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FROM THE
CHAIRMAN AND
EXECUTIVE
EDITOR
Dr. Larrie D. Ferreiro

The theme of this edition of the Defense
Acquisition Research Journal is “The
Social Goals of Defense Acquisition.”
It a lways has been commonplace to
read or hear criticisms of the defense
acquisition process, generally with the
premise that it is not focused on meeting
warfighter needs, and often with the
codicil “if defense acquisition could just
be run more like a business….” Yet such
criticism overlooks the many differences
between government and commercial
business, not the least of which is the fact that Congress places
specific social and economic policy requirements on federal
acquisition in general, and defense acquisition in particular. By
contrast, businesses are not encumbered by these Congressionally
mandated policy requirements.
These policy goals were deftly outlined in a relatively obscure but
insightful paper, “Social and Economic Goals and Their Impact
on the Defense Acquisition Process” by Thomas E. Harvey (a
former Deputy Assistant Secretary of the Army – Acquisition),
which was published in 1979 in the Notre Dame Law Review and
reprinted here with that journal’s permission. Now, 40 years after
the publication of Harvey’s paper, we have asked Moshe Schwarz,
who has served as an analyst on defense acquisition for over a
decade, to revisit Harvey’s paper and answer the question: What
has changed over the last 40 years since the article was published?
Moshe’s short answer—a great deal, and his observations are
insightful and enlightening.
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The first research paper in this issue, “The Impacts of DoD
Acquisition Initiatives on Defense Industry Business Strategy”
by Joseph R. Blank, follows in this same vein. The author examines
recent Department of Defense (DoD) acquisition initiatives,
and through semistructured interviews with defense industry
executives, explores and identifies the business strategies needed
by these companies to address DoD’s evolving requirements. The
second paper, “Foundations for a Game Theoretic Framework for
Agile Acquisition” by Scott Rosen, Kelly Horinek, Alexander Odeh,
Les Servi, and Andreas Tolk, examines the use of game theory
within the government acquisition community to understand
and develop strategies that help vendors and expedite their
decision-making.
The featured reading in this issue’s Defense Acquisition
Professional Reading List is Paul A. C. Koistinen’s magisterial
five-volume series, The Political Economy of American Warfare,
reviewed by Mark Wilson.

Dr. Larrie D. Ferreiro
Chairman and Executive Editor
Defense ARJ

Norene Johnson, Emily Beliles,
and Michael Krukowski

Defense Acquisition University Press
Fort Belvoir, VA
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Competition POCs
• John Cannaday, DAU: john.cannaday@dau.mil

DAU CENTER
FOR DEFENSE
ACQUISITION
RESEARCH AGENDA 2019

This Research Agenda is intended to make researchers aware of
the topics that are, or should be, of particular concern to the broader
defense acquisition community within the federal government,
academia, and defense industrial sectors. The center compiles the
agenda annually, using inputs from subject matter experts across
those sectors. Topics are periodically vetted and updated by the
DAU Center’s Research Advisory Board to ensure they address
current areas of strategic interest.
The purpose of conducting research in these areas is to provide solid,
empirically based findings to create a broad body of knowledge that
can inform the development of policies, procedures, and processes in
defense acquisition, and to help shape the thought leadership for the
acquisition community. Most of these research topics were selected
to support the DoD’s Better Buying Power Initiative (see http://
bbp.dau.mil). Some questions may cross topics and thus appear in
multiple research areas.
Potential researchers are encouraged to contact the DAU Director
of Research (research@dau.mil) to suggest additional research
questions and topics. They are also encouraged to contact the
listed Points of Contact (POC), who may be able to provide general
guidance as to current areas of interest, potential sources of
information, etc.

x

•

Salvatore Cianci, DAU: salvatore.cianci@dau.mil

•

Frank Kenlon (global market outreach), DAU: frank.
kenlon@dau.mil

Measuring the Effects of Competition
• What means are there (or can be developed) to measure
the effect on defense acquisition costs of maintaining
the defense industrial base in various sectors?
•

What means are there (or can be developed) of
measuring the effect of utilizing defense industrial
infrastructure for commercial manufacture, and in
particular, in growth industries? In other words, can
we measure the effect of using defense manufacturing
to expand the buyer base?

•

What means are there (or can be developed) to
determine the degree of openness that exists in
competitive awards?

•

What are the different effects of the two best value
source selection processes (trade-off vs. lowest price
technically acceptable) on program cost, schedule, and
performance?

Strategic Competition
• Is there evidence that competition between system
portfolios is an effective means of controlling price
and costs?
•

Does lack of competition automatically mean higher
prices? For example, is there evidence that sole source
can result in lower overall administrative costs at both
the government and industry levels, to the effect of
lowering total costs?

•

W hat a re the long-term historica l trends for
competition g uida nce a nd practice in defense
acquisition policies and practices?
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•

To what ex tent a re contracts being awa rded
noncompetitively by congressional mandate for policy
interest reasons? What is the effect on contract price
and performance?

•

What means are there (or can be developed) to
determine the degree to which competitive program
costs are negatively affected by laws and regulations
such as the Berry Amendment, Buy American Act, etc.?

•

The DoD should have enormous buying power and the
ability to influence supplier prices. Is this the case?
Examine the potential change in cost performance
due to greater centralization of buying organizations
or strategies.

Effects of Industrial Base
• What are the effects on program cost, schedule, and
performance of having more or fewer competitors?
What measures are there to determine these effects?
•

What means are there (or can be developed) to measure
the breadth and depth of the industrial base in various
sectors that go beyond simple head-count of providers?

•

Has change in the defense industrial base resulted in
actual change in output? How is that measured?

Competitive Contracting
• Commercial industry often cultivates long-term,
exclusive (noncompetitive) supply chain relationships.
Does this model have any application to defense
acquisition? Under what conditions/circumstances?
•

xii
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What is the effect on program cost, schedule, and
performance of awards based on varying levels of
competition: (a) “Effective” competition (two or more
offers); (b) “Ineffective” competition (only one offer
received in response to competitive solicitation); (c)
split awards versus winner take all; and (d) sole source.

Improve DoD Outreach for Technology and Products
from Global Markets
• How have militaries in the past benefited from global
technology development?
•

How/why have mi lita r ies missed t he la rgest
technological advances?

•

What are the key areas that require the DoD’s focus and
attention in the coming years to maintain or enhance
the technological advantage of its weapon systems and
equipment?

•

What types of efforts should the DoD consider pursuing
to increase the breadth and depth of technology push
efforts in DoD acquisition programs?

•

How effectively are the DoD’s global science and
technolog y investments transitioned into DoD
acquisition programs?

•

Are the DoD’s applied research and development (i.e.,
acquisition program) investments effectively pursuing
and using sources of global technology to affordably
meet current and future DoD acquisition program
requirements? If not, what steps could the DoD take
to improve its performance in these two areas?

•

What are the strengths and weaknesses of the DoD’s
global defense technology investment approach as
compared to the approaches used by other nations?

•

What are the strengths and weaknesses of the DoD’s
global defense technology investment approach as
compared to the approaches used by the private
sector—both domestic and foreign entities (companies,
universities, private-public partnerships, think
tanks, etc.)?

•

How does the DoD currently assess the relative benefits
and risks associated with global versus U.S. sourcing
of key technologies used in DoD acquisition programs?
How could the DoD improve its policies and procedures
in this area to enhance the benefits of global technology
sourcing while minimizing potential risks?

xiii
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•

How could current DoD/U.S. Technology Security
and Foreign Disclosure (TSFD) decision-making
policies and processes be improved to help the DoD
better balance the benefits and risks associated with
potential global sourcing of key technologies used in
current and future DoD acquisition programs?

•

How do DoD primes and key subcontractors currently
assess the relative benefits and risks associated with
global versus U.S. sourcing of key technologies used in
DoD acquisition programs? How could they improve
their contractor policies and procedures in this area
to enhance the benefits of global technology sourcing
while minimizing potential risks?

•

How could current U.S. Export Control System
decision-making policies and processes be improved
to help the DoD better balance the benefits and
risks associated with potential global sourcing of
key technologies used in current and future DoD
acquisition programs?

Comparative Studies
• Compare the industrial policies of military acquisition
in different nations and the policy impacts on
acquisition outcomes.
•

•

xiv

Compare the cost and contract performance of highly
regulated public utilities with nonregulated “natural
monopolies,” (e.g., military satellites, warship building).
Compare contracting/competition practices between
the DoD and complex, custom-built commercial
products (e.g., offshore oil platforms).

•

Compare program cost performance in various market
sectors: highly competitive (multiple offerors), limited
(two or three offerors), monopoly.

•

Compare the cost and contract performance of military
acquisition programs in nations having single “purple”
acquisition organizations with those having Servicelevel acquisition agencies.

DAU ALUMNI ASSOCIATION
Join the Success Network!

The DAU Alumni Association opens the door to a worldwide network of Defense
Acquisition University graduates, faculty, staff members, and defense industry
representatives—all ready to share their expertise with you and benefit from yours.
Be part of a two-way exchange of information with other acquisition professionals.
•

Stay connected to DAU and link to other professional organizations.

•

Keep up to date on evolving defense acquisition policies and developments
through DAUAA newsletters and the DAUAA LinkedIn Group.

•

Attend the DAU Annual Acquisition Training Symposium and bimonthly hot
topic training forums—both supported by the DAUAA—and earn Continuous
Learning Points toward DoD continuing education requirements.

Membership is open to all DAU graduates, faculty, staff, and defense industry
members. It’s easy to join right from the DAUAA Website at www.dauaa.org,
or scan the following QR code:

For more information, call 703-960-6802 or 800-755-8805,
or e-mail dauaa2@aol.com.
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•

•

•

•

GROUND RULES

The competition is open to anyone interested in
the DoD acquisition system and is not limited to
government or contractor personnel.
Employees of the federal government
(including military personnel) are encouraged
to compete and are eligible for cash awards
unless the paper was researched or written as
part of the employee’s official duties or was
done on government time. If the research effort
is performed as part of official duties or on
government time, the employee is eligible for
a non-cash prize, i.e., certificate and donation
of cash prize to a Combined Federal Campaign
registered charity of winner’s choice.

First place Jacques S. Gansler Award is $1,000.

Second and third prizes, if awarded, are each $500.
•

•

The format of the paper must
be in accordance with guidelines for
articles submitted for publication in the
Defense Acquisition Research Journal.

•

Papers will be evaluated by a panel
selected by the DAUAA Board of
Directors and the DAU Director of
Research.

•

Award winners will present their
papers at the DAU Acquisition
Community Training Symposium,
Tuesday, April 7, 2020, at the DAU
Fort Belvoir campus.

•

Papers must be submitted by
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Social and Economic Goals and Their Impact on the Defense Acquisition Process

Any discussion of the Department of Defense (DoD) acquisition process
brings to mind the instances in which DoD purchases have been suggested
to have been careless, inept, or even profligate. Questions have been raised
as to the ability of the DoD procurement system to function as efficiently
and effectively as a business in the private sector motivated and judged by
profit criteria.
People involved in government procurement operate under strictures not
encountered in private enterprise. Their expenditures do more than merely
acquire goods and services at the lowest possible cost. A wide variety of
social policies is implemented through the government’s acquisition process.
Although the Commission on Government Procurement cataloged some 38
different social and economic programs furthered through the procurement
process,1 the list is continually changing in response to perceived societal
needs and the political pressures of the moment. Current estimates are that
there are some 35 to 40 specific programs in existence and exerting their
influence on the acquisition process. These programs are not cataloged in
any single place. Some are statutory. Others derive from regulations or from
executive directive. Only a familiarity with the government acquisition
process makes them apparent.
This commentary considers some of these programs and their impact on the
defense acquisition budget, and addresses problems created in attempting
to utilize the procurement process to further nonprocurement social and
economic goals. 2

National Policies Implemented Through
the Procurement Process
Maintenance of a Production Base
One important factor to be considered in the acquisition of any military
material is the need to maintain a domestic production base3 capable of
manufacturing such material in wartime. This often requires the
issuance of contracts to acquire limited quantities,
often sacrificing economies
of sca le, merely to enable
manufacturers to develop
and maintain the skilled
workforce and capital plant
which would be required
in a wartime mobilization.
The conflict between the desire
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to acquire goods and services at the lowest possible price and the need
to maintain a domestic production base for those goods is particularly
vivid in the areas of munitions and armaments manufacture, commodities
having minimal nonmilitary markets. In any future war, no time would
be available to develop a competent workforce and construct the capital
facilities necessary to manufacture munitions in the volume required to
equip troops in combat.
For certain items, there simply is no commercial production facility which
could possibly meet the wartime needs of the military. To supply such
materials, it has been necessary for the government to acquire and equip
such a facility and then operate the plant itself or contract with private
industry for its operation. To assure effective and economical employment
of such facilities, the Army Arsenal Act4 provides that supplies which can
be manufactured in such facilities shall be manufactured there.
Having determined to supply its needs through its own facilities, to prevent
the erosion of a workforce and the economic dislocation which would be
created if employment in a region were to be dependent on a single facility
responding to the needs of an unstable market, the government has, in
some situations, proceeded one step further. This has been done in the
area of jewel bearing manufacture. Jewel bearings are integral to various
navigational instruments, fire control, and communications equipment.
The Defense Acquisition Regulation requires that: “Defense requirements
for jewel bearings must, to the maximum extent practicable, be procured
from the Government-owned William Langer Jewel Bearing Plant, Rolla,
North Dakota, which is operated through a contract by the General Services
Administration.”5

The Buy American Act and the Balance of Payments Program
The Buy American Act. To assist in the maintenance of a domestic
production base, since 1933 the government has followed a policy that
manufactured materials acquired for public use shall be substantially
constituted from domestically mined or manufactured articles or supplies.
Pursuant to the Buy American Act, 6 contracts are to be awarded for
domestic goods even though the bid price is as much as 6% in excess of the
lowest foreign bid. As a matter of administrative practice, the DoD adds
an additional 6% to the differential in cases where the low domestic bid is
from a small business concern or a business concern in a labor surplus area.
Provisions of the Buy American Act may be waived where it is determined
that the purchase is inconsistent with the public interest or the cost is
unreasonable after application of the 6% differential.

Defense ARJ, July 2019, Vol. 26 No. 3 : 190-206
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In addition, since 1962, it has been DoD practice in evaluating bids offering
foreign source items against bids offering domestic source items to apply
an alternative 50% differential to the foreign prices (without duty).7 This
practice was initiated as one of a number of measures instituted during
the 1960s and early 1970s to stem the “gold flow,” recognized as a serious
problem at that time.
The Balance of Payments Program. Although Buy American
provisions do not generally apply to goods and services required for use
outside the United States, to counteract the unfavorable trade balances
existing between the United States and those foreign countries in which
the United States has sizable defense installations, DoD has established
a balance of payments program, 8 which requires that, where possible,
products manufactured in the United States will be acquired for use abroad
and includes application of the 50% differential where items being procured
are for use outside the United States. The purpose of the program is the
reduction of overseas dollar expenditures at an acceptable increase in
budgetary costs.

procured by the United States. This gave respectability to the idea that
there could be some military procurement outside the United States in the
interest of standardization.
The Defense Appropriation Authorization Act for fiscal year 1977 contains an
expanded version of the Culver-Nunn Amendment, which provides, among
other things, that it is U.S. policy to ensure that all NATO equipment is, if
not standardized, at least interoperable. To achieve this end, the Secretary
of Defense may waive Buy American laws when domestic procurement
is determined to be inconsistent with the public interest. New systems
intended for NATO use are to conform to a common NATO requirement.
Licensing and coproduction agreements between allies are encouraged, and
the “two-way street” approach to standardization is endorsed.13

Additional buy-national restrictions are regularly incorporated in the
annual Defense Appropriations Act, which restricts the availability of funds
for the procurement of foreign source articles of food, clothing, cotton,
wool, silk, and various specialty metals.9 Congress has also restricted funds
for such things as the acquisition of foreign buses,10 and for research and
development contracting with foreign sources.11

NATO Rationalization, Standardization and Interoperability
In spite of these Buy American considerations, the government is
aggressively pursuing a policy to ensure that weapons systems within the
North Atlantic Treaty Organization (NATO) are interoperable, that is to
say, that all NATO nations use basically the same weapons requiring the
same types of maintenance and ammunition. The development of competing
weapons systems by various NATO allies is not only costly, but also creates
awesome logistical problems in any combat situation. Ammunition supplies
to provide the requirements of different units, each utilizing a different
weapon system, would be not only expensive, but virtually impossible to
maintain in quantities sufficient to meet the needs of units in combat.
The Culver-Nunn Amendment to the Defense Appropriation Act of 197512
formally committed the United States to standardization within NATO
by requiring annual progress reports for any NATO nonstandard weapon
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Since that time, various memoranda of understanding have been executed
between the United States and certain of its NATO allies, providing for
the mutual waiver of buy-national restrictions and access of each to the
defense market of the other. Certain of these memoranda also provide
for compensating offset agreements. Others provide for coproduction of
separable parts of complex weapons systems.14
The road toward rationalization, standardization, and interoperability
of weapons systems within NATO has not been smooth. In addition to
considerations of increased military might, economic and political realities
have had an impact. National industries gaining business as a result of
increased access to an expanded defense market are generally supportive;

Defense ARJ, July 2019, Vol. 26 No. 3 : 190-206
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those losing business as a result of another’s more ready access to their
market are not. They manifest this displeasure by mobilizing the political
forces at their disposal against any such programs.
In early 1978, a special Subcommittee of the House Armed Services
Commit tee wa s appointed to consider NATO sta nda rdization,
interoperability, and readiness. The subcommittee’s report15 was generally
critical of DoD efforts to achieve NATO standardization and interoperability,
and concluded that the terms themselves are ambiguous and have produced
confusing and conflicting guidance for translating policy into action. Among
the report’s recommendations was that the Culver-Nunn Amendment be
examined in detail to determine whether basic changes should be made to
it and the philosophy it embodies.

