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Summary

Introduction

This research provides ongoing analyses of the resources required to meet the goals of the
U.S. Army People Strategy under alternative recruiting environments; recruit eligibility poli-
cies; and recruiting resources, such as bonuses, advertising, and recruiters. This research
report presents results from an updated version of the RAND Corporation’s Recruiting
Resource Model (RRM), a multi-part statistical model that explores how trade-offs between
key recruiting resources affect the Army’s ability to achieve recruiting goals and the cost of
doing so.

This project significantly updates and extends prior work on the RRM by Knapp et al. (2018)
by examining the relationship between resource inputs and recruiting outcomes—particularly
contracts and accessions—using the revised model and more-recent data. The updated model
also incorporates digital advertising, which has become an increasingly important recruiting
resource in recent years.

Consistent with previous iterations of the model, our results indicate that television adver-
tising and recruiters have large, positive associations with contract production, and these
inputs are more cost-effective than bonuses.

We tested the RRM’s predicted recruiting outcomes by comparing thousands of itera-
tions of alternative levels of resource utilization. These optimization exercises consistently
point to large increases in advertising (primarily television) and a significant reduction in
bonus spending as a more effective use of financial resources than the baseline allocations
of these resources. Across ten different scenarios to which we applied the model, the aver-
age recommendation was for an 80-percent increase in television advertising spending and
a 40-percent decrease in bonus spending. The model generally recommends less spending
on digital advertising, but because we were limited to less-than-optimal data, these results
should be interpreted with caution. Furthermore, our study’s time span witnessed significant
changes in the modes of digital advertising and the ways in which such advertising was con-
sumed. Additionally, the model results suggest that shifting resource use modestly toward
more recruiters is likely beneficial in more-difficult recruiting environments.

We are limited to using historical data on realized resource use and outcomes as opposed
to data from truly experimental sources (for example, randomized trials of different levels of
advertising spending, bonus use, or recruiter levels). For this reason, the results presented in
this report cannot provide literal guidance for Army spending. Rather, they inform how the
Army might move resources in different recruiting environments. Making marginal changes
along these lines in a purposeful manner over time—either broadly or at a local level (as
might be done in an experimental setting)—would be an appropriate first step in implement-
ing the recommendations of our research.
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Contract Production Model

The contract production model (CPM) is the foundation of the RRM. This econometric
model relates both Army resource use and external economic factors to the production of
enlistment contracts. This model is estimated at the recruiting company-by-month level
using a standard fixed-effects panel estimator. Variables in the model include high-quality
(HQ) mission (the number of high school graduates who score in the upper half of the Armed
Forces Qualification Test that the Army prioritizes in recruiting), non-high-quality (NHQ)
mission, U.S. Army Reserve (USAR) mission, number of recruiters, the local unemployment
rate, local area minimum wages, the University of Michigan Consumer Sentiment Index (a
well-regarded measure of expectations about the future state of the economy), military occu-
pational specialty (MOS) and quick-ship (QS) bonuses, and spending on digital and televi-
sion advertising. The estimated results all have conceptually predictable signs: USAR mis-
sion, consumer sentiment, and minimum wage are all negative. For example, this indicates
that when the USAR recruiting mission increases, Regular Army (RA) contracts fall, suggest-
ing that USAR and RA contracts are substitutes (increasing one mission negatively affects the
ability to meet the other mission). As consumer sentiment improves and minimum wages
increase, potential recruits have relatively better alternative employment options and fewer
contracts are written. Conversely, a rise in the RA mission (both HQ and NHQ), an increase
in the number of recruiters, a rising unemployment rate (indicating more-limited civilian
employment options), bonus spending, and advertising all have positive associations with
RA recruiting contracts. Overall, the model performed in a conceptually appropriate manner
under a variety of alternate specifications.

We used the CPM to generate estimates of contract production separately by contract
quality type (HQ and NHQ). While the results are often similar, there are notable differ-
ences, including in the estimated role of digital advertising, which appears to have a stronger
association with HQ contract production. Additionally, macroeconomic factors vary in their
associations with these two types of contracts: Changes in the minimum wage have a statis-
tically meaningful, negative association with HQ contract production, while changes in the
unemployment rate and Consumer Sentiment Index have a strong association with the pro-
duction of NHQ contracts (we discuss these and other measures used in the model in more
detail in Chapter 2 and Appendix B).

Role of the Delayed Entry Program

Once a recruit has gone through the Military Entrance Processing Station (MEPS)—which
requires taking the Armed Services Vocational Aptitude Battery, passing a physical examina-
tion, and selecting an occupation—the recruit will take the Oath of Enlistment. While some
recruits will direct ship (meaning that they will depart for basic combat training shortly after
taking the oath), the majority will commit to enter basic training at some future date and wait
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for their ship date in the Delayed Entry Program (DEP). Three things can happen to enlistees
in the DEP:

1. While waiting for their ship date, they could change their mind about serving (this
could be for a variety of reasons) and drop out of the DEP.

2. They could be offered a QS bonus to move their training date up.

3. They could complete their time in the DEP, return to the MEPS, indicate that they
have had no new physical ailments, sign their final contract, and ship to basic train-

ing.

The RRM takes these three paths into account by modeling the assignment of QS bonuses
to a certain share of contracts to speed some enlistees through the DEP and by assigning a
probability of attrition to each contracted enlistee using historical rates of attrition for dif-
ferent types of contracts and lengths of time in the DEP. We assume that a fixed percentage
of enlistees will fail to complete their terms, known as DEP losses. An excess of contracts will
have to be written to account for DEP losses for the Army to reach its accession goal.

Cost-Optimization Function

With the contract production function estimates and the structure of the DEP in place, we
turn our attention to optimizing costs. The goal is to determine whether the accession mission
can be achieved in a more cost-effective manner than the current Army baseline budget. The
optimizer searches for ways to achieve the accession mission by allowing resource parameters
that are within the Army’s control to vary. For example, perhaps the Army could have spent
more on digital and television advertising and less on bonuses; the optimizer calculates the
costs of this change and whether it is a lower-cost option. Another option could be to hire
more recruiters or reduce bonus eligibility or amounts. These solutions are considered by the
optimization algorithm until the lowest-cost mix of resources that meets a set of stopping cri-
teria is found. The optimizer might stop searching before the mission is achieved because the
optimizer assigns a penalty (denominated in dollars) to missing mission that is then weighed
against spending more money on various resources to meet mission. Therefore, there may
be scenarios where the total cost to missing mission is lower than the cost of continuing to
increase resource use to meet mission.

