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ABSTRACT

This thesis attempts to verify, validate, and then expand a model of the population
of college students that may be qualified and interested in seeking a commission in the
United States Marine Corps. The model supports allocation of recruiting goals, location
of officer recruiter resources and boundaries, and analysis of the officer recruiting
market. It functions by generating institution-level forecasts of the male baccalaureate
cohort, by race and attendance status, and above a certain test eligibility threshold. This
research conducted a survey of colleges and officer recruiters. It determined that the
model cannot be validated, for the postsecondary education system cannot provide
precise measurements. College survey responses are enhanced with imputation, and then
compared against the model’s output in order to gain some understanding of the model’s
performance. The study then proposes a measure of college student propensity to seek a
commission, based on historic measures of commitment. Finally, the research develops a
flexible spreadsheet application that enables recruiting planners to analyze and forecast

population trends through fiscal year 2004.
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EXECUTIVE SUMMARY

The United States Marine Corps obtains a majority of its officers from the
population of college students within the United States and its territories. As such, it
dedicates significant resources to recruiting on college campuses. During the late 1990s,

Recruiting Command officials decided to develop a new model of the market.

During 2001, the Center for Naval Analysis modeled the college population that
is qualified to enter these Marine commissioning programs. Marine Corps Recruiting
Command planners have since used the model to allocate recruiting goals and resources.

In the meantime, they requested an evaluation and expansion of the model.

The sponsors of this research wanted several results. First, they wanted to know
if the model’s methodology and assumptions were sound, and they requested a validation
of the model’s output. The sponsors noted three limitations of the model. The model
does not account for the propensity of students at a particular institution to join the
Marine Corps. The model also is static: its predictions are based on late 1990s data, and
do not change with changes in the college population. And, while the Marine Corps
markets three programs to college students, the model only offers a measure of students
qualified for one. Hence the sponsors asked that the model’s notional output be refined
to forecast, through fiscal year 2004, the population that is both qualified and interested

to enter any one of the three programs.

This study begins by finding that model validation processes within the operations
research community employ strict standards. There also exists little published research
into the propensity of college students to enter the military. U.S. Army officer recruiters,
though, have managed to incorporate a measure of propensity into their model. And
while there exists a wealth of research into characteristics and values of college students,
information needed to validate the model tends to be held in confidence due to
proprietary and privacy concerns. It was also noted that the behavior of college students
has changed markedly since the guidelines for these recruiting programs were published

during 1989, and that the market may have contracted during the 1990s.
XVvil



The study did obtain some data. A census of officer recruiters netted 41 distinct
responses from a population that effectively numbered between 55 and 65. A survey of
four-year colleges yielded 45 valid observations from 290 contacts. It was found, though,
that few colleges are interested in or capable of measuring their qualified population to
the standards of a validation. Nearly every observation required imputation to arrive at a
count equivalent to that produced by the model. The actual qualified population could

not be counted.

The verification effort found that the model performs as discussed in the literature
that accompanied the model. This research did encounter some minor omissions from the
database, and offers that the model could be improved by inclusion of colleges in Puerto
Rico and Guam. However, the assumptions on which the model was based are plausible.
Incidentally, this study found that SAT and ACT thresholds applied by the Marine Corps
disagree with the standards recognized by the College Board, creating a situation in
which students from Midwestern colleges may face a stricter standard than students
elsewhere, and in which students recruited over the past few years come from a different

test-score percentile than students from years prior to 1997.

Because the actual qualified population could not be counted, this study could not
validate the model. It could, however, estimate the model’s accuracy by comparing its
output to imputed observations. On average, the model’s estimates exceed the enhanced
observations by five to twenty percent, if one accepts students who complete their
degrees in five years as eligible. If one counts only four-year completions, the model’s
estimates then interact with the competitiveness of individual schools, over-counting the
attendance-eligible at schools with higher migration rates by at least forty percent. The
static nature of the model makes it susceptible to variation in local college populations,
which can occur quite rapidly. When considered by ethnic population group, the model
appears to consistently overstate counts of qualified Black students by perhaps as high as
ninety percent. Otherwise, the comparison suggests that the model provides a reasonable

approximation of the qualified population.

This study proposes that propensity may be measured over time, in a given

geographic entity, with ordinal ranking of median times between applicant commitment
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(contract date) and the scheduled date to begin training. The study found support for this

method through descriptive, regression tree and classification tree techniques.

To expand the model, the study increased the number of colleges within the
database and populated it with U.S. Department of Education enrollment and completion
counts going back to 1996. The effort then applied forecasting techniques to the data in
order to obtain over 50,000 point forecasts that will enable planners to consider the
qualified population, at 1,044 colleges, for any of four ethnic populations, for any of three

officer recruiting programs, through fiscal year 2004.

In conclusion, MCRC officials may place confidence in the methodology
developed by Jareb and Parker, though its output must be considered under some
conditions. Attendance and test-score eligibility rates can change rapidly, jeopardizing
the accuracy of some forecasts. Barring this local variability, the model seems to
measure proportions of qualified candidates reasonably well. Given this local variability,
the model may underestimate counts at certain schools, though on average the model
appears to overestimate the aggregate qualified population by five to twenty percent.
Two exceptions stand out: Hispanic QCP within the 6th District appears understated due
to exclusion of Puerto Rican colleges from the model, and counts of qualified Black
students at any college appear overstated by perhaps ninety percent due to the use of test-
score eligibility criteria on which black students routinely score, on average, significantly
lower than the population used to establish score-eligibility percentiles. The enhanced
spreadsheet application developed in connection with this research applies the Jareb-

Parker methodology to a larger database that includes Puerto Rican colleges.

Future analysis of officer recruiting would benefit if the Marine Corps conformed
to federal and academic practice of using U.S. Department of Education codes instead of
codes unique to the Marine Corps when recording an applicant’s education experiences.
It would also benefit if recruiters and the medical processing system kept record of
students who initiate the application process rather than those who successfully complete
it. In light of significant changes to student behavior during the past fifteen years and

consistent differences in performance of students on the SAT, by race, the findings of this
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study suggest that the recruiting force would benefit from a review of attendance and test-

score eligibility guidelines.
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I. INTRODUCTION

A. BACKGROUND

The Marine Corps is unique among the nation’s military services in that a
majority of its officers are drawn from the current and recently graduated college
population, rather than from the Reserve Officers Training Corps (ROTC) or a service
academy. The Defense Data Manpower Center (DMDC) estimates that in FY99, 63
percent of United States Marine Corps (USMC) officer accessions entered through
Officer Candidates School (OCS), versus only 22 percent DoD-wide (DMDC, 1999).
These civilians obtain their commissions through OCS at Quantico, Virginia. The
Marine Corps operates two programs for these candidates at OCS. One—the Platoon
Leader’s Course (PLC)—trains college students, prior to starting their senior year; the
other—Officer Candidates Course (OCC)—focuses on seniors and recent college

graduates.

This research verifies, validates and expands a model used by the USMC that
identifies a critical population within its officer recruiting market. Mr. Anton Jareb and
Ms. Laura Parker of the Center for Naval Analysis (CNA) proposed this model during
April 2001. The Marine Corps Recruiting Command (MCRC) adopted the model and
used its output as a basis for allocating fiscal year 2002 officer recruiting goals to its
subordinate entities. Output from the model also supports decisions to reposition officer
recruiting resources. The model may be used by recruiters to explore the ethnic
distribution of potential candidates in their territories. This paper refers to this model as

the “Jareb-Parker model.” (MCRC, 2001)

The Marine Corps assigns nearly 80 officers for the sole purpose of pursuing
qualified PLC and OCC applicants. The Jareb-Parker model supports their efforts by
estimating, by race, the available number of mentally qualified male bachelor’s degree
recipients produced annually by United States colleges and universities. This output is
labeled “Qualified Candidate Population” (QCP). The model bases QCP for a given
institution on enrollment, selectivity and graduation data obtained from the U.S.

Department of Education and from commercial rankings of colleges and universities.
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B. OBJECTIVES

This research attempts to achieve three objectives.

1. Verify the Jareb-Parker Model

First, the research attempts to verify this model developed by Jareb and Parker
and currently in use at MCRC. Verification entails review of the model’s design and
assumptions to determine how well they address the problem. This process also
compares the data within the model against its source, to ensure the information was
accurately transcribed.

2. Validate the Jareb-Parker Model

The research next attempts to validate the output of the model. A review of
related literature found many opinions on the definition of validity. This paper defines
“validity” as the ability to measure that quantity which one intends to measure. It
attempts to validate the model with the strict procedures encouraged by literature in the
operations research community. More specifically, the research accepts the model as
valid if its output and proportion of ethnic distribution are accurate to within ten percent

of most recently available observations.

The figure of ten percent was discussed and agreed upon at an interim progress
review during March 2002. Representatives from both MCCDC and MCRC attended. It
was felt that this amount of error retained enough credibility in its output to support its
intended uses, while allowing for a model’s inherent nature as an approximation of
reality.

3. Expand the Jareb-Parker Model

a. Expand the Model To Include College Cohorts

Next, the research attempts to refine the output of the model by stratifying
QCP by “level” of college attendance: i.e., freshman QCP, sophomore QCP, and so on.

b. Expand the Model To Include a Propensity Measure

The research then attempts to identify a measure of propensity to enter
Marine officer commissioning programs, and to incorporate this propensity measure into

the model.



c. Forecast Population Shifts
Finally, the research forecasts the size of the qualified and interested
officer recruiting market in FY 2002, 2003 and 2004. A computer application was
developed to enable others to tailor forecasts to regional groupings of colleges.
C. RESEARCH QUESTION
This research seeks to answer the question, “Is the Jareb-Parker model useful in
deciding where to focus officer recruiting efforts?” In other words, does the model
represent the college population well enough to enable informed decision making by
those involved in Marine officer recruiting? An answer to this question depends on the
availability of acceptable data from colleges and universities. The model will certainly
be useful if it can be shown to be valid. The research also seeks to answer the question,
“Can this model be improved by considerations of propensity?” If so, is data available to
support a credible measurement of propensity in the college population? Finally, the
research considers how the model’s forecasts may change over the near future.
D. SCOPE, LIMITATIONS AND ASSUMPTIONS
1. Scope

The Department of Navy operates several programs that commission Marine
officers, including a service academy, the Navy ROTC, reserve officer programs (PLC
and OCC) and enlisted commissioning programs. This study considers only two of these

programs: PLC and OCC.

These two programs are open to various levels of college students and college
graduates. In the process of validating the model, this study narrows its focus to students
attending regionally accredited, bachelor’s-awarding colleges within the United States.
Two-year colleges, law schools, specialty schools, and the young, skilled labor force are
thus beyond the scope of this project. Colleges located within U.S. Territories are
discussed in the sections that cover verification and expansion of the model. And unless

otherwise noted, enrollment figures pertain to male U.S. citizens.

