHSG and GED;

the entire spectrum of education lcvel3 will be analyzed in

a subsequent draftsmaz's display. :he first column of the

displa7 depicts scatter plots of ali !aLependent variables

versus total Federal service. To aid in the discussion,

seven of the plots have been reproduced in Figure 3.1 and

the remaining seven in Figure 3.2 below.

Viewing both figures, no rapidly discernible or

"glazing" associatic-s are evident. This is largely a

result of the sheer size of the data set.

However, much useful information is available:

* This figure indicates that the largest number of
assesions were NOS 1IB (a "1" in the DMDC coding)
followed by 13B(2 on coding scale). No 111's are

discernible kecause this entry level "basic foot
soldier" NOS was not created until 1980. NOS EOC
seems to have a distinct break in length of
service: this break indicated that perhaps furtler
analysis is needed. One possible explanation may
be that a portion of the accessions entered this

NOS only for the training, and subsequently left

the service at first opportunity through an admin-

istrative discharge. NOS 76! (6 on DNDC scale)
seems to be the most successful in terms of
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slight trend is evident: as AFQT increases, more

data points are found in the higher total service

range. This graphical analysis agrees with the

literature presented in the introduction of this
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 I7B,.TV&,IIIB, and IIIA, respectively.
This leads to the conclusion, as expected, that
NHSDG accession performance on the AFQT is in

consonance with education level.
3. Figure 3.I, garital Status Versus J.a Service:

* This plot indicates that most NHSDG were single

with no dependents(10 on the DMDC coding scheme).
Again the mass of data points requires furtker
subsequent analysis. The upper gzouping depicts a
slight increasing trend as accessions differ by
number of dependents (20=married/no deps.,
21=married/1 dep., etc.). This, along with cther
aspects wiXI be analyzed in more detail in section

B, this ca.ter.

4. Figure 3.1, _Etnic Code Versus Total Serviie:
* This plot indicates that a great preponderance of

the accessicns were "other" which corresponds to
Caucasian in the DMDC coding. Puerto Ricans (ccde

4) indicate increased total service, leading to the
conclusion that race is an important predictor of

service and attrition.
5. Figure 3.1, RLace Versus Total Service:

T This plot reinforces that of the ethnic code plct.
Most assesicns were 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 perhaps even a greater massing in
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the 50-60 mcnth area of category 3, which ccrre-

spcnds- to race "other". Again race seems to be a
predictor of service or attrition.

6. Fiur 1.1p §_ Ive&2s• Zgta §erv

A Although the data requested from DMDC was for male

accessions (coded 1),, at least a few data Ecints

are evident in the category coded "2", ccrres-

ponding to sex "female". Subsequent analysis

through an IEL program written to "scan" the data
and count the freguency of certain data elements
(Appendix D) indicated that in excess of 200 female

NBSDG persons were accessed and recorded in this
file. Again the draftsm', n's display and acre gener-
ally the exploratory data analysis aprroach
indicated erroneous data, perhaps preventing faulty
analysis.

7. Z~~e31 kScbool 11 Enr Vegu Tta

* Previously discussed above. This variable has seen

widespread use as as a screening device in
recruiting [lef. 7: p.1].

8. Rr 2ig .2" LC j U ja= JrV frslf Total Sevie
* This variable combination indicates a wide range of

values becatse of the more "continuous" nature of

the age variable. Although most NESDG accessicns
were in the -18-20 year category, this plot indi-
cates a slight increase in total service as age
increases to about 25. Then the plot say indicate
that older accessions do not fare as well in ýhe
measure of performance chosen. This agrees with the

literature; further investigation is deemed

necessary by the display.
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9. •LgR .,,• eeplistmen Cod Versus To a _er ic :

T his plot Izovides inf ocmation that premature

attrito~rs and successful first- tour completers may [
receive the same reenlistment code. A "On Vdi-

cates; anknova or so code# a "1" eligibility to

reenlist,, a "211 that a local bar to reenlistment -
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has been arplied, a "3" that a DA-level BAR has

been applied, and a "4" that the soldier is totally

ineligible. The DMDC file descripticn only

provide& 2 codes: again the display has indicated

erroneous data or perhaps changed codes subsequent

to latest file update. This display prompted a

telephonic clarification to DMDC that may not have

been made in the absence of exploratory data anal-

ysis. Since both "failures" and "successes" can

receive a code of "eligible", this variable is not

useful as a predictor of attrition.
'a. lL"re 1.2, Charact,; o_• Agerice Vesu _ýoa__

T This variable-combination, like reenlistment ccde

above, is at indicator of "after the fact" ;erform-

ance, either premature attrition- or successful

first-term completion. Again,, a "0" indicates

unknown or uncoded data, a "1" an honorable

discharge, "2" under honorable conditions, a "3"

other than honorable conditions, and a "4" a

dishonorable discharge. A massing of the data in

the 0-20 month area of honorable discharges indi-

cates that pzemature attritors were granted such a

discharge through perhaps the Trainee Discharge

Prcgraz or Expeditious Discharge Program. Thus

_.this--ariable combination is not a - good predictor

of performance since discharge award in some cases

is based on the local commander's decision. Quite

often the honorable discharge may have been granted

to speed tie discharge of a substandard soldier;

Under Honorable Conditions discharges,Other Than

Honorable discharges and Dishonorable discharges

require more "red tape" and administrative delays.
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11. . e.t, Numeued ne Versus Total

* This plot is an updated data entry that allows for

the tracking of the addition of dependents through

the serviceman's tenure. Thb. plot indicates a
majority of the service people considered through
September 1983 still had zero dependents (coded
"1"). As ruaber of dependeuts increase, total

service seems to increase, although there is a

proportion ct data points with more dependents that
failed to ccxplete 36 months of service. This plot

indicates that with furt'aer analysis, number of
dependents iay be a predictor of total service and
attrition,

12. Fir_32 Narita sToa e~ril
* This variable is an updated variable indicating

current marital status of the service member, a "2"
for married and a "I" for other [Bef. 11]. The
plot indicates a majority of the service members
are still single. Harried service members seem to
demonstrate an increase in total service, indi-
cating that this variable is a candidate predictor

.variable requiring further analysis. Again , this
agrees with the literature.

13. =n gGrd V2,,rsu T o t Service:
A 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" upward trend: as mcnths of
total service increase, the mass of data toves
upward and to the right. High performers are those
that receive promotions earlier than the mass in

• that particular pay grade, for example, grade E5
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indicated by a 5 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 norm. Bcwever, observe the points in the 38-40

month area, indicating waiver or early promcticn.
From this plct, one can ascertain some idea of the
number of achievers in this cohort. Along the same
lines, the poor performers are evident in, for
example, the El grade in the 50 month time fraze.

The entire plot seems to indicate that there is the
expected upward mobility of the average soldier.

14.o ZA•_Ue -2• J•iqh Schoo~q Obtained Ves oa

JýUice:

Although massive data size obscures the plot, this
;Ict does indicate the some of the NHSG accessions
have completed their GED requirements (a06" on the

scale) during this time frame. Of these that have

completed, a slightly increasing trend is evident,
again reiniorcirg the literature that education
lovel is a suitable independent or predictor
variable on attrition.

In summary this first draftsman's display has demcn-
strated that the graphical (EDI) procedures are critical in
identifying errcneous data, determining variables of
interest, and identifying multicollinearity/i. t eraction
effects. Now a more refined version, with an even further
reduced list of candidate variables and in some cases, with
variatles that have been recoded so as to be more intui-
tively appealing was Eroduced. This display is in segmented
form at Appendix F. This version of the display was devel-
oped frcm the more general data set of FY79 accessions, this

time including all education levels.
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B. RIVISED DRAFTSMAN'S DISPTlA

The initial explcratory analysis above revealed that

1. the data cn hand was not suitable in that it did not

contain High School Diploma Graduates(HSDG) for use

in ccmparing any effects of education on perfcrmance;

2. tke list of variables under investigation could be

f crther reduced.

The purpcse of this second iteration of draftsman's analysis

vas to serve as a final check on the data and to determine

any other relevart information from the data prior to a more

detailed investigaticn utilizing other methods.

TABLE III

Reduced Variable List for Further Analysis

Upedet*ariable

Total Service

natgU Variable
Military Occupaticnal Skill (NOS)
Marital Status/Nuaker of Dependents
Race
sex
Level of Education at Entry
Ale at Entry
Mental Category

aUS e1 f l.QlhraD Indicators
ReenlistaenI Code
character o Service

The data shortfall in education level alluded to above

uas slved in the submission of a request to DMDC for a acre

complete data set. This second data set was received and
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again stcred in 5 files in the Mass Storage System of the

BPS Computer System. The F!79 COHORT file consisted o0.