In the optimization procedure, 11 parameters are allowed to vary across a 12-month
period: the proportions of HQ eligible for MOS and QS bonuses, the proportions of NHQ
eligible for MOS and QS bonuses, the MOS and QS average bonus amounts for both HQ
and NHQ, digital and television advertising expenditures, and the number of on-production
recruiters. Searching over this multi-dimensional space for the lowest-cost combination
that achieves the accession mission is computationally demanding. To better represent both
operational realities and historical practice, we impose bounds on how quickly parameters
(including changes in the recruiter force, bonus eligibility, and bonus amounts) can vary in
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each month. We also limit overall spending levels on bonuses and advertising to the mini-
mum and maximum levels observed over all the months of the historical data we use.

In addition to finding the most cost-effective way to achieve an accession mission, the
optimizer tool allows us to change the baseline scenario (the baseline is modeled as a mix of
current Army policy and economic conditions that are modeled based on 2015 parameters).
These input parameters can be varied for sensitivity analysis; runs are described in the Cost
Excursions section below.

Cost Excursions

We estimate a series of cost excursions where we systematically alter one or more of the base-
line conditions to demonstrate the optimization process. We compare both unoptimized and
optimized spending and accession outcomes under these altered conditions with the base-
line results. These excursions focus on policy-relevant or otherwise salient conditions with
respect to recruiting outcomes (such as changes in the unemployment rate, minimum wage,
HQ share of recruits, and advertising spending), estimate unoptimized model results, and
then optimize the model under the given condition. These excursions include lowering the
accession mission, decreasing the percentage of HQ recruits, increasing waivers, raising the
minimum wage, and raising and lowering the unemployment rate. Additionally, we provide
a series of excursions where we fix recruiters, bonuses, and advertising spending at baseline
levels—either singly or in pairs—to assess how resources might be optimally varied in a more
constrained environment.

Our main results focus on a few key excursions related to Army policy and economic
conditions. Most of these excursions have the effect of making recruiting or the recruit-
ing environment more difficult; the conditions of these excursions mirror aspects of the
current recruiting environment. By lowering unemployment, raising minimum wages, or
increasing the HQ share, the Army will incur higher costs to achieve the fiscal year 2022
accession mission.

Conclusions and Recommendations

Overall, the cost excursions show three main results:

1. Television advertising expenditures are currently too low; the optimized model regu-
larly recommends approximately 80 percent greater spending on this resource.

2. Modest increases in spending on recruiters are generally recommended when the
recruiting environment is difficult. Under less adverse recruiting conditions, adver-
tising can substitute for recruiters and still achieve recruiting goals at lower cost.

3. Bonuses are a costly and inefficient way of achieving recruiting goals. The optimiza-
tion model never solves for an increase in bonuses. Under all scenarios that we esti-
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mate results for, the optimal solution reduces bonus spending. On average, the recom-
mended reductions are between roughly 25 and 50 percent.

Consequently, we recommend that the Army increase advertising expenditures and,
in the current difficult recruiting environment, consider an increase in recruiters. These
additional costs might be at least partially offset by reducing QS bonus amounts (while
preserving higher eligibility) and MOS bonuses (through both bonus eligibility and bonus
amount). However, we acknowledge that MOS bonuses may play an additional and impor-
tant role in the relative strength of occupation-specific end strength that we do not account
for in our modeling.

There might be other policies, such as reducing recruit quality, that will save money in
the short run. However, increasing accessions by lowering quality might have higher down-
stream costs, including increases in early attrition, lower performance, and lower reenlist-
ment probabilities (we model these results in Appendix D). Because the RRM cannot fully
capture these longer-range costs, we focus only on the costs of direct inputs to the recruit-
ing enterprise.

Because the data used in the RRM did not arise from an experimental research setting,
the associations between resources and contract production that our model estimates might
not represent purely causal relationships despite our multiple approaches to minimize bias,
drawn from econometric theory or institutional knowledge of Army recruiting operations.
Thus, the RRM’s quantitative results broadly reflect the relative effectiveness of resource
use rather than give specific instructions for the future deployment of recruiting resources.
Throughout the report, we highlight this and other specific limitations of the current itera-
tion of the RRM. We emphasize that the Army should consider conducting a series of well-
designed and rigorously implemented randomized controlled experiments to determine
the true causal effect of Army advertising and other resources on contract production and
enlistment.
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CHAPTER 1

Introduction

Background

As the largest service branch in the U.S. Department of Defense (DoD), the Army seeks to
enlist approximately 60,000 to 80,000 soldiers in the Regular Army (RA) each year. This
number varies based on RA retention, missions, and operating environment. In addition to
its RA mission, U.S. Army Recruiting Command (USAREC) seeks to enlist approximately
11,000 to 27,000 U.S. Army reservists. To accomplish this, the Army uses a wide array of
recruiting resources, including national and local advertising and marketing campaigns, and
more than 9,000 recruiters located at more than 1,300 recruiting stations throughout the
United States. In addition to advertising and recruiting, the Army uses enlistment incentives
(i.e., bonuses specific to high-demand occupations or willingness to ship on short notice).
Historically, Army bonuses have been capped at $45,000 and paid out over several years,
but the maximum bonus level was recently raised to $50,000 (Baldor, 2022). Bonus amounts
and qualification requirements are managed at least quarterly by the Enlistment Incentive
Review Board.

In fiscal year (FY) 2015, our data suggest recruiting cost the Army approximately $1.6 bil-
lion, with approximately 62 percent of the budget spent on recruiters, 6 percent spent on
advertising, and 32 percent spent on enlistment bonuses. While these outlays make up the
direct financial costs of recruiting, the Army also self-imposes nonfinancial restraints on
recruiting, such as requirements for recruit characteristics that have been shown to affect
downstream costs in training and retention. This implies that the full stream of costs and
benefits cannot be determined by the amount of money spent on recruiters, advertising,
and bonuses (Orvis et al., 2018). In particular, the Army requires that at least 90 percent of
enlisted personnel have graduated from high school with a diploma (not a General Educa-
tional Development) and that 60 percent of enlisted personnel score in the upper half of the
Armed Forces Qualification Test (AFQT) distribution. These requirements are laid out in
Qualitative Distribution of Military Manpower (Department of Defense Instruction [DoDI]
1145.01, 2018, p. 2). Recruits who achieve both of these benchmarks are referred to as high
quality (HQ), while those who miss either benchmark or both benchmarks are referred to
as non-high quality (NHQ). In addition to these educational and mental capacities, soldiers
are required to be in good health, be in good social standing (i.e., have no history of convic-
tions or incarceration), and have no evidence of current or prior drug or alcohol abuse. These
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additional qualifications are established in DoDI 1304.26 (2005).! The goal of these quality
requirements is to ensure that recruits can meet training requirements and reduce first-term
attrition. However, these requirements also result in a smaller pool of qualified individuals
that the Army can recruit from. This will raise immediate recruiting costs but will likely save
money through more-efficient training, decreased attrition, and fewer issues due to conduct.