Finally, all mention of the SAT (formerly known as the Scholastic Aptitude Test)
refers to the SAT I version of the test.



2. Limitations
The data used in this study were obtained through a survey, a census and from
five existing databases. The following section describes the limitations encountered with
each source.
a. Data Collected by Survey of Colleges
This study contacted 290 U.S. colleges for information that would support
validation of the model.

(1) Opportunity Sample by Institution Control. Field
measurements of QCP may be biased because of different policies towards publishing
admission test scores. Public institutions tend to be more open with this information.
Institutions under private control, however, tend to regard this same information as
proprietary, and so tend to release it only to the U.S. Department of Education or private
consortia, where its confidentiality is safeguarded. Accordingly, the data collected from
colleges do not represent a simple random sample. Privately controlled institutions
comprise 53 percent of Jareb and Parker’s database, but only 46 percent of the sample of
observations. The sample is biased towards public universities, at the expense of private
colleges.

(2) Opportunity Sample by Enrollment Requirement. The sample
of QCP field measurements is also limited by variable admissions requirements at U.S.
postsecondary institutions. In developing their model, Jareb and Parker identified seven
different approaches U.S. colleges take towards admission test scores. The Jareb-Parker
model hence applies any of seven different methods to estimate the level of mental
qualification in a given student body. Some of these methods have a regional flavor:
public schools in the Mississippi and Ohio River basins favor the American College Test
(ACT) over SAT scores, for instance. Some of these methods are influenced by
institution size or control. This study was unable to obtain large enough samples of data
from schools applying some of these methods, so the study is limited to examining the
performance of the two most common methods employed by the model: SAT
Distribution and ACT Distribution. These two methods, though, account for 87 percent

of the cumulative national QCP.



(3) Restricted Sample by Institution Size. The sampling method
used to obtain college estimates of QCP was restricted to larger colleges. Even within the
sampling frame, though, many colleges proved unable or unwilling to provide
information supporting this research. Smaller institutions tend not to employ full-time
analysts. Maintenance and analysis of the student database at such schools, in fact, is
frequently a collateral duty of the registrar, academic provost or information technology
director. Such schools tended to lack enough dedicated analysts to support this research.
Larger institutions, on the other hand, normally employ full-time analysts in either an
office of institutional research or an office of planning, but receive more requests for
information, and have more complex data sets to manage. Some such institutions
declined to participate because of inadequate resources, and many others declined due to
policies that prevent work in which the institution gains no tangible “value-added.”
Some private institutions replied that their attorneys counseled against participation in
this survey. Chapter V discusses in detail this bias towards larger schools.

(4) Limits on Precision. Many universities responded to a request
to measure their QCP by stating that their databases were not designed to support such
analysis. Numerous explanations were given. Some institutions do not require
admissions test scores, and few require test scores of transfers from other institutions.
Some institutions are unable to match students in their database to their admissions test
scores. Nearly all institutions were unprepared to consider their student data from the
standpoint taken by this study. Most tasks faced by these analysts require them to start
with students in an entering freshman cohort and track their progress to the point that
they exit the system; this study asked colleges to start at graduation, then work
backwards, something many college databases were not designed to support. Hence, 41
percent of the counted students at each reporting school, on average, required some kind
of assumption about their attendance or test-score eligibility. This limitation voids the
ability of this study to validate the model to scientific standard.

b. Census of Officer Selection Officers (0OSO)
This study, in cooperation with MCCDC and MCRC, developed and
administered an 84-question census of the officers currently in the field, recruiting

candidates for the PLC and OCC programs. Results from the census were applied to
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verify assumptions within the model, and to identify potential propensity measures. The
census obtained 41 unique responses from the population of 71 OSOs who recruit from
college populations. The response was limited by spring turnover of some OSO billets

and by concurrent changes within the MCRC officer recruiting structure.

Table 1 displays response rates for each recruiting district. Responses
from regions in New England and the Southern U.S. (the 1%, 6™ and 8" Districts) are

limited to half of the assigned respondents.

Recruiting District Number of Number of Response Rate
Assigned OSOs Respondents
1 15 7 47%
4 12 10 83
6 10 5 50
8 10 4 40
9 12 8 67
12 12 7 58

Table 1.  Response to OSO Census. (Created by Author)

c Data Collected from Existing Databases

(1) Applicant Records. Marine Corps Recruiting Command
provided records on 14,940 applicants to the PLC and OCC programs between FY 1992
and FY2001. This database supported verification and development of a propensity
measure. The data was maintained in the Automated Recruit Management System
(ARMS) database. As the title indicates, this database exists to communicate the real-
time status of a candidate’s application as it works through several levels of review. Its
value as a source of information about past officer program applicants is limited by
varied reporting and record-keeping policies over the decade of its existence. From this
database, 14,613 (97.8%) records were complete enough to support the verification, and
7,063 (47.3%) records were selected for the propensity measure, based on their relevance
and completeness.

(2) Candidate Records. Officer Candidates School provided data
on over 9,000 officer candidates who entered OCS during the years 1993 — 2001.

Records from the years 1992 — 96 are generally limited to paper graduation rosters and
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class standings. 1995 records are less complete, as OCS kept data only on those 1995
candidates whose home of record was California, due to a legal matter that drew the
attention of some state officials. The data collected starting in 1997 is extensive and
complete, and includes reasons for candidate failure and many demographics such as
college major and physical fitness test scores. This database was used to clarify issues
that arose within the ARMS data.

(3) Commissioned Officer Records. @The HQMC Office of
Manpower and Reserve Affairs provided accession files on 28,252 Marine officers
commissioned between fiscal years 1980 — 1999. This database, named the Marine
Corps Officer Commissioned Officers Accession File, was developed by the CNA. It too
was used to clarify issues that arose within the ARMS data; it is complete and correct for
purposes of this study.

(4) U.S. Department of Education Postsecondary Education Data.
Most of the data that supports the Jareb-Parker model and the forecasting model
developed by this study was obtained from the U.S. Department of Education’s
Integrated Postsecondary Education Data System (IPEDS). IPEDS is the mechanism
through which the federal government measures the success of the United States
postsecondary education system, as well as one means by which it evaluates compliance
with federal regulations regarding the opportunity and treatment of minorities and college
athletes. Nearly 10,000 postsecondary institutions supply information to IPEDS on an
annual basis. Hence, this data is self-reported. Once submitted, the data undergoes a
lengthy adjudication process before publication. The potential cost associated with
inaccurate reporting to the federal government, and the adjudication process, suggest that
this data is the most reliable available. It is also, however, somewhat dated. At the time
of this study, the latest data available—autumn 2000 reports—was over two years old.

(5) Barron’s and Other Private or Commercial Sources. An
important mechanism within the Jareb-Parker model relies on data obtained from
Barron’s College Admissions Guide. This study continued use of this data, as well as

data from the Carnegie Foundation, US News and World Report’s America’s Best



Colleges and the Common Data Set, a commercial media enterprise in which most four-
year colleges participate. Such sources rely on self-reported data.

3. Assumptions

This research assumes that the Jareb-Parker model attempts to measure that
quantity that MCRC desires to measure. In other words, it assumes that MCRC officials
clearly communicated the attribute they wanted measured, that this desire has not

changed, and that Jareb and Parker understood and designed their model to measure it.

Examination of the model’s performance required several assumptions that are

discussed in Chapter V of this study.

The expanded forecasting model developed by this research relies on the
assumption that the U.S. Department of Education will continue to maintain publicly
accessible enrollment and graduation data in a system such as IPEDS.

E. LITERATURE REVIEW AND METHODOLOGY
1. Literature Review
This study presents three bodies of literature, covering the topics of model

validation, officer recruiting market and military recruiting models.

Discussions of model validation presumably extend back to the time of ancient
Greece. Since the acceptance of computer simulation as a credible form of modeling, this
topic has received renewed interest. Some in the military operations research community
have proposed the highest of standards for warranting a model as “valid.” The review of
related literature discusses these standards and contrasts them to other common model

validation processes and standards.

The subject of college demographics has generated an occupational field known
as “institutional research” (IR). The U.S. Department of Education, every state
government and nearly every U.S. postsecondary institution employ statisticians who
collect, analyze and disseminate information about college students, faculty,
administration and facilities. Numerous consortia and research institutes collaborate on
these studies. U.S. News & World Report, Barron’s and several other major media

efforts purchase, reformat and market the work of those in the IR field. Some of the data



and research reports, though, are free for public use. The review of literature discusses
recent findings by the IR community regarding the behavior of college students that may

have influenced the past performance of the Marine officer recruiting structure.

Since the repeal of military conscription in the early 1970s, the field of military
recruiting has generated a wealth of research. The vast majority of this literature studies
enlisted, not officer, recruiting. This makes sense, considering that during FY99 the DoD
enlisted 11 personnel for every officer it commissioned onto active duty (DMDC, 2000).
The methodology employed in these studies serves as a useful guide, but the conclusions
do not necessarily apply to the officer market. This enlisted-centric approach has lead to
a void in data about officer program applicants and college and recent graduate
populations. That research specifically focused on the commissioned officer market is
generally of little value to this effort, for it is influenced by programs beyond the scope of
this study, or is contracted from commercial vendors who retain proprietary interest in
their work. The review of related literature discusses recent attempts to model the
enlisted market, and discusses a model used by the U.S. Army to establish goals for its
officer candidates school recruiting efforts.

2. Methodology

This study tests the Jareb-Parker model along three axes: the credibility of the
model’s methods and database; the suitability of its underlying assumptions to the
problem at hand; and the agreement of its output with enhanced observations of QCP.
The analysis begins with a review of the methods employed by Jareb and Parker to
estimate QCP. The research checks for erroneous transcription of source information to
the database that supports the model. Then, the research discusses the assumptions that
underlie the model, and their concordance with the perceptions and needs expressed by
surveyed MCRC personnel. Finally, the study compares the model’s output, and critical
coefficients, against field measurements obtained through survey of postsecondary
institutions and enhanced by imputation. Statistical tests are applied to judge the

significance of the difference between the predicted and observed values.



The study then develops a measure of propensity and measures of effectiveness
against which to gauge the propensity metric. Regression and classification trees are

used to further support the measure.

The Jareb-Parker model is then expanded by increasing the number of colleges

within the database and by adding IPEDS enrollment and completions data.

The project concludes by forecasting QCP through fiscal year 2004. A
forecasting method is selected based upon observed behavior of baccalaureate cohort
sizes over time. Fields are created in the database to support this forecasting. User forms
and a macro are programmed in Microsoft VBA to develop the forecasts and provide
MCRC planners with a flexible tool with which they may examine QCP counts at user-
selected times and locations.