.30778 records of data. FIles for the PY80-PY83 COHOEtS were
also acquired for later model validation and sutsecuent
research. It shculd be noted that the target data reguested
was tc be ncn-prior-service (NPS) male enlistees. The vari-
ables under investigation for this phase are listed in Tatle
III T The last two variables in the table were, as Frevi-
ously stated, not to be considered as predictors tut as a

means of assessing general performance of the enlistees.
Again, FORTRAN and APL programs (Appendices Cr) were

utilized to retrieve the data from mass storage and to
manipulate it into fcrm for interactive analysis. A ten
percent sample of the data was taken for analysis (3G78
records). The data was again jittered to reduce overlar.

An overall view of the draftsman's display (Appendix F )

demonstrated the follcoing:

1. The new data set is mostly categorical as expected.
2. All levels of education have been included as demcn-

strated by the "HS at Entry vs. Total Active Service"

3. The total service scale on all Flots extends to 160

mcnths, indicating that at least some prior service
enlistees have been erroneously included in the data.

4o Scue female eElistees have been included as indicated
by the "sex vs. Total Service" plot, again
demonstrating erroneous data.

Besat of the discussion below centers on the first cclumn
of the display; hence this column has been reproduced in
Figure 3.3 ant Figure 3.4 Viewing both figurez si2ultane-

ouslye the massing cf the data points in heavily concen-
trated "blocks" demonstrates the large number of data pcints
in the sample. The dimensionality of the problem is graphi-
cally e.vident. Scme specific information that can be
gleaned from this display follcos.
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The 11B and 13B occupational skills (1 and 3 in the

DHDC coding) appear to have attracted the most

enlistees. No discernible trend or associaticn is

apparent in the length of service for these tvo
combat arms occupational skills. Skill 64C (coded

14) demonstzates the "break" in length of sbrvice

just as in the non-high-school-graduate data in the

previous section. Occupational skill 76!Y\ (6 on

the DHDC scale) as before, appeared most suocessful

vith less soldiers attriting vithin 36 mcnt ,s of

service, or the normal first tour length.

* This variable corresponds to "AFQT group" in, the

.original display, 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, a 2 fo=: mental

categories Uk and 4a, a 3 for categories 3b and 3a,

and a 4 for categories 2 and 1. This plot deecn-

strates the recruiting policy of targeting the

higher mental categories by the massing of the data

in those respective areas.
3 firij Stau 11 Entry U tTotal

• This variable is coded with a 10 for single with no

dependents through 19 for single with 8 dependents,

and then a 20 for married, no dependents, through

290 for married 8 dependents. Most enlistees in

this data file were single with no dependents. The

married enlistees (20 and higher on the DMDC scale)

indicated a slightly increased total service,

particularly as numker of dependents increased

(21,22 and 23 on the scale)

* The addition of the high-school-diploma graduates

has not affected the pattern that was evident in

the original draftsmangs display: a preponderance

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

and others Icoded 3)is still evident. The mother"

category stilldemonstrates increasing length of

service.

* As previously stated, this plot demonstrates that

the supposed all sale non-prior-service file has

included in it a number of female enlistees. Also

note that the massing of the data indicates that a

large proportion of these females attrite with less

than twenty months service.
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igure 3.4 -First Column, Continued

6. ZjgW ., JI~ =gj Al = ZZ . T

T he inclusion of all levels of education can new be
verified. , he plot has been recoded utilizing an
API program (See Appendix D) as shown in Table IT
below: The massing of the data at position 5 indi-
cates that ilost enlistees in this sample were high
school diplcaa graduates. Also, enlistees uith two

to 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 due to the
massing of the data. Note the distinct -reak,
though, in the GED length of service. A grouping
is evident for zero to twenty months oe service,
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RABLE IVF

Recoding of Education Levels for Draftsman's
Display

1..... up to 1.yar of high school2.:. 3 years 9gh schoo .3. 3-4 years high school, no diplcma
4..... G;aduate Elquivalency Diploma
5.....Eigh School Diploma Graduate
6.....It least 1 year college and higher

and another for approximately thirty tc forty

months. This may he pactially explained by viewing

age at entry versus high school at entry along the

same row as high school versus total service in
Figure 3.5. This same break is evident: the

S. ........ L b! .' .- *

I~ 13 is* 36, I
AEAT [WINY

Figure 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 wten

viewed with the break in service indicate that the
younger GEL enlistee is not as successful in
ccmpleting service, just as he was in not

completing high school.
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7- Warm I-!* Ass! -a Entr n- 12WI Lej~jc:
The sassing cf the data indicates that most enlis-

tees fall in the 17-21 category. is age increases,

tctal service again seems to be divided into
distinct branches. These branches could possibly

be related tc marital status, number of dependents,

or education level, where breaks of this nature

were also evident. See the entire display to

compare each of the above mentioned variable ccuti-

nations versus length of service and against ctker

possible ccabinations of other variables for

possible insights.

8. 1"M~ Reei me, t qde ( "_VeS" code) 1j. Total

* This plot shows that a surprising number of enlis-

tees, both premature Oleavers" and successful

(i.e.* with sore than 36 months service) "stayers",

have an uncoded 0 reenlistment code. This ;rcatly

indicates that the record has not been posted with
this inforzation. Code 1, corresponding to

"eligiblt tcr reenlistment", is massed after 36
months, indicating that ccmpletion of at least the
first term 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 that the decision to allow reenlistment
is often reserved for the end of a soldier's term
of service. It should be noted that the bar to
reenlistment can be issued by the local cczmander
at any time deemed necessary, yet it appears that
exercising cf this powerful option is not being
done. Code 3, the Department of the Army bar to
reenlistment, indicates a uniform massing of the
data. This agrees with Department of the Army
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pclicy to automatically bar soldiers that have

received certain recognition as substandard through

judicial,r ncn-judicial, and administrative actions.

Cross comparison with the next column cf the
display (sEe Figure 3.6) reinforces this idea:
This plot is reenlistment. code versus character of

.I• " a 5

"* "I. I I "= " 125

O 40 % 130 to O ,I 2 ,

oil__ 11k__ __

-a .... a.

10

Fiur 3t'.6 *og.W. for& Crs-oaai

S".. .. "

* S U I IS 0 I * 3t 4 "III "€ . 5 -

Figure 3.6 iegment for Cross-Comparison

service asa3ded. Beenlistent code 3 has the
majority of the cha,'acter of service codes 2 and 3
correspondinag to -" rder honorable conditions".n
"*other than honor a 1e n discharges respectively,
both of uhich are co nside red s ubstan dard.
Similarly, code '4 in reenlistment signifies

38
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ineligibility for reenlistment, which is ncticealy

less of the data, contains the worst character of
service code, a dishonorable discharge indicat • by

a 4 on the charactrr of service axis.

9. •gure Character of Service vs. Len.al, o_ f

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 honoratle discharge, so oue can

inter that "stayers" generally receive hcnorable

discharges. Those unsuccessful soldiers with less

than 36 months service receive the majority cf the

"under honorable conditions", "other than hoacr-
able" and cIdishonorahle" discharges, coded 2,3,and

4 respectively.

This revised draftsman's display analysis has prcvided
some insights into those personal characteristics affect-ing

length of service and hence attrition. All seven pozsihle
explanatcry variables under consideration have demonstrated

at least some effects on length of service. The effects of
education level, menLal category, marital, status and number

of dependents, and age have at least initially seen to be
most profound.

Shese displays have served to provide an initial graph-
ical view cf the data that is both intuitively plecsing and
simple. In addition to identifying possible erronecus data.
entries and any peculiar coding of the variables, a major

result of the analysis has been a reduction in the dimen-
sionality of the data itself. The displays also aid in a

general familiarization with the data under investigaticn.
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C. BCIPIOT ANALYSIS

.he boxplot will be utilized to demonstrate ancther

Exploratory Data Analysis technique that provides a powerful

means of ottaining acre information about a data set. (See

Appendix A for a discussion of boxplots in general.)

1. y,4dcatign Leve Versus Legt o Service

In crder to demonstrate the effectiveness and rover

of bcz.llcts, one of the six candidate explanatory vari-

ables, high school education level at entry, will be

investigated in detail. As stated in the introduction, the
literature has pcinted out that education level at time of
entry has teen a generally accepted predictor variable in
attritior analyses during the last ten years. Therefcre a
toxplot analysis utilizing the category subpopulaticn anal-
Isis Irogran in the IBN experimental GRAPSTIT package is
presented in the follcwing discussion. Length of service,
the chosen dependent variable for this portion of the study,
is plctted versus education le7el at entry.