As this research shows, recruiting resources (e.g., recruiters, advertising, bonuses) differ
in their effectiveness (cost per additional enlistment contract). However, they also differ in
the amount of time it takes for the resource to be effective. While less cost-effective than
other resources, enlistment bonuses can be “switched on” in a moment’s notice. Conversely,
adding recruiters might require considerable lead time: New recruiters must be initiated,
trained, and given time to learn the local area and the nature of the job. Similarly, advertis-
ing campaigns must be designed and tested, and then airtime or internet placements must
be purchased. Additionally, advertising might require repeated exposure before the message
begins to gain traction and alter choices.

While the Army has direct control over how it uses its resources and sets policy, the gen-
eral recruiting environment can have a direct effect on recruitment and alter the effectiveness
of recruiting resources. An extreme example occurred early in 2020 at the beginning of the
coronavirus disease 2019 (COVID-19) pandemic. During that time, the Army stopped ship-
ping to training—a clear case of external factors affecting the Army’s ability to recruit. Other
periodic shifts in the economy can alter the Army’s ability to recruit. For example, when the
unemployment rate declines significantly because of a robust national economy, as it did in
the early 2000s and just prior to the Great Recession in 2007, there are fewer workers available
to fill each job opening. Under such conditions, high school graduates might spend less time
searching for a job, reducing the window for recruiting. Even those who have a predisposi-
tion to serve in the Army might find a more attractive civilian job offer. Importantly, many
who sign a contract to enlist must wait months for a shipping date. If an attractive job offer
comes their way during that time, they might not ship to training. Overall, a better econ-
omy for workers makes recruiting harder for the Army. We take these factors into account
throughout this research. Finally, state and federal policy can have an impact on recruiting.
For example, as states and localities raise their minimum wages, we find that Army contracts
decline—suggesting that high school-aged students are taking jobs with higher pay instead
of joining the Army.

In these different recruiting environments, recruiting resources and enlistment eligibility
policies vary in their effectiveness to meet Army accession requirements. A tightening job
market, such as the one the United States experienced over late 2021 and throughout 2022,
will likely raise recruiting costs. There are other ways to increase the probability of meeting
the mission, such as increasing the use of conduct waivers or reducing quality standards, that
do not incur immediate costs. While these would likely reduce current recruiting costs, they

I There are gray areas (e.g., multiple traffic violations) where conduct or health waivers may be given.
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could prove to have additional downstream costs because of first-term attrition and poten-
tially affect Army readiness (Asch et al., 2021).

What Is the Recruiting Resource Model?

The Recruiting Resource Model (RRM) is a multi-part statistical model comprising three
distinct sub-models: contract production, Delayed Entry Program (DEP) dynamics, and cost
allocation. The contract production model (CPM) weighs trade-offs between recruiting con-
ditions and the recruiting resources used to produce HQ and NHQ enlistment contracts. The
DEP dynamics model assigns differential times in the DEP and rates of attrition according
to contract characteristics (e.g., HQ or NHQ, prior service, and receipt of a quick-ship [QS]
bonus), producing a stream of accessions based on the contracts that it receives as inputs. The
third model, cost allocation, calculates costs per accession for a given FY.

The CPM reflects the Army’s recruiting practices between FYs 2013 and 2018.2 The CPM
is estimated using Army and economic data that reflect the recruiting environment, spend-
ing on recruiting resources, and USAREC missioning by recruiting company and month. The
model’s regression parameters, estimated using detailed data, determine the extent to which
resourcing, missioning, population, or the properties of recruiting companies are associated
with greater or lesser levels of non-prior service (NPS) contract production.

The DEP model divides contracts by type—HQ and NHQ, prior service and NPS, and
attachment of a QS bonus and no bonus incentive—and assigns a time in the DEP and a
historical attrition parameter to each contract type. Because of these contract losses, meet-
ing an accession goal requires the production of a higher number of contracts than the mis-
sion requires. For example, if historical attrition for those who are scheduled to ship in four
months is 10 percent, then 100 contracts with a four-month ship date must be written to
produce 90 accessions.

Finally, the cost allocation model generates costs per accession by allocating two key cost
components to each realized accession: costs that are paid monthly or yearly (such as adver-
tising and recruiter costs) and costs that are paid infrequently (typically during periods of
difficult recruiting). By statute, these latter costs (typically enlistment incentives [bonuses])
are paid out over time if they exceed $10,000. The cost allocation model counts bonus costs at
the time they are incurred as a fiscal obligation by the Army. For example, though a recruit
might not receive their first bonus installment until they complete their first year of service,
the cost allocation model will assess the full bonus cost at the time of accession. This allows
the RRM model to optimize total costs in real time by identifying cost-minimizing resource
portfolios. The downside of this strategy is that it accounts for expenditures on bonuses each
year in a way that might differ from the actual approach used by the Army.

2 As will be discussed in Chapter 2 and Appendix B, we exclude FY 2016 because of limitations on the
availability of digital advertising data.
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The optimizer determines the cost-minimizing portfolio of recruiting resources; however,
the solution is conditional on the baseline scenario used.? All the scenarios we present use the
same set of expenditures and resources as the baseline (detailed in Chapter 4) and economic
conditions from FY 2015, which are then varied to demonstrate various alternative recruit-
ing environments. The optimization algorithm aims to produce enough accessions to meet
monthly and annual mission while minimizing total costs.

In addition to understanding how specific resources translate to contracts, the RRM can
help Army leaders better understand the complex trade-offs involved in recruiting. The RRM
can be refined and updated to reflect changes in the effectiveness and efficiency of individual
recruiting resources, USAREC company structure or operations, and lessons learned from
the results of changes in recruit eligibility policies.

Purpose of the Report

There are a nearly limitless number of combinations of resources, eligibility qualifications,
and economic conditions that can go into planning and executing an Army recruiting mis-
sion. No single person can anticipate how all those combinations will play out. However,
the RRM can contribute to making these complex decisions by simulating alternate spend-
ing plans and predicting which ones will improve results. We can also alter the conditions
of the model to understand how a decline in unemployment, for example, will change the
optimal mix of resources. Additionally, this research will help us understand how recruiting
resources and recruit eligibility policies work together under varying accession requirements
and recruiting environments. This is critical information for decisionmakers who must
use limited resources efficiently and effectively to meet the Army’s accession mission. This
research builds on earlier research by Knapp et al. (2018), conducted by the RAND Arroyo
Center, on the effectiveness of alternative recruiting resource use in generating enlistment
contracts and accessions. The RRM developed in this report updates and extends the previ-
ous RRM by simplifying the structure of the CPM and updating the optimization algorithm;
estimating new parameters; and incorporating more-recent data, including digital advertis-
ing. Despite these considerable changes, the purpose of the RRM is unchanged: to consider
the associations among the monthly level and mix of recruiting resources, recruit eligibility
policies, and overall recruiting environment and to assess the value of alternate combinations
of these factors that could aid the Army in meeting its mission more efficiently. It models how
these factors combine to produce monthly contracts, models the dynamics of the DEP, and
produces estimates for the minimum resource requirements necessary to meet Army recruit-
ing goals.