F. DEFINITIONS AND ABBREVIATIONS
Appendix H contains a glossary of the terms used throughout this paper.

10



II. LITERATURE REVIEW AND THEORETICAL
FRAMEWORK

A. LITERATURE ON MODEL VALIDATION

Recorded discussions of model validation may extend to the time when ancient
Greek astronomers debated models of the solar system. Models range from the simplicity
of a single equation to the complexity of contemporary nuclear warfare simulations. The
dialogue over validation rarely distinguishes between the simple and the complex;

regardless of size or purpose, the same processes can apply.

Since the Allies introduced computer-aided modeling techniques to help guide
their efforts in World War II, modeling of natural phenomena has become a prominent
feature in national security and industry. The uncertainty and huge datasets introduced
by computer simulation and the stakes of such issues as the Vietnam War, the Cold War
and nuclear conflict seem to have driven decision makers to demand that analysts warrant
the outcome of models used to guide policy in these areas. One gets the impression from
model validation literature of the past four decades that this pressure often lead to
premature decisions, and drove significant debate over the process and definition of
validation (Arrison, 1969; Hoeber 1981; Thomas 1997). It is apparent that defense-
related fields often take a stricter approach to model validation than the broader scientific
community. The disagreement centers on the standard to which models should be

validated.

James Arrison, an operations research student at NPS (graduating class of 1969),
described the environment of model validation during the late 1960s. The client and
analyst agree on the degree to which the disparity between actual and simulated output
may differ. The data is gathered; one classic statistical test—paired t-test, Kolmogorov-
Smirnov, binomial, Fisher or Wilcoxon—is applied to the outcome. If the difference in
the results remains plausibly within bounds, the model is declared “valid.” Arrison
agrees with this philosophy, but suggests two shortcomings with its implementation: the
concepts of cost and utility are ignored by the analyst but not by the decision maker, and

the use of a single test both reduces the outcome to a pass/fail test and requires
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underlying assumptions, such as the assumption of equal variances, that might not be
appropriate. Arrison proposes that the validation process present the client with results
from several parametric and nonparametric tests, as well as results from utility analysis,

such as cost minimizations for a range of levels of significance. (Arrison, 1969)

A 1981 review of defense-related modeling efforts by Hoeber advocates a three-
step validation process that is evident in many contemporary scientific reports. The first
step should ascertain whether the model is the most appropriate available for the problem
at hand. Next, validation should establish if the underlying assumptions and theory are
sufficient for the problem. Finally, the validation should compare the model’s output
against observed data. Hoeber offers that, ideally, all models should be validated, but
that many cannot be. Furthermore, he indicates that a client may refuse to accept insight

gained by the model, regardless of the status of the model’s validity. (Hoeber, 1981)

Apparently in response to controversial performance of combat simulation models
during Operations Desert Shield and Desert Storm, the RAND Corporation and the
Military Operations Research Society published more essays on model validation
(Hodges and Dewar, 1992; Thomas, 1997). These essays offer the following discussion

on “validity.”

First, a model’s purpose matters. This purpose will drive the method chosen to
attempt validation. Models either predict outcomes, or improve understanding of a

system. The two types of models require different approaches.

Hodges and Dewar define prediction as production of “a statement about an
observable or potentially observable quantity or event.” A predictive model has the

following appropriate use:

o The model makes a statement about an observable or potentially
observable quantity;

o The model’s accuracy can be measured; and

J The model’s accuracy, in its intended environment, has been measured.

Hence, these authors believe that analysts should not declare a model valid if it
simulates a natural system whose outcomes cannot be accurately measured. The

literature describes many attempts to warrant “unvalidatable” models through various
12



measures short of comparing model output to observed data. Hodges and Dewar firmly
reject common notions that a model can be validated in this manner, i.e., on the
performance of its components, on the logic of its design, or on intuition. “Validation” is
to them a warranty that should only be applied after the model has met the strictest of

scientific standards.

The notion of validity itself inspires debate. These authors maintain that
“validity” should not be considered a binary quality, where a model either is or isn’t
valid. Instead, the complexities of nature and the difficulties associated with measuring
reality require “validity” to be seen in “provisional” terms. A model may be found valid
on its first test, and from there it can accrue additional validity with each passing
inspection. Conversely, experience can cause a model to lose validity. Hence, the

Hodges and Dewar concept of validity carries a degree of confidence.

This observation leads to an apparently obvious statement: a model must be
validatable to be validated. Such a statement may appear elementary, but the authors
have observed attempts to validate models that cannot be validated. The 1980s literature
offers several examples of widely used DoD models that saw extensive validation efforts,
which proved elusive for want of data. Hodges and Dewar suggest that validation of a
predictive model requires four conditions of the natural system it intends to simulate.
First, the system must produce output that is measurable. The outcome must also be
repeatable, given identical input at a later time. The output must be unaffected by
parameters not considered by the model. Finally, the system must permit “ample”
collection of data. An analyst, the authors caution, should not warrant a model that fails

to strictly conform to these conditions.

Hence, models can have four states: pending-validation, invalid, unvalidatable,
valid. If, in the process of validation, a model is declared unvalidatable, it still may be
found useful. Hodges and Dewar discuss seven appropriate uses for unvalidatable
models. The authors believe a predictive model that is found invalid should be either

discarded or rebuilt.
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Literature from outside the operations research community tends to offer more
leeway in the definition of validity: “validation” is often described as only the process of
determining how accurately a model measures that quality that a client wants measured.
Such definitions seek an imprecise degree of conformity with nature, and only within
bounds laid down by the intended user of the model (Department of the Navy, 1999;
Hand et al.,, 2001). Law and Kelton (2000) offer another common definition of
“validation”: as long as the model, with its errors, provides valuable insight into the
problem at hand, it may be considered valid. With this definition, the judgment of
subject matter experts and clients determines the breadth of acceptable error. Bellomo
and Preziosi (1994) describe the validation of models such as the Jareb-Parker in
mathematical terms. Prior to validating the model, an acceptable difference between the
results of the simulation and the results of the solution must be established. Bellomo and

Preziosi call it “the level of accuracy required by the model.”

One finds general agreement across the research community in regard to model
classification. A model may be designed to describe a system in a more understandable
manner—a descriptive model. Or, a model may be designed to predict future behavior of
the system—a predictive model. Either model is an imperfect representation of a natural
system. It is unreasonable to expect a model’s output to perfectly match the output of the

natural system. A certain degree of error must be expected in any model.

Statistical approaches to model validation vary. Mathematical and scientific
journals offer thousands of model validation cases. Few of these cases discuss the
literature on model validation. Many simply collect observations or field measurements,
then apply some sort of metric to determine how well the model’s predictions conform.
In some cases, this metric involves a simple visual check of the observations and
predictions, plotted against each other. Some studies plot the ratio of predicted to
observed values; trends in the model’s predictive ability thus easily appear in the form of
points straying from the value of 1. In cases where the appropriate conditions are met,
some validations apply one or more classical hypothesis tests to gain a quantitative

measure of the model’s accuracy.

14



The Department of Navy (DoN), through its modeling and simulation office, has
formalized its validation process under a Secretary of the Navy Instruction titled
Verification, Validation and Accreditation of Models and Simulations, SECNAVINST
5200.40 (DoN, 1999). This instruction requires two validation “events” during a model’s
development. First, the DoN client approves a developer’s concepts, assumptions, design
intentions, and expected data usage. Then, after the model itself has been completed and
verified, a second validation “event” compares the model’s output against actual output
from the system it represents. Validation is thus viewed as a single finding that leads to
formal accreditation of the model. The instruction offers an approach to models that, in
the above-mentioned operations research literature, would be considered unvalidatable.
It allows the results of models to be validated against someone’s concept of the expected
behavior of a system. Hodges and Dewar reject this notion of validating against a sort of
peer or subject-matter-expert review. As for models that are found invalid by DoN
efforts, the instruction seems to indicate that accreditation would be postponed and the
model returned to the developer for modification. This study infers that the instruction
accepts the concept of validity accrual. The instruction permits the accreditation
authority to order additional validation tests, and the DoN order also permits the authority
to use the historical performance of both new and legacy models as a basis for the
accreditation decision.

B. LITERATURE ON THE OFFICER RECRUITING MARKET

1. General

The officer recruiting market may be defined as the population of 18 — 28 year old
male and female college students and recent graduates, who are physically fit and of
above average intellect, as measured by a standardized test such as the SAT. Students, to
be considered within the market, must be enrolled full-time. There is a wealth of
research into college demographics, and some of this research describes this market.
This literature suggests that over the past decade, several trends have emerged in the U.S.
college population that have altered the size and density of the population qualified for,

and interested in, a Marine officer commission.
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2. Size of the Market

The size of the U.S. college population has increased during the past twenty years.
College enrollment rates rose among young adults from 40 to 65 percent during the
period 1979 — 1995. The U.S. Department of Education found that this growth stabilized,
however, between 1993 and 1998. During the fall of 1999, 15.2 million Americans
enrolled in some form of postsecondary education. The sector considered by the Jareb-
Parker model counted an enrollment of 3.05 million: men, enrolled full-time, in 4-year,
degree-granting institutions. The increases over this decade in the overall college
population came mainly from younger, female and Hispanic sectors of the U.S.

population. (Asch, Kilburn and Klerman, 1999; NCES, 2002)

The college subpopulations from which the Marine Corps recruits most of its
officers, though, may not have experienced this same historically significant rate of
growth. In fact, Figure 1 shows that male full-time enrollment in the 18 — 21 age group
actually declined by 90,000 students during the years 1990 — 1997. Enrollment for this
group then began to rise in 1998, and is projected to rise through 2010, though not at the
pace at which female enrollments will rise. This rise since 1997 caused the number of
bachelor’s degrees conferred on men 1998 — 2000 to rise 8 percent, while the number of
bachelor’s degrees conferred upon women in the same period rose 18 percent. (NCES,

2002)

Related literature also reveals some interesting population trends by field of study.
Consider the recent distribution of fields among applicants—both male and female—to
OCC and the PLC programs in FYOl displayed in Figure 2. Over 55 percent of
applications to these two programs came from students in the fields of “social sciences
and history,” “business” and “foreign languages and literature.” Another nine percent of
applicants came from the engineering field, while four percent came from the life
sciences. This group of applicants differs from the surrounding college population in its
heavy influence from the social sciences, foreign languages and engineering, and its lack

of participation from the education, health and arts fields.
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Figure 1. United States Full-Time Enrollment in Postsecondary Education. (From:
NCES, 2002)
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Figure 2. Comparison of FY01 PLC & OCC Applicants to the 97-98 U.S.
Baccalaureate Cohort (both sexes), by Academic Discipline. (Created by Author)

During the past decade, these academic fields from which the Marine Corps
draws a majority of its OCC and PLC applicants generally contracted. Figure 3 plots the
levels for 30 years of male undergraduate participation in the five fields from which the
Marine Corps draws most of its officers. Successful male participation in undergraduate
social sciences and engineering fields declined steadily through the last decade. Business

18



degrees declined, and then rose sharply, while life sciences degrees rose, and then
declined. Foreign languages and literature oscillated around the 3,600 degrees per year
mark. Of the five fields, only life sciences posted a significant overall gain over the ten-
year period. The total number of male undergraduates who participated in these fields
declined 3.3 percent over the final decade (NCES, 2002), suggesting that the officer
recruiting market may have contracted despite an overall increase in U.S. college

participation.