7he left panel of Figure 3.7 is a depiction of a ten
per cent sample of F179 enlistees as of September 1983. As
previously stated, this data set is a smaller subset
consisting of seven military occupational skills from the
entire IY79 COHORT file from DMDC. The GRAFSTA! input
screen for this ;rogram allows the analyst to subdivide this
batch of data into its seven component occupational skills
through the input of a simple "category" vector.(See
Appendix G for a depiction of this input screen.) The y
axis is length of total active service in months, while the
x axis izdicates education level at time of entry into the
army. Tke non high school diploma graduate level is indi-
cated by -NESDo-. and indicates three to four years of high
school without a diploma. Education level decreases toward
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the origin, with a 4 indicating 2 years of high schccl, a 3

indicating 1 year of high schocl, a 2 indicating 2 years of

.Junior high school, and a 1 indicating 1 year of junior high

schocl. Tc the right of the position marked "NHSDG", educa-

tion level increases until the position marked "GEDI" which

indicates a graduate equivalency "diploma" or certifi:ate.

A 6 indicates high school diploma graduate, a 7 indicates 1

year cf college, 8 fcr 2 years of college, .9 indicates 3 to

4 years college tut nc degree, and a 10 indicates a college

degree. Eleven and 12 indicate a masters and dcctorate

degree, zespectively.

Viewing the entire display in the left panel, the

-oxplct provides a graphical statistical summary of the

distribution of each of the subcategories(ioe., the levels

of education) in a form for easy comparison. A table of

values is also presented beneath the display. The mean of

each sukcategory is depicted by the dot (with lines

connecting the subcategories). The median of each sutcate-

gory is depicted by the other dot in the body of the bcx.

Idjacent values and their associated "whiskers", or the

lines drawn from the tody of th* box to the adjacent values

depict tke tails of the distribution of each sutcategory.

Outliers are depicted by heavy dots and are defined as thcse

values greater than 1.5 times the int.-,ruartile range of the

distribution. The saan of the ent ;ýe 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 values in the left panel of figure 3.7 that have

sore than 60 months cf service. (If an enlistee entered the

Army on 30 September 1978, max length of service without

prior service is 60 zcnths through 30 September 1983.) The

data requested from CHDC was to be non-prior service (NPS)

only; again the important error-indication quality of this
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technique is readily apparent. The non-prior service enlis- /

tees can be easily extracted from the data set in the

interactive mode of this package; by the insertit.a of a
simple truth statement (e.g., length.of service _S60 months)

the data set is reduced to the desired set. (See Appendix G

for the depiction of the input screen; selection is entered
in the "selection" area.) This feature is also most useful

in the %..&iaziscn nf !tt_ ' +her e-haracteristics of the

data as will be demonstrated.

The ability to interactively subdivide the data
according to other variables of interest is an extremely

powerful tool, allowing the analyst to "compose" his areas
of compariscn and graphically determine associations in a
multivariate sense. The actual data is never altered and
there is no delay due to timely resubmissions of programs.
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 removing the outlier enlistees with prior service. The

scale of the boxplots is now larger so the mean, median, and

spread can be readily ascertained. Note that the mean ,°
length of service has been only slightly modified by the
removal of the 5 outliers(determined by the "ALL" row of

the two tables belcu the Ilcts,3078-3073), as expected.
Also note that the shape of the boxes before and after the
removal of the outliers is the same, indicative of the V,
resistance of the bczplot. The right panel of the figure
shows that performance in the form of length of service
tends to increase as education level increases from the
junior high level to high school diploma graduate status.
College level enlistees and higher do not demonstrate this

trend. Note that enlistees with the graduate equivalency
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certificate demonstratk poorer performance than ncn-ligh-

school-diplca gradcates (NHSDG). The variance of the
distribvtion of the enlistees with the GED is greater,

perhaps due to the manner in which the GED may be 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." In the right panel of the figure, all

those soldiers who had an uncoded education level and those

with EhD degrees have been deleted, again utilizing the

selecticn feature of the GRAFSTAT program. This results in

a "smccther" line thicugh the means, allowing a more discer-

nible view of the association of each level of education and
length of service. Note from the table that only 2 persons

were in these deleted categories, hence they are referred to

as "cutlier" education levels in the title of the plct.!

These points will remain deleted throughout the remainder of

this particular analysis.

In Figure 3.S, left panel, the previously discussed
boxplct with "outlier" education levels deleted, non-prior-

service enlistees is again presented for further comparison.
In the right panel, utilizing the selection capability, all
those enlistees with any years of college have bqen deleted.

Now the increasing trend is clearly evident. As education
increases, length cf service increases. Again those

soldiers with the graduate equivalency certificate (GED)
demonstrate a lower mean performance than both the non-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

panel 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-diplcza-graduate distribution appears to be

symmetric as indicated by the position of the mean and

median relative to tke 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 bozplot. Rapid comparisons of the distri-
butions cf each of tte subcategories can be done thrcugh the

toxplct analysis.

7bus the use cf boxplots has indicated that level of

educaticn dces have an effect on performance in the form of

length of service. It should be reiterated that this phase

of the analysis is exploratcry in nature; the comparison of
means could be strengthened through such confirmatory anal-

ysis as a one-way ANCIA or in a non-parametric test such as
the Kruskal-Wallis test of equality of means. An example of
this confirmatory analysis will be provided in a later

section cf this thesis.

2. jkS Mjtý,varie CApability o. the BoxPlot

Bilitary occcpational skill of the enlistee will be

examined fcr any indication of an association with perform-
ance, and then further analyzed with regards to education

level within the occupational skill. Seven military occupa-

tional skills (NOS) were considered in this analysis.

(Refer tc Table I, previous chapter). Again a ten percent
sample of the data was utilized for analysis.

Figure 3.11, left panel, provides the first lock at
this sutcategory of the data. military occupational skill
is plctted against total active service. Each military

occupational skill is presented on the x-axis, beginning
with combat arms(11B, 11X, 13B), combat support (31M, 64C),
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and combat service support (761,94B). As before, the distri-

buticn of each ailitary occupational skill with respect to

total service is presented by the boxplot. Again note the

outliers in total service; these same 5 soldiers have been

deleted in the right panel so as to expand the scale cf the

boxplcts for analysis. Through the graphical depiction of

these distributions, the occupational skill most successful
in terms of service can be readily determined. Here, skill

76M, supply specialist, demonstrates the greatest success

followed by 11B, Infantryman.

The saread cf the distribution can be observed in

the bcdy of the bcx; note that the deviation is also

provided in the table below. The 11X occupational skill is

noticeably vacant. This dOS was created as an entry level

of infantryzan in F!80, hence this data set contains ncne of
this general skill. Comparing the three branches of skills

described above, combat arms was most successful in perform-

ance as determined ty viewing 11B and 13B boxplots collec-
tively. Ccmbat service support was next in order of mcnths
successful service followed by combat support.

Ihe shape of each of the distributions is readily

apparent in the boxplcts. Each military occupational skill

appears to be skewed toward the lover range of service as

indicated by the postion of the median inside the bcdy of

each boxplct. - The variances appear relatively constant

except for skill 64C. The utility of the boxplot in 4eter-

mining hcaogeneity ef variance, for example, for subseguent

regressicn analysis or for ANOVA assumptions is readily
obvious.

In Figure 3.12, left panel, the previous figure of

non-prior-service-only 'nlistees has been reproduced to

&llow ccuparisons. 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 subpcpulation, using the selection capability. Thus
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in the right panel, non-prior-service,high school diplcma

graduates have been plotted against total active service.

Immediately note that a higher mean service is observed by

these better educated enlistees. The variance of

cccupaticnal skills has been reduced indicating that this

subpopulaticn is not as great a risk when considering how

long -ech will serve. Those soldiers in skill 1i1 demon-

strate tie highest success (mean 36.15 months). Based on

these graphical results high school diploma graduates

Ferfcrm better than the average aon-prior-service enlistee,

and more specifically, combat arms skills rank first

followed by combat support, and then combat service support.

This nay seem counterintuitive as technical skills required

are tiought to be higher in the combat service suppcrt

tranches.
Figure 3.13 repeats the same sort of analysis, this

time ccmparing non-prior service enlistees total service in

the left panel tc non- prior-service enlistees that have not

received a diploma (BHSG) and those that have received a

graduate equivalency diploma (GED). Npte that "success" has

fallen frcm 31.85 mcnths to 29.08 months. Occupational

skill 767 has the highest mean success, and combat service

support now leads in total mean service. Also ncte that

occupaticnal skill 31a demonstrates a much higher variance

when only these non-high- school graduates are compared to

the tctal population. This could perhaps be explained by
the lack cf any real standards in how the GED is awarded.