The development of competing weapons
systems by various NATO allies is not
only costly, but also creates awesome
logistical problems in any combat situation.
A real world consideration to be borne in mind as progress, or lack of it,
occurs in this area is the more vocal reaction of our NATO allies to what they
perceive as a historical imbalance in arms sales within the alliance, which
has greatly favored the United States. As this country attempts to encourage
its NATO allies to invest more heavily in the defense of the alliance, they
are more and more often demanding that they be given their fair share of
the economic fallout of a decision to do so. This is further complicated by
the fact that our NATO allies have defense industries of widely disparate
capabilities ranging from the sophisticated technology and marketing of the
Germans, British and French, to the much less sophisticated Portuguese,
Greeks, and Turks.16

Small Business
There is a general policy within the government to assist small
businesses to obtain and successfully complete procurement contracts.
This policy is intended to ensure the continued existence of small business
concerns, a healthy competitive environment, and a broad base of capable
suppliers should a national emergency require mobilization of this
production base.17
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The Small Business Administration (SBA) was created in 195318 for the
purpose of assisting in the creation of a national small business base
and ensuring that small businesses receive preferential treatment when
government procurement contracts are awarded. Every President and each
Congress since its inception have consistently reinforced their support for
the government’s small business program.
In support of small business, the SBA can provide financial assistance
to bidders in certain situations, primarily to enable them to complete
performance of government contracts. It also guarantees commercial
loans to small businesses and makes loans directly to small businesses in
disaster or emergency situations. Should a contracting officer question the
competency of a small business to perform on a government contract, the
SBA has the authority to determine conclusively that the small business
possesses all elements of responsibility including capability, competency,
capacity, credit, integrity, perseverance, and tenacity. While in many
instances certification of competency has resulted in economies because
of issuance of a contract to a small business which was the lowest bidder,
the Commission on Government Procurement questioned whether there
had been net savings to the government because of increased administrative
costs required to assist the contractor and, where he has failed to perform,
re-let the contract.19
Among the problems faced in the small business program is defining what
is a small business. Such a definition differs from industry to industry and
from year to year. Although it is recognized that the definition should change
to accommodate the intent of congressional programs, changing definitions
have confused and handicapped some small firms in obtaining government
contracts. With changing definitions, the availability of SBA assistance
programs has not always been clear.
Also troubling is the problem of determining what constitutes a fair
proportion of the procurement budget to be channeled to small business.
The Small Business Act expresses the government policy to ensure that
small business receives a fair proportion of the total contracts placed by
the government. 20
In 1961 the government established a small business subcontracting program
to ensure that small business firms would receive an adequate opportunity
to subcontract for divisible portions of larger prime contracts.21 Yet, in times
of a constricting federal budget, large contractors become concerned about
maintaining their workforce and operating their facilities to capacity. As a
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result, they tend to make rather than buy what would otherwise have been
acquired from subcontractors, and when they do buy, first consideration
often goes to firms which can offer subcontracts in return.

Socially and Economically Disadvantaged Small Business
Concerns
Almost all minority-owned businesses are small; however, most small
businesses are not minority-owned. Because minority businesses have a
series of problems which go beyond those of mere size, in 1978 Congress
passed significant amendments to the Small Business Act 22 designed to
redress “the historic past discrimination of minorities in their efforts to
participate in the free enterprise system.”23

The original Small Business Act contained a provision at section 8(a), which
authorized the SBA to contract with other government agencies and to
subcontract actual performance to “small business concerns and others.”
While the statute contained no mention of minority-owned firms, SBA
regulations stated the policy that section 8(a) was to be utilized “to assist
small business concerns owned and controlled by socially or economically
disadvantaged persons to achieve a competitive position in the market
place.”25

Requiring a small business to invest its
limited resources in the costly exercise
of preparing a bid proposal conflicts with
the stated objectives of developing and maintaining
economically sound small business firms.
Public Law 95-507 gives clear-cut legitimacy to the use of the section 8(a)
program for the purpose of assisting minority small business in providing
that the SBA may subcontract to socially and economically disadvantaged
small business concerns for performance as subcontractors of the various
contracts entered into by the SBA pursuant to section 8(a). 26

The amendments direct the creation within each agency of an Office of
Small and Disadvantaged Business Utilization responsive directly to the
head of the agency or his deputy and responsible for implementing prime
and subcontracting programs under the Small Business Act. Included
within these programs is the requirement that bidders on all large federal
contracts submit, before award of contract, a subcontracting plan setting
forth percentage goals for the utilization as subcontractors of small business
concerns and small business concerns owned or controlled by socially and
economically disadvantaged individuals. Failure to comply in good faith with
the terms of the plan constitutes a material breach of the contract. 24 The
amendments also provide for incentives to prime contractors to encourage
subcontracting opportunities to small and disadvantaged firms and a
provision that each agency shall establish its own goals for the participation
of small and disadvantaged businesses in its procurements.
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Labor Surplus Areas
Defense Manpower Policy Number 4A 27 states that it is the policy
of the government to encourage the placing of contracts and facilities in
labor surplus areas and to assist such areas in making the best use of their
available resources. The Department of Labor classifies geographic areas
as labor surplus areas based on the unemployment rate in that labor market.
Contracts to be performed in labor surplus areas receive a preference when
being evaluated competitively with those to be performed elsewhere. 28
When President Carter announced his urban area assistance program on
March 27, 1978, he stated that, to assure that federal procurement is used
to strengthen the economic base of the nation’s cities and communities, he
would direct expansion of the labor surplus area program and direct DoD
to target more of its procurement to high unemployment areas. To date,
the Labor Surplus Area program articulated by Defense Manpower Policy
Number 4A has been of marginal effectiveness, in large measure, because
of the Maybank Amendment to the Department of Defense Appropriations
Act of 1954, 29 which has been carried over in the Defense Appropriations
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Act. The current language reads: “[N]o funds herein appropriated shall be
used for the payment of a price differential on contracts hereafter made for
the purpose of relieving economic dislocation.”30
Notwithstanding DoD’s strong support for the Maybank Amendment, efforts
have been made by various members of Congress over the years to eliminate
it. To date, none have been successful.

Anti-Inflation
The President’s anti-inflation program announced October 24, 1978,31
directed, among other things, that the federal procurement process be conducted so as to recognize anti-inflationary efforts and to channel business
to those firms which limit wage and price increases. By the President’s
order, the Council on Wage and Price Stability was directed to enforce his
wage-price guidelines by denying contracts of $5 million or more to companies violating the standards. On November 8, 1978, the Federal Register
contained proposed amendments to the Defense Acquisition Regulation,
which would implement this presidential directive.32

On June 22, 1979, in a six-to-three decision, the U.S. Court of Appeals for
the District of Columbia overturned the lower court ruling. 34 Writing for
the majority, Chief Judge J. Skelly Wright agreed with the government’s
argument that the President’s authority to impose economic sanctions to
achieve compliance with the wage and price guidelines is conferred by the
Federal Property and Administrative Services Act of 194935 requiring the
President to promote economy and efficiency in procurement. Section 205(a)
of the Act provides that the President “may prescribe such policies and
directives, not inconsistent with the provisions of this Act, as he shall deem
necessary to effectuate the provisions of said Act.”36 While section 3(b) of
the Council on Wage and Price Stability Act37 prohibits the President from
imposing “any mandatory economic controls,” the court found that this did
not apply to the voluntary guidelines of the Executive Order.

Problems
The range of nonprocurement economic and social goals furthered
by the government acquisition process is extensive. An awareness of the
potential for government contracting as a means for promoting social and
economic objectives developed during the Depression of the 1930s. The use
of this tool has expanded greatly since that time.
The principal problem engendered by the use of the procurement process
in the implementation of national economic and social goals is that the
procurement of material becomes more costly and time-consuming with the
addition of each new social and economic program. Legitimate questions
may be raised as to how much of the extra costs and other burdens of these
social and economic programs should be absorbed in the procurement
process and how much should be supported by more explicit means. Indeed,
is the use of the procurement process even an efficient vehicle to deliver
the benefits sought through the implementation of the social and economic
policies? While the cost of pursuing nonprocurement objectives through
the procurement process cannot be precisely measured, it is significant.

By these regulations and those promulgated by the Office of Federal
Procurement Policy, prospective contractors are required to “voluntarily”
certify compliance with the wage and price standards.
On May 31, 1979, Judge Barrington D. Parker of the U.S. District Court for
the District of Columbia ruled that the President had exceeded his constitutional authority in issuing Executive Order Number 12,092.33
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In addition to costs, the patterns of social and economic objectives
implemented through the procurement process disclose various conflicts
in priorities. The need to maintain a domestic production base is in direct
conflict with the need to achieve rationalization, standardization, and
interoperability of weapons systems and other equipment within NATO.
Buy American and balance of payments considerations may lead to
purchases of goods and services at other than the lowest possible price.
Debarment of a low bidder because of noncompliance with anti-inflationary
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guidelines necessitates procurement from the next highest responsible
and responsive bidder. Requiring a small business to invest its limited
resources in the costly exercise of preparing a bid proposal conflicts with the
stated objectives of developing and maintaining economically sound small
business firms. Throughout this process, an intangible cost is incurred in
that citizens, unaware of the social policies being furthered through the
procurement process, lose respect for the process and for the government
as a whole as they observe the government purchasing items at higher than
the lowest possible cost for the purpose of furthering these social goals.
Recognizing many of these problems, in 1969 Congress created the
Commission on Government Procurement to promote the economy,
efficiency, and effectiveness of procurement by the Executive Branch.
The Commission studied the procurement system for 2 years and, on
December 31, 1972, presented the results of its study to the Congress. The
Commission’s four-volume report contained 149 recommendations for
improving government procurement.
The first recommendation of the Commission was that an Office of Federal
Procurement Policy (OFPP) be established in the Office of Management
and Budget for the purpose of rationalizing the government’s
procurement policies. OFPP is now in the final stages of
revising and consolidating the Federal Procurement
Regulation and the Defense Acquisition Regulation
into the Federal Acquisition Regulation. Although
it is likely that this ef for t w i ll bring some
rationalization to the procurement process, the
temptation to continue to use the vast federal
procurement budget to further worthwhile social
goals will continue to win out over any efforts to
create a rigid procurement structure.
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In 1979, former Deputy Assistant Secretary of the Army (Acquisition)
Thomas E. Harvey published an article in the Notre Dame Law Review,
“Social and Economic Goals and Their Impact on the Defense Acquisition
Process,” which is reprinted in this Journal. The article explored a variety
of policies aimed at promoting social and economic goals through the
government’s federal acquisition process, and the impact of such efforts on
the acquisition process. At the time of the article, there were an estimated
35 to 40 such programs.
Defense Acquisition University asked a simple question: What has
changed over the last 40 years since the article was published? The short
answer—a great deal. In 1979, the Federal Acquisition Regulation (FAR)
did not exist. The FAR was issued in 1983 and took effect the following
year. The manufacturing base has also changed: From 1979-2018, the
U.S. lost 6.7 million manufacturing jobs (U.S. Bureau of Labor Statistics,
2019). And in 1979, I was 10 years old; today my son is 10. But before
discussing how socioeconomic policies have changed and considering
the impact of those changes, it may be useful to ask: What is the
goal of defense acquisition?

The Goal of Government and Defense
Acquisition
In 1995, the FAR (2019a) was amended to state that the purpose of the
federal acquisition system is to “deliver on a timely basis the best value
product or service to the customer, while maintaining the public’s trust
and fulfilling public policy objectives.”1 The FAR goes on to state that the
acquisition system is expected to achieve four specific goals:
1. Satisfy the customer in terms of cost, quality, and timeliness of the
delivered product or service.
2. Minimize administrative operating costs.
3. Conduct business with integrity, fairness, and openness.
4. Fulfill public policy objectives.
Embedded herein is the standard three-legged stool against which
acquisition tends to be measured: cost, schedule, and performance. But
read closely—the FAR seems to place public policy objectives on par with
the standard goals of government acquisition, and by extension, defense
acquisition. Sometimes, these goals align perfectly, for example when the
Department of Defense (DoD) uses a small business program to acquire
cutting-edge technology. But sometimes these goals conflict. Discussing a
contract to restore roads in the aftermath of Hurricane Katrina—a major
hurricane that devastated New Orleans and much of the United States Gulf
Coast in 2005—a contracting officer complained that given the competing
nature of the different goals of the acquisition process, no matter what
he does, he will be criticized. For this contract, he said that he could get
small business contracts or he can get best price, but he could not get both.
(His complaint was that in such a situation, if he gets the best price, he is
criticized for not using small business and vice versa.)
The goal of maintaining the public’s trust and fulfilling public policy
objectives is notably absent from the stated purpose of the Defense Federal
Acquisition Regulation Supplement (DFARS) (DoD, 2019), which states:
The primary objective of DoD acquisition is to acquire
quality supplies and services that satisfy user needs with
measurable improvements to mission capability and
operational support at a fair and reasonable price. (sec.
201.101 [3])
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goals sometimes drive the Department into practices that
drive up costs, slow down the acquisition process, and result
in sub-optimal capabilities being developed and deployed to
operational forces. (S. Rep. No. 115-125, 2017)

The DFARS seems to be placing transparency, fairness, and public policy
objectives as secondary objectives of defense acquisition. What explains
the different approaches between the FAR and DFARS?
The 809 Panel, an advisory panel established by Congress, argued that
“many of the current regulations taken as a whole, and sometimes even
individually, impede DoD’s ability to acquire the goods and services it
needs when it needs them and to maintain technological superiority on the
battlefield” (Advisory Panel on Streamlining and Codifying Acquisition
Regulations, 2017b, p. 5). 2 Arguing that the primary goal of defense
acquisition should be to promote the mission of DoD—not impede it—the
first recommendation of the Panel was to revise acquisition regulations to
reflect the belief that public policy objectives, while important, should be a
secondary objective of defense acquisition.

Regardless of the stated purpose for these two sets of regulations, public
policies are often grounded in statute and as such are binding requirements
that can only be repealed by an act of Congress or through the regulatory
rule-making process. But we still have not answered the basic question:
What public policy objectives are we talking about?

What Are The Public Policy Objectives
in Defense Acquisition?
For purposes of this discussion, public policy goals embedded in law or
regulation that affect acquisition can generally be considered to fall into
one (or more) of the following categories:

Congress acted on the recommendation in the Fiscal Year (FY) 2018
National Defense Authorization Act (NDAA for FY 2018, 2017), requiring
the statement of purpose for the DFARS to be amended to its current
text. The committee report for the FY2018 NDAA explains the reason
for the change.
The committee notes that the Department of Defense is
constantly forced to balance equities related to the near
and far term defense needs as well as defense and national
security goals and broader national and public policy goals.
The Department also struggles to align goals relative to
improving the speed and response to threats with public
transparency and fiscal stewardship and in executing a
growing set of missions within a defined budget. The
committee remains concerned that these balances and
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•

Goals directly related to a specific military need or specific
missions. Examples of such goals are regulations aimed at
preserving a domestic supply of critical defense items to
protect against a disruption of an overseas supply chain,
promoting interoperability between U.S. and allied military
forces to enable joint operations, certain export restrictions,
and preferences for buying goods and services in Afghanistan
to support campaign objectives in theatre.

•

Goals directly related to acquisition oversight and protecting
the interests of DoD and the taxpayer. Examples include the
Procurement Integrity Act (prohibiting the release of source
selection and contractor bid or proposal information); the
Truth in Negotiations Act (requiring contractors to furnish
cost or pricing data for certain contracts); the Anti-Kickback
Act (prohibiting officials from accepting inducements for
favorable treatment); and bid protest laws.

•

Goals generally aimed at enhancing DoD capabilities, but not
directly tied to specific requirements or mission capabilities.
Examples include the Small Business Innovation Research
program, established by Congress under the Small Business
Innovation Development Act of 1982. Congress established
the program with the intent to stimulate innovation, use small
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businesses to meet federal research and development (R&D)
needs, foster and encourage the participation of minority
and disadvantaged persons in technological innovation, and
increase private sector commercialization of innovations
derived from federally funded R&D. Given these stated goals,
the public policy is generally aimed at enhancing DoD access
to innovation and promoting competition in the defense
industrial base, although based on the language in the Small
Business Act, some of the goals also fall into the next category.

support than other military-focused goals. And sometimes the laudable
public policies of foreign military sales may conflict with other perceived
public policy goals, such as the U.S. commitment to human rights. In an
effort to balance these goals, the Foreign Assistance Act (2019) prohibits
providing U.S. assistance to specific foreign security forces when sufficient
information confirms that the specific forces are responsible for serious
human rights abuses. These tensions can be seen in the current debate
taking place in Congress over the Saudi-led military intervention in Yemen.

Goals that have little or no relevant military value, but are
deemed to serve a national public policy objective. Examples
include socioeconomic laws and regulations that promote
national values or goals that are not connected to a military
mission. Examples include the Davis-Bacon Act, which
establishes a minimum wage for government construction
contracts and the Indian Incentive Program, which provides
incentives to prime contractors using Indian organizations
and Indian-owned economic enterprises as subcontractors.3

National Policies Implemented Through
the Procurement Process

The first two categories of public policy goals are intimately and directly
connected to the ability of DoD to meet its mission through acquisition
policies. The third category, goals generally aimed at enhancing DoD
capabilities, seems to straddle both DoD and socioeconomic goals. The
last category appears to neatly fall into those policies referred to as
socioeconomic goals—goals aimed at promoting public policies that are
focused on societal or economic needs, not the needs of DoD.