College student demographics changed in another manner that affects Marine
officer recruiting: students are consolidating on larger campuses. The U.S. Department
of Education reports that the growth in college participation has affected a relatively
small number of schools. Half of the U.S. college population is now concentrated in the
largest 10 percent of campuses (those with 10,000 or more students). Forty percent of
schools enroll fewer than 1,000 students, and in total these small schools account for only
4 percent of the U.S. college population (NCES, 2002). Such a trend could favor the

small OSO force, provided the recruiters are located near the growing campuses.
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Figure 3. Comparison of Production by Most Popular OCC/PLC Applicant

Academic Fields, 1970 - 1999. (Created by Author)
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3. Persistence within the Market

Studies of student behavior often consider the quality of those who maintain
uninterrupted enrollment in a four-year institution until they earn a bachelor’s degree.
This feature is known as “persistence.” Persistence is an important trait to recruiters for
the PLC program. The MCRC instruction on officer recruiting states that four-year
completion is to be “the norm” among participants in the PLC program. Students who
fail to remain enrolled full-time disqualify themselves from the program (HQMC, 1989).
Both the Marine Corps and the U.S. Department of Education define “full-time” as
enrollment in at least 12 credit hours (MCRC, 2001; NCES, 2000).

Literature on college demographics suggests that this expectation of four-year
enrollment reduces the size of the officer market, because most undergraduates take
longer to earn a bachelor’s degree. The Consortium for Student Retention Data
Exchange (CSRDE), after reviewing retention data from over 300 four-year degree-
awarding institutions, found that perhaps only one third of freshmen who entered college
during 1993-94 achieved a bachelor’s degree in four years (CSRDE, 1999). Less than
half earned a degree even in five years. An oft-cited study by UCLA researchers Dey
and Astin observed that while one-half of 1966 freshmen obtained their degrees in four
years, only one-third of the 1982 class were able to accomplish the same. They
concluded that only two in five students completes their bachelor’s degree requirements
in four years (HERI, 1996). A U.S. Department of Education longitudinal study found
that 39 percent of students who enrolled in four-year postsecondary institutions during
the 1989-90 school year never achieved a degree; only 31 percent achieved the degree
after four years (BPS: 90/94). Hence, the Marine Corps requirement for persistent
students may mean that as few as three of every ten students seen by recruiters meet the

attendance-eligibility standard.

This recent trend of increasing time-to-graduation has probably made recruiting
more difficult. The trend is widespread and serious enough that it has generated
numerous research activities and legislative efforts. Several states have recently linked

institutional support to reduced times-to-degree.
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The literature cites several causes for this trend. Federal aid and accreditation
requirements usually require postsecondary institutions to survey graduates. These
surveys often ask about time-to-degree. Students frequently blame their extended time-
to-degree on unavailability of required courses or on an individual decision to change
majors. Adelman (1998) observed that 16 percent of students during the 1980s enrolled
without a major field of study in mind, and of the remainder, 68 percent changed their
major. Ethnic background and sex consistently appear as a significant factors in years-to-
graduation. Several other studies, though, find that high school counselors and societal
pressures drive into college many students whose aptitudes and interests better suit them
for vocational training (U.S. Department of Education, 1999). This trend of delayed
graduation may indicate that much of the increase in college population comes from

students not considered desirable by PLC/OCC standards.

Surveys and other longitudinal studies are a common technique for measuring
qualities such as persistence among college students. A recent multivariate analysis of
student characteristics and their relation to time-to-degree concluded that the students
responsible for this adverse trend in time-to-degree simply lack motivation to complete
college in four years. The study recommended that more desirable student outcomes
could be achieved by raising the current U.S. Department of Education definition of

“full-time” enrollment from 12 to 16 semester credit hours. (Bowling Green, 2000).

Along those same lines, CSRDE and Astin both found that graduation rates were
a function of institution control (public or private), selectivity, race and sex. CSRDE
tracked the survival of the 1994 first-time freshman cohort. After four years of college,
students at private colleges graduated at nearly twice the rate of public school students
(45 percent compared with 27 percent). After six years of college, 66 percent of students
at the most selective (mean SAT(C) score > 1,100) schools graduated, compared with the
least selective (mean SAT(C) score > 990) schools’ rate of 33 percent. At any level of
selectivity, Whites and Asian-Americans graduated at rates nearly double that of the
other races (Within six years of school, about 60 percent of Asian-Americans and Whites
completed, compared with 35 — 42 percent of students in other races) (CSRDE, 2001).
The final completion rate of women exceeded that of men, 61 to 56 percent. Astin (1996)

21



studied the outcome of 75,000 college entrants between the years 1985-94 and found that
women were more likely than men to earn their bachelor’s degree: after four years of
school, 43 percent of women earned a degree, compared with only 37 percent of the men.
Astin found that Asian-American and White four-year graduation rates of 50 and 43
percent consistently exceeded that of other race groups, whose rates were at or below 30
percent. Lee (2001) repeated many of these findings with a multivariate analysis of data

collected on students through a survey.

The rigor of high school preparation, though, may be the strongest predictor of
persistence. The aforementioned 1989 — 1994 U.S. Department of Education longitudinal
study (BPS: 90/94) found rates of failure among college students of the 1990s to be
similar to those found by CSRDE. The study suggests that the rigor of one’s high school
education is a better predictor of graduation than either freshman year performance or
performance on standardized test scores. This study showed that the more rigorous a
high school curriculum, the greater the probability that a student would demonstrate
persistence through college. This study also felt that a rigorous high school curriculum
helped overcome socio-economic disadvantages. Clifford Adelman, senior research
analyst at the U.S. Department of Education, repeated these results (1998). He compared
thousands of high school transcripts to the behavior of students over two eleven-year
longitudinal studies. He found that bachelor’s degree completion rates correlate most
solidly to the highest level of mathematics studied by a student in secondary school, for
any college academic discipline, meaning that students who took the most difficult math
courses in high school were most likely to complete their bachelor’s degree requirements.
This correlation strengthens for students from lower socio-economic backgrounds. These
findings suggest that officer recruiting may benefit from increased marketing to college-
bound high school students in the more challenging schools.

4. Market Forecast

The officer recruiting market is expected to expand through the next decade. The
size of the 17 to 21 year old population is projected to increase through 2010, and to
become ethnically more Hispanic (Defense Science Board, 2000; RAND, 2001). A

recent study by the U.S. Department of Education projects college enrollments to rise 17
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to 24 percent, and the number of conferred bachelor’s degrees to rise 13 percent, from
1998 to 2010. The study predicts the college population in 2010 will be only slightly
more female, from 57 to 58 percent. College age groups are also expected to shift. In
1998, 18 to 24 year olds comprised 57 percent of college enrollments; the study forecasts
this share to increase 3 percent by 2010 (Gerald and Hussar, 2001).

The U.S. Department of Education uses linear regression to produce ten-year
forecasts of the number of bachelor’s degrees conferred. This model bases its prediction
on three factors: a recent number of bachelor’s degrees awarded; Census Bureau
projection of the 18-24 year old population; and undergraduate enrollment in four-year
postsecondary institutions. The model projects degrees conferred for both sexes, under
three different economic conditions. The model has proven accurate. Analysis of
thirteen iterations of these forecasts returned a mean absolute percentage error of only 3.1

percent for two years out, and a 6.5 percent error for five years out (NCES, 1999).

Robert Senter, a 1990 NPS graduate, described U.S. Navy models used to forecast
supply of potential commissioned officers. A nuclear propulsion officer model applied
multiple regression to time-series data on such variables as money spent on advertising,
military-to-civilian pay ratio and area unemployment rate. Senter interviewed Navy
analysts who found its results inconsistent, due to an insufficient number of observed
time periods, possibly inaccurate observations, poor assumptions and conditions not
accounted for by the model. A more successful medical officer goaling model applied
weights to historical attainment figures, and measures of recruiter effectiveness and
competition from other sectors. Other models in use by the Navy were found inadequate
because they failed to account for propensity, contained subjective weighting factors, or

relied on outdated data. (Senter, 1990)

This aforementioned literature thus supports the inclusion of propensity in officer
recruiting models, and supports the manner of forecasting employed by this research.

S. Competitive Pressures on the Market

The competition for college graduates intensified during the 1990s (Asch,
Klerman and Kilburn, 1999; Defense Science Board, 2000). One aggregate measure of

the competition for college graduates is known as the “college premium.” This premium
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is defined as the difference between the average real wage of a four-year college graduate
and a high school graduate. Asch, Klerman and Kilburn found that the college premium
rose 40 percent between 1979 and 1995, leading them to conclude that competition for
high-quality youth (The DoD defines “high-quality” as having earned a high school
diploma and scored in the 50th percentile or above on the Armed Forces Qualification
Test (AFQT). (DMDC, 2000)) had intensified. They also suggest that this increase in
competition for college graduates reflects a permanent change to the U.S. labor market, in
that the labor market, more than at any other time in this nation’s history, requires

college-educated employees.

Because a larger percentage of high-quality youth is now drawn to college, Asch,
Klerman and Kilburn believe that enlisted recruiting efforts for high-quality youth now
compete more with postsecondary institutions then with the unskilled labor market. The
Defense Science Board (2000) concurs. Kilburn and Klerman (1999) conclude in a
related study that men not of high quality are not as attracted to the rise in the college
premium, preferring instead to chose between work or enlistment. Meanwhile, both the
Defense Science Board (2000) and Murray and McDonald (1999) found that during the
1990s, increases in recruiting resources brought less benefit (in terms of quantity of high-
quality contracts produced) than in previous decades, suggesting a higher interest in
college among high-quality youth. This trend leads the authors, and the Defense Science
Board, to recommend that DoD focus more of its enlisted recruiting efforts on college

dropouts, junior college students and even on college-bound high school youth.

The U.S. Army intends to follow the aforementioned suggestions. The service,
for many years, has maintained a presence on dozens of U.S. colleges through its ROTC
units. A majority of its officers are commissioned through participation in these units.
Its enlisted recruiting battalions have also maintained a small presence on U.S. colleges,
recruiting college students for a program the Army calls “Enlisted-to-OCS.” This
program is similar to the Marine Corps PLC (Combined) program. College students
make a commitment to serve in the Army. After earning a bachelor’s degree, the
graduate enters boot camp as a private. Should the college graduate succeed through
boot camp, he or she is offered an opportunity to proceed directly to officer candidates
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school. During FY 1998, the service sought to commission only 50 college students
through its enlisted-to-OCS track. This goal is expected to increase 14-fold in two years’
time. The Army anticipates recruiting 700 students into its enlisted-to-OCS program

during FY 2003. (Gillen, 2001; Howell, 2001)

Hence, the literature reviewed by this study suggests that not only have OSOs
faced a smaller market over recent years, they faced increasing competition from the
private sector and may soon face more vigorous competition from U.S. Army recruiters.