This certificate can be awarded at any level of educaticn,

provided that one of numerous tests has been passed. Also
the ncn-high-schcol graduate with ,say, only a 10th grade

level of educaticn cculd account for extremely poor perform-

ance in this somewhat technical 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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oriented" school system could account for the high perform-

ance. Ecre research could te 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-bigh-school-diplcna graduates is presented in Figure
3.14 T Those soldiexs with equivalency certificates (GID)
have teen included in the non high school graduate category.
In the left panel of this figure, the high school graduate
categcry is presented for ocmparison. Again, this plct is
non prior service only graduates. The right panel is ncn-
prior-service, non-high-schocl-graduates and eguivalency
certificate holders. The "better educated,' enlistees ,on
the average, have outlerforned those with less than a school
degree(as shown by the mean values both in the boxplots and
the tabled values below the pl it). Skill 76Y, supply
specialist,in the right panel, indicates a better perform-
ance, (lean of 33.6) than the same occupational skill with
a high schccl diploma (mean 32.7). The variance of the two
distributions is roughly the same. Again personal charac-
teristics and the technicality of the skill involved alcng
with the effects of mental group distributions, enlistment
tonus differences may explain this anomaly.

Since a difference has been established in perform-
ance based on the certificate status at entry, the kcxplot
can be utilized to go even into further detail. In Figure

3.15,non-high-school-graduates only are compared tc high-
- school-diplcma graduates and in Figure 3.16 those with

equivalency degrees are ccmpared to the diploma-carrying
soldiers. In each figure, -the batch remains limited to
non-prioz-service enlistees, varying only education levels.

Zigure 3.15 demonstrates that the non-high-schocl-
graduate performance ,depicted in the right panel, was
below diploma -graduate performance. This is seen
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graphically by comparing the relative position of the mean

lines and in the tabled value below each plot. Going

further, a comparison of each individual occupational skill
in the left panel to its counterpart in the right panel

indicates that the varied educational level 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-

butic of military occupational skills with respect 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 variance

as indicated by the tody of the box, indicating a higher

risk in attrition.

The entire analysis presented on the effects of
education level within military occupational skill is summa-

rized in Figure 3.17 , where the baseline of non-prior

service enlistees, categorized 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 singleidisplay. Any other combination of
varialles such as marital status, age, race, could be

further selected to provide more of a multivariate display.

The ZZA techniques. combined with the IBM GREAFSTAT package
allows for any combination of covariates in an analysis,

limited only by the imagination of the analyst. This

display allows a rapid comparison of the effects of educa-
tion level on performance (in the form of length of

service), perhaps providing a strong argument in favor of
these graphical metbcds for at least initial decisions

regarding what level of education to recruit. Again,
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confirmatory analysis is necessary for a more refined

analysis of relative merits of alternative educational

policies.

"3 Inumaarzs9goplot Ifa i of Rem of jaining !2iable_

The remaining possible explanatory variables and the

two "general perforiance indicators" were analyzed in the 'K

same manner as presented above. In each case the effects of

education level were cbserved in a multivariate sense by the

use of selection combined with the pairvise compariscn of

length of service and the other candidate explanatory vari-

ables. The actual bcx;lots are found in Appendix H. Again,

confirmatory analysis 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. j.n:al Cate± c L th gf, Service: (See

Figures H.1 through H.9, Appendix H) /

* As mental category increases, length of service

increases. Category 4c outperform Categories

4t&,4a,3b.

* High school diploma graduates outperform the ncn-

high-school-graduates and equivalency certificate

holders (GEE) in all categories.

e Nc category 1 soldiers were observed in the ncn-

high-school-graduate or GED categories.

e Pon-high-schcol-graduates outperformed the eguiva-

lency certificate (GED) holders in every categcry.

* Variance in the non-high-school graduate and GED

performance is higher than that of the di;lcma

graduates, indicating higher risk in attriticn.

Equivalency certificate (GED) holders' variance was

observed to be higher than non-high-schocl-

graduates, again indicating a higher risk.
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2. Marital Status and Number of Desp-dPents vs. _ensth of

S~rvie: (See Figures B.10 - H.15, Appendix B)

"* 5ost enlistees were single with no dependents at

time of entry (92%)

"* Single enlistees with 1 dependent had highest mean
performance.

"* In general, married enlistees outperformed single

enlistees.
"* As number of dependents in married soldiers at time

of entry increased, sc did performance. (note: true

up to 3 dependents.)

"* High-school-diploaa graduates led in performance,

fcllowed by non-higi-school-graduates, then G3D

holders.
3. JU Vers_ ljJq th 2f icj1 e: (See Figures H.16

through H.24, Appendix 8)
* As age increases (at time of entry) from 17 to 19

years, tctal service (performance) increases,
followed by a leveling off in the 19 to 24 year

range. Perfcrmance decreases as age increases from

24 to 29 years old.

* High-school-diploma graduates outperformed ctker
less educated entrants, non-high-school graduates

followed, tben equivalency certificate holders.
-. .2" JEsjs Lqt 9 jfevice: (See Figures H.25

through H.30, Appendix H)

* gales outperformed females.
* Dilloma graduates (HSDG) outperformed all cther

education levels; Ncn-high-schooi grads outper-

formed tho GID holders.
e Non-high-school-graduate females outperformed male

non-hig b-scbcol-gradua tes and female high-schcol

diploma graduates. However, non-high-schocl-
graduate females displayed the greatest variance in
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length of service, indicating a possible higher

risk in attrition.

* Non-high-schcol-graduate females were followed by

GED males and then NHSG males in variance in length

of service (risk).

5. jigg erXsus ••ngth 9 e Lric: (See Figures H.31

through H.36, appendix B)

* In general, the "other" category were the highest

performers, followed ky blacks# and then whites.

* High-school-diploma graduates were the highest

performers in terms of length of service in all

categories.

o Non-high-schcol-graduates outperformed the graduate

eguivalency certificate holders (GED).

* GED blacks displayed the highest variance in length

of service, indicating a higher risk in attriticn,

followed by GED whites.

6. eIstnenM vss • ucatioi Leve: (See

Figures H.37 through H.39, Ippendix H)

A it least through the hi,: i school diploma graduate

level of education, as education increased, reen-

listment eligibility Jncrensed.
* GED soldiers receive.. about the same reenlistment

codes as those soldiers whk. entered the army with 2

years of high school.

*A ride variance in reenlistment eligibility was

observed, ;cssibly related to the fact that reen-

listment eligibility is mostly up to the local
ccmmander's discretion.

7. iffnistme.n.I CSS" 1u.L• LanItM 21 Servi,_: (See
Figures H.39 through H.44, Ippendix a)

1 Ap~roximatelj 30% of the sample was 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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could be as a rehabilitative tool for sutstandard

soldiers.

e Generally, as length of service increased, sc did
the numter cf soldiers eligible to reenlist.

* Approximately 50% of the GED holders and of the
non-high-schcol-graduates indicated a reenlistment
code of 3,ccrresponding to only 30% in tie ! o.-
school-diplcaa graduates. This code corresponds
tc a Department of the Army initiated bar to reen-

listment. 7his proportion seems a bit unreasonable
and more research seems necessary in this multivar-

iate combination.

e High-school-diploma graduates outperformed all

others, followed by non-high-school-graduates and
the graduate equivalency certificate holders.

* Again, the GED hclders demonstrated the largest
variance (risk) in length of service, followed by
non-higb-schcol graduates.

8. Q.4r ac 2 eeice 1 jU Zduc E ation Level: (See

Figures 0.45 through H.47, Appr.ndix H)

"• Generally, as educaticn level increased (at ti-e of
entry) thrcugh high school diploma, so did the
character of service awarded.

"* GIC and non-tigh-school-graduate soldiers received

about the same treatment in character of service
awarded. Again, high-school-diploma graduates
received the largest proportion of the hcnorakle
discharges.

" Ccllege graduates outperformed the high-schocl-
diploma grads; however those entrants with one and
two years of college were outperformed in terms of
character of service awarded by the non-high schcol
diploma graduates.
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SA wide variance was noted possibly because of the

ccsmandersf discretion allowed in determining what
character. cf service will be awarded tc an
individual.

9. .M__e 2_ 4 Service Versus &enath of Serv : (See
Figures H.48 through B..54, Appendix H)
A As length of service increased so did the number of
honorable discharges awarded.

* Over half cf the cohort received an honorable

discharge. A large proportion of early• "leavers"
also received this honorable dischargeperhaps
indicating that some commanders are very lenient in
their determination of type discharge to be
awarded.

• High-school-diploma graduates receiving honorable

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

•A wider variance in length of service was noted for
the non-high-school graduates and the GED's who

received honorable discharges, when compared to the

high-school-diploma graduates. This perhaps

relates again to the discretion that is exercised
by the local commanders in awarding discharges. It
seems that length of service may not be considered
as an indicador of "good" service by a number of
commanders in. the field.

Z. 12a1811 CONPIRE1•CI ANALYSIS

Ccnclusions drawn £on the above explanatory da-.a anal-

ysis must be analyzed n a formal manner to determ.4ne if

differences, say, in th mean performance among the varying
levels of education at entry is statistically significant.
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An example is presented below; this type of analysis should

be performed on all ccnclusions reached before any policy

* implementation.