Some public policies may serve multiple
goals, such as promoting foreign military
sales, which can have the parallel policy
goals of promoting interoperability, building partner
capacity, limiting peer competitors’ access, and
promoting the U.S. economy.
But it is not that neat. Some public policies may serve multiple goals, such
as promoting foreign military sales, which can have the parallel policy
goals of promoting interoperability, building partner capacity, limiting
peer competitors’ access, and promoting the U.S. economy. Sometimes a
particular foreign military sale is more about broader domestic economic
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The following is a discussion of select public policies promoted
through the defense procurement process, and how those policies have
evolved since 1979.

Maintenance of a Domestic Production and Service Base
It is as true today as it was in 1979 that an “important factor to be
considered in the acquisition of any military material is the need to maintain
a domestic production base capable of manufacturing such material in
wartime” (Harvey, 1979, p. 255).4 Without such a domestic capability, the
United States could find itself cut off from sources of materials, goods, and
services that are vital to conducting military operations.
In July 2017, President Donald Trump issued an executive order requiring
an assessment of the United States’ manufacturing capacity, defense
industrial base, and supply chain resiliency (Executive Order No. 13806,
2017). In September 2018, DoD issued its analysis in a report, Assessing and
Strengthening the Manufacturing and Defense Industrial Base and Supply
Chain Resiliency of the United States (DoD, 2018b). According to the report,
current industrial base trends are deteriorating U.S. capabilities, with “over
280 impacts across sectors, acutely affecting the vitality and resiliency of
the industrial base” (DoD, 2018b, p. 3).
What needs to be part of a domestic defense base, and how should the
government protect domestic production? The answer to this question has
changed dramatically over the last 40 years. Jewel bearings—as cited in
Harvey’s article—are a case in point. During World War II, the United States
experienced a shortage of jewel bearings, which were a critical component
for navigational instruments, communications equipment, and other
military hardware. At the time, most jewel bearings were manufactured in
Switzerland, and the German navy disrupted shipments of these critical
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items to the United States. To ensure a domestic supply in future conflicts,
the Defense Acquisition Regulation required DoD to procure jewel bearings
from the William Langer Jewel Bearing Plant, a government-owned facility
managed through a contract by the General Services Administration. The
jewel bearing plant no longer exists and there are no references to jewel
bearings in the FAR, DFARS, Title 10 of the U.S.C., or in recent reports on
the domestic industrial base.5 In fact, the FY2002 NDAA (2001) provided
the president the authority to dispose of more than 30 million jewel bearing
pieces from the National Defense Stockpile.
The traditional defense industrial base, or what Harvey called the production base, has given way to a more dynamic, global, and technology-oriented
defense marketplace, referred to by Congress as the National Technology
and Industrial Base (NTIB).
National Technology and Industrial Base. While manufacturing and
industrial capability are still important contributors to military capability,
technology has become a critical focal point in the effort to maintain
military dominance. Many analysts believe U.S. technological overmatch—
and, by extension, national security—is at risk due to a number of factors,
including a rapidly evolving global landscape for innovation; changes in the
composition of R&D funding; and the increasing technological prowess of
potential adversaries. Many policymakers believe that new approaches and
mechanisms are required to maintain U.S. technological advantage in an
increasingly global and evolving technological landscape.
In recognition of this evolution, Congress established the NTIB in the
FY1993 NDAA (1992), codifying the extensive defense-related cooperation
between Canada and the United States. The antecedents of the close
relationship between the defense industrial bases can be traced to Canadian
and American efforts to support the United Kingdom in World War II
through the lend-lease program and other efforts.6 The FY2017 NDAA
(2016c) expanded the NTIB to include the United Kingdom and Australia,
and required DoD to reduce the barriers and more closely integrate the
industrial bases of the countries in the NTIB. DoD is working with its NTIB
partners to reduce barriers to cooperation, share information regarding
foreign direct investment, facilitate technology transfer, and improve
cooperative cybersecurity efforts (DoD, 2018a, pp. 14–15).
In an era of increasing globalization, complex supply chains, and the ability
to send information electronically, the NTIB may further evolve, depending
on how certain questions are answered, including: How important is it to
have territorial continuity in the NTIB? Should the NTIB be expanded, or
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similar relationships be forged with reliable allies, with specific expertise in
such critical military applications as artificial intelligence, cybersecurity,
autonomous vehicles, and other such capabilities?
Defense Production Act. The Defense Production Act (DPA) of 1950
confers upon the President a broad set of authorities to influence domestic
industry in the interest of national defense. Title III authorities under the
DPA are intended to help ensure that the nation has an adequate supply of,
or the ability to produce, essential materials and goods necessary for the
national defense, including critical components, critical technology items,
essential materials, and industrial resources to meet defense requirements.

Sections 301 and 302 of Title III of the DPA authorize the President to issue
loan guarantees and direct loans to reduce current or projected shortfalls
of industrial resources, critical technology items, or essential materials
needed for national defense purposes. The federal government appears to
have not used the loan authorities provided in Section 301 or Section 302 of
Title III in more than 30 years.
Section 303 of Title III grants the President authorities to create, maintain,
protect, expand, or restore domestic industrial base capabilities essential to
the national defense. These authorities include purchasing or committing to
purchase resources or critical technology items; making subsidy payments
for domestically produced materials; and installing and purchasing
equipment for government and privately owned industrial facilities to
expand their productive capacity.7 Prior to using Section 303 authorities, the
President must determine that there is a “domestic industrial base shortfall”
for a particular industrial resource, material, or critical technology item
that threatens the national defense.
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According to DoD, in FY2017, it “managed 22 [Title III] projects and oversaw
7 projects in the monitoring phase. Three projects were completed, eight
projects were in active acquisition, and seven projects were explored as
potential future efforts” (DoD, 2018a, p. 33). Examples of Title III projects
include an “Advanced Drop-In Biofuel Production Project” to accelerate
the commercialization of drop-in biofuels for military and commercial use,
and several projects to support radar and electronic warfare, including to
establish a domestic, economically viable, open-foundry merchant supplier
production capability for Ka-band gallium nitride integrated circuits
(Brown & Schwartz, 2018).

In 1988, Congress required that when considering purchases under the Buy
American Act, DoD must consider a variety of factors, including balance
of payments with foreign governments, small businesses, and the cost
of shipping goods from overseas. These considerations did not carve out
exceptions. However, in 1994, Congress created some exceptions, adding that
when determining applicability of Buy American, DoD shall consider ensuring
that DoD has access to “advanced, state of the art commercial technology” and
the need to maintain the source of supply for spare and replacement parts so
as not to “impair integration of the military and commercial industrial base”
and national security (NDAA for FY 1995, 1994).

Congress last reauthorized the DPA in the FY2019 NDAA, extending the
termination of the Act by 6 years, to September 30, 2025 (John S. McCain
NDAA for FY 2019, 2018).

The Berry Amendment. First enacted in 1941, the Berry Amendment
(2019) requires that certain products acquired by DoD must be “entirely
grown, reprocessed, reused, or produced” in the United States. Berry
requirements can be waived under certain circumstances, such as when
products are unavailable from American manufacturers at satisfactory
quality and in sufficient quantity at market prices, or for items used
in support of combat operations or contingency operations. The Berry
Amendment does not apply to purchases below the Simplified Acquisition
Threshold, generally $250,000, beneath which certain federal procurement
regulations do not apply. When first enacted, the Berry Amendment only
covered military uniforms and food. Other items have been added or
removed over time. The Berry Amendment became a permanent statute in
2001 (NDAA for FY 2002, 2001).

The Organic Industrial Base. 10 U.S.C. § 2464 (2019) requires DoD
to maintain core logistics capabilities through government-owned and
government-operated facilities to “ensure a ready and controlled source
of technical competence and resources necessary to ensure effective and
timely response to a mobilization, national defense contingency situations,
and other emergency requirements.” This organic industrial base consists of
depots and shipyards performing depot-level maintenance and repair; Army
arsenals and ammunition plants that manufacture and store ammunition;
and Navy and Air Force weapon system support centers conducting R&D,
testing and evaluation, and other activities.
DoD depots and shipyards conduct maintenance, repair, and complete
overhauls of weapon systems. According to statute, generally, at least 50%
of funds provided to a military department or defense agency for depot-level
maintenance must be used for work at government-owned, governmentoperated depots. This statute prevents DoD from outsourcing more than
50% of its maintenance to industry. The ratio of public to private depotlevel funds expenditures has changed over time from a 70:30 requirement
established in DoD regulation in the 1970s and early 80s, to a statutory
60:40 mix in the early nineties. The current 50:50 ratio was enacted in 1997.
The Buy American Act. Established in 1933, the Buy American Act
(1933) requires that final products purchased by a federal agency be mined,
produced, or manufactured domestically. For manufactured products, at
least 50% of the cost—or value—must be manufactured in the United States.
Items that are deemed Commercial Off the Shelf (COTS) are exempt from
parts of the Buy American Act (FAR, 2019b).
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In the FY2014 NDAA (2013), Congress required the DoD Inspector General
to conduct periodic audits on DoD compliance with the Berry Amendment.
In the FY2017 NDAA (2016b), Congress extended footwear to Berry
Amendment items to require the military services to provide recruits with
100% U.S.-made running shoes. Prior to this legislation, DoD provided
recruits with vouchers, allowing military personnel to purchase their own
footwear, which did not have to be domestic in origin.
Specialty Metals. Specialty metals requirements first appeared in the
FY1973 DoD appropriations bill as an expansion of the Berry Amendment.
The specialty metals requirements were moved out of the Berry amendment
in 2006 to 10 U.S.C. § 2533b (2019), where the statute currently resides.
Today, the statute generally requires any specialty metals incorporated
into certain categories of military platforms—or components thereof—to be
melted or produced in the United States. It applies to certain types of steel
alloys; nickel, iron-nickel, and cobalt base alloys containing a total of other
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alloying metals (except iron) in excess of 10 percent; titanium and titanium
alloys; and zirconium and zirconium alloys. The foundry location where
final production takes place establishes domesticity, meaning that titanium
sponge (unwrought titanium metal that has not been melted) manufactured
in Kazakhstan and shipped to the United States for final smelting into a
finished stock product would be considered compliant with the specialty
metals requirement.

In the 1990s and 2000s, Congress gradually expanded government-wide and
agency-specific small business participation goals and set-asides. Today,
the President is required to annually establish government-wide goals for
procurement contracts awarded at the following minimum values:
•

Small businesses at not less than 23% of the value of prime
contract awards

Law and policy provide a number of exceptions to this requirement. For
example, the mandate does not apply to purchases below the simplified
acquisition threshold; may be waived to comply with international
agreements; and may be waived if the DoD determines that compliant
specialty metal of satisfactory quality and sufficient quantity cannot be
obtained as and when needed.

•

Small businesses owned and controlled by service-disabled
veterans at not less than 3% of prime and subcontract awards

•

Qualified HUBZone small business concerns at not less than
3% of prime and subcontract awards

•

Socially and economically disadvantaged small businesses at
not less than 5% of prime and subcontract awards

Expanded Promotion of Small Businesses
and Participation Goals

•

Small businesses owned and controlled by women at not less
than 5% of all prime and subcontract awards

As discussed by Harvey, the Small Business Administration (SBA) was
established by the Small Business Act in 1953. In creating the SBA, Congress
identified small business concerns as an integral element of American
“free competitive enterprise,” and declared that a “fair proportion” of
federal procurement spending should be directed towards small business
enterprises. In 1978, the Small Business Act was amended to require each
federal agency to establish contracting goals for the participation by small
businesses and by small businesses owned by socially and economically
disadvantaged individuals (commonly referred to as the 8(a) Business
Development program after section 8(a) of the Small Business Act) (Small
Business Act, 1978). The goals were undefined.

Government-wide Small Business Goals
In 1988, Congress required the establishment of government-wide
goals for procurement contracts awarded to small businesses and small
businesses eligible for set-asides under the 8(a) program, and required
that the first government-wide small business participation goal be at
least 20% of the total value of all prime contract awards for that fiscal year
(Business Opportunity Development Reform Act, 1988). Congress also set a
minimum government-wide participation rate for socially and economically
disadvantaged small businesses8 of 5% of all prime contract and subcontract
awards for that fiscal year. In addition, each agency was required to establish
their own annual goals.
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DoD-Specific Goals
The FY1987 NDAA (1986) established DoD participation goals for
certain categories, including small businesses eligible for set-asides
under the 8(a) program; historically Black colleges and universities; and
minority institutions as defined by the Secretary of Education pursuant
to the General Education Provisions Act. The established goal was 5% of
annual DoD contract obligations for procurement; research, development,
test and evaluation (RDT&E); military construction; and operations and
maintenance. These goals were codified in the FY1993 NDAA (1992). In
the ensuing years, Congress renewed and expanded these goals to include
Hispanic-serving institutions; Native Hawaiian-serving institutions;
and Alaska Native-serving institutions. The 809 Panel recommended
the repeal of 10 U.S.C. § 2323 (2011) (related to contract goals for small
disadvantaged businesses and certain institutions of higher education),
and Congress implemented it in the FY2019 NDAA (John S. McCain
NDAA for FY 2019, 2018).
In FY2017, DoD obligated $61 billion on contracts with small businesses.9
Some observers such as the Section 809 Panel have highlighted what they
perceive as a fundamental disconnect between many of DoD’s small business
programs and the Department’s strategic priorities and missions, describing
the DoD as being more focused on “acquiring goods and services based
on meeting societal goals not related to mission” instead of capitalizing
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on the potential of small businesses to provide innovative “warfighting
capabilities and capacities” (Advisory Panel on Streamlining and Codifying
Acquisition Regulations, 2018, p. 168). A number of analysts argue that how
it works today, promoting small business contracting for DoD appears to
be a socioeconomic policy connected to social and economic concerns that
Congress has chosen to promote in its own right, even if these goals are
disconnected from DoD mission goals. But there may be other DoD-specific
reasons to promote small businesses in acquisition. Small businesses could
help DoD save money by promoting competition to large defense contractors
who, without such competition, could charge higher prices for defenseunique goods and services.
A number of DoD programs are also aimed at supporting and incubating
unique technologies and capabilities that small businesses can offer DoD,
including the Small Business Innovation Research (SBIR), Small Business
Technology Transfer (STTR), and Defense Research and Development
Rapid Innovation programs.
The Small Business Innovation Research program was established in 1982
to increase the participation of small innovative companies in federally
funded R&D (Pub. L. 97-219, 1982). The Act applies to all federal agencies
with extramural R&D budgets of $100 million or more to set aside a portion
of these funds to finance an agency-run SBIR program.

The Small Business Technology Transfer (STTR) program was established
in 1992 to facilitate the commercialization of university and federal R&D by
small companies (Small Business Research and Development Enhancement
Act, 1992). Agencies with extramural R&D budgets of $1 billion or more
are required to set aside a portion of these funds to finance an agency-run
STTR program.
The Defense Research and Development Rapid Innovation Program was
established in the FY2011 NDAA as a DoD-specific program and made
permanent in the FY2017 NDAA (2016a). It is a competitively awarded,
merit-based funding program. Known as the Rapid Innovation Fund, it
is intended to accelerate the fielding of mature innovative technologies
developed through SBIR projects, DoD laboratory work, or other innovative
technologies (including dual use technologies) that can be rapidly inserted
into acquisition programs meeting specific defense needs. Proposals
funded under the program must generally cost less than $3 million, and
must be completed in less than 2 years. Selection preference is given to
small businesses.

What Impact Do Public Policy Regulations
Have on Defense Acquisition?
Using the procurement process to promote economic and social goals
can increase the cost and time it takes to buy goods and services. In some
instances, the costs can be calculated. For example, under the Buy American
Act, when buying materials for construction, DoD incorporates a price
premium of up to 50% for a domestic source (DoD, 2019, sec. 225.7501[a]
[7]). And for HubZone small businesses, under certain circumstances
contracting officers are required to provide a price evaluation preference
of up to 10% to all other bidders (FAR, 2019c). In other cases, the financial
costs may be less clear, but the impact to DoD could be more substantial in
terms of time and lost opportunity.
Each individual socioeconomic policy promoted in the acquisition system
may be laudable and worth the cost for the particular policy. However,
the cumulative cost of all of the policies have led some to conclude that
there is a need to take a more holistic view of the socioeconomic policies
embedded in the defense acquisition system. The 809 Panel argued that
in the aggregate, such policies add “substantial cost, complexity, as well
as bureaucracy and time to the acquisition process—cost that DoD may no
longer be able to afford when weighed against the public benefit” (Advisory
Panel on Streamlining and Codifying Acquisition Regulations, 2017a, p. 24).
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But that, then, is the question. Can DoD accomplish its national security
mission and simultaneously support other public policy goals? To what
degree, and at what cost, should the government use the defense acquisition
process to promote general public policy goals? DoD has an important
mission, but it is also a part of the federal government, and can be an effective
instrument for promoting national public policies that go beyond defense,
such as fairness and transparency (as reflected in the bid protest process)
and social equality (as reflected in the decision to integrate the military).
What is in the best interest of the Department of Defense may not be in
the best interest, or fully reflect, the values of the United States as a whole.
The question then is how to balance socioeconomic policy objectives with
DoD’s mission to provide a common defense and promote national security
objectives. As Harvey (1979) said in his article:
The principal problem engendered by the use of the
procurement process in the implementation of national
economic and social goals is that the procurement of material
becomes more costly and time-consuming with the addition
of each new social and economic program. Legitimate
questions may be raised as to how much of the extra costs
and other burdens of these social and economic programs
should be absorbed in the procurement process and how
much should be supported by more explicit means. Indeed, is
the use of the procurement process even an efficient
vehicle to deliver the benefits sought
through the implementation
of the social and economic
policies? While the cost of
pursuing nonprocurement
objec t ive s t h rou g h t he
procurement process cannot
be precisely measured, it is
significant. (p. 262)
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Endnotes
The change occurred after the 1993 National Performance Review conducted by
the Clinton Administration. Retrieved from https://www.govinfo.gov/content/pkg/
FR-1995-07-03/pdf/95-16080.pdf#page=1 and https://www.govinfo.gov/content/
pkg/FR-1995-01-20/pdf/95-1397.pdf.