6. Migration in the Market

Any attempt to validate a college population model is complicated by a rising
trend in college student migration. Adelman (2001) refers to the 1990s as “the era of
multi-institutional attendance.” His study of engineering student transcripts suggests that
one of every six bachelor’s degrees is now awarded to a transfer student. Migration
complicates any effort to measure actual graduation rates, because few if any schools
record the time spent by an incoming transfer student in other schools. It also makes it
impossible for most schools to measure the performance of all their students against
standardized test performance in high school, because few, if any, schools record the
SAT or ACT score of a student who transfers in from another institution. Transfer
students are valued more on their college academic performance than on test scores
earned as a junior or senior in high school. Longitudinal studies or surveys are the only

method to measure the true persistence and intellect of these migrating students.

Officer recruiting efforts that ignore migrating students may miss a large number
of qualified people. Adelman (1998) concluded that migration stems more from
uncertainty about major choice than from sloth or academic difficulty. Adelman also
found that students who enter four-year institutions from community colleges attain their
bachelor’s degrees at rates equivalent to those of students who enter four-year institutions
from high school. A recruiting model, to be successful, must somehow account for

migration.
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C. LITERATURE ON MILITARY RECRUITING MODELS

1. Market Models

Many recent models of the enlisted recruiting market are based on macro-
economic data and familiar geographic delineations, such as U.S. Postal ZIP code. The
nature of enlisted recruiting facilitates this approach: few high school students travel
beyond their neighborhood to attend school, and few sectors of the unskilled labor force
have reason and means to migrate to other areas of the country. Murray and McDonald
(1999), for instance, modeled the enlisted recruiting market with monthly observations of
macro-economic factors within each of the U.S. Census Bureau’s Public Use Microdata
Areas (PUMA). The PUMA delineation program clusters counties within the United
States into nearly 1,000 geographic entities. Its clustering rules produce geographic
entities that both are delineated along traditional county, zip code or voting district lines
and have populations of at least 100,000. Murray and McDonald obtained PUMA-level
macro-economic information from a variety of sources, including DMDC, CNA and the

U.S. Bureau of Labor Statistics.

Orvis and Asch (2001), on the other hand, developed a simple model of the
enlisted recruiting market on a national scale. Their study derived an expected enlistment
rate from responses to the annual DoD Youth Attitudinal Tracking Survey (YATS), and
then multiplied it by the size of the male youth population.

The U.S. Army has dedicated significant resources to modeling the recruiting
market. The United States Army Recruiting Command (USAREC) is responsible for
recruitment of the Army’s enlisted force, but also for recruitment of a small group of
specialized officers, such as musicians, warrant officer aircrew, and for recruitment of
college students into the Enlisted-to-OCS program. The staff at USAREC developed its
own model, and named it the Army Recruiter Allocation and Mission Model (McCurry,
Gillen, 2002). This model is implemented by a neural network. Its input nodes consist of
six ZIP Code level observations. A hidden layer weighs these inputs, producing a
proposed recruiting goal to assign to whichever recruiting brigade is assigned territory

within the input ZIP Code. The inputs include both measures of past performance and
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projections of future demographic growth. Table 2 lists the input and weights assigned

by the neural network.

The model allows USAREC planners to adjust monthly recruiting goals based on
the market on which the Army wants to focus its recruiting efforts. The model considers
the number of high school graduates and high school students in a given area. It further
attempts to classify the population by intellect, which the model refers to as “mental
level.” “Alpha” designates a desirable, high-quality youth. USAREC obtains many of
these population estimates from a joint service database maintained by DMDC. The
density of the population in any given ZIP code, by intellectual category, is derived from

AFQT results administered annually at high schools across the country.

US ARMY RECRUITING COMMAND RECRUITER
ALLOCATION AND MISSION MODEL
Input (ZIP code level Source of Input Weight Remarks
observations)

Projected 17-21 year old | Woods & Poole 0.2203 | USAREC may

“Qualified Military Economics, Inc. replace with 2000

Available” Census data

DoD graduate and senior | DoD “Marketshare” 0.3255 | 36-month rolling

“Alpha” mental level databank average of quality

production production by all
services

Army share of DoD DoD “Marketshare” 0.1835 | # of quality Army

graduate “Alpha” databank contracts over # of

production quality DOD
contracts

Estimate of potential Recruiting battalions 0.1208 | # of households per

contracts 1,000 people over
past production
cycle

Freshman & sophomore | Recruiting battalions 0.0326 | none

college population

DoD graduate and senior | DoD “Marketshare” 0.1173 | 36-month rolling

lower mental level databank average of non-

production high quality
production by all
services

Table 2.  U.S. Army Recruiter Allocation Model Input Nodes. (Created by Author)
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Subordinate recruiting battalions also have a role in providing input to the
database. USAREC staff officers produce pivot tables from the database. The model
itself operates in a spreadsheet, taking input from the pivot tables. USAREC staff state
that the model has performed satisfactorily for three years, though it suffers from an
inability to account for propensity (McCurry, 2002). The brigade in the “least-
propensed” region historically has difficulty meeting the model’s mission assignment,
whereas production by the brigade in the “most-propensed” region routinely exceeds the
mission suggested by the model, even though the model accounts for past performance.

2. Propensity Models

This research found only one study specifically addressing the propensity of
college students to serve in the United States Marine Corps. During 1970, a team of
Naval War College students sought to determine if propensity was strong enough to
support an all-recruited officer corps (Nichols, et al, 1970). The authors likewise found
little available research on the attitudes of college youth towards military service, so they
developed and administered their own opinion survey of ROTC students, officer
candidates and college faculty. Their findings included a significant geographic factor:
45 percent of respondents from the Southeast demonstrated “volunteerism” versus only
31 percent of Northeasterners. Academic achievement and father’s income proved
inversely proportional to a stated willingness to seek a commission in the absence of
conscription. Forty percent of officer candidates were drawn from just two academic
disciplines: engineering and business administration. The sons of fathers with military
service displayed the highest level of propensity. The authors concluded that the armed
forces could not survive a repeal of conscription without a change in college attitudes and

an increase in officers’ benefits.

Senter (1990) discussed the inclusion of propensity measures in U.S. Navy officer
goaling models. These measures attempt to address perceived regional differences in the
willingness of medical and engineering officers to enter the Navy. After studying YATS
responses, he concluded that YATS measures of propensity could not be applied to
officer market models because YATS excludes dormitory residents. Senter then

reviewed the Navy Recruiting Command (NRC) practice of using Barron’s or Gourman’s
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measures of college “quality” as measures of propensity. Higher quality schools tend to
charge higher tuitions. The practice assumes that students with more money invested in
their education are less likely to enter a relatively low-paying career in the military.
Senter disagreed with this assumption, but found no quantitative study to support either
argument. He then attempted to apply regional measures of earnings and employment to
account for propensity. The universally low unemployment of engineers and medical
professionals caused him to discard the employment measure. NRC, however, applied
regional disparities in engineer and medical income to account for propensity in its

models.

A study of student behavior at schools of different quality suggests that programs
such as PLC should be attractive to students in more expensive schools. Table 3 shows
the findings of Lee (2000) from the 1995-96 academic year. The data suggests that cost
is associated with selectiveness of admissions. One might conclude from this table that
undergraduates at the more expensive institutions are more likely to:

. meet PLC/OCC qualification;

o pay for school with loans or work-study rather than working outside
school;

o be concerned with an organization’s image; and

o be more willing to leave home to associate with an institution with a

famous reputation.

The remaining military propensity models reviewed by this survey attempt to
measure the predisposition of high-school aged youth to enter the armed forces under an
enlisted contract. The commercial sector offers some services that measure attitudes
among college students towards military service. Notable is the UCLA Cooperative
Institute Research Project (CIRP), a decades-long project funded in part by the American
Council on Education. This program surveys thousands of incoming freshmen each year
on such topics as their values, their occupational hopes, and the occupations, incomes and
values of their parents. CIRP specifically asks several military-related questions. The
military aspects of these projects draw little attention, though, and few relevant results

have been made available.
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Percent of Students Meeting Condition
Condition Favorable Tuition >= $12,000, | Tuition < $12,000, Tuition < $12,000, not a
to Officer Recruiter any classification of | public research public research university
university university
SAT Score >= 1,000 67.0 59.5 26.5
GPA>=2.0 90.8 82.4 75.2
Humanities & Business 60.1 479 51.8
Majors
Received Work-Study 32.9 6.5 11.4
Received Loan 58.2 41.6 45.7
Worked at least 15 22.3 353 46.7
hours per week while
enrolled
Attended because of 50.4 41.1 28.4
school reputation
Attended because close 17.4 30.8 36.3
to home

Table 3.  Comparison of 1995-96 Undergraduate Student Achievements and Values, by
Tuition Cost. (Created by Author)

Some models measure propensity with individual data, such as test scores, race,
mother’s education and stated expectations. Hosek, Peterson and Eden (1986) combined
data from two surveys of high school youth and recent graduates—a 1979 DoD Survey of
Personnel Entering the Armed Forces, and the 1979 wave of the National Longitudinal
Survey of Labor Force Behavior, Youth Survey. Using logit regression, they suggested
that the enlistment decision could be explained by a complex interaction of personal
characteristics and stated expectation for more education after high school. Family
income, for instance, showed little effect on the decision to pursue a bachelor’s degree,
though it did influence the choice of which school to attend. The behavior of students
differed from the behavior of graduates, a finding that may reflect in the behavior of PLC
versus OCC applicants. Kilburn and Klerman (1999), meanwhile, revised earlier
individual-level models of propensity with data gathered by 1992 and 1994 National
Educational Longitudinal Study (NELS) surveys. Their model considered only male high
school seniors and 20-year-old male high school graduates not enrolled in college, for the
comparatively small number of female enlistments is resistant to inference. They
concluded that individual propensity indicators generally remained consistent during

1980 to 1994, but then expanded the traditional binary (enlist or don’t enlist) model to a
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three-choice model: enlist, enroll or work. The Defense Science Board (2000), Orvis,
Sastry and McDonald (1996), and Orvis and Asch (2001) used YATS survey results to
measure propensity, all concluding that there was a decade-long decline in 16 to 21 year

olds likely to serve.

Many sources consider YATS to be the best indicator of propensity to enlist.
Several studies have found a strong, statistically significant relationship between YATS
predictions and actual behavior of YATS respondents. Most recently, Orvis and Asch
(2001) matched FY85 — 94 YATS responses with Military Entrance and Processing
Command (MEPCOM) records of enlisted accessions. They found 20,200 matches.
Analysis revealed that about half of youth with the strongest indicator of propensity
explored enlistment options, and about one-third actually enlisted. Among those with
negative propensity, only five percent actually enlisted. They found little difference

between the behavior of male and female respondents.