7he cne-way-analysis of variance provides a well-

structured approach in testing the equality of means amcng k

sample pcpulations. In this approach, the k populations are

assumed
1. tc be i.i.d ncrmal postulations, and

.2. to have egual variances.

As has been pointed out, some of the boxplot analyses

above has indicated that the equal variance assumpticn is

obviously nct true; contrarily, this difference in variance

was was used as an indicator of the "risk" involved in

recruiting that entrant with his particular qualifications.
In those cases, nczzparametric tests are available for

confirmatory analysis. An example of that type will also be

presented below. See [Ref. 15: pp. 492-503] for a

discussicn on 1-uay ANOVA.

7he actual calculaticns of the ANOVA table were

completed using an ArI program contained in public dcmain of

the laval Postgraduate School computer system (Library
5,OA3660). A copy of the program is at Appendix I. Results
of the analysis are summarized in Table V Thus the null

hypothesis can be rejected at the .05 level of significance.
In instances where the homogeneity of variance and

normality of populaticn 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.

BO:mean services across all education levels are equal.

El: for at least one pair of the population represented

by the levels cf education, the means are different.

See [(ef. 16: ;p.229-237] for a discussion cf the K-W

test.
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TABLE V

lncva Table for Testing Equality of Means

Z-.ANOVA MATR
ANOVA WAS UPDATED 1/3/797 SEE AMOVAHOW FOR CHANGES,

ANOVA TABLE

SOURCE DF SS MS F

TREATMENT 4 25933.42 6483.35 21.67
ERROR 2998 89681.3.33 299.14
TOTAL 3002 922746.75

R-SGUARE = 0.028
OVERALL MEAN = 31,93
TREATMENT EFFECTS -4.76 2.69 -1.29 -3.24-12.73

7Ie actual calculations were performed utilizing the

INDP statistical scftvare rrogram P3S on the Naval

Postgraduate School Computer System. See Clef. 17:
pp.*442-443] for a description cf this package. Results are

summarized in Table II

TABLE 121
Esults of 1-9 Test of Equality of means

Variable 1 LOS
Group • requency Rank Sum

No. Bas~e
1 SOPH 10 90614.0

JR 751 1017353.GED 19o 250561.3
4 IHSG 504 730567.5
5 BSDG 1546 2517723.0

Kruskal-1a1liq lest Statistic - 75.13
Level oa .gnuifcance = 0.0000
Using Chi-Square Listributicn with 4 Degrees of Freedom
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7hus the null hypothesis can be rejected at the .C5

level of significance. Multiple comparisons may be calcu-

lated in accordance with (Ref. 16: p.231] to determine

which pairs of means are different if dc-sired.

1. SUBBAIn OF EXPLORATORY DATA ANALYSIS EFFORTS

1. §.MIar

Exploratory rata Analysis techniques have been

utilized in the forms of draftsman's displays and koxplots

to "preprocess" a large data set. This analysis was

presented as a demon-tration of the power of EDA techniques

and tc provide initial insights into the attrition cf U.S.

Army enlistees prior tc further analysis. These techniques
have Ircvided the following:

1. Familiarity with data set.
2. Reduction in the dimensionality of the data set;

numerous variables were determined as having no

appreciable effects on the dependent variable under

consideration.

3. Identification of erroneous data.
4. Structure of the data set and variable coding.

5. Informaticn on multivariate and pairwise associations

among the variables. This information will be

summarized belot.
6. An intuitivell pleasing form of analysis tc assist

analysts and decisicn makers in understanding the

problem at hand.
7. A means of allowing the analyst to "compose" his

method of attack on a large problem in an interactive

fashion.
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2. LU an_ V.I. u nl~isted Attriti.o

Bore specifically, in the investigation of attrition

of U.S. - Army 1179 erlistees, the following informaticn has

teen revealed:

1. The variables listed in Table VII below were c-served

tc have some effect on a soldiers performance which

TABLE VII

Possible Explanatory Variables from IDA.

Agse
Sex
Race
Mental Category
Narital Stat usNumber of Dependents (at entry)
Education level.
Hilitary Occupational Skill

has" een defined as his total length of service.

2. Level of education at entry has an effect on the

perfcraance of enlistees. Education level seems to

interact with the other variables listed in Table VII'

above, prodccing different levels of performance.

Other insights providod by the analysis are

B High school diploma graduates demonstrated better'

performance than did non-high-school-diploma gradu-

ates and -those enlistees -who had obtained --- a---

graduate equivalency certificate prior to entry.

"* Non-high school diploma graduates demonstrated

ketter perfcrmance than did GED holders.

"* GID holders demonstrated a larger variance in total

service obtained, indicating a higher risk in

attrition than did non-high school diplcma

graduates 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; however, the discretion

exercised by local commanders in awarding these may

have confounded them as suitable explanat cry

variables.
4. Ccnfirmatory analysis needs to be performed after

explcratory data analysis prior to forming final

ccnclusion for policy implementation. An example was

provided.

3. limtatons

The iA techniques are not to be used in lieu of more clas-

sical statistical analysis; they are to be used in

conjunction with then. Some limitations are

1. Acceptance of their use by other statisticians.

2. Package utilized in this thesis is in the experi-

mental stage; others may not be readily available to
the analyst. Since this package is experimental,

certain capabilities are still being developed. For

example, in the the ANCVA presented, the means used

in the analysis were not stored in a global sense for

further analysis and had to be entered "by hand" into

an INOVA program.

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 Analysis has been shown to be
a useful technique in the initial analysis of data. In the

next chapters, a more formal analysis will be presented.
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Ii. SUEVIVOR FUNCTION ANALYSIS

.1. DICKGRCUND

The Ex~loratory Data Analysis techniques presented

(along with the necessary ccnfirmatory analysis) have shcwn

that level of education, sex, race, age, mental category,

and marital status/number of dependents are candidate expla-

natory variables in determining the total length of service

for am enlistee.

A survivor function approach is utilized to gain further

insight into these explanatory and their relationshir to

length of service.
Suppcse that the length of service of an enlistee is a

random variable X. The cumulative distribution functicn or

c.d.f., then, can he viewed as giving the probability that

an enlistee will "die" or "fail" or leave the army befcre x

units cf time, a realization of the random variable X, have

elapsed. Tken the quantity

S(x) = 1-F(x) = P(X'x) (eqn 4.1)

called 'ke survivor function, provides the probability that

an elistee "survives" more than x units of time. The

survivor function, for discrete data, is a step functicn,

where the height of the jump between any two values of x is

equal to P (7=x). The survivor function is estimated by

using the following relative frequency definition of

probatility•

S(x) = 1-F(x) = (number of observations > x)/n (eqn 4.2)
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where n is the nusber in the sample being considered

[Ref. 18: pp. 92-93, 263-264].

B. &IP2CAUION

The survivor function is therefore a logical means of

analyzinS enlistee behavior with regards to length of
service. For this rcrtion of the analysis, attrition will
ke defined as failure to complete the first term of service.

The E179 COHORT consists of three-year obligated enlistees

(310) and tour-year cliigated enlistees (410). Each subset

will te analyzed separately. The reenlistment decision will
te defined as ccmpleting greater than one term of service.

Hence, tased on the survival function model, the fcllcving-

equations indicate tle "life" cycle of the enlistee:

TABLE VIII

Enlistee Life Cycle Hodels

I& Jjg.a stees

P(eulistee will attrite) = P(X<36 mos.)
= 1-P(M)36 mos.) = 1-S(x)

E(enllstee will complete 1 term)- P(1=36 mos.)
a Ht. of jump at x-36

I(enlistee will reenlist) = P(1>36 mos.) = 1-S (x)

.1 .I1 Zzlistees

E(ealistee will attrite) = P(X<48 mos.)
a 1-P(XM48 mos.) = 1-S(X)

P(enlistee will complete 1 term) - P11=48 mos.)
H li. of jump at x=48

I(ealistee will reenlist) = P(X>48 mos.) = 1-S(x)
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These realization times for the randca variable X are

chosen lust to demcnstrate the survivor function methcd-

clogy. Considerable research has been done in defining the

exact tiue cutoff for the definition of attrition, since the
first "term" of service may actually be thirty-four months

as opposed to thirty-six because 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 three year and four year obligations respectively.
The methcdology suffices no matter where the attriticn defi-
nitic is made in the length of service parameter.

Survivor functions for each of the previously defined

canditate explanatory variables are estimated utilizing the
"Cumulative Distribution input screen in the IBM GRAPSTAT
data analysis package. (See Appendix J for a depiction of
this -screen.) These functions are analyzed for the above
senticned statistics.