1

The author of this article served as executive director of the 809 Panel, Streaming
and Codifying Acquisition, from October 2016–September 2017.

2

25 U.S.C. 154, Pub. L. 100-442 was signed into law in 1988. The regulations are
found in DFARS Clause 252.226-7001.
3

Readers can cross-reference the Thomas E. Harvey article, “Social and Economic
Goals and Their Impact on the Defense Acquisition Process,” in this issue of
Defense Acquisition Research Journal, p. 190. Also corresponds to p. 255, Vol.
55, Issue 4, of the Notre Dame Law Review journal in which Harvey’s article was
originally published.

4

No references appeared in the recent DoD report, Assessing and Strengthening
the Manufacturing and Defense Industrial Base and Supply Chain Resiliency of the
United States (September, 2018), or previous Annual Industrial Capabilities reports
put out by the Pentagon’s Office of Manufacturing and Industrial Base Policy (see
https://www.businessdefense.gov/resources/).

5

6
The W. L. Mackenzie King, Hyde Park Declaration, April 1941 (see http://
wartimecanada.ca/sites/default/files/documents/WLMK.HydePark.1941.pdf)
states, in part:

It was agreed as a general principle that in mobilizing the
resources of this continent each country should provide
the other with the defence articles which it is best able to
produce, and, above all, produce quickly, and that production
programmes should be co-ordinated to this end.
[Author’s note: British spelling kept in the original form for
historical accuracy.]
Whereas DPA Title I authorities help ensure that the government has priority
access to goods that are already being produced by domestic industries, Title III
authorities help create a sufficient supply of these essential goods in the interest of
national defense.
7

8

As defined in the Small Business Act, Pub. L. 95-507, 92 Stat. 1757 (1978).

9
See Small Business Goaling FY2017 Report at https://www.fpds.gov/downloads/
top_requests/FPDSNG_SB_Goaling_FY_2017.pdf.
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of Defense (DoD) acquisition initiatives. The problem identified herein
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yet to be determined. The central research question asked of respondents
remained: What business strategies are needed to successfully address
recent DoD acquisition improvement initiatives? The research focused on
a study-defined, mid-tier segment of Defense Industrial Base companies.
The author used semistructured interviews to collect data from 10 defense
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implementing revised strategy approaches to recent DoD initiatives.
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The Impacts of DoD Acquisition Initiatives on Defense Industry Business Strategy

Former Under Secretary of Defense for Acquisition, Technology and
Logistics Frank Kendall identified the Defense Industrial Base (DIB) as a
precious national asset supporting our armed forces and the most important
relationship for the Department of Defense (DoD) (Kendall, 2017). DoD
leadership has espoused the need for industry and government to work
effectively together (Gudger, 2015). However, ever-extending procurement
cycles, system manipulations to keep multiple vendors in play as long as
possible, and recent efforts to seek lower profit levels and lower barriers
to entry have resulted in DIB shareholders questioning the utility of DoD
business (Defense Business Board [DBB], 2014; Watts, 2008). Without a full
understanding of potential implications, the DoD’s acquisition initiatives
could be driving DIB behaviors that do not reflect the government’s
intent. If recent DoD acquisition initiatives drive business
strategy decisions to exit the market or reduce
participation in DoD programs, the result will be a
smaller DIB, reduced support of DoD programs,
and a potentially deleterious effect on the United
States Armed Forces.
The purpose of this article is to ascertain
how recent DoD acquisition initiatives
are impacting the business strategies
of traditional DIB companies. By better
understanding the relationship between
DoD acquisition initiatives and DIB business
strategy, companies may be better able to
remain competitive in the DIB, the DoD may
be able to better project the impact of future
initiatives, and the DIB may be strengthened.
The following was the central research
question for the study: What are the business
strategies needed by mid-tier defense industry
companies to successfully address recent DoD
acquisition improvement initiatives?

Background
The DoD acquisition process has long been
subjected to criticism for excessive development
schedules, cost overruns, and program failures
(Fox, 2011). The Government Accountability
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Office (GAO, 2002) postulated the DoD has perpetually refined its policies,
seeking to develop higher quality systems in less time and at lower cost,
without result. Stark, Roth, and Bold (2016) recognized conclusions of these
acquisition studies had the same results and recommendations so often that
it was not possible to identify the timeline of a particular study based on
its findings. Recently added to the litany of issues is the perceived erosion
of the United States’ technological lead over potential adversary countries
(A Case for Reform, 2015; Fahey, 2015; Gudger, 2015; Pellerin, 2014). Multiple
studies now cite this loss of technological lead within the defense industry
alongside the continued inability to execute acquisition programs in a
timely manner (Advisory Panel on Streamlining and Codifying Acquisition
Regulations, 2017; Fahey, 2015; Fitzgerald & DeJonge-Schulman, 2016;
Shaffer, 2015).

The DBB (2014) carefully looked at how
to entice non-DIB companies into the
defense market, suggesting reduced
acquisition process requirements and offering
higher profit levels (without comment on the
impact to traditional DIB companies).
One area worth examining is the Better Buying Power 3.0 initiatives.
Two areas within these initiatives focused directly on DIB companies:
Incentivizing Productivity in Industry and Government, and Promoting
Effective Competition. In incentivizing productivity, Kendall (A Case
for Reform, 2015) offered a proposal that DoD would use profit as a tool
to achieve its goals, suggesting how DoD structured its business deals
could affect how industry performs. DBB (2014) documented that defense
company margins were already significantly lower than in the commercial
sector, raising a question on how DIB companies may respond if DoD
continued to push profit levels lower.
A second section under incentivizing productivity appeared to be more
aligned to the pursuit of innovation than productivity. The incentivizing
productivity subsection area of emphasis focused on removing barriers to
commercial technology utilization. The DBB (2014) carefully looked at how
to entice non-DIB companies into the defense market, suggesting reduced
acquisition process requirements and offering higher profit levels (without
comment on the impact to traditional DIB companies). Gudger (2015)
likewise concurred with Kendall, suggesting devising the right policies,
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programs, and business incentives to attract companies that would not
otherwise choose to meet the DoD’s acquisition requirements. Many of
these perceived barrier requirements are contained within the acquisition
structures traditional DIB companies have adopted to comply with the
formal DoD acquisition process, along with the associated operating costs
(Coopers & Lybrand, 1994; Cox, Moore, & Grammich, 2014).
A third area of impact, which is more a result of the DoD initiatives and
approaches to the business process, but perhaps key, is communication.
Defense contractors depend on communication with program offices
to understand vision and capture requirements. When trying to
create innovative solutions, no one has ever espoused the idea that less
communication is better. Yet research has indicated this approach is
increasingly being taken by DoD (Blank, 2018). Industry perception is that
less open dialogue is taking place due to program office fear of protest.
Additionally, recent movement away from the traditional acquisition
process has been perceived to have further reduced the level of open
communication. During a study on how business strategies are being
affected by DoD initiatives, it was noted by several DIB leaders the DoD
appears to be picking winners and losers, and using Other Transaction
Authority to avoid open acquisition competition (Blank, 2018). To better
understand how these efforts are considered to be more expedient and to
avoid protests affecting the DIB, it is necessary to understand how the DIB
pursues the defense market.

However, recent acquisition system initiatives, such as keeping multiple
vendors in play as long as possible, contracting outside of the formal
acquisition process, and efforts to lower barriers to entry have resulted in
DIB shareholders questioning the utility of DoD business (DBB, 2014).
Aside from guidance on defining small business, there exists no common
construct for defining DIB company size in the Federal Acquisition
Regulation or Defense Federal Acquisition Regulation Supplement. The
GAO (2017b) reported on the leading DoD contractors, though no definition
of what constitutes largest is provided. The Congressional Research
Service (CRS) (2017) identified five companies as prime contractors who,
in turn, subcontract to other companies. The GAO and CRS list the same
companies. In 2015, these five companies were individually awarded more
than $9 billion in DoD contracts, together receiving 28% of all of DoD’s
contracted dollars for the year, thus providing a working definition for a
large tier of DIB companies. GAO (2017b) reported these companies have
experienced consistently profitable growth over the past 5 years. At the
opposite end of the DIB company spectrum, GAO (2017b) reported that the
small business sector of the DIB has grown in market share over the period
2011 through 2015, achieving over 25% small business participation at the
prime contractor level through the period.
The DBB (2014), which provides independent, outside private sector advice
to the DoD, conversely reported industry appeared to be de-emphasizing the
defense market, with several segments already in survival mode and talent
leaving. More recently, McCormick, Hunter, and Sanders (2017) reported
the total number of prime vendors had declined by nearly 20% between 2011
and 2016. These data are in clear conflict with the GAO (2017b) report. Are
there changes occurring in the DIB below the largest tier of contractors,
but above the level of the protected small business segment? The purpose
of this research was to examine companies between these two segments,
identified for the purposes of the study as the mid-tier of DIB companies.

Methods
Martin (2013) expressed strategy in business is an integrated set of choices
to enable sustainable competitive advantage over rivals in a market.
Researchers generally agree the focus of strategy in business is on growth
and financial performance (Wahyudi, 2013). DIB companies have developed
focused business strategies for operating within the DoD market environment
(monopsony-based, with numerous suppliers and a single, powerful buyer).

234

Defense ARJ, July 2019, Vol. 26 No. 3 : 230-248

To research the impacts of defense acquisition initiatives on the defense
industry, an exploratory qualitative study approach was utilized to seek
understanding of how the defense industry would respond to recent defense
acquisition initiatives. A basic qualitative study approach was appropriate
for this study because the design enabled the researcher to uncover and
interpret meaning in this nascent research area.
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Based on the conflicting reports on profitability (DBB, 2014; GAO, 2017b;
McCormick, Hunter, & Sanders, 2017), the author segmented the DIB into
tiers to delve into this phenomenon. Segmenting industry by sales figures is
a common approach, and DIB sales segmentation has been used in numerous
previous studies (Carlson, 2010; Cohee, 2017; DBB, 2014; GAO, 2011, 2015;
Peacock, 2014; Advisory Panel on Streamlining and Codifying Acquisition
Regulations, 2017), although there is no government- or industry-defined
segmentation standard. Levels of segmentation varied, with Peacock (2014)
electing a two-tiered model (small/large), and others, such as Watts (2008)
and McCormick et al. (2017) utilizing three tiers (small/medium/large).
Most recently, Hiles (2015) and McCormick et al. (2017) elected to utilize
four categories of company size with both utilizing the same construct.
Each then added an additional segment to separately identify the largest
companies, addressed as extremely large and top 4, respectively.
This study segmented the DIB into three tiers. GAO (2017b) focused on
the largest six contractors when providing congressional reporting on
profitability. CRS (2017) and the Section 809 Panel (Advisory Panel on
Streamlining and Codifying Acquisition Regulations, 2017) also examined
this same grouping of the largest contractors, labeling them as the primes
or mega-primes. Others (Cohee, 2017; McCormick et al., 2017; Watts, 2008)
referred to this group as the Top 5. The study grouped these companies as
the large tier of the DIB, and they were excluded from the study based on the
GAO (2017b) report of ongoing profitability.

At the opposite end of the DIB are small businesses. This segment of
the industry is supported through targeted programs, such as the DoD
Office of Small Business Programs (OSBP), which reported its support
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in attaining over 25% of prime awards, and 30% of subcontract awards
for small businesses (DoD, 2017; GAO, 2017a). The OSBP resides within
DoD, providing support and initiative programs such as the Mentor/
Protégé program, Small Business and Innovation Research Program,
Small Business Technology Transfer Program, Indian Incentive Program,
Women-Owned Small Business, and Service-Disabled and Veteran-Owned
Small Business Programs (Williams & Shaffer, 2015). For this study, the
small segment of the DIB defaulted to those businesses identified by the
Federal Procurement Data System as small. The small-tier business sector
appeared well-supported and was excluded from this study.
All other DIB companies falling between the small and large segments were
classified as medium. The central research question for the study was: What
are the business strategies needed by mid-tier defense industry companies
to successfully address recent DoD acquisition improvement initiatives?
Unique to this study was the focus on the defense industry perspective
through the participation of experienced defense industry leaders. Elo
et al. (2014) identified sample respondents who best represented or had
knowledge of the research topic. Purposive sampling methodology was used
for the selection of defense industry leaders to capture the rich information
required for insight and understanding (Patton, 2015). To qualify for
participation in this study, selected participants possessed a minimum
of 17 years of experience in the defense industry based on Eakin’s (2011)
demographic data on two separate defense programs, which baselined
17 years as the top leader strata. Additional participation requirements
included a postgraduate degree, experience with business strategy
formulation and DoD business pursuit, and familiarity with the DoD
acquisition process and recent DoD acquisition initiatives. Identification of
potential participants was through the use of personal contacts and defense
industry network websites, including LinkedIn and the National Defense
Industrial Association. Each candidate was contacted via phone and
questioned to verify the correct person had been located. Each participant
was then prescreened to identify those participants meeting the selection
criteria. Prior to the start of the interview process, an interview protocol—
consisting of eight open-ended questions focused on leaders’ experiences
with recent acquisition initiatives—was developed and documented.
Questions were developed to find out current strategy, recent initiative
challenges, strategies to address recent initiatives, and additional data on
defense acquisition that participants desired to share. Interview questions
(Table 1) were subjected to a pilot study to verify the validity of the research
questions before beginning data collection. Analysis of the pilot study data
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showed the questions resulted in responses that addressed each question
presented. No changes were required to the questions. Data from the pilot
study were not used in the actual research data analysis process.
TABLE 1. METHODS: INTERVIEW QUESTIONS
1.

Describe how your company approaches the DoD business capture process.

2.

What are the common challenges in successfully capturing DoD contracts?

3.

What concerns do you have with the intent of the new DoD acquisition
initiatives?

4.

What challenges does the company have in meeting the new expectations
of the DoD?

5.

What strategies are needed to be successful in this new contracting
environment?

6.

What organizational changes would help in adapting to the new DoD
acquisition initiatives?

7.

What other initiatives or policy changes are affecting the DoD
market environment?

8.

Do you have any additional thoughts on defense acquisition you
would like to share?

TABLE 2. PRESENTATION OF THE DATA: THEMES
Interview Section

Theme

Current Strategy

Access to Information

10/10

Requirements Influence/
Competitive Advantage

10/10

Loss of Insight/Influence

3/10

Competitive Advantage/
Reduced Competition

4/10

Cost to Compete/
Profitability

9/10

Internal Strategy Change

9/10

Recent Initiative
Challenges

Strategies to
Address Recent
Initiatives

External Strategy Change

All interviews were conducted using the study interview protocol and were
recorded, transcribed, and member-checked for accuracy and clarity prior
to the start of the analysis process.
The data collected were examined to identify changes in business strategies
needed by the study-defined, mid-tier DIB companies to effectively
respond to recent DoD acquisition initiatives and remain competitive in
the DoD market. The data collected were audio-recorded, transcribed by
transcription service Rev.com, and analyzed using NVivo 12 Pro software.
The data were analyzed, synthesized, and organized using the NVivo
software, Microsoft Word, and by visual mapping using Post-it® notes on
a wallboard.
Peer review of coding constructs was conducted prior to the start of the
analysis process, and full coding of the data included a systematic mark-up
of the text for themes and grouping identification using a cyclical process.
Two full rounds of coding were conducted. The first round of coding
identified emergent themes within each interview. The second round of
analysis was utilized to join together like categories and consolidate data
around Primary Themes and Subthemes, as shown in Table 2.
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Subthemes

Additional Data

Frequency

Low Cost, Quick
Turn Alignment

2/10

Engagement
Strategy/
Communication

7/10

Partnering

4/10

Investment Strategy
Change

9/10

No Change/Required
Change Unknown

3/10

Pace of Technology
Change

3/10

Acquisition System

5/10
Commercial Item
Acquisition

5/10

Industry
Engagement

3/10

Cost vs. Value

4/10

The data analysis process revealed nine themes with three subthemes. The
Current Strategy Data section questions were to capture current strategies
used by the study-defined, mid-tier DIB companies. These responses
consistently began with data collection—finding out what capabilities and
technologies interest the DoD, as formalization of a requirement can occur
years before a formal Program of Record is budgeted. Within this section
of the interview protocol, two themes emerged on strategies companies
currently use to compete in the DoD marketplace. The first theme to emerge
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was the need for companies to gain information on the DoD’s requirements
or needs. The second emerging theme focused on the influence of those
requirements.
Interview questions 3 and 4 captured data for the second section, Recent
Initiative Challenges. Participants generally agreed on understanding why
the DoD was seeking new methods for engagement with industry; however,
concerns were expressed as to the DoD’s approach. Three key themes
emerged regarding the study-defined, mid-tier DIB company business
strategy challenges: (a) loss of Insight and Influence due to bypassing/
elimination of the traditional acquisition system requirement for open
communication to all potential vendors; (b) reduced competition from
DoD’s focus on directed contracting through programs such as the Defense
Innovation Unit (DIU) and increased use of Other Transaction Authority
(OTA); and (c) increased cost to compete from DoD efforts such as bid sample
requirements for new start projects.