Many models measure propensity in an aggregate sense. Murray and McDonald
(1999) developed an econometric model to forecast the number of high-quality non-prior
service contracts in a given month in a geographic area. Their model used two groups of
variables, one group representing youth opportunities and one group measuring recruiting
efforts. These variables were aggregate quantities, such as local population, local
unemployment rate and local recruiter density. The Defense Science Board (2000)
concluded that the same two groups of variables have been the primary factors in both

enlisted and officer recruiting success since 1973.

Thus, recruiter density, or recruiter access, has often been used in military
propensity models. Orvis, Sastry and McDonald (1996) and Orvis and Asch (2001)
demonstrate that enlisted recruiter access to high school students remained steady
between 1991 and 1996, but contacts with high school students dropped, possibly due to
an interaction with force reductions and more efforts to recruit high school graduates.
The overall lesson taken from the review of literature on propensity models suggests that
though the benefit gained by propensity measures or recruiter contact in models has not
been studied (with the exception of propensity measures based on YATS), the absence of

these factors has often been cited as a probable cause of model inadequacy.
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III. ROLE OF THE MODEL IN OFFICER RECRUITING

A. GENERAL

This research supports Marine Corps efforts to improve recruitment of candidates
for OCS. Of the three primary sources of USMC officer commissions (the United States
Naval Academy, the Naval ROTC and OCS), OCS provides the highest percentage of
commissions. OCS candidates are recruited from the population of college students and
recent college graduates in the United States and its Territories, as well as from the

enlisted force, both active and reserve.

The Marine Corps uses five programs to funnel candidates into OCS. The most
important program is PLC, which offers a sort of summer internship program to college
freshmen, sophomores and juniors. This program attracts many students deterred by the
service obligation, uniform and study requirements of ROTC and the service academies.
MCRC values this program because its participants return to college, where they
frequently attract other qualified students. The program’s structure also facilitates

projection of OCS class size and recruiting requirements.

Prior to fiscal year 2001, MCRC relied on a “naive” model when distributing its
officer recruiting goals. MCRC receives its annual officer-recruiting goal from
Headquarters, Marine Corps. This goal was—and remains—partitioned by sex, and by
race. The Marine Corps classifies the race of its population into four sets:
White/Caucasian, Black/African-American, Hispanic, and Other. Despite differences in
the geographic densities of these population groups across the United States, subordinate
recruiting entities tended to receive an equal share of the national recruiting goal.

(MCRGC, 2001)

This approach to recruiting goals once met the needs of the Marine Corps. The
depth of any college population readily absorbed the small numbers of officer candidates
sought by the Marine Corps. Many universities draw a diverse group of students. Each
district had enough such universities to provide diverse markets. The process, though,

was expensive. Marine officer recruiters were signing contracts with about five college
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students/recent graduates for every two that survived the screening process and ultimately

accepted a commission. (MCRC, 2001)

This process encountered difficulties during the 1990s. The Marine Corps began
to have problems meeting officer-recruiting goals, and began to experience problems
retaining experienced officer recruiters. Participation in the PLC program declined. The
cause of these trends was unclear to Marine Corps officials. A changed national security
environment, a booming economy, and a different generation of youth all offered
potential explanations. Officials wondered if the geographic densities of these potential
officer candidates had not shifted as well. So, MCRC contracted the CNA to conduct a

“quick look* study of the officer recruiting structure.

To support the study, Jareb and Parker of the CNA developed their model of the
market. MCRC applied the model to its FY02 recruiting plan. Each recruiting district
received a share of the national goal based on Jareb and Parker’s college-level forecasts.

(MCRC Operation Plan 1-01, 01 October 2001)

Concurrently, MCRC requested that the Studies and Analysis Division of Marine
Corps Combat Development Command (MCCDC) validate the Jareb-Parker
methodology and expand it. MCRC seeks expansion of the model in two areas. First,
MCRC wants the model expanded to include enrollment figures by college student level.
The model currently forecasts numbers of graduating seniors only. MCRC also requested
inclusion of a propensity measure (Statement of Work for the Officer Recruiting Structure
1, 2001). Jareb and Parker considered propensity for their model but stated that an
unbiased propensity measure could not be established in the constraints of a 90-day study

and the data available to them (Jareb and Parker, 2000).

The propensity measure offers a unique challenge. College populations may be
largely ignorant of the opportunity offered by Marine OCS (MCRC, 2001). The volume
of related literature and supporting data is sparse. This project was able to acquire only
four other studies focused on the task of recruiting officer candidates: a forerunner to

Jareb and Parker’s study, published in 1993; a study focused on the Navy nurse corps; a
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study focused on the Navy nuclear engineer program; and a 1970 survey conducted by

Navy War College students to evaluate the feasibility of an all-volunteer officer corps.

Meanwhile, the rest of DoD and university research into the decision to join the
military over the past twenty years focused on enlistment. The discrepancy between the
research efforts for officer and enlisted recruiting results from the disparate sizes of
officer and enlisted accession requirements. During FY99, the Marine Corps
commissioned only 1,446 of 14 million age-eligible U.S. college graduates. That officer
accession goal comprised just 4 percent of MCRC’s entire recruiting goal for FY99
(33,000 enlisted, 1,450 officers) (DMDC, 2000). And of these 1,446 newly
commissioned officers, only 916 were actually contracted by MCRC OSOs to earn a
commission through OCS; the rest were midshipmen, direct commissions or recruits from
the enlisted force. Yet this effort to procure 916 college graduates required the full-time
effort of nearly 230 DoD personnel: 87 Marine officers (73 OSO and 14 district and
national headquarters staff), nearly 70 Marine staff noncommissioned officers and around
70 civilian employees of the officer recruiting offices. When one considers the Marine
Corps’ investment in OCS personnel and facilities, along with the number of USMC
personnel who work on both enlisted and officer accessions, efforts to improve
understanding of the officer recruiting market may provide a significant return. (MCRC,
2001)

B. PLC AND OCC COMMISSIONING PROGRAMS

1. Program Academic Eligibility

The OCC and PLC programs are designed to offer potential candidates a wide
range of options covering any year of college. The PLC program offers four distinct
paths to a commission that are marketed to nearly every level of undergraduate and law
student. Figure 4 overlays the eligibility periods of these paths with a notional four-year
undergraduate enrollment and a three-year law degree program. The figure also displays
the OCC period of eligibility. The PLC program is open to those applicants who are
enrolled full-time in a regionally accredited college, have completed at least one
academic term, and have earned at least a 2.0 grade point average. Those accepted

during their freshmen and sophomore year attend two six-week summer courses at OCS,
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known respectively as the Junior and Senior course. Graduates of the PLC Senior course
are offered a commission upon receipt of a bachelor’s degree. Undergraduates who apply
after sophomore year attend a single ten-week course (the Combined Course) that is
identical to the course attended by OCC candidates. Undergraduates and beginning law
students may apply to a law component of the PLC program. After successful
completion OCS and undergraduate studies, the PLC Law candidate receives an inactive
commission. Upon admission to the practice of law, the student’s commission is
activated. The OCC program accepts college seniors and graduates, provided they can be
commissioned before their 28" birthday. Law students and lawyers may also seek
commissions in a law component of the OCC program. The age limit may be waived for

either program. (HQMC, 1989)

Selected Marine Commissioning Programs
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Figure 4. Eligibility Periods for the PLC and OCC Programs. (Created by Author)

In addition to this eligibility based on attendance, PLC and OCC applicants must

also meet a nonwaiverable measure of intellect. While in high school, an applicant must
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have scored at least 1,000 on the composite SAT or at least 45 on the summed math and
English portions of the ACT. Applicants without a standardized college entrance exam
score—and applicants who did not meet the threshold—take the Armed Forces
Vocational Aptitude Battery (ASVAB) during the application process. They must score
115 on the Electronics (EL) portion of the exam. Applicants to any law component meet

this requirement with an LSAT score of at least 150.

Between successful completion of an OCS course and commissioning, PLC
program members are known as “once-trained candidates” or, informally, “poolies.” To
meet the contractual obligations that come with participation in the program, the
“poolies” maintain contact with the local OSO while they attend school. The OSO
ensures that the “poolie” remains enrolled full-time and maintains a 2.0 GPA. While in
this pool, some candidates quit the program. OSOs put significant effort into minimizing
this attrition. These OSOs have three reasons to curtail attrition from their pools: MCRC
expects less than 15 percent annual pool attrition (MCRC, 2001); OSOs may also use
“poolies” to help draw other applicants to the program; and, “poolies” who quit must be
replaced, usually by increased OCC Program recruiting goals.

2. Categories of Recruiting Goals

Officer recruiters receive annual recruiting goals in three categories: by
component, by race and by expected year of commissioning. Each of the two programs
offers four components: ground, pilot, naval flight officer (NFO) and law. The
components vary in terms of physical, age and test-score eligibility. Officer recruiters are
usually tasked with finding candidates for each component of both PLC and OCC.
Officer recruiters must also meet goals based on race of the applicant. The Marine Corps
calls this goal a “diversity” goal. There are three sets of diversity goals: African-

American, Hispanic and “Other.”
9

MCRC does not establish separate components for female applicants. Rather,
MCRC specifies that a percentage of total applications must originate from women.

3. Officer Recruiting Structure

The officer recruiting structure allocates these goals in a flexible and

decentralized manner. Planners at Headquarters, Marine Corps determine annual fiscal-
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year recruiting goals for each combination of component and race. Once approved, the

national goals and required female percentage are provided to MCRC for attainment.

MCRC divides the national goal between its two recruiting regions, using output
from the Jareb-Parker model as a guide. Table 4 displays the FYOI diversity goals
disseminated to Eastern (ERR) and Western (WRR) Recruiting Regions (MCRC, 2001).
Note that the ERR received a larger share of the Black goal, while the WRR was

expected to access more Hispanics and “Others” (e.g., Asians and American Indians).

PLC Diversity Goal ERR WRR Total
Black 48 21 69
Hispanic 29 40 69
Other 39 54 93

Total 116 115 231

Table 4.  Number of “Diversity” Contracts Required of Each USMC Recruiting Region,
FYOl. (Created by Author)

Each Region operates three recruiting districts, and has latitude in determining
how to divide the goal among its districts. A colonel normally commands each district.
District commanders apportion the goal down to any number of majors in command of
recruiting stations. Figure 5 displays the boundaries of these Districts and Stations during
FY 2001. The station goal is partitioned among one to three OSOs that operate out of
that station. Most OSOs hold the rank of captain, though there are many first lieutenants

and a few majors in the current OSO force.