3 This is because the complexity of the model’s parameter space and current computing power limits us to
the use of a local optimization procedure that reaches a locally optimal solution rather than a global opti-
mum. We discuss the optimizer in more detail in Appendix C.



Introduction

Organization of the Report

Chapter 2 introduces the data and estimation strategy of the CPM and interprets its results.
The CPM is the heart of the RRM in that it allows us to understand how recruiting resources,
eligibility policies, and recruiting environment combine to generate contracts. Chapter 3 dis-
cusses the DEP model and DEP attrition. Chapter 4 discusses optimization and the search for
the cost-minimizing portfolio of expenditures to achieve accession mission. Chapter 5 runs
through multiple excursions in which we alter the mission, recruiting environment, eligibil-
ity policies, or some combination and examine the changes in the cost-minimized solution.
Chapter 6 concludes with the main findings, provides recommendations, and discusses ways
to improve the model in future iterations to make it more useful for senior decisionmakers.
In Appendix A, we discuss our data in more detail. Appendix B provides a full derivation of
the CPM and detailed results. Appendix C contains a detailed discussion of the optimization
process. Appendix D contains additional tables and figures that complement those in the
main text, and Appendix E contains a brief discussion of an alternative modeling approach
that was explored in the interest of transparency about the research process.






CHAPTER 2

Contract Production Model

Conceptualization

In their original work on the RRM, Knapp et al. (2018) lay out the theoretical and concep-
tual underpinnings of the CPM. They argue that recruiters are the essential component in
generating contracts. This is true regardless of how the recruit found their way to the Army,
be it through visiting GoArmy.com, attending an event, or walking into a recruiting center.
Recruiters are responsible for getting the potential recruit to the Military Entrance Process-
ing Station (MEPS), where they will receive their aptitude testing and a physical, and then
working with them to select a suitable military occupational specialty (MOS).

We follow this conceptualization by using a model of NPS contract production that cen-
ters on recruiters and other variables that might affect their productivity. This is reflected in
the CPM that we describe below, a linear regression model that is at the heart of the RRM.
The full derivation of the CPM from a theoretical Cobb-Douglas production function based
around recruiters and recruiter effort is provided in Appendix B.

Dependent Variables

Throughout the period of this study, recruiters used a team-based approach; consequently,
the dependent variable in the CPM is the number of contracts generated by each company.
As mentioned earlier, we separate recruits into two types: HQ and NHQ, where HQ is
defined as high school diploma graduates with an AFQT score in the upper half of the scor-
ing distribution (above the median, i.e., 50th percentile). We estimate separate company-
level models for each contract quality type (HQ and NHQ). We do this for both theoretical
and practical reasons. From a theory standpoint, it is likely that potential recruits of dif-
fering quality face different choices. That is, a high school diploma graduate who scores in
the top half of the AFQT might have different civilian labor market opportunities than a
high school graduate who scores in the bottom half of the AFQT. Potential recruits of dif-
fering quality might also be differentially affected by economic conditions or advertising.
We show that this is generally the case: HQ and NHQ contract outcomes have differential
associations with multiple measures of recruiting resources and the economic environment.
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Independent Variables
Army Inputs

We start by incorporating the recruiting resources used by the Army to positively affect
the number of contracts written, including recruiters, bonuses, and advertising. While care
should be taken in how these inputs are modeled, the theoretical reason for including them is
straightforward: They are the key direct inputs used to generate contracts. Apart from these
recruiting resources, we also include the company-level recruiting mission, decomposed into
HQ, NHQ, and a U.S. Army Reserve (USAR) mission. We include these measures that are not
resources per se to account for recruitment effort, which is one of the missing variables that
we would ideally have in the RRM. Recruiter effort is unobservable to quantitative research-
ers, and, even if it were observable, we do not have a measure of effort in our data. How-
ever, variation in recruiter effort should be proportional to variation in recruiting mission. In
other words, we include HQ and NHQ RA contracts, as well as USAR contracts, as a proxy
for effort: If recruiters know that they are expected to hit a higher-than-average mission, then
they are likely to expend more effort. This is especially true if there is a distribution of effort
across a company where some people work at capacity and others have excess capacity. With
a larger mission, those with excess capacity will need to work harder. Second, effort might be
expended toward different ends: Because these companies have a joint RA and USAR mis-
sion, if the RA mission goes up while the USAR mission remains constant, we should expect
that recruiters will shift effort toward producing RA contracts.

Recruiting Environment (Economic)

There have been numerous studies showing that economic conditions influence the ease or
difficulty of recruiting (see Asch et al., 2010; Asch, Hosek, and Warner, 2007; and Murray and
McDonald, 1999). For example, Wenger et al. shows that

Successfully achieving a mission goal is tremendously more difficult when the national
unemployment rate is lower rather than higher. Additionally, when casualty rates increase
or operational difficulties mount, recruiting difficulty worsens. (2019, p. ix)

The first measure of economic conditions we introduce to the model is the unemployment
rate. While the estimated association between the unemployment rate and contract produc-
tion varies across past studies (see Table B.3 for a summary of these relationships), the asso-
ciation is invariably positive and often large in magnitude.

In this analysis, we use two additional measures of economic conditions. The first is
the University of Michigan Consumer Sentiment Index (UMCSI) (FRED Economic Data,
2022). The UMCSI asks a nationally representative sample of U.S. households approximately
50 questions each month with a focus on three primary areas: how consumers view their
own financial prospects, their expectations for the general economy over the near term, and
their expectations for the economy over the long term. While the unemployment rate cap-
tures information about the current state of employment, the UMCSI allows us to measure



Contract Production Model

national expectations about future economic conditions. Since joining the military is a mul-
tiyear commitment, such a measure is conceptually relevant.

Our third measure of the recruiting environment is the minimum wage. The minimum
wage essentially measures the lowest legal wage for employment (with narrow exceptions for
tipped employees and others). Raising the minimum wage may make recruiting more diffi-
cult by effectively raising the floor on civilian earnings. Minimum wages vary significantly
over time and across geography. While the federal minimum wage is binding in all states,
many states have state minimum wages that exceed the federal minimum wage, and numer-
ous localities (cities and counties) have raised their local minimum wages even further.

Increases in minimum wages are highly relevant for the population that the Army seeks
to recruit—those in their late teens and early twenties. Using the Current Population Survey
from 1979 to 2014, Allegretto et al. (2017) found that slightly more than 40 percent of working
teens earned within 10 percent of the statutory minimum wage (higher than state or federal)
while just 7.7 percent of workers overall earned that wage.