Themes were then examined in a third cycle of analysis and organized into
three overarching themes addressing the primary research question, as
shown in Table 3.
TABLE 3. PRESENTATION AND DISCUSSION OF THE FINDINGS:
OVERARCHING THEMES
Overarching
Theme

Interview Section

Current Strategy

Recent Initiatives
Challenges

Strategies to
Address

Insight

Access to
Information

Loss of Insight/Influence

Engagement
Strategy/
Communication

Influence

Requirement
Influence/
Competitive
Advantage

Competitive Advantage/
Reduced Competition

Low Cost, Quick
Turn Alignment
Partnering

Investment

Cost to Compete/
Profitability

Revised Investment
Strategy

Results

The third area of the interview protocol, Strategies to Address Recent
Initiatives, directly addressed the question of strategy through questions
5 and 6. Strategy changes were categorized into internal and external.
Changes were not adoption of new modes of business, but more on how to
adapt existing models to better pursue business with recent initiatives and
were primarily organizational. Internally, realignment of the organization
to better focus on gaining insight into requirements was suggested, along
with technical reorganization to create teams that could execute small-scale
prototyping to support early bid sample requirements. External realignment
focused on partnering with other companies with complementary skillsets,
or acquiring companies that had been successful through nontraditional
approaches. A subset of respondents in this section expressed “no changes
required” or “required changes unknown.” Responses to questions
requesting additional information resulted in data on current acquisition
process issues and were not considered germane.
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The study revealed business strategies used by traditional DIB
companies can be categorized into three overarching areas: Insight,
Influence, and Investment. The first strategy, Insight, involves gaining
information and understanding of market requirements. In the case of
the DoD market, this effort involves identification of the current and
future needs of the Services/Warfighters. Ten of 10 participants identified
this early access to information as key to positioning their company to
compete. Company business development teams monitor symposia, shows,
government business sites, and typically also conduct program office
visits to gain information on current and future requirements. Having
an understanding of requirements is the first step in determining if the
company has, or can invest and develop, a competitive offering to meet the
requirements.
Once a company determines they have a competitive advantage from their
existing technology, or they believe they can develop an advantage based
on their understanding of the requirements, business pursuit strategy
turns to Influence. All 10 participants identified the need for companies to
influence DoD requirements to improve the likelihood of business capture.
If a company has an existing advantage, they must work to ensure the
customer is aware of it, and to potentially inf luence the requirements
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process so the DoD’s solution set is focused toward their advantage. Where
a specific strength does not exist, the influence must be toward a technology
or solution where the company feels it can invest and develop advantage.

Finally, it is the belief in profit opportunity that drives companies to invest to
develop a competitive advantage or unique technology. If a company does not
learn the requirement exists (Insight), or does not have open dialogue with
DoD representatives to understand if they have or can develop a solution
(Influence), then investment does not occur. The DBB (2014) concluded
the DoD lacks fundamental understanding of the relationship between
profit and investment. The DBB (2014) provided data showing margins in
selected commercial companies averaged 16% compared to defense industry
companies, where the margin was less than 5%. Kendall (2017) suggested
using profit as a lever to drive investment; however, for companies already
operating at low profit levels, this approach may be perceived as further
risk to profitability and may increase the risk of market exit in the search
for shareholder returns. Study results indicated defense leader perception
of DoD continuing to squeeze profit levels as a means of lowering DoD cost
(Blank, 2018). The results of the study further indicated DIB companies are
already increasing the selectivity of their investments; that is, companies
are becoming less inclined to consider paradigm-shifting investment in
favor of core adjacency or efficiency investments to maximize return on
investment. Nine of 10 participants noted the need for revised investment
strategies in response to acquisition initiatives, with most focusing on
increased selectivity and focusing on the company’s core capabilities. Once
investment in a market is reduced, market exit may be the next logical step.
None of the respondents in the study recommended increasing research and
development investment as a result of recent initiatives.
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Conclusions
DIB companies utilize Insight, Influence, and Investment to develop and
maintain competitive advantage in the defense marketplace. Insight leads to
Influence, which in turn, can lead to positive decisions on participation and
Investment. Without up-front insight, companies may be blinded to areas
for pursuit or development of technology. Without the ability to ascertain
that they hold advantage or have the ability to develop advantage through
ongoing dialogue with DoD representatives, companies may elect to not
invest in technology advancement or participate in pursuits. As the DoD
attempts to reimagine the acquisition process by movement toward Section
804 procurements, increased use of OTAs, and other policy changes, the
tradition of full and open competition and open lines of communication is
being reduced, making it more difficult for these study-defined, mid-tier DIB
companies to gain insight.
DoD acquisition initiatives enacted without forethought, understanding, or
monitoring of impact on the DIB may be resulting in unforeseen negative
impacts on the industrial base. Negative impacts may include limiting
participation (through exclusion or causing nonparticipation decisions
by companies), limiting profit opportunity, or straining the return on
investment to the point of nonparticipation.

If a company has an existing advantage,
they must work to ensure the customer
is aware of it, and to potentially influence
the requirements process so the DoD’s solution set
is focused toward their advantage. Where a specific
strength does not exist, the influence must be
toward a technology or solution where the company
feels it can invest and develop advantage.
Two key implications of the study involve a disconnect between DoD
initiative intent and resulting defense industry responses. Kendall
(2017) noted the need for a vibrant industrial base and identified recent
initiatives as a method for bringing more companies into the market.
However, the study shows DoD’s approach of going directly to nontraditional
industry companies is likely to result in partnering between companies
and consolidation as companies seek to capture business. The second

Defense ARJ, July 2019, Vol. 26 No. 3 : 230-248

243

The Impacts of DoD Acquisition Initiatives on Defense Industry Business Strategy

implication involved one of the precepts of the Better Buying Power
initiatives as noted by Kendall (A Case for Reform, 2015): the desire for
defense industry companies to increase their research and development
investment to help stimulate innovation. The study did not reflect this
result, but rather indicated the business case for company research and
development commitment has become more problematic due to DoD’s
initiatives, making industry less likely to invest in areas beyond their core
strengths. These impacts may result in the negative outcomes of a reduced
DIB, reduced innovation, and a reduced ability for the armed forces to
conduct and sustain operations.
This study and research have led to the requirement for further research
into the interaction between recent DoD acquisition initiatives and defense
industry business strategy response. Gaps in this study include the limited
sample of 10 defense industry leaders, focus on a single segment of the DIB
(mid-tier companies, as defined by the study), and the limited geographical
location of participants. Areas for future study would include extending
the study to additional geographic areas and conducting future
studies utilizing a larger sample size. Another area for future
research would be conducting case study analysis of recent DoD
acquisition to determine the impact of recent initiatives on how
DIB companies compete.
An increased understanding of the interaction between
acquisition initiatives and DIB business strategy can
ensure support of the armed forces by promoting
DIB vitality. Focusing on the strategies used by
the DIB that lead to participation and investment,
executive, legislative, and DoD leadership may
gain insight for improved approaches in the
application of public funds to support DoD
goals for a strong defense, as well as a
vibrant DIB.
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This article investigates the concept of developing a game theoretic
framework that is based on the application of buyer and seller utility
functions to support the bidding process in government acquisition. The
results of a literature survey of utility function approaches, with potential
to provide a suitable foundation to a game theory framework for acquisition,
are presented. The utility function methods found most promising were
further adapted and tested: the Best-Worst method, the Multi-Swing
Method, and Functional Dependency for Network Analysis. To test the
scalability of the approach, the Best-Worst method is applied to a larger
problem to show the extensibility on a government-relevant scale. The
future application of these utility models is in support of a game theory
framework that is envisioned to move bidding contractors closer to the
government’s preferred negotiation point and expedite the decision-making
process in government acquisition during competitive source selection.
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Foundations for a Game Theoretic Framework for Agile Acquisition

Game theory has been a research paradigm for studying conf lict,
bargaining, and negotiations for over 50 years. It is widely applied
throughout the business domain to develop strategies that reflect priorities
and tradeoffs. Bierman and Fernandez (1998) provide examples of successful
game theory applications from business and industry. The U.S. Government
has an opportunity to leverage game theory in the federal acquisition system
to procure more preferable products and to increase the agility of the
acquisition process as a whole, ultimately benefitting both government and
industry. As programs become more technical and complex, game theory
can help decision makers identify strategies and leverage information to
make data-driven decisions that reflect government priorities and tradeoffs.
This article considers the applicability of game theory to the competitive
federal acquisition process to facilitate negotiation strategies, and provides
research and testing of utility functions, which provide the cornerstone for
a game theory framework. The research focus of this article is on utility
functions for game theory models supporting acquisition and is a necessary
first step in the development of an overall game
theoretic framework for acquisition decisions.
The federal acquisition process is governed by a
system of clearly defined rules and regulations
codified in the Federal Acquisition Regulation
(FAR, 2018). The codification and publication
of, and adherence to, a uniform acquisition
system establishes a common understanding or
common knowledge of the rules of engagement.
Common knowledge, a central tenet of game
theory, encourages industry to develop and
execute rational business strategies that
differentiate solutions and ref lect tailored
cost, schedule, and performance tradeoffs. This
creates the framework for achieving best value
through competing strategies and decisions.
As a rulebook, the FAR ensures fairness and
transparency in the acquisition process for
all players, including both industry and the
government. Today’s structure and process of
federal acquisition, coupled with the need for
increased speed and agility, potentially provide
the right environment for game theory to be
effectively leveraged.
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The focus of the game theory application in this article is in a competitive
source selection acquisition where multiple vendors are bidding (or
submitting a proposal) to provide a product that is a noncommercial product,
still in the stages of development. Within a competitive source selection,
multiple potential phases are in the acquisition life cycle where game
theory has the potential to provide support. First, it can steer the decision
makers towards the identification of the most meaningful program-specific
evaluation criteria. Second, it enables a more objective and quantitative way
to proceed through a source selection by better illuminating key attribute
tradeoffs for the government. For developmental items, the government can
use game theory to take control and drive the key features of the product
during the competitive source selection.

Common knowledge, a central tenet of
game theory, encourages industry to
develop and execute rational business
strategies that differentiate solutions and reflect
tailored cost, schedule, and performance tradeoffs.
In game theory, negotiations are facilitated by locating a solution that jointly
maximizes the utility of each player. In government acquisition, there exists
a game between each bidding vendor and the government. Utility for the
government can be modeled through a utility function, which represents
the government’s overall preference for a product. The utility function
for the government is parameterized by the key attributes of the product
being procured and maps levels of those attributes to a value of overall
preference for the product. Utility functions for the bidding vendor can then
focus primarily on the cost for achieving the product attribute levels in the
government utility function solution. While generating their bid, vendors
can then search for solutions that have attribute values that achieve a high
value for the government’s utility function and result in low cost for their
own utility function.
Federal source selections already adhere to a game theory configuration
by the mandatory disclosure of evaluation criteria as key discriminators
or attributes. By advertising its source selection criteria and relative order
of importance, the government signals its tradeoff considerations. Vendors
from industry also currently act like players in this type of game by tailoring
and offering solutions to the government to meet these considerations.
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Table 1 summarizes some of the similarities between game theory and
the government source selection process, and shows how the government
inherently implements several key aspects of game theory.
TABLE 1. SIMILARITIES OF GAME THEORY AND GOVERNMENT
SOURCE SELECTION
Game Theory Principles

Government Source Selection

Players know the “rules of
the game”

Federal acquisition process is governed by
well-defined rules and regulations codified in
the Federal Acquisition Regulation (FAR); both
industry and the government (i.e., players) know
the rules of the game.

Requires clear
communication of
attributes, priorities, and
outcomes

Mandatory disclosure of evaluation criteria and
relative importance ensures industry is informed
of attributes (discriminators), priorities, and
desired outcomes.

Players are rational and
seek to maximize their
expected outcome or utility

Government maximizes expected outcome or
utility through best value tradeoff; industry seeks
to maximize their objective function (e.g., profits,
market share).

The current federal acquisition system follows a structured process outlined
in the FAR to guide the government in navigating the complexities and
cumbersome nature of the source selection process. The FAR presents no
obstacles to adopting a game theory framework for acquisition support.
Moreover, FAR Part 1.102, “Statement of Guiding Principles for the Federal
Acquisition System,” outlines an opportunity to introduce the agility and
efficiencies of game theory by allowing strategies, practices, or procedures
that are in the best interests of the government (FAR, 2018). However, such
strategies, practices, and procedures are restricted to those not specifically
limited or prohibited by the FAR, Executive Order, or regulation. A game
theory approach can also be consistent with FAR Part 15.305, “Proposal
Evaluation,” as evaluations may be conducted using any rating method or
combination of methods, including color or adjectival ratings, numerical
weights, and ordinal rankings (FAR, 2018). Additionally, this approach is
consistent with the “Department of Defense Source Selection Procedures”
memorandum (DoD, 2016, Sec. 2.3), where evaluation criteria may be
quantitative, qualitative, or a combination of both. Although numerical or
percentage weighting of the relative importance of evaluation criteria may
not be used in DoD, assigning quantifiable or value tradeoffs in evaluating an
offeror’s proposal (found in the Subjective Tradeoff and Value Adjusted Total
Evaluated Price [VATEP] source selection tradeoff approach) is allowable
and harmonious with game theory.
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Quantitative Decision Support
in Acquisition
The game theory framework proposed herein consists first of
generating a utility function parameterized by the key attributes affecting
the acquisition decision. The output to this utility function is a level of
preference for the government concerning a bid coming from a competing
vendor. A bidding vendor uses this utility function as well in helping prepare
their bid. Through an envisioned web-based application, each potential
vendor can attempt to maximize the government’s utility function subject to
their own cost function. Each vendor’s cost function is also parameterized
by the same attributes or key criteria that parameterize the government’s
utility function. This maximization can be performed with mathematical
programming techniques to enable bids to be automatically generated. A
general utility optimization formulation for each vendor specific to their
own individual cost constraints follows.
Max V(x) = ∑wi vi (xi )

(1)

subject to: ∑ci xi ≤ B
where:

xi = is the level for attribute i

		

wi = the weight for attribute i

		

vi = the single attribute value function for the attribute i

		

ci = the offeror cost function for attribute i

		

B = budget constraint for maximizing utility i

A known challenge is that Request for Proposal (RFP) language can make it
difficult for potential bidders to extract what the most important attributes
are for the government, especially when too many attributes are included
or the evaluation criteria is unclear. Using this quantitative mathematical
programming formulation allows bidders to move directly towards those
key attributes through an automated and objective means, and increase
transparency into the bidding process. The solutions to the optimization
formulation in equation (1) provide stronger initial bids by the interested vendors. These solutions aren’t necessarily final solutions or final bids, but are
an efficient means to generate an initial bid close to what the government is
seeking. This can more efficiently set up the next stage of proposal tweaking
and negotiation on both sides, resulting in streamlining the acquisition cycle.
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Applicability of Game Theory and Utility Theory
for Acquisition Support
While government solicitations or RFPs help identify the evaluation
criteria and relative importance, the qualitative, subjective, and imperfect
nature of evaluations may result in suboptimal tradeoff and selection
analysis. A game theory framework with a utility theory foundation provides
an objective and mathematical framework to provide the government
with insight into potential attribute tradeoffs, as well as improve the
transparency of the source selection process. Moreover, through integrating
the government’s utility function with utility functions of cost established
by each vendor, a process for generating better initial bids can be established
that gets the government and bidding vendor at a much better starting
point for negotiation. This high-level framework was originally suggested
in Simon and Melese (2011) and is extended further in this research. The
focus of the extension in this article is a further delineation of a methodology
for better calibrating and applying the government’s utility function. Other
extensions are integrated into the high-level framework discussion that
follows and are also discussed further at the end of the article with future
areas of research:
•

Formulate the government’s preferences into a utility function
parameterized by critica l noncost attributes, criteria, or
discriminators.

•

Publicize government utility functions in an RFP for industry to
formulate and submit bids that maximized the government’s utility
function.

•
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°°

Each vendor calibrates their own cost function parameterized
by the same attributes as the government’s utility function.

°°

Software applications with embedded mathematical
programming solvers automate the process of maximizing
the utility function and generating the optimal bid for the
vendor.

Within its own web-based application, the government can view
bids from all vendors simultaneously with respect to utility and
cost. The government can drill into preferred utility/cost values
and then examine possible attribute tradeoffs that can be used in
the next phase of negotiation.
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This automated optimization framework enables vendors to provide bids
quickly and across a range of budget levels. Moreover, incoming bids from
vendors can be viewed as a Pareto curve capturing utility as a function of
cost. This leaves the government the ability to do tradeoffs between attribute
values as well as between cost and attribute values to help provide a counter
offer to the bids that are submitted.

A wealth of research questions must be addressed to design and implement
this type of framework in a real-world acquisition scenario, the first of which
pertains to the type of utility model and the method for calibrating the model
to use as the foundation of such a framework. This article focuses on the
utility models that can be used to best support this proposed framework.

Survey of Game Theory and Utility Theory Literature
Relevant to Acquisition
The survey is focused on three topics: Multi-Criteria Decision-Making,
Utility Theory, and Game Theoretic Applications to Government. As MultiCriteria Decision-Making is needed to provide utility functions, which
are needed to allow for the application of game theoretic approaches, the
findings are then in this order. As previously implied, this selection is
neither complete nor exclusive.
Literature on Multi-Criteria Decision-Making. As noted, a critical
and challenging task in the acquisition process is the selection of evaluation
criteria that reflects the preferences of the government. Wallenius et al.
(2008) provide a good overview of the various multiple Multi-Criteria
Decision-Making and Multi-Attribute Utility Theory methods currently
in use. Such methods include the Analytical Hierarchy Process (AHP),
Evolutionary Multi-Objective Optimization (EMO), or Multi-Objective
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Linear Programming (MOLP), placing them into a historical perspective,
as the same author group conducted a similar review in 1992 as well. Their
overview is written from a management perspective. They also provide
insight on how to apply their findings in the form of Multi-Attribute Utility,
which connects their work to the next subsection. A more engineeringleaning perspective is given, among others, by Parnell, Driscoll, and
Henderson (2011).

efficiency-based model to a quality-based approach. The single criterion
approach of the lowest cost supplier is no more accepted in this challenging
and continuously changing environment. Thus, price or cost shifted down
the line with respect to its importance in evaluating the suppliers, while the
quality and delivery performance climbed up the hierarchy” (p. 808). This
insight is relevant for the government as well, and needs to be addressed in
the selection of the appropriate methods.