Decisions at the District level are influenced by a major on the district staff
known as the Assistant for Officer Procurement (AOP). An officer must have completed
a previous three-year tour as an OSO to be considered for AOP duty. Commanders of
districts and recruiting stations normally encourage daily interaction of the AOP and
OSOs, and allow the AOP a great deal of influence in setting or changing recruiting
missions for the OSO. This relationship can free the district and recruiting station

commanders to dedicate more time to the much larger enlisted recruiting mission.
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The Marine Corps currently employs 73 OSOs. Two of these OSOs recruit
officers within the major operational commands located in Southern California and North

Carolina. Figure 5 displays the distribution of the remaining 71 OSOs during FYOI.

9th MCD

12th MCD
13 0S0s

Figure 5. FYO01 Recruiting District (Shaded Regions) and Station (Delineated within
Shading) Boundaries, Showing Number of OSOs Assigned to Each District. (From:
CNA, 2001)

4. OSO Activity

The OSO’s daily activity is heavily influenced by geography, economics and the
relationship of the AOP to the local Recruiting Station Commanding Officer (RSCO).
The RSCO supports the OSO’s daily operations by providing a budget, a staff for the
OSO’s office and coordination of testing services and medical examinations. Most OSOs
operate out of a small office located in a commercial business complex, though some are
located on military installations with the RSCO. They generally oversee a staff of two: a
civilian secretary and a staff noncommissioned officer. Some OSOs share an office and
supporting staff. OSO office location is based on the distribution of college students, the

cost and availability of office space and the locations of testing and medical facilities.
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The OSO’s time is dedicated to recruiting, testing and preparation of candidates.
When the OSO opens an application, he or she records the activity that drew the applicant

to the recruiter, and credits a physical source where the contact first occurred. Table 5

lists the activities and organizations recognized by the officer recruiting structure.

Source Remarks Activity Remarks
Area The applicant met a recruiter | Canvass The OSO initiated contact.
Canvass out actively recruiting in
public.
College The applicant met a recruiter | Enlisted An enlisted recruiter
Presentation | at a formal college Recruiter referred the applicant.
presentation. Referral
Display The applicant met a recruiter | List The OSO initiated contact
Table operating a display table at a based on a list of
formal function, i.e., college prospective leads generated
career day. by marketing efforts at a
higher level.
Office The applicant walked into Local Source | A local person—often a
Traffic the recruiting office. former Marine—referred
the applicant.
Telephone The applicant was contacted | Marine Corps | Applicant contacted the
Call by telephone or email. Reserve OSO based on an

Referral acquaintance in the

reserves.
Home Visit | The recruiter was invited to | Pool Referral | Applicant contacted the
the home of the applicant. OSO based on an
acquaintance in the “pool”
of “once-trained”
candidates.

TAD OSO An officer on temporary
assignment to the OSO
office referred the
applicant.

Walk Applicant initiated the

In/Phone In contact.

College A member of a college

Placement placement office referred

Referral the applicant.

Other

Table 5.  Recognized Source and Activity of Applicants. (Created by Author)
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The distribution of sources and activities across geographic entities could offer
information about the level of propensity, but only on the assumption that OSOs have
been consistent in defining these measures.

C. THE JAREB-PARKER MODEL

The Jareb-Parker model is nonlinear and supported by a flat database. The

function constructs three estimates, and then multiplies them to produce an estimate of

QCP, by race, at any school in its database.

Mathematically, the model takes the form:

QCP,; = X;Y;Z,(estimated full-time male enrollment ;) (3.1)

where:

X; = estimated proportion of student body receiving bachelor’s degrees each year

Y; = estimated proportion of mentally qualified students among the bachelor’s
degree recipients

i=1,..., 1,014 bachelor’s degree awarding institutions

r=1,..., 4 categories of race

CNA provided the model in both Microsoft Excel and Access formats. It contains
no macros or other applications to generate or display its output. The estimates within
the model were generated by simple column operations and macros contained within
several extraneous spreadsheets and databases. Appendix A presents some summary

information about the nature of schools in its database.

Figure 6 displays the flow of enrollment figures through the model. The first step
develops the list of institutions on which QCP is based, removing those with fewer than
400 full-time enrolled male undergraduates during either 1997 or 1999. Jareb and Parker
applied data from a variety of sources and years to arrive at their list. Enrollment figures
are derived from Fall 1999 Barron’s College Admission Guide reports, Fall 1999 College
Board Handbook reports, or the U.S. Department of Education IPEDS Fall 1997 reports.

Though IPEDS covers a much broader range of colleges and provides an official federal
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measure of school enrollments, the Barron’s figures predominate. Jareb and Parker felt
the model would be better with the more recent figures (Jareb, 2002). Regardless of
source, nearly 10,000 U.S. postsecondary institutions are filtered out at this step. This
first step occurred on spreadsheets separate from the model; the results were copied into
the model spreadsheet. The majority of excluded institutions are: specialized schools
such as law colleges, medical schools and seminaries; colleges that award only

associate’s degrees; schools in the U.S. Territories; and nonaccredited schools.
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Figure 6. Jareb-Parker Model Schematic. (Created by Author)

The second step splits each school’s full-time enrollment count along ethnic lines.
Since Barron’s does not publish enrollments by race, the model relies on IPEDS 1997
full-time male undergraduate enrollment figures, by race. Nonresident aliens are
excluded from the count. The IPEDS figures are merely used to establish the 1997
distribution, by race, of the student body. These percentages are multiplied against the
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1999 total enrollment figures to approximate male undergraduate enrollments, by race.
The figures that emerge from this second stage in the model are thus neither 1997 nor
1999 figures, but more of a notion of what each school’s male undergraduate body could

look like at any time during the usable lifespan of the model, less nonresident aliens.

The third step breaks out an estimated number of bachelor’s degree recipients
from each school’s undergraduate student body. The value of X; in Equation 3.1 is
determined by dividing the number of bachelor’s degrees conferred during academic year
1996-97 by total 1997 fall undergraduate enrollment. Both figures are obtained from
IPEDS. This third step results in an estimated count of each schools’ notional

baccalaureate cohort, by race.

Finally, the model reduces these notional baccalaureate cohorts by removing that
proportion of graduates who would not be expected to meet the test eligibility
requirements of the PLC and OCC programs. The value of Y; in Equation 3.1 is
established by any one of seven methods. Due to variation in college reporting, Jareb and
Parker needed to develop seven different methods to estimate the proportion of graduates
who met PLC and OCC testing eligibility requirements. Table 6 summarizes these
methods by displaying that proportion of the database that applies the method (column
titled “Share of Database”), the share of output generated by the particular method, the
standard deviation of QCP determined by the particular method, the percent of QCP
obtained by Historically Black Colleges and Universities (HBCU) within that method,

and remarks about each distribution. Percentages may not sum to 100 due to rounding.

The method of “SAT Distribution” dominates the determination of QCP in all
regions but the Central United States. It seems apparent that unreliability of some
methods could lead to an inaccurate perception of the market in some regions of the

country.

The model thus offers a utility not seen in previous officer market models. Its
ability to estimate the market at the institution level should appeal to recruiting personnel

at any level of the structure.
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Method Share of | Share of Standard Percent Remarks
Database | National | Deviation of HBCU
(#in QCP Method QCP
database)

SAT 62% 75% 515 0.32% | Influenced by

Distribution (627) competitive, private
schools

ACT 15% 12% 341 0.56% | Influenced by central

Distribution (151) states

Combined 9% 6% 283 4.05% | Balanced

SAT (92)

Average

School 5% 2% 113 20.03% | Influenced by less-

Quality (51) competitive schools
and open-enrollment
HBCU

SAT 4% 6% 379 3.55% | Balanced

Average (41)

Combined 3% 1% 127 4.23% | Influenced by central

ACT (33) states & public, less-

Average competitive schools

ACT 2% 1% 298 0.00% | Influenced by central

Average (19) states

Table 6.  Jareb and Parker Methods for Estimating Test-score Eligible Proportion

within Notional Baccalaureate Cohorts. (Created by Author)
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IV.  VERIFICATION OF THE MODEL DESIGN

A. DATA INTEGRITY

This study compared model data to IPEDS figures and to the documentation
included with the model. In all cases considered, the IPEDS data matches the model.
The methodology and source of figures are as explained in the documentation. Some

transcription errors, however, were found between Barron’s and the model.

First, three schools with an estimated full-time male enrollment fewer than 400
are erroneously included in the database. Table 7 displays these schools. After review of
background information included with the model, this study believes each of these

schools was included for a different reason.

Estimated Full-time School Location Method
Male Enrollment
360 U of Pittsburgh- Bradford, PA SAT Average
Bradford
257 CUNY Lehman Bronx, NY SAT Average
College
378 Livingstone Salisbury, NC School Quality
College
Source: “QCP Estimates—Details” Worksheet of “QCP Estimates” Excel Workbook, CNA Officer
Recruiting Structure Study, April 2001.

Table 7. Schools in Database with Fewer than 400 Full-time Enrolled Men. (Created
by Author)

The inclusion of the University of Pittsburgh-Bradford appears to be a mistake.
1997 IPEDS, 1999 Barron’s and current enrollment figures all place its male enrollment
below 400; it does not meet the standard. CUNY Lehman College appears not to meet
the standard, but does. Transcription error apparently caused its enrollment to be
reported far below its IPEDS 1997 figure of 1,239. Livingstone College appears to have
experienced a large drop in full-time male enrollment between its 1997 IPEDS

enrollment of 451 and 1999 Barron’s report listed in Table 7.
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This study also identified several institutions absent from the database but who
were nonetheless productive. These schools are displayed in Table 8. The Automated
Recruiting Management System (ARMS) shows that each of these colleges produced at

least ten applicants.

Institution 1997 Applicants Remarks
FTME* | in ARMS
Indiana University East 689 76 None
Utah Valley State College 3,841 15 None
Lesley University, Massachusetts 195 11 Predominantly female college.

2000 FTME of 458; 5
applicants during 1989.

Park College, Missouri 244 19 None

Pensacola Christian College NC** 14 4 per year 1999-2001

Silver Lake College, Wisconsin 87 23 None

Williams Baptist College, Arkansas 231 32 None

US Merchant Marine Academy 812 23 Service School

Parks Aeronautical College of the NC 10 Specialized engineering school

University of St. Louis

Embry-Riddle Aeronautical NC 40 Specialized engineering school

University—Prescott Campus

University of Phoenix 1,101 12 Specialized online business
school.

*According to 1997 IPEDS data
**NC. Not Considered by CNA enrollment screening and not in IPEDS

Table 8.  Exclusions from Model Database. (Created by Author)

Of the schools listed in Table 8, the exclusion of Indiana University East and Utah
Valley State College is probably erroneous. The student bodies at Lesley University,
Silver Lake College, Pensacola Christian, Park College and Williams Baptist appear to
have a unique relationship with their OSOs; the numbers recruited from these schools are
much higher than the numbers recruited from schools of similar size. The service and
specialized schools were probably excluded due to their classification. Students with
degrees from University of Phoenix can be located anywhere; thus it makes little sense to
include this institution, since its demographics cannot be established. The specialized

aeronautical schools, though not recognized as separate entities by IPEDS, are important
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sources of aviation candidates. Interestingly, Embry-Riddle’s main campus in Daytona,
Florida is a member of the database.
B. ASSUMPTIONS

This section discusses the following assumptions that support the model.