The survivor function of the entire sample across all

variables is presented to demonstrate the characteristics of

the analysis in figuze 4.1 o Using this type of analysis,
statistics for the scst prevalent enlistee are presented in
figure 4.2 and in Figure 4.3 for 3 year enlistees and 4 year
enlistees respectively. The "most prevalent enlistee" was
determined by observing the total number in each of the
seven variables being considered. Note that the four year
obligated enlistees demonstrated higher probability of
attrition (0.33 to 0.24), and a lover probability of reen-
listment (0.12 to 0.37) than the three year obligated
enlistee, ceteris paribus. This may indicate that the
utilization of the three year term of service is more ccst
effective than the four year term, considering
"assess,dresstrain" cost described earlier. Results for
the mcst prevalent enlistee are summarized in Table I1
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LENGTH OF SERVACE.MONTHS FOR ALL 3Y0

SAMPLE GRAPHICAL CALCULATIONS

P(LENGTH OF SERVICE-36MONTHS)
-HEIGHT OF JUMP AT LOS-36 MONTHS
0.559-0.320-0 239

P(LENGTh OF SERVICE<36MONTHS)
-VERTICAL DROP IN CURVE FROM 0 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 Function For All 3 YO Enlistees

The effects of Education level on-attrition of three-

year-ckligated enlistees are presented in Figure 4.4

Those ezlistees with a graduate equivalency certificate

indicate a higher prokability of attrition (0.54) than both

those with two years of high school and those with non-high-

schocl-diplcma graduate (NHSDG) status, having three to four

years of high school. These findings reinforce the earlier
koxplot analysis of length of sezvice. The trend is also
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20 3640 s

LENt OF SERVC FOR MOST PREVN.EN • NUSTEE

THIS BATCH CONSISTS OF THE MOST PREVALENT
ENLISTEES: 18 YR OLD. COMBAT ARMS.3YO. SINGLE
WITH NO DEPS, WHITE MALE

P(LOS<36)-0.242
P(LOS-36)-O.385
P(LOS>36)=0.373
AVERAGE LOS-35.529 _ _

Pigurs 4.2 Survivor Function, East Prevalent 3ro!, Enlistee

evident in the probatility of reenlistment vith the high-

school-diplcma graduates having the highest, folloved by the

IBSDG, then those vith 2 years high school and then those

enlisttes vith equivalency certificates. Again the GED

enlistee is seen to be inferior to the non high school

diploma graduat~e (NBSEG). Results of this survivor function -.

analysis are in Table I in the following section.
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20 40 *4 so

LENGTH tf %7V" FOR MOST PREVANT 4Y0 ENUSTEE

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

NO DEPSWHITE.MALE

P(LOS<48)-0.334
P(LOS-48)-0.545
P(LOS>48)mO.121
AVERAGE LOS-40.939

Figure 4.3 Survivor Function, Most Prevalent 410 Enlistee

ii~~~~ -~ ----- . ........i l I i,

TIBL I: 1

Results of Survivor lnalsis on Most Prevalent

Term P(attrite) P(full term) P(Reenlist) Ave LOS

3 Tears 0.242 0.385 0.373 35.53
4 lears 0.334 0.545 0.121 40.94
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C. EZSUITS OF SERVIVCR FUNCTICN ANALYSIS

Similar analyses were performed on the remaining six

candidate explanatory variables for tath the three year

enlistees and for the four year enlistees. Actual survivor

functicns are found in Appendix K and L respectively.

Te.bular suumsaries are provided in Table X and XI . Based on

tho,.- immary tables, the lowest risk attributes in terms of

Icw.-.•• rohability of attrition are provided in Table XII°

Those ittributes that result in the highest probability of

reenlistment are shown in Table XIV and Table XV

7be usefulness and simplicity of this approach is

appealing for "guick and dirty" analyses in determining

short term policy decisions ccncerning the characteristics

desired for prospective soldiers.

Modeling of tLe survivor curves can provide further
predicticn capabilities and significance of each of the

covariates.However, the survivor functions presented all

demonstrate the large "jump" at thirty-six and forty-eight

months for the three year and four year enlis-
tees,respectively. 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 cf a Cox proportional-hazards model may
be apprcpriate; however more research is needed in the
modeling of the discrete jump in the survivor curve. See

[Ref. 20'. This analysis has been presented as an initial
methcdolcgy to demonstrate its usefulness ; no modelling

will ke Ferformed.
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TABLE I

Results of Survivor Function Analysis for 370

Variatle P (LCS<36) P (L0S=36) P (LOS>36) Ave. LCS

Ail va;iables 0.441 0.239 0.321 30.872 ecation lvl
1 Sy 2h 5ch 0.778 0.111 0.111 20.11

0.503 0.201 0.296 28.72
G s 0.542 0.184 0.274 27.09

UIHSDG 0.461 0.217 0.322 30.69
3SDG 0.366 0.283 0.351 33.23
College 0.400 0.400 0.200 32.80

Sex
male 0.431 0.246 0.322 31.17
female 0.515 0.175 0.310 28.39

Race
,bite 0.467 0.258 0.275 29.21
Black 4.405 0.204 0.391 33 18
Cther .374 0.238 0.388 34:.02

UentaJ Cat
Cat1 0.357 0.214 0.429 33.57
Cat2 0.401 0.294 0.305 31.85
Cat3a 0.356 0.320 0.324 32.40
Cat3b 0.457 0.225 0.318 30.42
Cat4a 0.449 0.230 0.321 2S.86
Cat4b •0.468 0.222 0.310 30.80
Cat4c 0.443 0.193 0.364 32.57

Nar Stat/No.Deps
Ing 9e/Ou 0.441 0. 252 0.307 30.62

iarzied/O C.448 0.083 0.469 32.92
arrie d/1 0.563 0.000 0. 437 30.19

flarrie d/2 0.381 0.095 0.524 36.76
married/3 0.333 0.083 0.583 42.00

military Skill
11B 0.461 0.225 0.314 30.28
13B 0.464 0.195 0.341 30.73
31H 0.408 0.241 0.351 31.07
f4C 0.419 0.302 0.279 31.18
76Y 0.402 0.217 0.381 32.82
54! 0.428 C.260 0.312 30.85

Age
17 0.491 0.215 0.294 29.65
18 0.432 0.255 0.313 31.04
19 0.396 0.266 0.338 32.09

00.482 0.232 0.28 28.92
10.405 0.250 0:34 ~ 31.61

22 0.495 0.206 0.299 28.80
23 0.446 0.149 0.405 33.15
4 0.450 0.225 0.325 32.18

25 0.470 0.118 0.412 32.77
26 0.556 0.074 0.370 25.04
27 0.450 0.150 0.400 30.80
28 0.364 0.182 0.454 31.10
29 0.571 0.143 0.286 27.00
30 0.286 0.000 0.714 53.14

> 30 0.524 0.238 0.238 25.86
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TAIBLE I

Results of Survivor Punction Analysis for. 4YO

Variale P (ICS<48) P (LoS=48- P (LOS>48) Ave. LOS

All vai;iables 0.441 0.239 0.321 30.87
Educatio• lvi

1 yrag SHI067
2 •. SP 0:670 0.110 0.230 31.78
GE 0.666 0.167 0.167 29.67
NHS.G 0.500 0.125 0.375 35.88
BSDG 0.367 0.409 0.223 39.18
Ccllege 0.600 0.240 0.160 28.96

Sex~
Male 0.391 0.389 0.220 38.29
•emale 0.667 0.000 0.333 37.00

Race
Shite 0.387 0.389 0.220 37.74
Black 0.424 0.288 0.288 39.36
Ctber 0.307 0.500 0.193 39.42

eaetal Cat
Cat1 0.333 0.429 0.238 41.14
Cat2 0.376 0.368 0.256 38.63
Cat3a 0.324 0.485 0.191 35.78
Cat3b 0.427 0.427 0.146 37.29
Cat4a 0.394. 0.346 0.260 38.10
Cat4b 0.465 0.296 0.239 36.66
Cat4c -- -- -- --

darStat/No. Deps
Singjej/o 0.393 0.402 0.205 37.88
Mazr4.ed/0 0.550 0.150 0.300 38.85Barriedl -- -- -- -
Marrie d/2 -- -- --

Military Skill
11B 0.359 0.412 0.229 39.43
13B 0.434 0.352 0.214 36.73
31 m ---

S4B ....
Age

17 0.418 0.436 0.145 36.86
18 0.349 0.429 0.222 39.56
19 0.353 0.431 0.216 39.12
20 0.797 0.018 0.185 28.92
21 0.455 0.394 0.151 36.73
22 0.476 0.238 0.286 38.19
23 0.662 0.040 0.298 33.15
24 0.675 0.050 0.275 32.18
25 0:47 0.000 0.353 32.77
H 0__00 0.125 0.375 33.50