Velasquez and Hester (2013) conducted a literature review and analysis
of multi-criteria methods. They observe that outranking methods, which
were prevalent in early approaches, were overtaken by value measurement
approaches. Further, they show that deficiencies can be overcome by
combining approaches, although this requires a clear understanding of
the advantages and disadvantages of the individual approaches, which are
captured in a summarizing table in their conclusion section. Their paper
assessed the more common methods of Multi-Criteria Decision-Making to
benefit practitioners in choosing a method for solving a specific problem,
and they state clearly that this can only be the first step in selecting the
right approach.

Both recent literature reviews show that a universal best solution does not
exist, but that the selection of the best method is determined by the problem
and may even require the use of a problem-specific hybrid solution that
requires an in-depth knowledge of the problem as well as of the tools and
approaches.
Literature on Utility Theory and Utility Functions. The literature
highlighted in this section strictly pertains to the formulation of utility
functions to reflect the preferences of decision makers. Slantchev (2012)
defines preferences and utilities to support decision-making, including
those to be made under uncertainty. As he is writing for political scientists,
explanations and examples are easy to follow and do not require an in-depth
education in game theoretic mathematical foundations.
If data are available that reflect preferences of earlier decision-making
processes for either side of the negotiating partners, the methods and
algorithms described by Afriat (1967) are still relevant. The application of
big data methods supporting utility function definitions is a topic of ongoing
research with no predominant methods emerging thus far, although it was
initially believed that more literature would be found.

Agarwal, Sahai, Mishra, Bag, and Singh (2011) provide an alternative
viewpoint on the selection of the best Multi-Criteria Decision-Making
method by focusing on the proper evaluation and selection of suppliers,
which is highly relevant in acquisition as well. An additional insight
provided by them is the need to evaluate the suppliers based on the inputs
of the strategic, functional, and operational levels. They present that
the “implication of lean manufacturing and popularly used JIT (Just in
Time) approach has forced the researchers to shift the focus from the
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An interesting variant for multi-issue closed negotiations addressing multitime as well as multi-lateral negotiation strategies is described by Matsune
and Fujita (2017), who developed not only the concept, but demonstrated it
in an agent-based simulation environment. Theoretically, nothing speaks
against applying these ideas for acquisition-specific challenges as well, but
no applications in this domain within the survey were found. What makes
the application described in this paper so interesting is the ability to learn
the opponents’ utility information from observing bidding choices within
a strategy.
While the mathematics behind utility theory and utility functions is well
understood, how to elicit the knowledge about their preferences from
decision makers is still a challenge in itself. Our survey of the literature did
not reveal any predominant strategy. And this is a challenge the government
must overcome in order to successfully apply game theory.
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Literature on Game Theoretic Applications for Government
Solutions. Obviously, every game theoretic insight has potential to be
applied to better support government solutions, but two of the evaluated
papers deserve special attention, as they directly apply game theory to
acquisition and government decision-making.
Levenson (2014) provides an overview of the constraints of DoD
procurement, showing why typical solutions from commercial markets
are often not applicable and lead to undesired and unforeseen results. He
describes the effects of fixed price and competitive price contracts, and
concludes that “only when one or more competitors offer innovations that
truly reduce the costs of development and production does the government
substantially benefit from competition over sole-source procurement
without the adverse side effects of cost overruns. Distinguishing between
true innovation and optimistic cost estimating, however, can pose a
challenge for DoD acquisition officials” (p. 437).

A known challenge is that Request for
Proposal (RFP) language can make it
difficult for potential bidders to extract
what the most important attributes are for the
government, especially when too many attributes
are included or the evaluation criteria is unclear.
Blott et al. (2015) compiled a set of auction- and game theory-based
recommendations for DoD acquisition by synthesizing literature into
specific military acquisition categories: procurement with unknown cost
and no risk, items with known costs and existent but understood stochastic
risk, and items with unknown costs and/or unknown stochastic risk. Some
examples further evaluate if multiple competing vendors participate, and if
the lot is to be procured from several bidders, potentially at different stages
of the project.
In summary, the literature survey provided some opportunities for
immediate applications, but also revealed the need for continued research.
The most pressing needs pertain to how to elicit preferences from decision
makers and apply these utility function methods in an environment under
the special constraints of government acquisition. The utility model
approaches selected as having the most potential are described in detail
in the upcoming section of this article, along with recommendations
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for preference elicitation to support each of these methods. These three
utility function methods, with their corresponding preference elicitation
procedures, are then tested and those results are presented later in this
article.

Research Methodology
The methodology for this research first consisted of identifying three
candidate approaches for utility function calibration and adapting them to
be applicable to a government acquisition setting. The methodologies were
first tested on a hypothetical scenario relating to the purchasing of a cell
phone. The proposed utility functions were assessed by their goodness of fit
and the time taken to perform the assessment procedure. After testing the
three proposed methods in this setting, the method performing best with
the two established measures was then applied in a realistic government
acquisition setting.
The more realistic government acquisition scenario involved a significantly
larger number of attributes. The selected method was then integrated with
a screening and binning method to make it adaptable to a large number
of attributes. Results from this experimentation are also provided in
this article, which include the assessment time and goodness of fit of the
resulting utility model.
For each of the two experiments that were performed, two experienced
acquisition professionals from government were used as test subjects. For
the first experiment, each subject tested the three different utility function
approaches proposed in a private test setting. Even though the test subjects
were experienced professionals, the first acquisition scenario involved
the hypothetical purchase of a cell phone. The subjects were provided a
background information sheet explaining the attributes in detail relating
to the hypothetical product as a supporting testing instrument. Personto-person interviews were then performed to conduct the assessment
procedures of each of the utility function methods being tested. The
standard protocol was that the experimentation was done in a private room
with only one other team member in the room present to record responses.
The subjects were told that the information they provided regarding their
answers to the utility function assessment procedures would be protected
and held as confidential.
For the second experiment, the test was performed on a real-life acquisition
currently underway within the test subjects’ organization. The main
limitation of both of these experiments is in the small sample size. Although
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the sample size is too small to provide any statistical relevance, observed
implementation by the test subjects shows the feasibility of a utility theory
and game theory approach for the acquisition community, and the areas
where future research is needed.
The remainder of this section provides the more detailed descriptions
of the candidate approaches and their application in this setting. The
three candidate approaches were selected from the methods covered
in the literature review. The three chosen were selected due to their
perceived potential being applied in an acquisition setting with qualitative
adjustments to question phrasings and responses, and the potential to be
calibrated through an assessment procedure that is not burdensome or
time consuming.
•

Best-Worst Method (Rezaei, 2015)

•

Multi-Swing Method (Schmidt, 2017)

•

Functional Dependency for Network Analysis (Garvey, Pinto, &
Santos, 2014)

Testing of these methods in the next section will further reveal the features
of the acquisition scenarios where each approach does well. In this research,
all three approaches are applied to a small decision problem that simply
involved five attributes to get the decision maker(s) accustomed to the
steps and procedures needed to be conducted. Furthermore, the BestWorst method was applied to a larger, more complex 20-attribute problem,
representative of a major program (developmental item). These test cases
are discussed in more detail in the next section.
Preliminary collaborations and discussion with a government sponsor
helped to derive three best practices or considerations that impacted our
utility function assessment procedure and resulted in the application of
multiple assessment techniques.
The first is that the level of effort in developing the assessment procedure
must be commensurate with the size, scope, and complexity of the
acquisition. A day or longer interview process to fit a model may be realistic
for a highly complex multibillion-dollar Acquisition Category (ACAT) I
program, but is not realistic for all acquisition. The assessment procedure
must be able to accommodate a more expedient timeframe for smaller or
less complex acquisition, but have the flexibility to incorporate a higher
fidelity of information for an assessment occurring over a longer period
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of time. An initial assessment procedure drawn out longer than expected
may result in fatigue and complacency, which may lead to inconsistencies
in preference articulation.
The second consideration is that assessment procedures must be adaptable
so that they can be effectively applied to decision makers who are either
more quantitative or qualitative in nature. Our research showed that most
acquisition professionals are comfortable with relative importance and
prefer qualitative descriptions of their preferences. Introducing descriptive
adjectives in place of numerical values, in many questions, helped alleviate
this issue.
The third and final consideration is that the assessment procedures must
be applicable in the many acquisition situations where a large attribute set
influences the decision. The size of this attribute set is often overwhelming
for any decision maker in acquisition. Therefore, preference modeling
methods must be able to screen out attributes of minimal significance to
isolate the critical noncost attributes and the critical tradeoffs between
those attributes. This supports an acquisition best practice of focusing
on critical noncost attributes/evaluation factors and subfactors to avoid
diluting the importance of key discriminators.

Best-Worst Method Implementation
The Best-Worst method originates from Rezaei (2015), and this research
has extended the approach to work more smoothly for cases where many
attributes are at hand and when the attributes are binary in nature (result
in either a 0/1 or yes/no value). One of the Best-Worst method’s features is
its ability to perform calibration in a short series of questions. Moreover,
these questions can be phrased such that they are not overly burdensome
to the decision maker(s). From our observations, having simple and
clear acquisition questions to identify key discriminators facilitates the
acquisition and conforms to best practices.
Consistent with source selection practices, the procedure for the Best-Worst
method starts with selecting the attributes or discriminators that affect
the decision. Then feasible ranges are assigned for each of these attributes.
The next step is the assignment of weights for each attribute reflecting
the preferences and importance. This applies specifically to the attribute
to identify key discriminators and does not apply numerical weights to
proposals in the source evaluation process. This step begins with selecting
the most important attribute as well as selecting the least important
attribute. From there, comparisons are made to understand the relative
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importance of the most important attribute to each of the other attributes.
In a similar manner, comparisons are then made to assess the relative
importance of the least important attribute to each of the other attributes.
The question phrasing to the decision maker is the key to getting this
approach to work effectively. The decision maker needs to be directly asked
how much more important the most important attribute is with respect
to each of the other attributes individually. Mapping qualitative scales
to numerical scales was shown to work well in our studies for preserving rank order. For instance, levels, such as “just as important,” “slightly
more important,” “more important,” “significantly more important,” and
“extremely more important” were applied with good success while being
mapped on a scale of [1-5].

but gets the job done.” Then the max level for the attribute can be assessed:
“What is the level for the most functionality that you could possibly handle/
need—any more wouldn’t make life any better?” Finally, the minimum level
for the attribute is assessed: “What is the maximum attribute level where
there is zero utility or where you would have absolutely no use for this
product if this attribute was at this level?”
The Best-Worst method was extended to be more applicable to acquisition
consisting of a large number of attributes (>20). In acquisition, we observed
with our government sponsors that the number of attributes was typically
quite large. For a large number of attributes, the procedure was updated in
the following manner:
1. Perform pairwise comparisons across adjacent pairs of attributes starting at attribute No. 1 and then work down the attribute list.
2. Bin the attributes based on whether the attributes were more important
than two attributes, one attribute, or no attributes. End up with three
bins: Prime, Mid, Low.
3. Reassess attributes in each bin to make sure they are in the right place.
a. Ask for best and worst for each bin.
b. Do pairwise comparison of best in mid and low bin, with worst
in the higher level bin.

The completion of the Best-Worst assessment procedure is to obtain a
preference function in the form: V(x) = w1 v1 (x1 )+w2 v2 (x2 )+ … …wn vn (xn ).
This is consistent with the general form of the utility function presented in
Equation 1 with xi = is the level for attribute i, wi = the weight for attribute i,
and vi = the single attribute value function for the attribute i. The Best-Worst
procedure primarily focuses on the weights. Suggestions in this article
for extending to the assessment of the single attribute utility functions
v1 (x1 ) focus on fitting a function across sample points for each individual
attribute. Sampling can be effective with just four points on the utility
curve. When doing a qualitative mapping, those points can be referenced as
the min, midpoint, target, and max. On a [0,1] scale, those reference points
were mapped to values of 0, 0.5, 0.75, and 1 respectively. The qualitative
assessment questions can first focus on the target. Here the question is
asked: “What is the value of this attribute that you would really want to
have?” Then the level representing satisfactory for the attribute is assessed:
“What level for this attribute is acceptable and would not hinder my use?
It can be considered being like a minimum requirement that is not ideal
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c. Repeat 3a and 3b until no more changes are made.
4. Identify the attributes for inclusion into the Best-Worst method.
a. Take all attributes in prime bin.
b. Take best and worst in mid bin.
c. Take best and worst in low bin.
5. Best-Worst method is then implemented on attributes in the prime bin.
6. Best-Worst method is then implemented on all other attributes kept
after completing step 5.
7.

Ask the level of difference between the worst attribute in prime and the
best in mid. This level of difference then becomes the difference level
for weights in the prime bin, and weights in the remaining bins are then
scaled accordingly.
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After these assessment procedures are made, the weights for the preference
function can be solved through the optimization formulation outlined
in Rezaei (2015). The pairwise comparisons given at the beginning of
the assessment procedure can also be used to solve for the weights more
effectively as well as for validation of the results.

Multi-Swing Rollup Method Implementation
The Multi-Swing Rollup Method (MSRM) is a new aggregation
method for multi-attribute decision problems (Schmidt 2017). As
previously discussed in the literature survey, rolling up multiple values
into one representative value is a general challenge, as already discussed
in our literature survey. The MSRM uses a Generalized Addition Tallying
Organization (GATO) approach. While the classical approach uses the
weighted sum of the contributing decision factors, MSRM/GATO uses
a nonlinear combination in areas in which the simple addition leads to
counterintuitive results.
MSRM starts with the definition of Multi-Swing tables to collect data and
combine weights and utility functions into one user-driven process. These
Multi-Swing tables are then multiplicatively rolled up and calibrated to fit
to a percentage scale. The four steps of the methods are:
1. Selecting and quantifying the metrics for each contribution
2. Defining a scale for quantifying the overall score
3. Constructing the Multi-Swing tables for each contribution
4. Constructing and calibrating the rollup function
Selecting and quantifying the metrics for each contribution starts with
identifying the qualities in which the user is interested. The result is
a quality tree that identifies the contributions and the metrics used to
quantify them. Then, defining a scale for quantifying the overall score of
the attributes (not numerical scoring of proposals) ensures consistency
when assessing the overall value increase or decrease when evaluating the
individual contributions. MSRM recommends using a mapping of generally
understood expressions to numerical values, such as ideal = 100%, very good
= 90%, good = 70%, indifferent = 50%, poor = 30%, very poor = 10%, and not
acceptable = 0%. The scale does not have to be symmetric. More important
is that it reflects the weighting priorities and preferences of the user.
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Constructing the Multi-Swing tables is conducted for each contribution,
starting with defining a baseline with typical and acceptable values for each
contribution. For each contribution, we next define a set of swing scores
that can be better or worse than the baseline. For each contribution, a set
of swing scores spanning all values that can occur in the selection process
is collected and the swing rows constructed. If the value of a contribution
is a showstopper, e.g., the battery life is too short to support operational
use of the item, it is marked as such. In acquisition settings, every attribute
that falls under a minimal value becomes a showstopper or an immediate
rejection of the proposal.
The baseline and all swing rows are then captured in one Multi-Swing table.
In this table, only one of the values in each row is changed in comparison with
the baseline, so that a comparison with the baseline can be used to access an
overall score using the expressions identified in step 2 of the MSRM. While
the baseline may be seen as good, a lesser screen resolution may decrease the
value to indifferent, poor, or may even become a showstopper, while longer
life span may result in a very good overall value.
Constructing and calibrating the rollup function uses the Multi-Swing
tables as its foundation, as each row in the Multi-Swing table captures
how the overall value changes when we swing one contribution at a time.
A multiplicative roll-up approach can now be applied to compute how the
value changes when several of such changes occur at the same time. If, e.g.,
the resolution decreases, resulting in a change value decrease of 20%, and
the battery life gets shorter as well, decreasing the value by 10%, then the
occurrence of both changes should result in a decrease of 28%. The idea is
to multiply the individual effects to generate the combined effects.
While the approach naturally results in the elimination of all showstoppers
(as the multiplicative approach results in a zero whenever one of the
contributions is not acceptable), the positive results can multiply up to more
than 100%, which can be addressed using rescaled proportion retention
multipliers that ensure that no combination exceeds the 100% limit.
One of the remaining challenges is the combinatorial explosion with the
increasing number of contributions. Our initial application shown in the
next section was limited to five attributes, but still required more than 45
minutes to build all Multi-Swing tables. On the positive side, the method
allows the linear integration of new contributions after the initial set-up:
a new attribute can be integrated without having to change the tradeoffs
between the already existing attributes.
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Functional Dependency for Network Analysis
Implementation
The last approach utilized in our research was originally developed
for a systems engineering setting, but due to its general applicability, we
decided to include it in our evaluation. The application of the Functional
Dependency for Network Analysis (FDNA) methodology involves:
1. Data gathering
2. Preference inference
3. Quantifying accuracy
4. Making predictions
The data gathering step involves constructing an experimental design
to capture data on the different attributes of the product in accordance
with the decision maker’s input. The preference inference step involves
proposing specific preference models and using the gathered data to infer the
defining parameters that are most consistent with the data. The quantifying
accuracy step involves the application of cross-validation to assess the
accuracy of the fitted preference model. Finally, the making prediction
step entails converting a test case to the form selected in the first step and
making predictions using the parameters inferred in the second step.