1. Exclusion of Female Enrollment

The Jareb-Parker model bases QCP on male enrollment. Such a threshold would
pose a problem if it suggested solutions that could adversely impact the ability of some
recruiters to meet their female mission. The following discussion finds that this
assumption does not pose a problem. As stated in the review of literature, this
assumption has persisted for nearly three decades among enlisted market models, and the
review noted no objections to the practice. The proportion of women among enlisted and
officer recruits differs little. During FY99, women comprised 7.0 percent of Marine
Corps active duty enlisted accessions, compared to 8.0 percent of active duty officer
accessions (DMDC, 2000). A total of 242 women entered OCS through the PLC and
OCC programs during FY01, suggesting that most OSOs were responsible for recruiting
only 3 or 4 women during that year (OCS, 2000). Women also outnumber men on most
campuses. The numbers suggest that this assumption simplifies the model without

adversely affecting OSO mission accomplishment.

It is clear that female applicants are coming from the same schools as the male
applicants. This study counted 1,381 records in the Automated Recruiting Management
System that indicate a female applicant from a bachelor’s conferring college. Of these,
only 25 (1.8 percent) originated from schools with a full-time female enrollment
exceeding 80 percent of the undergraduate population (i.e., women’s colleges). These
numbers suggest limited impact on current recruiting practice by exclusion of women’s

colleges from the database.

However, every respondent to the OSO Census believed that recruiting female
PLC candidates was “Significantly Harder” or “Harder” than recruiting male candidates.
A few respondents indicated that they perceived no difference in recruiting female or
male OCC candidates, but these respondents were in the clear minority. While the model

would presumably be more precise if it included women’s colleges and female
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enrollment figures, there seems little basis to suggest that inclusion of these features
would improve the model’s utility.

2. Exclusion of Schools with Fewer than 400 MFTE

The Jareb-Parker model bases QCP on schools with full-time male enrollment
greater than 400. This assumption should be discussed on two dimensions: the threshold
of 400, and the threshold of full-time enrollment. The threshold of full-time enrollment
would pose a problem if the programs accepted part-time students, which they do not.
The threshold of 400 would pose a problem if a significant proportion of PLC and OCC
applicants attended smaller schools, if the threshold caused the model to skew the
distribution of minorities in the QCP, or if the threshold skewed the distribution of QCP

in a geographic sense.

To identify the origins of officers commissioned out of the OCC and PLC
program, this research matched the USMC college codes for each record in ARMS to the
Federal Interagency Committee on Education (FICE) codes in the CNA QCP table. (The
Marine Corps generates its own codes for postsecondary institutions, a practice at odds
with the rest of the federal government and education community, which have been
identifying postsecondary institutions by FICE since the early 1960s, or by U.S.
Department of Education Institution ID since the advent of IPEDS during the late 1980s.)
Of the 14,940 PLC and OCC records in ARMS, this study matched 14,613 (97.8 percent)
of the records to FICE codes. The missing cells were either zeroes (208) or contained
codes or schools that could not be matched to FICE codes. Officials at MCRC offer that
it was common practice to place zeroes in a cell when an applicant attended or graduated
from a school for which no USMC college code at the time existed. Most of the other
unmatched codes appear to have been generated for small community colleges or
specialized colleges within larger universities, or represent colleges such as Philips

University of Enid, OK, which have since closed.

Ignoring the zero-coded records, ARMS PLC and OCC records suggest that 1,526
(10.4 percent) of applicants came from schools not included in the model. Of this group
of records from outside the model’s range, 221 records indicate an application from a

specialized school (most frequently, law schools), 25 from a predominantly female
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college, and another 636 (41.7 percent) from associate’s colleges. A candidate cannot be
commissioned without a bachelor’s degree, so presumably these 636 associate’s college
applicants transferred into a bachelor’s conferring program. So, of those 1,526 applicants
whose colleges were excluded from the model, at least 644 remain who clearly appear to
have graduated from a school with less than 400 FTME. Hence, it appears that only
about four percent (644 of 14,613) of accessions through the PLC and OCC program
obtain their bachelor’s degree from schools with fewer than 400 FTME.

Responses to the Census of OSOs support the exclusion of these smaller schools
from the computation of QCP. Most respondents (31 of 41, or 76 percent) reported
visiting only one or two campuses per week, during a “typical” week. Each district
prioritizes its assigned schools. When asked to estimate the number of hours per month
spent at the highest priority campus, the median response was 28 hours. The census also
indicated that an OSO spends on average 20 hours per month driving between campuses,
though in New England (1** District) and in the states around Texas (8" District), this
figure nears 30 hours. These responses suggest that the OSOs do not visit a large number
of smaller campuses, but rather focus their efforts on the large campuses. Hence, the
exclusion of schools with fewer than 400 FTME seems reasonable.

3. Exclusion of Two-Year Colleges and Law Schools

The Jareb-Parker model assumes that two-year colleges and law schools can, like
women’s colleges, be excluded from the determination of QCP without adverse impact
on recruiting practices. This assumption would pose a problem if OSOs spent significant
time recruiting on two-year and law school campuses. The preceding discussion found
that only four percent (636) of contracts were generated in the junior colleges. Of the
FYO02 national recruiting mission, only four percent was dedicated to the Law component.
The Census of OSOs finds that most OSOs (27 of 41, or 66 percent) never visit junior
colleges, though one in five OSOs “prospect” at these schools on a quarterly or monthly
basis. Recruiting is more active on law schools, where half of the respondents reported
monthly or quarterly prospecting at law schools. Still, half reported visiting law schools

2

“Once or twice a year” or “Never.” As with the issue of female enrollment figures, the

model would clearly benefit from this feature but from a national or regional standpoint,
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there appears little reason to reject the model because it excludes associate’s colleges and
law schools.

4. Exclusion of Schools in U.S. Territories

The Jareb-Parker model excludes schools in the U.S. Possessions. Puerto Rico,
Guam, the Virgin Islands and the Federation of Micronesia all operate four-year
postsecondary institutions. The residents of these areas are U.S. citizens, eligible for
commission in the armed forces. Both the College Board and IPEDS college directories
confirm that many of these schools accept SAT or ACT scores for admissions. The
Marine Corps does limited recruiting in these areas; 15 records in ARMS contain officers
who were commissioned out of Puerto Rican colleges during the past two decades.
These schools were excluded because a source of admissions test-score data for these
schools could not be located within the constraints of the project; neither U.S. News and
World Report nor Barron’s discuss these schools. CNA paid for ACT scores by state;

Puerto Rico and the other outlying areas were not included.

This research considered the impact of this exclusion. This exclusion could cause
a noticeable understatement of QCP within the 6™ Recruiting District, responsible for
Puerto Rico. According to IPEDS, 28 schools in the outlying areas enrolled at least 400
full-time males during the fall of 2000 count of enrollments. All but one of these schools
is located in Puerto Rico. During the academic year 2000-01, these 27 Puerto Rican
schools conferred 4,971 bachelor’s degrees on men. The enrollment of every one of

these schools is 95 to 100 percent Hispanic (NCES, 2002).

The model suggests the Hispanic QCP for the 6™ District is only 2,501. The
potential test-score eligibility of the Puerto Rican graduates has not been studied, but the
decision to exclude nearly 5,000 mostly Hispanic, successful college graduates may skew
the 6™ District market figures beyond the acceptable precision of the model.

S. Production, Based on the Ratio of Completions Over Enrollment

The model bases QCP on the ratio of 1996-97 bachelor’s degrees conferred to
1997 total fall enrollment. Hence, it assumes that this ratio remains fairly consistent over
the usable life of the model, and that the number of completions and enrollments

adequately describe the eligible population. The assumptions would prove unsuited if
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graduation rates varied significantly, or if the completions and enrollment figures

included large numbers of ineligible persons.

There exists no perfect measure of the population that interests the Marine Corps.
Full-time enrollment figures from both IPEDS and the PLC program standards net
students carrying at least 12 credit hours, so the model’s enrollment figures match up to
this requirement of the program. Completion figures are a different story. The number
of 1996-97 completions counts all bachelor’s degrees conferred between 1 July 1996 and
30 June 1997. Hence it includes second and third awards of a degree to a single
graduating senior, and includes awards given to nontraditional students, i.e., adult and
part-time students who earn their award at times other than the traditional spring
commencement ceremony, as well as students who require more than four years to
complete their degree requirements. Discussions with U.S. Department of Education
officials suggest that the number of multiple awards is quite small, though actual counts
of this number could not be obtained (Morgan, 2002). One expects a lot of model error
to arise from use of IPEDS completion figures due to degrees conferred on nontraditional
students. Discussion in Chapter V illustrates the degree of this error.

6. Distribution, Based on 1997 Figures

The size of each QCP forecast relies on Fall 1997 IPEDS figures that show the
distribution of students, by race, within the entire student body. The model is static. To
cover a lack of more recent data, it assumed that these proportions will not significantly
change between 1997 and the time of model employment. There is no mechanism within
the model to support time-series forecasting methods. Clearly, this could pose a problem

in cases where schools experience rapid changes in their ethnic makeup.

The racial composition and geographic density of college populations fluctuate.
Figure 7 shows that the total enrollment over the past decade in nine states increased by
at least 20 percent, while the enrollment in six states and the District of Columbia did not
change or decreased. To see if similar shifts could occur within schools in the model’s
database, this study obtained completion figures from IPEDS for the years 1996-2001.
Figures 8 and 9 show that the proportion of White completions declined steadily over the

five years, from 80 to 76 percent of all bachelor’s completions. Growth in the other three
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ethnic populations compensated, though the “Other” category grew fastest. Hence, in
aggregate, the racial makeup of schools within the model’s database shifted, in some
cases by at least four percent, over a six-year period. Chapter VI discusses the dynamic

nature of college populations in more detail.

- Percent change ~

[l]]] Increass of 20 parcent or mons I:l Ircreass of ot leag 10 percent bt less than &0 percanl
[ remamesofless than 10 parcent [ ] Decrease or no changs

SOURCE: U3 Depariment of Education, Nationa Cenler for Educalion Stalistics, Inlegailed Postsecondary
Education Data Zyslem (IPECE), Fal Enrcliment” surieys.

Figure 7. Percentage Change in Total Enrollment of Degree Granting Institutions,
by State: Fall 1990 — Fall 1998. (From: NCES, 2000)

These observations suggest that the static nature of the model will induce some
error. The dynamic nature of ethnicity within the U.S. college population will ensure a
short lifespan for the model unless the model gains an ability to be updated and to make

time-series forecasts.
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Racial Makeup of Model Basis
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Figure 8. Shifts in Racial Mak