29 .30 -

>30 -- --
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TABLE UXI

Attribute Values P.;owiding Lowest Risk of•AttriticaP SIO

VariaUle Lowest 1 (attrition) Next lowest P(attrition)
E ducation-

Level HS]G College

Sex Hale Female
Race Other Black

Mental Cat. 3A 1

aarital Stat/
Nc. of Deps H/2 S/0
Age 28 19

aCS 761 31H

TA BIE X11
Attribute Values Ploaidinq Lowest Risk of

Attr tiong4!O

Variakle Lowest f(attrition) Next lowest P(attrition)
Education

---Level HSG. NHSDG

Sex Male Pemale

Ace Otter white
Mental Cat. 3A 1
Maaital Stat/
No. of Deps S/0 5/0
Age 18 19

mcs lit 311
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TABLE XIV
Attribute Values Eroviding Highest Reenlistment,3 TO

Variatle Lowest P(reenlist) Next lowest P (reenlist)
Education
Level HSCG NHSDG
Sex .Male Female

Race Black Other

Mental Cat. 1 4C

Marital Stat/
Nc. of Deps /3 11/2

Age 30 28

fCis 76! 311

I TTABLE XV

Attribute Values froviding Highest Reenlistment.40O

Variable lowest P(reenlist) Next loaest P (reenlist)

Educaticn
Level NHSEG 2 yrs HS
Sex Female Male

Race Black White
Mental Cat. 4A 2

Maxital Stat/
No. of Deps 8/0 S/0
Age 26 25

MCS 11 13B

Si ii . il i i ,m u 8 1



/" .

V. JES L ..S CONCLUSIONS' i

1. GINEEA, j
in intuitively pleasing,simple methodology was presented

for the study of perfornance in the form of length of

service of U.S Army enlistees. Some Explorato:.y Data

Analysis techniques were demonstrated through the use of the
IBM GE•PSTA7 data analysis package. The interactive capa-

kilities of the package and the APL language were explcited

to prcvide a means of rapidly manipulating and observing the

selected data. Tle tools proposed, the draftsman's

displays, toxplots and survivor functions, were used on
actual cohort data ficm the Defense Manpower Data Center.

Several possible explanatory variables and their associ-
ation with performance were presented based on the

Exploratcry Data Analysis. Confirmatory analysis was
perfcried to suppcrt the Exploratory Data Analysis.

Probabilities of enlistee attrition and reenlistment were
provided using a survivor function analysis for each cf the
candidate explanatory variables. Attributes that presented

the highest risk of attrition and the highest prcoability

were presented.

The increasing ccst of "assessing,dressing and training"

today's Army enlistee coupled with the diminishing supply of
17-21 year old prospective enlistees have prompted research
effort tcward gaining insight into those personal attributes
that produce the most successful soldier in terms of first
term completion. The basis for understanding the relation-

ships o~f these personal attributes and for using this
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understanding in recruiting rclicy lies in the ability to

rapidly analyze the available data on current enlistees and

to present the analysis in a form that is understandable and

useful for the decisicn maker.

This thesis has presented a broadly applicable and
simple methodology, using Exploratory Data Analysis through

the interactive capability of the IBM GRAFSTAT package and

the AE1 language, for defining the area of analysis, identi-
fying errors in the data, reducing the dimensionality of the

problem, and determining relevant association of personal

characteristics of enlistees to performance. The bonds

betveen Exploratory tata Analysis and more classical statis-

tical analysis were demonstrated. Use of survivor function

analysis provided statistics on chosen explanatory vari-
ables, indicating the importance of these characteristics.

7he further application of the methods in this thesis
and of Exploratory Data Analysis in general should increase
the practitioner's ability to make sound decisions regarding

future manpcwer planning issues. With the increased avail-
ability cf graphics-capable personal computers, Exploratcry

rata Inalysis is relevant at all levels of decision making.

C. RICORRI!DED PURTBIR RESEIRCH

The folloving items deem further research:

1. A comparison of Exploratory Analysis techniques in
this theses to other data analysis packages such as
those available in BMEP and SAS (see [Ref. 171 and

[Ref. 21] ) vould be uieful in determining advantages
and disadvantages of the different approaches in
variabie selection and error identification. In
particmlar, tte Cox proportional hazards model in the

BIDP program p21 [Ref. 17: pp. 576-594] uses a step-
vise approach to identify important explanatory
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variables and estimates the survivor as well as the

hazard functicn for further analysis. Note hcwever

that models such as this Cox proportional hazards

mcdel for estimating the effect of concomitants on

survival curves are not applicable because of jumps

in the survival functions at known times. Mcre

research is Deeded to determine how to apply the
mcdel to such a function with this large discrete

Jump.

2. Ihe Graduate Equivalency Degree programs cffered
throughout the United States need to be analyzed in

detail for standards used in awarding the certifi-

cates. The, ide variance and the poorer performance

of the GED hclders indicate that non-high-scbocl-
diplcma graduates should be treated separately in any

analysis, contrary to the popular grouping of the two

categories. Perhaps different GED levels would
provide insigbt intc future performance at least as

well as the different levels of high schocl status

have.

3. The trends and probabilities have been presented as a

methcdology on only a 10 percent sample of the data:
ccuparisons cf these cutcomes to other data sets
wculd be useful in the determination of prediction
pcssibilities.

4. modeling of the survivor curves would prcvide a

detailed account of the actual contribution of each /

explanatory variables using multivariate regression
techniques. Again further research is needed in the

applications cf modeling techniques to survivor
curves with the noticeable jumps at known times.
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EZPLORATOBY DATA ANALYSIS TECHNIQUES

Ezplcratory Data Ana.ysis technigues are usually first

attributed to Jchn V. Tukey in his book by that title

[Ref. 221. Exploratcry Data Analysis for the purposes of
this thesis will be defined as "the activity of examining

data, both graphically and through numerical summaries, for

the purpose of revealing properties of the data itself, and

vith luck, of the ;rocesses giving rise to that data."

[Ref. 23: p. 2]. 7bus EDA techniques can be thought cf as

"informal " techniquess to examine the data prior to
"formal", more classical analysis techniques, in order to

prevent needless calculations irrelevant to the investiga-
tion at hand. Quite often more can be learned about the
data in this initial, informal look at the data. As
Chambers et. al. ;cints cut, graphical EDA methods are
perhaps most effective in tLe initial glance at the data to
limit the scope cf the investigation to only those variables

that are pertinent [fBef. 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

produce tabular data.

One particular method of multivariate analysis is the

sultidimensional array of scatter plots ialled a "general-*

ized draftsman's display"of the data [Ref 12: pp. 136,145].
An exawple display is seen in Figure A. 1 This figure demon-
strates bow the pairuise scatter plots ar~e arranged so that
"any adjacent pair of plots have an axis in ccmmcL"

[Ref. 12: p. 145]. All variables of i terest, then, for
the entire data set can be displayed as tAe first phase of
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the investigation. Then one can rapidly and effectively

detersine if trends exist and for which specific pairwise

association of variatles.
Captain Malcolm Johnson, a student of Operaticns

Research at the Naval Postgraduate School, has developed an

APL program called "draftsman" that is imbedded in IBM's

GRAFS72T package on the school's computer system (See

[Ref. 24: pp. 13-17]. for information on use of GBAPSTAT)

that organizes any data set into a draftsman's display.

This program alsc allcvs for transformations of the data and

for jitterii • of the data. His efforts have been published

as a laster's thesis that includes a tutorial for use of the

"draftsman" program. CRef. 13]. This program will be

utilized in the initial phase of the data analysis efforts

of this thesis.

Cf course, the draftsman's display is only the first

step of the analysis. If trends are evident, then further

analysis should be performed utilizing more formal ccnfirma-

tory analysis to verify any graphically-determined associa-

tions amcng the variatles.

The use of boxpIcts is another EDA technique that is

very useful in "taking an initial look" at the data. The

boxplct is a "simple method of summarization".

The upper and lover quartiles are depicted by the "body"

of the bcx, the median is portrayed by a line, circle or

other distinguishing mark as is the mean. Upper and lover

adjacents are depicted at the end of lines extending from

the body of the bcx. These terms are defined as the

"largest observation that is less than or equal to the upper

guartile plus 1.5 times the interquartile range, and

smallest observation that is greater than on equal tc the

lover quartile minus 1.5 times the interquartile range,"

respectively. Values that fall outside the range of adja-

cent val-ues are called outside values. These are plotted as
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individual joints. See Figure A.2 for a depiction of the

components of the boxilot.

The box;lot provides a rapid "impression" of the .distri-
tuticn of the data. The median, mean, and spread are all

obvious. 7he length of the lines to the adjacent values

demonstrate the "stretch" of the tails of the distributicn.
The individual points for the cutside values allows the user
of the plot to consider "outliers" although not -every

outside value is an cutlier.

The figure also allows for some determination of the
snmaetry of the distribution of the data, simply by viewing
the slametry of the body of the box about the median line or

dot.

These plots are useful when it is not feasible or neces-

nary to capture all the details of a distribution, or when

many distLibutions need be compared. The width of the box

has no significance.