Therefore, a higher minimum wage might make it harder to successfully generate con-
tracts among the population of young people targeted for recruitment. There is a counter-
vailing force, however. Standard neoclassical economic theory suggests that in the absence of
other market distortions, a binding statutory minimum wage should reduce employment (in
particular, it should raise teen unemployment relative to overall unemployment). The argu-
ment suggests that employers will reduce hiring as wages increase, just as consumers drive
less when gas prices go up. In the end, we find that minimum wage increases are associated
with a decrease in the number of contracts written. But this association is stronger for HQ
contract production, suggesting that minimum wage increases lead employers to shift toward
hiring relatively more-skilled workers that would qualify as HQ recruits (Clemens, Kahn,
and Meer, 2021).

Finally, we did not include measures of the operational environment, as was suggested by
the quote from Wenger et al. (2019). However, casualty rates were low and did not vary signif-
icantly during the sample period used in this study (FYs 2013-2018), nor did the operational
tempo.! Consequently, these factors were not likely to vary enough to be useful in explaining
changes in the recruiting environment.

Operationalization

In this brief section, we discuss rescaling measures to better make comparisons, how certain
variables were measured or specified to achieve a better fit, and how the overall model was
estimated. The goal of this section is to explain the model’s parameters.

I Overall active-duty military deaths, which reached highs near 2,000 per year from 2005 to 2007, fell to
approximately 300 per year during this time (Defense Casualty Analysis System, 2011).



A Revised Recruiting Resource Model for Achieving the Army Personnel Strategy

Scaling by Qualified Military Available

We divide company-level measures of recruiters, contracts, and mission by the number of
qualified military available (QMA) in the company’s recruiting area. QMA is DoD’s estimate
of the number of youth (ages 17-24) who are eligible and available to serve in the military.
DoD considers seven potential types of disqualification: medical or physical, overweight,
mental health, drugs, conduct, dependents, and aptitude. In 2013, DoD’s Joint Advertis-
ing and Market Research Studies program—which is tasked with estimating the number of
youth in the United States eligible for military service—estimated that 29 percent of youth
ages 17-24 were eligible to serve but that nearly 40 percent were enrolled in college. This left
only 17 percent of the overall youth population, or 5.8 million young people, considered to
be QMA. By scaling the number of contracts by this number (the estimate of the pool of
potential recruits in each geographic area in our analysis), we can better equalize the differ-
ent recruiting companies for the sake of comparison. For example, the recruiting company
in Boise, Idaho, which spans all of Idaho and far-eastern Oregon, can be compared with
a recruiting company that covers part of the city of Houston, Texas, in terms of potential
recruits. Consequently, the dependent variable is not a count of the number of contracts, but
the number of contracts written per QMA. Other factors, including recruiters and advertis-
ing spending, are also scaled in this manner.

Advertising

One of the most critical variables in our analysis is advertising. Previous research (Dertouzos
and Garber, 2003; Dertouzos and Garber, 2006) has postulated that the effect of advertising
is a function of the amount of money spent and that this function (conceptualized as a graph
with spending on the x-axis and contract production on the y-axis) is S-shaped. In other
words, advertising has a minimal impact on contract production at low levels of spending, a
more linear relationship over the middle range of spending, and minimal additional effects
at extremely high levels of spending because the market is thought to be saturated. While
this conceptualization is helpful for understanding the way that advertising might work, and
while it might be empirically supported in prior data, it was not apparent in testing we per-
formed with the recent, relatively short time span of advertising data that we had available.

The S-shaped function of advertising effects is informed by the idea that advertising has a
cumulative effect (Leone, 1995). The initial exposure to an advertisement primes the viewer
so that the second exposure is more impactful than the first. Repeated exposures can be
increasingly effective up until a saturation point.

With the limited data we have, we consider advertising dynamics by using a basic, data-
driven approach to generate a single advertising stock measure, which operationalizes the idea
that both current and prior exposure contribute to the overall effect of advertising. Specifi-
cally, the reported estimates of the relationship between advertising and contract production
represent an association between the outcome and the contemporaneous monthly advertis-
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ing spending combined with the two prior months of advertising spending multiplied by
scalars of 0.1 and 0.01, respectively.?

Data

In this study, we used the best available and most up-to-date data we could secure. It is impor-

tant to note that our regression modeling approach requires a complete set of the included
variables for every period to be used in the estimation of the model. Thus, our sample size
was ultimately constrained by the most-sparsely populated of our variables, which was digi-
tal advertising. The data and these limitations are described in more detail in Appendix A.

Mission and recruiter data come from USAREC, and data are aggregated up from the
station level to the company; in all cases, these source data are counts. Data on contracts,
bonuses, and waivers come from Human Resources Command (HRC); like mission and
recruiter data, these data are counts of the number of contracts that received all types of
bonuses and all types of waivers.

Minimum wage data come from Vaghul and Zipperer (2021) and were cross-referenced
against an independent dataset of state-level minimum wages (Neumark, undated). Con-
sumer sentiment data, which are measured at the national level, come from the University
of Michigan. Data on unemployment are from the U.S. Department of Labor Local Area
Unemployment Statistics database. We used county-level, monthly unemployment rates and
matched to the company level using zip codes.

As mentioned above, advertising data were the limiting factor in the length of our sample
period because they were restricted to approximately seven years of data in the case of televi-
sion and only around five of those years in the case of digital. For both television and digital
advertising, our measure is spending in dollars. For television advertising, we have national
expenditures on advertising by month. We distributed this spending to the company level
based on area-level viewership shares provided by the Army Marketing and Research Group
(AMRG). We have these data for FYs 2012-2018.

Digital advertising data were more difficult to obtain and had to be drawn from two
sources. First, we were able to secure relatively detailed data on digital ad placements from
DoubleClick (a distribution platform owned by Google that handles a high share of total
digital advertising traffic) for January 2017 to January 2019. For FYs 2013-2015, we only had
national monthly digital advertising expenditures. However, the national digital spending
data did not have an analogous measure of area-level exposure, as was the case with televi-
sion ad spending. To address this limitation, we created area-specific shares using the average
distribution of spending by zip code for the two years of DoubleClick data and allocated this

2 As discussed in more detail in Appendix B, the decay parameters and the lag structure were chosen to
minimize the root mean squared error of the model, thereby incorporating both the magnitude and the
precision of the estimated associations into the choice of how to formulate advertising stock.

1



A Revised Recruiting Resource Model for Achieving the Army Personnel Strategy

earlier national advertising spending to companies using these shares in the same manner
used for the television ad spending data.