For data gathering with FDNA, it is necessary to create a dictionary of
qualitative descriptions of product attributes and an assigned numerical
representation to each. In the acquisition setting, the dictionaries are
highly reusable according to our experiences, although no study has been
conducted to verify this observation. As a general practical matter, many
spirals of potential dictionaries should be generated and tested to ensure
that the definitions are neither too narrow nor too broad so that the decision
maker who is being modeled will be assigning a broad range of numerical
preference scores to the anticipated set of optional designs. Then a set of
optional designs of interest can be generated. Assuming the absence of a
priori knowledge of the decision maker’s preference, the designs are randomly generated.
Motivated by the work of Garvey and Pinto (2009) and Servi and Garvey
(2017), two different preference models are included in the approach. (Note
that if there was a larger amount of experimental data, it would have been
more desirable to use the precise FDNA model documented in the references. Due to the limited size of the data, two different aspects of the FDNA
were used for this analysis.)
fs (Ps ,γ) = mini [ Psi +βi ]

(2)

fs (Ps ,γ) = α0 + ∑ ai Psi

(3)

or
i

where Psi is the numerical level of preference of the ith characteristic of the
sth experiment.
With the decision maker’s evaluation of different attribute combinations—
the values of βi orαi computed using the training data, which are rows
comprising all attribute values—and the resulting evaluation by the decision
maker, estimating the preferences of the decision maker is possible.
One side result from the testing discussed in the next section is that the
accuracy using equation 2 was found to be superior to that using equation
3. Therefore, it is recommended that when predicting the comparative
preferences of the decision maker to two alternatives, the prediction is
made using only equation (2) and, in the case of a tie, equation (3) is used to
break the tie.
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Experimentation with Utility
Function Methods
The three candidate utility model assessment procedures were
tested on two scenarios to test their applicability in the acquisition setting.
Two acquisition specialists from a government sponsor supported the tests.
The first scenario, described in the following discussion, is a cell phone
purchasing example for initial testing of all three selected approaches.
The second scenario, described in the next section, pertains to a real-life
acquisition scenario, which adds complexities not existing when utility
function methods are tested and presented in literature. The candidate
performing best in the initial cell phone test scenario is then adapted for
use to the real-life acquisition scenario described in the following section.
The test subjects were given the scenario of purchasing a new smartphone.
The test instrument included a two-page description of the purchasing
options and a description of the product attributes affecting the purchasing
decision, which was provided to the subject. The five attributes that were
presented as affecting their decision follow:

Testing of Best-Worst Method
The testing of the Best-Worst method began with the assessment of the
weights for the five attributes of interest. The test subject was asked a series
of tradeoff questions and identified processing speed as the most important
attribute and lifespan as the least important attribute. Through a series of
questions relating the level of importance of each attribute with respect to
processing speed, the following vector was obtained representing how much
more important processing speed attribute is with respect to each of the
other attributes on a scale of 1 to 5: Ab= [5,4,1,1,2]. The numerical values in
this vector specify the relative importance of processing speed with respect
to weight, lifespan, screen resolution, and storage amount. Table 2 depicts
this in tabular format. These are the same mappings to numerical values
introduced in the previous section.
TABLE 2. RELATIVE IMPORTANCE OF PROCESSING SPEED WITH
RESPECT TO ATTRIBUTES
Attribute of Interest

Vector
Value

Description

Weight

5

Processing Speed “Extremely more
important” than Weight

Lifespan

4

Processing Speed “Significantly more
important” than Lifespan

C. Screen resolution [0 – 4,000p]

Screen Resolution

1

Processing Speed “Just as important” as
Screen Resolution

D. Processing speed [0 – 10x]

Processing Speed

1

Reference attribute defined against itself
(i.e., Just as important)

E. Storage amount [0 – 500 Gigs]

Storage Amount

2

Processing Speed “Slightly more important”
than Storage Amount

A. Weight [0 – 5 pounds]
B. Lifespan [0 – 10 years]

Included in these five attributes are the ranges of values that each attribute
could take during the test. After the subject read through the example and
took the role of the purchaser, a series of questions was conducted via a
person-to-person interview about their preferences in accordance with
the assessment procedures for the three preference functions tested. The
study was limited to two test subjects. The first test subject was used to help
refine the question phrasing. The second test subject was an acquisition
professional, and the results from their experimentation were used to
compare each of the three methods. The test subjects were informed that
all answers they provided regarding hypothetical preferences would be kept
confidential and would not be released in any presentation of the results.
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After this, the same questions regarding relative attribute importance
were asked with respect to the attribute noted as the least important. This
resulted in the following vector representing how much more important each
attribute is with respect to the lifespan attribute (declared least important)
on a scale of 1 to 5: A w = [1,1,4,5,3]. Following the approach outlined in
Rezaei (2015), these two vectors representing relative importance between
each attribute and the best and worst attribute, respectively, can be used
to perform a least squares approximation to solve for the weights. The
following numerical weights were obtained. [0.04, 0.12, 0.28, 0.39, 0.17]
The final step was to solve for the single attribute value functions pertaining
to each attribute. Here, the test subject was asked for each attribute to
specify the min, midpoint, target, and max values for each of the five
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attributes, and the question wordings introduced in the previous section
were applied. Table 3 presents the values obtained for the mid, midpoint,
target, and max for each attribute.
TABLE 3. SUBJECT RESPONSES TO MIN, MIDPOINT, TARGET,
AND MAX LEVELS FOR EACH ATTRIBUTE
Min

Midpoint

Target

Max

1 lb.

0.75 lb.

0.5 lb.

0.33 lb.

Lifespan

1 year

3 years

4 years

6 years

Screen
Resolution

400p

720p

1080p

2000p

Processing
Speed

0.5x

1x

3x

5x

64 gigs

128 gigs

250 gigs

500 gigs

Weight

Storage
Amount

The values in Table 3 are used to solve for the single attribute value functions vi (xi ) for all five attributes in this test. For this application, a 2nd order
polynomial was applied for fitting these single attribute value functions,
and the method of least squares was used for fitting. The weights for all five
attributes were then integrated into the single attribute value functions to
obtain the following function for the preference model:
V(x)=w1 v1 (x1 )+w2 v2 (x2 )+w3 v3 (x3 )+w4 v4 (x4 )+w5 v5 (x5 )

(4)

To test the accuracy of the Best-Worst method, a series of comparisons
across six purchasing alternatives was performed. The following pairwise
comparisons across all combinations of the purchasing options were performed by the decision maker.
A. [2, 2, 2000, 0.75, 256]
B. [0.5, 5, 720, 2, 128]
C. [4, 1, 4000, 1, 64]
D. [1, 4, 720, 1, 256]
E. [2, 3, 1080, 2, 256]
F. [0.5, 3, 4000, 4, 64]
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The results of these pairwise comparisons were applied to generate a
ranking. The rankings obtained here were compared to rankings generated
through the preference model sampled under these same alternatives. In
addition, the proportion of the pairwise comparisons that was consistent
between the decision maker and model was measured. Fifteen different
combinations of pairwise combinations resulted from the six purchasing
alternatives previously shown. The preference model resulting from the
calibration involving the Best-Worst method resulted in consistency amongst
all 15 pairwise comparisons. This meant that when the subject specified, for
example, that alternative B was more preferable than alternative A, that the
preference model outputted a larger value when inputting the attribute levels
for alternative B than when inputting the attribute levels for alternative A.
As naturally follows, the rankings for all six alternatives were consistent as
well. The test demonstrated promise in the Best-Worst method to generate
an accurate model in a short amount of time.

The use of a software tool for calibration
streamlines the process, and also ensures
both repeatability and scalability that can
be extended to more complex acquisition to increase
the expected outcome.
The entire assessment procedure was done in roughly 45 minutes for this
scenario involving five attributes and consisted of a single decision maker
articulating preferences. Multiple decision makers participating in the
utility model calibration is possible if they can provide an agreed-upon
answer for each question in the procedure. The process can be supported
by graphical user interface (GUI), and our research additionally resulted
in the development of a tool design to support data collection, calibration,
and presentation of the results. The use of a software tool for calibration
streamlines the process, and also ensures both repeatability and scalability
that can be extended to more complex acquisition to increase the expected
outcome. Future researchers seeking to enhance this method may consider
extending the assessment procedure to explore the impacts of integrating
interaction effects between attribute preferences. These interaction effects
between attributes are not captured by the current form of this utility
model, but with the support of a software tool, more complex assessment
procedures to obtain interaction effects are obtainable. In various realworld scenarios, dependencies between attributes do exist where one needs,
for example, both attributes A and B to be high; otherwise, both should be
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low relative to C. Decision makers don’t always immediately reveal or are
cognizant of these situations, but through a well formulated assessment
procedure and sophisticated human-computer interaction design, this could
be achievable within an assessment procedure of under 1 hour.

Testing of MSRM
The Multi-Swing Rollup Method was applied in the same setting as the
Best-Worst method, using the same test subjects to conduct the experiments.
Using the same attributes as enumerated in Table 3, we defined one positive
and one negative swing for each attribute, as shown in Table 4.
TABLE 4. ATTRIBUTES AND SWING STATES (GREEN VARIATIONS
ARE POSITIVE, RED ARE NEGATIVE)
Baseline

Variations

0.5

0.33

0.75

2

1

4

(SR) Screen Resolution

1080

720

2000

(PS) Processing Speed

4

2

5

256

128

500

(W) Weight
(LS) Lifespan

(SA) Storage Amount
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Next, we defined the utility factor terms to be used to rate the comparisons
between the baseline and the swings. In the discussion with the experts
and decision makers, we ended up with a table with which the test group
was comfortable that showed the semantic equivalencies between different
families of terms describing comparisons, status descriptions, and grades.
Having five attributes with two swing states results in 11 entries. Using
the utility terms, each entry was compared individually with the baseline
to identify the overall change in utility by changing one attribute. Table 5
shows the individual utility contributions in percent that resulted from our
discussions with the test subjects.

TABLE 5. UTILITY VALUE CHANGES IN PERCENT RELATIVE TO THE BASELINE
Utility Value Comparison

Utility Value Status

Utility Value Grade

significantly better

ideal

A

much better

very good

A/B

better

good

B

little bit better

above average

B/C

average/mid-point

average

C

little bit worse

below average

C/D

worse

poor

D

much worse

very poor

E

showstopper

showstopper

F

Using this information, the full Multi-Swing rollup table with all entries
(243 in this case) can be created. The resulting table contains all possible
combinations of Multi-Swings plus the baseline. The resulting overall
utility is calculated by multiplying the individual changes. When ordering
the table, the entry with all negatives obviously is the lowest, and the entry
with all positives the highest, but all possible permutations in between
are listed as well, showing the ranking of all alternatives, including the
selected subset used in the Best-Worst method. This shows that there is at
least consistency in the preference articulation since the same ranking was
derived between these two methods.
The assessment procedure conducted with our decision makers took less
time than for the Best-Worst method, but only because several of the results
could be reused. In an internal comparison with in-house experts, the
amount of time needed for the first two methods was approximately the
same for the cell phone example.

Testing of the FDNA Method
The FDNA method consists of two different preference models that were
motivated by the work of Garvey and Pinto (2009) and Servi and Garvey
(2017). First, the term needs to be defined. The dictionary shown in Table
6 is comparable to the terms defined in Table 7 for the utility terms used in
the MSRM.
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TABLE 6. DICTIONARY ASSIGNING NUMERICAL PREFERENCE LEVEL
TO PREFERENCE LEVEL OF QUALITATIVE CHARACTERISTICS
OF CELL PHONE
(W)
Weight

(LS)
Lifespan

(SR) Screen
Resolution

July 2019
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(PS) Processing
Speed

(SA) Storage
Amount

0 - Bad

heavy

1

good images

email, word OK

some added
apps, best photos

1 - OK

not heavy

2

good for
printing

very good
nongames,
slow video

apps and photos

2 - Good

light

3

great images,
good enlarging

good for video

huge for apps
and photos,
some videos

3 - Great

ultralight

3+

very good for
enlarging

everything great

virtually unlimited
including videos

TABLE 7. UTILITY VALUE TERMS
Weight

Lifespan

Screen Resolution

Processing Speed

Storage Amount

negative

–6.7

–26.7

–26.7

–46.7

–20.0

positive

13.3

20.0

33.3

33.3

26.7

Next, we generated possible solutions for the five attributes important
for the selection of the cell phone: weight, lifespan, screen resolution,
processing speed, and storage amount. Table 8 shows the 27 generated
cases, using the index numbers defined in the dictionary to specify
the solution. The decision maker then graded the various solutions as
captured in the column “evaluator.”

TABLE 8. THE EXPERIMENTAL TRAINING DATA
No.

Weight

Lifespan

Screen Resolution

Processing Speed

Storage Amount

Evaluator

1

3

3

0

0

0

0

2

2

2

3

2

2

3

3

2

2

3

2

2

3

4

3

3

1

0

0

0

5

2

2

2

1

3

2

6

0

1

1

2

3

1

7

2

1

0

3

0

0

8

1

2

2

1

0

0

9

3

2

1

2

2

2

10

2

1

2

2

3

3

11

3

1

2

0

1

0

12

2

1

0

3

0

0

13

3

1

1

1

1

1

14

1

0

3

2

3

2

15

1

3

0

3

1

1

16

2

2

0

2

1

1

17

1

1

2

2

2

2

18

0

3

0

0

1

0

19

0

1

1

2

2

1

20

1

3

0

1

3

1

21

1

0

2

2

2

2

22

1

0

1

1

3

1

23

1

1

1

2

2

2

24

2

0

3

3

3

3

25

3

3

3

2

1

2

26

2

2

2

3

3

3

27

1

0

1

3

1

1

It is possible to search exhaustively for the integer values of βi most
consistent with the data in terms of the mean sum of squares error, (α0 = 1,
α1 = 8, α2 = 6, α3 = 0, and α4 = 0) as well as analytically solving for the values
of αi most consistent with the data, (β0 = -1.6204, β1 = 0.2101, β2 = 0.2219,
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β3= 0.4290, β4= 0.4375, and β5 = 0.5724). This leads to mean sum of square
error of 0.19 when using equation (2) and a worse mean sum of square error
of 0.44 when using equation (3).

calibration of the parameters of the model . More transparency, however,
would not be in full alignment with current procurement regulations, which
do not allow the numerical representation of these values.

For FDNA, however, the more precise approach to quantifying the error
is using the method of cross-validation. Here, the values of βi or αi are
computed using a random set of 8/9 of the data in Table 8, and then the
accuracy of the prediction is computed using the 1/9 of the data not trained
on. This was repeated numerous times. This led to the conclusion that
the mean sum of square when using equation (1) was 0.19 (and a standard
deviation of 0.24) and when using equation (2) was 0.54 (with a standard
deviation of 0.23). The conclusion, for these data, is that equation (1) leads
to a superior model of this decision maker, which means that fs (Ps,γ)=mini
[ Psi +βi ] is the better model to capture preferences.

Due to the initial pairwise comparisons
being made between adjacent attributes,
a comparison of every attribute with the
most important attribute and every attribute with
the least important attribute is unnecessary.

Main Results from Utility Function Testing
The results of the application of all three methods for the cell phone
example used were consistent, showing that the expert group had a
consistent understanding of their preferences. Our application had too
few data points to allow for any statistical analysis, but the Best-Worst
method resulted in perfect accuracy with respect to the 15 sample pairwise
comparisons. It also had the fastest calibration time and could be completed
in less than 1 hour, even including the time for the subject to fully understand
the testing scenario.
The following observations from discussions with the experts were recorded
after the tests were performed. The Best-Worst method helped to create a
clear understanding of the preferences and how the attribute metrics can
reflect them. The identification of the best and the worst solution, followed
by a pairwise comparison with the other attributes and alternatives, helped
to shape the discussion. The experts trusted this candidate approach the
most, as it delivered clearly documented and fully traceable results, without
any hidden assumptions.
The Multi-Swing method was applied at the same sessions as the Best-Worst
method, which created a small advantage for the second method, as the
mindset of the evaluators was already prepared for better understanding
the attribute preferences. The amount of data needed from the experts was
significantly less, which was overall appreciated, but as the computation
of the ranks was based on numerical values reflecting the utility values
(captured in Table 7), some skepticism remained. The source of such
skepticism was apparently a question of whether the values in Table 7 were
a full reflection of the experts’ values in comparison to the researchers’
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Finally, the FDNA was conducted based on the data received from the
experts for a consistency check. The results were presented to the experts
and accepted, and the candidate approach was identified as a potential
future solution. The idea to semiautomate the process based on validated
training data was identified as promising. However, given the test subject’s
confidence with the Best-Worst method and its perfect validation score, it
was adapted and tested on a government acquisition scenario. The results
to this test are detailed in the following section.