An excellent discussion of these and other EDA tech-

niques is found in EBef. 123,, from which this descripticn of

boxplots was taken.
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SAMPLE BOX PLOT
PLOT OF 50 POINTS

S- UE mARTmI.E * I.SxINTSWUARTILE DISTANCE

- LIST VAL.E , IPR • (JMTILE INTUJARTILE DISTAN

UVER QUARTILE

MEDIAN

-LOWE OMATILE-

- SMALLEST VAUA a LOWER WUARTILE - INT ARTILE ODSTANC

0 L OJARTILE - I.SxI NTEROL.RTILE DISTANIE8

IWO.IARTILE DISTANCE LPPER - OURTILE - LOWER iMnIx

,XAmPl. box plot for fifty data points trum a reginerative
simulation. The interquartile diatance equals tbu estimated
upper quartile sinus the estimated lomer quartile. The lisht
circles are dat. points vhich fall betcwes the largest value
lass than or equal to the upper quartile plus the later-
quartile diatance and the upper quartile plus 1.5 times the
laterquart1le distance. The dark circles are data with values
&aban this latter point. SiAlarly for the loint part of
the be. plot.

Piguze 1.2 Exasple Baxplot
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kEPENDIX H
BOXPLOT ANAlYSIS CF BEMAINING VARIAILES

Bcxplots cf the remaining candidate explanatcry
variables versus length of service are provided in

this appendix. Refer to Chapter 3, pages 62
through 66 for discussion on each of these
bcxplots. Remaining candidate explanatory vari-

akles displayed in this appendix are listed in
Takle XVI

TABLE ZVI

Candidate Explanatory Variables

Rental Category
Marital Status
Age
Sex
Race
Reenlistsent Code
Character of Service
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APL PROGAIES TO PERJOIN ONE-WAY ANOVA

94.4V E(3

* v Z+-ANOVA *Cr;N;K;MAX;DTSS;TSS;*TD

E13 'ANOVA WAS UPDATED 1/3/79r. SE6: ANOVAHOW FO CHANGES,'

123 4ENTEftxlippl*Y

iiC43 MAX;.rlN

E 6)3 46UM

C73 ENTER:INPUT
C83 SUM:4SKIPXU(OPTION4=i)vQ=,/+/('r=MZSS)

C93 .*OXppo4-'RUN ABORTEDm; 140 MIS-pNG VALUES ALLOWED WHEN OPTION=2,

C103 SXZP:YD4.Yx(MISS$Y)
C 11i3 SUMSO
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9SUMSQ ;C; NUMBtER ; I; BLr'PLOCK ; L6 ; EtDF ;F;MSDL MSE MS ; T Tt'F ;WTS

BAR

113 T+.+.sAYD
E2) TSS4- (+/ (+/YD*t2) )-C+- ( (+/T) X2) +1UMBEF+.+/N

C43 MSIBL4-BLSS-aBLDF4.MAX-1

£53 47XI(OPTZON=2)

163 DLSS4.BLDF4-O

E 7) WTSS4.TSS-BLSS43TSS4-(./((T*2)-:N))-c

£8) MSR4.8TSSa-K-1

£9) TDFc.NUMI'ER-1

C103 F.SR?ýMSE4-WTSSEDF4-TDF-3LDF+v-I

£113 DL *OCX4.(B-LK)-YBA+(+/T)-NlUM3ER

C123 At4OVA TBE

1133 SOURCE DF SS ms F'

CJ£63 4(OPTZON=1)/L5

C173 'a VLOCKS!II8,F13#2,F11.2,F8,21 FMT(MAX-j) VBLSS1 MSBiL,(MSI'L+:MSi

£1]L5:10 ERRORUV!9,F1:3.2F 2 FMT EDFVWTSS.MSE

£193 ID TOTALI3,19,F13.2' FMT TDFTSS

E203 'OR-SQUARtE = OVF5.31 FMT(E4TSS+BLSS)-;TSS

£21) -OOVERALL MEAN = OF1O.21 FMT YPAR

£22) -1OTREATME14T EFFECTS 0,VF6,2' FMT BTSS+.(T+H-1)-YBAP

E23) Z4-(MISSs:r)xz.-y-(MAx,#K)pr--N

£24) 4(0PTZOH=J)/Q

£253 -OBLOCK EFFECTS OF6.2' FMT B4LOCK

£26) T.-*rBAR+SLOC'(.*+BTiSS
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V OL4-E FMT R;S;W;c;G;Xý-;T;K ;J;M;G3;P;DP.4;0L;N,'V;CH;I
4

C£13 H+~R(r+Rf
E 23 OL4.((1=11+M)+ 1 0 xm-++41PH-d' )&-02468,

£43 L: 4 -IiVY(XP+44xQ?K4'?+-' ')AW/('A'v04"'£I')2s

,')+S

£63 -*E+xrSt.'TEXT DELIMITER'

£7 3 4L-X(9KK-K-+)KL+P+P+(X~K+-$' 
10)+i.'

C83 61(+IG+e)L-xfK$+++X'K(~. 
p')/K

£93 4 L3 Xl(B+/G)hXM£E234-l0jI1l-&(I 
11-GIO)ltK

£10]3
£113 *e4-(l+,x.( (irt-)L(M[13M) rw)+a)0E

C 123 L3:4(M+DXlIH&'Xl gX) ,E-fX.--WDi-0JP4-( (M-Ho)X1,W')f'..

C £1331 4 L4-lm1hLQ41+tfR4(O 1 XPP 4 -R£;lm[23+-LM£23rQXVArs3)+ýR

C141J PtP?10*L4Ll06IP+0=P

£163 L4*4(pj+pL)/Fp,:
44(1 0 XpjJ7'ý pfJ,,./(OPBr

C 173 (L-rXJ-Z KrXT-TO.+lorP))+-WDOm+)/

£183 4 E+XfS4.-FZELD 
WIDTH'

£203 T~JP~ t3.+pP+E +-'Ej2X~& Z(O!OTIL

C23F:4(Jv2±Dxm'T'gX/ +.~-Cl jFDl)rmll3,X,,

[23D~- (-H)+(Dr .xX£"C2+D301t&) o,4-D-

1233 XHXXDlX.X4
£243 1:4 (j4 .jvo=+/o4 0rL-O)/I+fD~pPP-GA[l+N(Li10)TL 

IP'.

£253 P+Dp (10O-GOO)\( 1O+Oo* <(-G),lL+G4.1+FG)/,Fý

C263 4H -J L.' ' X P T I +.+ i P.,,; 4lt

£273 P4-Xfr(,p*4O)\(,O+.vt<+,O)/,P

£283 4 (oH)/E-N4.1,D4OP+.P(r x4.WXI-2XL)4'P

£293 HDC4(~--++O~C3PDP+IlC)IC~C)C
-a 303 D4-,(MC23tx)t' 0 -1

.5' - 313 .4(LQ-VAXO) ,pOLi-OL, ( (l=lM)+MXJ1p4)jrD, 
,'

£32] E#:+.'40'" VALID Ey 1,Z, OR F PHRASE-

C333 (iT'FMT PROBLEM ',K),t(1,fs)pS
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I.- APZNDIX i

* INPUT SCREEN FOR IBM GRAPSTAT CDP PROGRAM

711p 0 PLOT3YZ

9 1PWIS ~I

11-S s, of 4 owI0VCZ 6rfLt(S); 9
li (yjk) y

PLO? Whom (116 GUMS) 1

9 WES i.ML (101 0.07111
YZILMC% (Us 0.0711) 4

VALE 1 -Ji 12 Lt..33 VD4Aw ;.13 LT"3 a 1

.?A&1.O fto I , , LINKT"9(1 i1

~00
Does.0 ff..IdqLp 2vjI1WTA~cg(327§) 3WKT~fiW~T
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SURVIVOR CURVES FOS 3 YEAR ENLISTEES

This Appendix contains survivor curves for FY79 3

year-obligated enlistees for the six candidate

explanatory variables listed in. Table XVII belcv.
Tabular summaries of the analysis and discussicn of

the analysis is provided in Chapter 4 of this

thesis.

TABLE XVII

"Candidate Explanatory Variables

Sex
"Race
""•ent al Category
lar tal Status7lumber of Dependents
"Age
-&litary Cccupational Skill
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11PENDIJ L
SURVIVOR CURVES POE 14 YEAR ENLISTEES

This Appendix contains survivor curves for FY79 4

year-obl-igated enlistees for the six candidate

explanatory variables listed in Table XVII below.
Tabular summaries cf the analysis and discussicn of

-~ the analysis is provided in Chapter 4 of this

thesis.

TABLE XVIII
Candidate Explanatory Variables

Sex
Race
Mental Categovr
Marital Satd usenumber of Dependents
Military Cccupational Skill
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