Estimates

The derivation of our regression model from a theoretical recruiting production function
and the full table of model results appear in Appendix B. However, we reproduce the final
CPM here for convenience. The model is estimated at the company-by-recruiting month
level (where the subscript s denotes company and the subscript t denotes recruiting months).

c, MISS RA HQ, MISS RA NHQ, MISS USAR, R,
R S s AL M
+ B,log(unemp ) + B log(cons sent ) + B log(min wage )

TV ad stock
+ B, log(bonus MOS)) + 3, log(bonus QS,) + ﬁ&og(%)

dig ad stock, TV ad stock,  dig ad stock,
+ﬂ1110g<Tt) +ﬁ1210g< Q - X Q t)

st
2 3 outlier
+ B, rem_days, + mt + mt* + mt +y + 6, + 0 + e

For all the measures shown as the natural logarithm of a ratio, the respective ratios are
the count data for the indicated measure divided by QMA population (Q), as mentioned
above. This normalization is important because producing one contract in a recruiting com-
pany with an eligible military population of 20,000 is likely harder than producing a contract
in a recruiting company with an eligible population of 80,000. All measures that represent
Army resources or the economic environment are transformed by taking the natural log
so that the resulting estimates have an elasticity interpretation. Elasticities are interpretable
in the following way: A coefficient such as = 0.1 represents a relationship of 1/10th, so a
10-percent change in the resource or condition is associated with a 1-percent change in con-
tract production.

The model regresses NPS contracts per QMA population on the three mission measures
we use to proxy for effort, as well as recruiters: unemployment, consumer sentiment, and
the minimum-wage level; MOS bonus and QS bonus use;? television and digital advertis-
ing spending; and the interaction of these two spending measures.* These measures are all
transformed by taking the natural log, with the key Army resource measures also scaled

3 See Appendix B for how we define this measure.

4 The interaction between television and digital advertising spending flexibly allows for potential comple-
mentarity or substitution between them.
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by QMA population, as mentioned above. The model also controls for a set of factors that
we are not specifically interested in the parameters of but that are important to include in
order to address potential biases that would otherwise arise. These include a control for the
number of days in the recruiting month (which varies over time); a flexible control for linear
time (a cubic term, to control for otherwise unobservable national trends that might influ-
ence recruiting); a set of month indicator variables for each month of the year (6, to control
for persistent seasonality in recruiting outcomes, such as the so-called bathtub months); and
a single indicator variable, 67", for one data point in our dependent variable (contracts)
data that we believe represents an accounting error (contracts being shifted across adjacent
recruiting months).

Figure 2.1 presents graphical results of the estimates from the CPM (see Table B.1 for all
point estimates and standard errors). The point estimates for RA HQ mission are 0.06 for HQ
contracts and 0.03 for NHQ contracts. Therefore, if we raised the HQ mission by 10 percent

FIGURE 2.1
Estimates from the Contract Production Model by Contract Quality

Mission HQ =
oOHQ ——
Mission NHQ ® NHQ - _e—
Mission USAR o o
Recruiters per QMA _L_.—
Unemployment T —— e
Minimum wage — Y
Consumer sentiment 'S
Bonus MOS f
Bonus QS b

TV ad stock ———

Digital ad stock ——

Ad interaction %

-0.4 -0.3 -0.2 -0.1 0.1 0.2 0.3 0.4

Model coefficients

NOTE: A full table of these estimates appears in Appendix B. The 95-percent confidence interval for each estimate is
shown by the line through the corresponding marker. All estimates are elasticities. For example, a 10-percent increase in
the unemployment rate would result in a 1-percent increase in the share of HQ contracts.
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while holding constant all other factors in the model, we would expect to see HQ contract
production increase by 0.6 percent and NHQ contract production increase by 0.3 percent.”

Raising the NHQ mission has a similar relationship with contract production: It is associ-
ated with increases in the production of both types of contracts but has a much larger associa-
tion with NHQ contract production (more than double the magnitude).® Raising the USAR
mission is associated with a reduction in RA contracts for both HR and NHR; it sends a mes-
sage to recruiters to prioritize recruiting for this component. Raising the number of recruiters
per QMA has the largest estimated impact on contracts in terms of elasticity.

A 10-percent increase in recruiters per QMA results in a 3.3-percent increase in the share
of NHQ contracts and a 2.9-percent increase in the share of HQ contracts. As we will see in
Chapter 4, this large magnitude does not imply that increasing the number of recruiters is
necessarily more cost-effective because this measure is denominated in number of recruiters,
not spending on recruiters (as is the case for advertising and bonuses).

Previous research has estimated that an increase in unemployment is associated with an
increase in both types of contracts, but the relationship appears to be somewhat larger for
NHQ contracts.” A 10.0-percent increase in unemployment (for example, from 5.0 percent
to 5.5 percent) is associated with a 1.0-percent increase in the share of HQ contracts and a
1.8-percent increase in the share of NHQ contracts. This seems plausible because HQ recruits
might have more and better opportunities relative to NHQ candidates as the labor market
worsens. Other economic variables tell a similar story. A 10.0-percent increase in the mini-
mum wage (for example, from $7.25 to $7.97 per hour, considering only the federal minimum)
is associated with virtually no change in NHQ contracts but with a decrease in HQ con-
tracts of about 2.5 percent, suggesting that employers might become more discriminating in
hiring when forced to offer higher wages. Finally, as consumer sentiment rises (the economy
is expected to improve in both the near term and the longer term), the model estimates that
fewer HQ and NHQ contracts will be produced but that the impact on NHQ contract pro-
duction would be around 2.5 times the magnitude associated with HQ contract production.

The association between bonuses and contract production is relatively small in magni-
tude, with estimates ranging from 0.005 to 0.011 (focusing on three of the four total results
that are statistically distinguishable from zero). One important reason for the low magni-

> This latter estimate is not statistically distinguishable from zero at conventional levels of statistical sig-
nificance (the 95-percent confidence level). However, leaving aside statistical precision, these point esti-
mates represent our best estimation of the relationship in question, so they are used in the RRM as reported.
In total, nine out of 28 total point estimates fail to be statistically distinguishable at the 95-percent con-
fidence level, primarily because they are very close to zero. Two of these estimates that are not close to
zero—the association between digital advertising and HQ contract production and the association between
consumer sentiment and NHQ contract production—are both statistically significant at the 90-percent
confidence level.

® We discuss the conceptual relationship between these separate missions and contract production in
more detail in Appendix B.

7 See Table B.3 for a comparison of our results to past research.
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tude of these estimates is the deadweight loss associated with bonuses. Consider the follow-
ing: An 18-year-old who is excited about the opportunity to become an infantryman walks
into the recruiter’s office. After going through the MEPS, the 18-year-old qualifies to be an
infantryman, and the recruiter notes that there is a $20,000 bonus associated with that MOS.
Even though this payment had no influence on the soldier’s decision to enlist, he will still
receive it. This is the key reason for bonus inefficiency: A large portion of bonus spending
is used to pay people for doing what they were already going to do. Additionally, bonuses
cannot expand enlistment unless they are coupled with marketing activities that disseminate
this information to potential recruits. In experimental research on the effect of enlistment
bonuses conducted in the 1980s, the “market expansion effect” of increasing an enlistment
bonus by 60 percent was estimated to be 4 percent (Polich, Dertouzos, and Press, 1986).8 This
translates to an elasticity measure of 0.067, which is approximately equal to the estimate we
calculate for MOS bonuses in our model that uses all contracts as the outcome.

Finally, we examine the effects of advertising spending. We include distinct measures for
television advertising and digital advertising and their interaction, which allows for the pos-
sibility that these two modes of advertising can either reinforce each other (if their interaction
is positive) or serve as substitutes for one another (if it is negative). In general, we find positive
effects for both channels of advertising and a positive interaction, indicating complementar-
ity between these channels (a reinforcing effect of television on digital and vice versa). Our
estimates suggest that both television and digital advertising are more strongly associated
with HQ contract production than with NHQ contract production (this difference is most
pronounced with digital advertising). Comparing the estimated association between tele-
vision advertising and HQ contract production with the association between MOS bonus
spending and HQ contract production shows that an increase in television advertising spend-
ing is expected to produce around ten times the increase in contract production as the same
increase in bonus spending.

Overall, the model’s fit over the sample period is good, with an adjusted R2 of 0.37 for the
model estimating HQ contracts and an adjusted R2 of 0.19 for the model estimating NHQ
contracts.” Thus, the model does a better job of explaining variation in HQ contract produc-
tion than in NHQ contract production.

8 Market expansion is the extent to which bonuses increase enlistments overall, as opposed to two other
conceptually important effects the researchers were concerned with: skill channeling—inducing enlistees to
choose a certain MOS—and shifting the term of enlistment to a longer time horizon conditional on choos-
ing to enlist.

 An adjusted R2 of 0.37 means that the model explains 37 percent of the total variation in contract pro-
duction, after discounting this measure of explanatory power according to the number of included variables
and their individual predictive power (more variables or less relevant variables both lower this score, which
ranges between 0 and 1).
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Limitations

A primary limitation of the RRM (and of any model that uses historical data to predict future
outcomes) is that past data might not help predict future outcomes or events. A case in point
is the unemployment triggered by the COVID-19 pandemic, which resulted from a severe
and unique combination of declining demand, explicit government policy, and international
supply shocks occurring all at once. The rapid creation and deployment of multiple unprec-
edented income support policies for both individuals and businesses further affected the
employment situation. In other words, the reasons for the unemployment crisis during the
COVID-19 pandemic are entirely different from those that informed the estimated unem-
ployment relationship in the sample data. Using our historical estimates of the relation-
ship between the unemployment rate and recruiting outcomes would likely be ineffective in
informing Army resource use during this unprecedented event.

Another key limitation is that this model uses observational—rather than experimental —
data. Though we have taken several steps to minimize potential bias through the specifica-
tion of the model and the inclusion and construction of our variables of interest, we cannot
claim that these estimates represent purely causal relationships. The primary requirement for
a causal claim is that changes in Army resource use meet two criteria: first, that resource use
is not caused by recruiting outcomes (reverse causality) and, second, that unobserved exter-
nal factors do not cause both recruiting outcomes and resource use (as might be the case if
we did not control for the unemployment rate). However, basic facts about the way that Army
recruiting activities are funded and coordinated, as well as informal institutional knowledge
gleaned from our work on this and other related work, suggest that there might be less endo-
geneity in Army recruiting resource allocation than one might initially expect.

For example, Congress and the Secretary of Defense set several key constraints on Army
recruiting goals and resource allocation, including quality mix, end strength, and overall
budget. Different units within the Army must make competing cases for portions of this
finite budget, and we are not aware of broad-based coordination of these efforts. Addition-
ally, the annual marketing budget is set in ways that are, at least occasionally, unrelated to
effectiveness or need. In 2019, for example, the Trump administration reduced the Army
marketing budget by approximately 50 percent as a response to evidence of ineffective past
spending (Cox, 2019). Furthermore, Army recruiting efforts rely on thousands of temporary
recruiters, who are often reassigned staff sergeants. However, the Army recently limited these
reassignments to a level 1,000 service members lower than the prior year because of opera-
tional needs unrelated to recruiting (Winkie, 2021).

We return to this issue in Chapter 6 and highlight how Army planners might benefit
from conducting explicit experiments to derive more plausibly causal relationships between
recruiting resources and enlistment contract production. We address other model-specific
limitations in Appendix B.
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CHAPTER 3

Role of the Delayed Entry Program

Once a contract is signed, an enlistee must wait until there is a seat available in training. In
some cases, they must wait until they have completed high school. Regardless of the reason,
those who are waiting to ship to training wait in the DEP. Not everyone has a long wait in the
DEP; some enlistees ship right away, and some ship earlier than planned with a cash incentive
known as a QS bonus.

However, most enlistees will spend some time in the DEP. Modeling DEP dynamics is
important because the hypothetical excursions we develop later in this research have implica-
tions for the DEP. Generally speaking, we rely on the DEP model developed by Knapp et al.
(2018).! In this model, once the contract production function produces a contract, the enlistee
is assigned an amount of time that they will wait in the DEP, which is determined by the
number of training seats available. With each month that the enlistee spends in the DEP, the
probability that the enlistee will cancel their contract increases. Empirically, the probability
of contract cancellation is a function of quality; HQ enlistees (referred to below as graduate
alpha [GA] for high school graduates scoring in the top half of the AFQT distribution and
senior alpha [SA] for high school seniors scoring in this group) are more likely to cancel their
contracts than NHQ enlistees.

Opverall, we have five types of contracts in the DEP:

GA contracts with a QS bonus

GA contracts without a QS bonus
SA contracts without a QS bonus
NHQ contracts with a QS bonus
NHQ contracts without a QS bonus.

M NS .

SA recruits typically have a long wait time in the DEP and are scheduled to ship on a particu-
lar date; therefore, they are not likely to receive a QS bonus.

Following Knapp et al. (2018), we assign length of time in the DEP based on historical
training seat availability by type of contract. The average time spent in the DEP for a GA
enlistee without a QS bonus is 2.9 months; for an NHQ enlistee without a QS bonus, it is 3.9

' For a detailed discussion of the construction of the DEP Retention Model, see Chapter 4, pp. 79-84.
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months, and for an SA enlistee, it is 7.7 months.? Knapp et al. (2018) adjusts these downward,
because it appears that ship times have shortened in recent years relative to historical data
and assigns time in the DEP based on this new distribution for enlistees without a QS bonus.
If training seats in a particular month are filled (overfilled, taking attrition into account),
then the next contract will be extended to the first available month with a training seat.
This implies that the size of the DEP can grow if recruiters are writing more contracts than
there are available training seats in a particular accession month, and this growth will be due
almost entirely to duration in the DEP. If training seats become available, the Army can draw
down the DEP by shipping recruits.

Time in the DEP is assigned when the contract is written. Enlistees with a longer time
in the DEP are more likely to drop out. It is not, however, predetermined who will drop out.
After the enlistee is assigned a scheduled DEP duration, the enlistee progresses through the
DEP. Again, following Knapp et al. (2018), in each month that an enlistee progresses toward
the assigned ship date, the contracted enlistee is randomly assigned a probability of being
canceled until the average historical share of DEP loss for the given calendar month relative
to the ship date observed in the data is reached. The probability of dropping out of the DEP
increases over time: On average, the probability of dropping out one month prior to ship date
is greater than the probability of dropping out two months from ship date, and so on. We
model this pattern, and Figure D.1 presents an example of the average probability of drop-
ping out for contracted enlistees with nine months in the DEP and contracted enlistees with
six months in the DEP.

Typically, QS bonuses are designed to move people out of the DEP in 30 days or less (a
small number of people might have DEP lengths of 31-60 days). In keeping with Knapp et al.
(2018), 90 percent of recruits with contracts that are offered a QS bonus will be in the DEP for
30 days or less, and 10 percent will be scheduled for a DEP duration of 31-60 days. No indi-
viduals with QS bonuses will be in the DEP for longer than 60 days. Additionally, we allow
the number of individuals exiting the DEP (to enter training) to exceed the monthly acces-
sion mission within a modest range (up to 20 percent).

In summary, the DEP model takes the output from the CPM, a specified training seat dis-
tribution by contract type, accession mission, the target HQ accession percentage, the entry
pool (last year’s remaining DEP enlistees), the assigned DEP length, and DEP attrition rates
and combines them to dynamically allocate enlistees to training seats. As stated in Knapp
et al., “Variation in external economic conditions influences DEP retention because higher
rates of contract production during particularly good recruiting conditions result in longer
DEP lengths (and hence greater attrition)” (2018, p. 85). Additionally, because the CPM pro-
duces HQ and NHQ contracts at different rates under alternative scenarios, the quality mix
in the DEP will change. However, there is no direct effect of external economic conditions
on DEP attrition, something that should be investigated and modeled in future iterations of
the RRM.

2 See Knapp et al., 2018, Table 4.15, p. 82.
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CHAPTER 4

Cost-Optimization Function

With the contract production and the DEP models specified, we can now search for combina-
tions of expenditures (conditional on recruiting conditions and eligibility) that would achieve
the Army’s accession mission at lower cost. This is done using an optimization approach
known as constrained optimization by linear approximation (COBYLA), in which the user
specifies the constraints, initialization parameters, and the objective function being opti-
mized, and the optimizer searches for a locally optimal solution using approximate gradient
descent, until a researcher-specified stopping criterion is reached (Powell, 1994).

Objective Function

Any optimization algorithm requires a function that formally describes what objective we
are trying to achieve. Because our goal is to achieve the accession mission while minimiz-
ing spending on the portfolio of resources under the Army’s control, our objective function
incorporates information on both accessions and costs. We will specify the costs as the fol-
lowing objective function:

Objective = D + Z (Bt+A,+Rt+Mr)
t

In this equation, B, A, and R are the costs of bonuses, advertising, and recruiters, respec-
tively, all indexed by ¢ to denote monthly costs. D and M are penalty functions that convert
bad outcomes (e.g., missing mission) into dollar costs (penalties) for the purposes of finding
cost-minimizing solutions. M stands for the monthly accession penalty. This term creates a
penalty whenever monthly accessions are too high or too low. We have quantified the pen-
alty such that the amounts are similar in magnitude to Army bonuses. In the case of too few
accessions, we generate a cost penalty such that an outcome of 100 too few accessions in a
month incurs a cost of approximately $800,000. An outcome with too many accessions also
incurs a penalty (because this is also a misallocation of Army resources), but this penalty is
lower: An outcome of 100 too many accessions in a month incurs a penalty of approximately
$300,000. D stands for the DEP penalty, which is defined similarly to the monthly accession
penalty in that it monetizes how much it costs to miss the end-of-year DEP goal. In this case,
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we are only concerned with the final DEP (not indexed by ¢, indicating that there is no pen-
alty for missing intermediate monthly values) and there is no penalty for overshooting the
end-of-year DEP goal, because contracted enlistees in the DEP at the end of the year reduce
the necessary contract production in the next year. The DEP penalty was set such that the
cost of a shortfall of 100 from the exit DEP was approximately $630,000.

These relative penalty levels were settled on through experimentation using calibrated
data from FY 2015 and by adjusting penalties to obtain results that most-closely matched the
observed outcomes in terms of relative output of accessions and the exit DEP. As discussed
elsewhere in this report, the use of uniformly higher penalties that preserved the relative
ratios had the effect of driving costs beyond our constraints on maximum spending levels.
Thus, the overall level of penalties was set so that, under a variety of conditions, solutions
tended to produce spending results that had precedent in observed levels of Army spending
over recent years.

Optimization Parameters

The contract production function produces estimates of the relationship between three key
Army inputs—bonuses, advertising, and recruiting—and contracts. These are the choice
parameters that the optimizer varies in finding an acceptable solution. The optimization can
be thought of as having two parts: Part one chooses the resource mix, and part two accounts
for the costs. The costs are all monetized in the objective function discussed earlier, along
with the penalties expressed in monetary terms. In part one, we allow the optimizer to choose
a potential bundle of Army inputs. There are 11 parameters that can be chosen, each of which
can take many values. These include the following:

MOS eligibility proportions (HQ and NHQ)
o MOS bonus amounts (HQ and NHQ)

o QS eligibility proportions (HQ and NHQ)

o QS bonus amounts (HQ and NHQ)

o television advertising amounts

digital advertising amounts
o number of recruiters.

We initialize the optimizer by providing inputs that correspond to user-specified levels
for bonus amounts, eligibility, advertising spending, and recruiters. Then we allow the opti-
mizer to solve for different bundles of inputs with the search area constrained to the highest
and lowest amounts of resources used in any month over our sample period (FYs 2013-2015
and FYs 2017-2018).! We also constrain the change in recruiters to be relatively small from

1 These constraints are discussed in more detail in Appendix C.
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month to month (a maximum increase of 1.6 percent or a maximum decrease of 1.0 percent)
to reflect the difficulty of rapidly changing the size of this force. For each bundle, the objec-
tive function keeps account of the costs that are directly related to the inputs and those that
are associated with the penalties of missing a monthly accession mission, the overall DEP, or
the annual accession mission.?

Excursions

Baseline

The primary function of the optimizer is to solve for a given accession mission given baseline
parameters. In Table 4.1, we introduce the baseline parameters to initialize the optimization,
using 2015 inputs unless otherwise specified.> We use an accession mission of 65,000 and an
unemployment rate of 5.6 percent;* the actual minimum wage by local area;® waiver share;
HQ share; entry pool;® recruiters ranging in number from 8,597 to 8,954 per month; and
advertising totaling $55.3 million for the FY, allocated so that 60 percent is spent on television
advertising and 40 percent is spent on digital advertising. For HQ contracts, QS and MOS
bonus amounts are fixed at $15,900 and $16,400, respectively, while eligibility rates are set at
15 percent and 36 percent, again respectively for QS and MOS bonuses. NHQ eligibility rates
f