Testing on a Government
Acquisition Scenario
The second experiment involved an acquisition scenario consisting
of 20 attributes to show the scalability of approaches. Similar to the
first experiment, two subjects were used with the results from the first
subject yielding refinement to the question phrasings; and the results from
subject two yielding more general observations about the performance of
the approach. The second experiment is a more challenging experiment
requiring a lengthier assessment procedure to make comparisons among
a very large set of attributes. Another twist to this problem was that
these attributes had a threshold value (minimum acceptable value) and
an objective value (desired operational goal). The government was only
interested in solutions in which the attribute exceeded the threshold value.
So, each attribute has two levels (0, 1) to represent whether it met the
government objective or not.
A new modification of the Best-Worst method involving the screening
of attributes was applied to handle this scenario of having a large set of
attributes. The types of attributes of the government study cannot be
discussed in this article, but the implementation of the procedure can be
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discussed. In order to describe the results without mentioning variable
names, another cell phone example is described in place of this actual
acquisition scenario.
According to various consumer reports, 20 attributes of cell phones have
been identified as decision factors for purchasing a special product (Table 9).
TABLE 9. ATTRIBUTES/DECISIONS FOR PURCHASING A SPECIAL PRODUCT
(EXAMPLE: CELL PHONE)

TABLE 10. PAIRWISE COMPARISONS ACROSS ADJACENT ATTRIBUTES
Attribute

1st Comparison

2nd Comparison

1 – Sturdiness

1>2

1 > 20

2 – Processing speed

2<1

2>3

3 – Walkie-talkie

3<2

3<4

1. Sturdiness of the phone

6. Lifespan of contract and
support

11. Providing a personal
hotspot

16. Battery life

4 – Weight

4>3

4>5

2. Processing speed

7. High-resolution camera

12. Availability of
accessories

17. Anti-glare protection

5 – Screen resolution

5<4

5>6

3. Walkie-talkie capability
on short distances

8. Grip factor ensuring safe
handling of the phone

13. Storage amount

18. Headphone support

6 – Lifespan

6<5

6<7

4. Overall weight

9. Support of roaming

14. Anti-smudge
protection

19. Support of SIM cards

7 – HR camera

7>6

7<8

5. Screen resolution

10. Ability to work with
multiple windows

15. Operating system
used

20. Accessible GPS
functionality

8 – Grip factor

8>7

8>9

9 – Roaming

9<8

9 > 10

10 – Multiple windows

10 < 9

10 < 11

11 – Personal hotspot

11 > 10

11 > 12

12 – Accessories

12 < 11

12 < 13

13 – Storage amount

13 > 12

13 > 14

14 – Anti-smudge

14 < 13

14 < 15

15 – Operating system

15 > 14

15 > 16

16 – Battery life

16 < 15

16 > 17

17 – Anti-glare

17 < 16

17 > 18

18 – Headphone

18 < 17

18 > 19

19 – SIM card

19 < 18

20 < 19

20 – GPS

20 < 19

20 < 1

The first portion of the assessment procedure involved doing pairwise
comparisons across the adjacent pairs of attributes starting with the first
attribute. The resulting table of the results to these pairwise comparisons
in our illustrative example helps further explain the approach (Table 10).

After this initial pairwise comparison is done, the attributes were binned
based on whether they were more important than two attributes, one
attribute, or no attributes. This resulted in three bins, which are named
Prime, Mid, Low, respectively. To further exemplify the approach, the
resulting bins are shown in Table 11.
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TABLE 11. BINNING OF ATTRIBUTES AFTER INITIAL PAIRWISE COMPARISONS
Prime Bucket

Mid Bucket

Low Bucket

Sturdiness

Processing speed

Walkie-talkie

Weight

Personal hotspot

Lifespan

Grip factor

HR camera

Multiple windows

Screen resolution

Roaming

Accessories

Storage amount

Battery life

Anti-smudge

Operating systems

Anti-glare

Sim card

Headphone
GPS

The next step was to reassess the attributes in each bin to make sure they
were allocated properly, as it is possible that an attribute is neighbored
by exceptionally strong or weak neighbors—resulting in placing it into an
inappropriate bin. To address this challenge, we asked the test subject to first
identify the most important and least important attribute in each bin. If the
most important attribute of a lower bin was evaluated by the decision maker
to be more important as the lowest attribute in the higher bin, a change
of bins was conducted. The process repeated until no attributes could be
exchanged between bins in this manner. The final binning of attributes for
this test is shown in Table 12. It shows that in our example, the importance
of the grip factor and the headphone technology was originally estimated
too high, while the importance of the battery life was underestimated.
TABLE 12. FINAL BINNING OF ATTRIBUTES AFTER EXTRA
VALIDATION QUESTIONS
Prime Bucket

Mid Bucket

Low Bucket

Sturdiness

Processing speed

Headphone

Weight

Personal hotspot

Walkie-talkie

Battery life

HR camera

Lifespan

Screen resolution

Roaming

Multiple windows

Storage amount

Grip factor

Accessories

Operating systems

Anti-glare

Anti-smudge

GPS

Sim card

At this point, the Best-Worst method can be executed across a subset of these
attributes. The first step in doing this is to identify the most important and
least important attribute in each of the three bins. Due to the initial pairwise
comparisons being made between adjacent attributes, a comparison of every
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attribute with the most important attribute and every attribute with the
least important attribute is unnecessary. In the prime bin, each attribute
is compared with the most important and least important attribute. Then
for the mid bin, only the most important and least important attributes are
compared with the least important attribute in the prime bin. Likewise,
these attributes are compared with the most important attribute in the low
bin. Then finally, the most important and least important attributes of the
low bin are compared to the least important attribute in the mid bin. These
measures of relative importance are again done on a scale of 1–5. After all
of these comparisons are made, enough information is extracted to perform
a least squares estimation to approximate the weights for all 20 attributes.
The nice feature about having attributes with a binary value is that assessing
a single attribute utility function for each attribute is unnecessary. If the
attribute meets the threshold, then the utility is mapped to a value of 1; and
if it does not meet the threshold, it is mapped to a value of 0. Therefore, the
weights can be used with 0, 1 terms for the attribute values directly to result
in this equation for the preference model: V = ∑i wi ti where ti = 1 if the value
for attribute i meets its threshold level for the objective.
In this experiment, the most notable result of this new assessment
procedure was that the interaction time with the test subject to train this
preference model with 20 attributes was done in less than 1 hour. For
this amount of time, the decision maker can expect to stay engaged for
the duration of the assessment procedure, and remain accurate and limit
inconsistencies. Another promising feature of this method is that the initial
pairwise comparisons can be held out from training of the model and used
for validation. When reserving 8 pairwise comparisons for validation, the
model resulted in making the same decision with the pairwise comparison
as the decision maker in 7 out of 8 (87.5%) of the test cases.

Conclusions
This article investigates the utility function approaches to be used
as a foundation for a game theory framework in support of government
acquisition. Through accurate and efficient ca libration of utility
functions, there is a strong potential to develop a framework that can
more effectively illuminate strategies that move industry into the
government’s preferred negotiation point and expedite the decisionmaking process in acquisition. These utility functions can be used
for vendors to generate optimal bids when integrated with their own
utility functions (which are cost functions parameterized by the same
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attributes) in a mathematical programming framework. This concept is
only realizable if the utility functions can be accurate representations of
the decision maker’s preferences and if the calibration of these functions
can be performed in a reasonable amount of time.

All outputs from the government
GUI are traceable, well documented,
unambiguous, and repeatable, which
can support the government as well when
protests occur.
The primary objective of the research was to examine the performance of
three utility function calibration procedures in a government acquisition
scenario. To support this objective, testing was performed by working
closely together with a government sponsor, but not with a sufficient number
of subjects to deliver statistically significant results. Concretely, three
potential utility function calibration procedures from literature were
adapted and applied to examine the accuracy and assessment time of each
approach. The three methods were first applied in a test involving the
acquisition or purchasing of a cell phone. The Best-Worst method showed
robustness in handling a small or large number of attributes effectively.
The MSRM demonstrated the ability to capture sharp drops in utility in
individual attributes. This is an important feature when some attributes
present thresholds where the entire product becomes unusable by the
government. The FDNA method showed the ability to work effectively when
the decision maker is more qualitative than quantitative in nature.

In conclusion, applying the game theory framework mentioned in this article
to government acquisition holds promise when using a government utility
function as a foundation, which is calibrated by the Best-Worst method. This
leads to future work involving the integration of the utility function into a
decision support framework that can enable potential bidders to maximize
the fitted government utility function with respect to their own specific
cost functions. The specific cost functions are then parameterized by the
same attributes as the utility function. The sampling procedure to calibrate
these cost functions along with the best optimization algorithm to apply
are the next steps of our research. The optimization algorithm must have
the ability to generate solutions in near real-time in order for this decision
support framework to be usable and effective.
In addition, research is ongoing pursuing the implementation of the game
theory framework into a web application consisting of two front-end GUIs:
one for the government and one for the bidding vendor. The GUI to be used
by the vendors is envisioned to help prepare bids by generating automated
solutions through the maximization of the government’s calibrated utility
function. In this GUI, the vendor submits information to calibrate a cost
function parameterized by the same key attributes as the utility function,
and then the optimization is performed. The GUI on the government side
enables the user to visualize all incoming bids simultaneously and perform
sensitivity analysis on their highest valued bids. Lastly, all outputs from
the government GUI are traceable, well documented, unambiguous, and
repeatable, which can support the government as well when protests occur.

The Best-Worst method was assessed as having the best validation
test results so the procedure was also extended to be more applicable
to acquisition scenarios involving a large number of attributes (20 plus
attributes). This was accomplished by providing an efficient method for
screening and grouping attributes at the beginning of the procedure. These
situations are more common than the examples that are often provided
in the toy examples from the literature, which contain a small number
of attributes. This expanded scenario was then tested on a real-world
government acquisition example and was shown to be capable of calibrating
an accurate utility function in under 1 hour of engagement time with the
decision maker.
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This pentalogy is a monumental achievement, by one of the greatest
historians of the American military-industrial complex. It is the product of
a half-century of research and scholarship, which started with the author’s
efforts on his unpublished 1965 PhD dissertation, which focused on World
War II. The five published volumes, according to Koistinen, are designed
to offer “a comprehensive, schematic, and interdisciplinary study of the
economics of America’s wars from the colonial period to today.”
Koistinen handles this grand subject with what he calls a “four-factor,
three-stage paradigm.” Each volume considers the four factors: the
economy, politics and government, the military and civil-military relations,
and weapons technology. Across the volumes, Koistinen describes three
chronological stages of development: a “preindustrial” phase, ending around
1815; a “transitional” period, in the mid-nineteenth century; and, finally,
an “industrial” era, from 1865 to the present. In each volume, Koistinen is
concerned especially with economic, political, and military elites, and their
organizations. As these became more tightly integrated, Koistinen suggests
that over time, the U.S. defense sector became more powerful, entrenched,
and dangerous.
In the first book in the series, Beating Plowshares into Swords, Koistinen
provides a rich synthesis of hundreds of published sources, as he surveys
the “preindustrial” (1606–1815) and “transitional” (1815–1865) phases of
his story. More than half of this volume is focused on the Civil War, with the
Union and the Confederate mobilization efforts described in great detail,
with three chapters each.
The second volume, Mobilizing for Modern Warfare, covers the years
1865-1919. A first section surveys the industrialization of the economy and
reform of the armed services, in the late nineteenth century. In a longer,
second section, Koistinen uses original archival research to present a
detailed history of the U.S. economic mobilization for the Great War. This
account is especially strong on the financial activities of J.P. Morgan & Co.,
as well as the work of the War Industries Board.
The third book in the series, Planning War, Pursuing Peace, covers the
interwar decades. In its first part, Koistinen digs deeply into the records
of industrial mobilization planners in the Office of the Assistant Secretary
of War (established in 1920), which established specialized committees
charged with studying specific commodities. The book becomes livelier in
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its second part, which considers the intense interwar political critiques
of war profiteering, by veterans’ groups, members of Congress, and the
general public.
The fourth and longest volume, Arsenal of World War II, examines the
biggest of all the industrial mobilizations for war. Here, Koistinen offers
a detailed, original history of the activities of the War Production Board
(WPB), and its predecessor agencies, which were civilian organizations
charged with overseeing the war economy and managing the flows of key
materials, such as steel.
In the final book, State of War, Koistinen surveys the 1945–2011 period,
by synthesizing a large body of work by other scholars. In this volume,
which includes chapters focused on the Presidency, Congress, and “Big
Science,” Koistinen appropriately calls attention to the growing importance
of nonprofit organizations, as well as globalization, deindustrialization, and
privatization.
Taken together, the five volumes represent a remarkable achievement, which
synthesizes a vast amount of information from archival sources, published
materials, and hundreds of relevant scholarly works. Today’s acquisition
professionals and policymakers may be especially interested in the books’
detailed case studies of past efforts to handle weaknesses in domestic
and global supply chains, and the defense industrial base. Full of detail
about the civilian coordinating boards, the books often fail to say enough
about the work of major military procurement organizations, such as the
Navy’s Bureau of Ships. The books seldom offer reader-friendly narratives;
Koistinen’s arguments are not always stated clearly. Nevertheless, this is
an essential opus, which should be consulted for many decades to come.
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and Michael Krukowski
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University Press
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New Research in

DEFENSE ACQUISITION

Academics and practitioners from around the globe have long
considered defense acquisition as a subject for serious scholarly research,
and have published their findings not only in books, but also as Doctoral
dissertations, Master’s theses, and in peer-reviewed journals. Each issue
of the Defense Acquisition Research Journal brings to the attention of the
defense acquisition community a selection of current research that may
prove of further interest.
These selections are curated by the Defense Acquisition University (DAU)
Research Center and the Knowledge Repository (KR). We present here
only the author/title, abstract (where available), and a link to the resource.
Both civilian government and military Defense Acquisition Workforce
(DAW) readers will be able to access these resources on the DAU KR
Website: https://identity.dau.mil/EmpowerIDWebIdPForms/Login/KRsite.
Nongovernment DAW readers should be able to use their local knowledge
management centers and libraries to download, borrow, or obtain copies.
We regret that DAU cannot furnish downloads or copies.
We encourage our readers to submit suggestions for current research to
be included in these notices. Please send the author/title, abstract (where
available), a link to the resource, and a short write-up explaining its
relevance to defense acquisition to: Managing Editor, Defense Acquisition
Research Journal, DefenseARJ@dau.mil.
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Integrate or Innovate:
Controlling Schedule Risk in
Major Defense Acquisition
Programs
Daniel G. Manuel, Jr.

Abstract:
The last 30 years have seen multiple DoD acquisition programs with
significant cost and schedule overruns. This paper posits that the primary
driver of schedule overruns is the difficulty of “inventing on a schedule”
by undertaking risky technology development efforts within a Major
Defense Acquisition Program (MDAP)—what the paper terms “innovationbased acquisition.” The author proposes an alternate approach relying on
shorter term “integration-based acquisition,” coupled with directed science
and technology development external to the MDAP, that is periodically
harvested for incremental or spiral upgrades of systems or development of
follow-on systems.
The author uses a hybrid of several models to examine the system
development process as a system, in and of itself. He treats the likelihood
of developing and integrating subsystem technologies as a component in a
system to examine the impact on schedule. The paper uses simulations of
two well-documented programs—the F-15 and F-22—to develop calibration
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values for Monte Carlo simulations of the F-16 and F-35. Those results are
then evaluated against actual program performance. The results show good
agreement between the predicted schedule distribution and actual program
performance. Further, the research suggests an alternate process based on
the low likelihood of meeting schedule goals when technology development
activities are carried into Engineering and Manufacturing Development.

Citation:

Manuel, D. G., Jr. (2019). Integrate or innovate: Controlling schedule risk in major
defense acquisition programs (Doctoral dissertation). Available from ProQuest
Dissertations & Theses Global. (Order 2159035140). Retrieved from https://
search.proquest.com/docview/2159035140?accountid=403908

The Impact of Industry Consolidation
on Government Procurement:
Evidence from Department of Defense
Contracting
Rodrigo Carril and Mark Duggan

Abstract:
The authors study the relationship between market structure and public
procurement outcomes. In particular, they ask whether and to what extent
consolidation-driven increases in industry concentration affect the way
in which the government procures its goods and services. They focus on
the defense industry, by far the largest contributor to federal procurement
spending in the United States. This industry experienced a sharp increase in
the level of concentration during the 1990s, driven by a series of large mergers
between defense contractors. Using detailed microdata on Department of
Defense (DoD) contract awards, the authors estimate the causal effect of
industry concentration on a series of procurement outcomes, leveraging
the differential impact of these mergers across product markets. They find
that market concentration caused the procurement process to become less
competitive, with an increase in the share of spending awarded without
competition, or via single-bid solicitations. Increased concentration also
induced a shift from the use of fixed-price contracts towards cost-plus
contracts. However, they find no evidence that consolidation led to a
significant increase in acquisition costs of large weapon systems, nor to
increased spending at the product market level. The authors infer that the
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government’s buyer power, especially relevant in this context given the
government is often the only purchaser, constrained firms from exercising
any additional market power gained by consolidation.

Citation:

Carril, R., & Duggan, M. (2018). The impact of industry consolidation on government
procurement: Evidence from department of defense contracting [Working
paper]. Cambridge: National Bureau of Economic Research, Inc. Retrieved from
https://www.nber.org/papers/w25160.pdf

Implementation of Through Life
Cycle Management on Defense
Acquisition Planning (Study on
Sukhoi Su-35 Procurement Plan as a
Substitute F-5E/F Tiger II Squadron
14 TNI-AU)
Yusuf Ali, Herlina J. R. Saragih, and Rayanda Barnas

Abstract:
Almost every country has experience with the problem of affordability
or ability in the procurement of weapons, tools, or other types of defense
systems because the budget allocation for defense is limited. The countries
prefer to allocate a large portion of the budget to other sectors. This makes
the State pay more attention to the management of its weapons procurement
by prioritizing the principles of effectiveness and efficiency, by forming
and managing projects in the procurement of weapons, both in domestic
projects and in foreign cooperation projects. The purpose of this study to
analyze the Implementation of Through Life Cycle Management (TLCM)
on Defense Acquisition Planning (Study on the Sukhoi SU-35 Procurement
Plan as a Substitute for the F-5E/F Tiger II 14 Squadron of the Air Force),
as well as to know the ability of defense acquisition in defense management
readiness on Indonesian military defense equipment. The research method
used qualitative method with data collection methods through in-depth
interviews with respondents. The results show that in an effort to improve
the ability of defense acquisition (Factors of TLCM), the field of defense
logistics in defense management has not been implemented in a structured
and comprehensive manner. From the perspective of defense management in
more developed countries, especially regarding the preparedness in defense
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logistics management such as management and availability of Indonesianowned defense equipment, Indonesia has fallen short. Based on the results
of the research, the authors suggest implementation of defense acquisition
management and planning in Indonesia in the context of procurement for
Indonesian National Armed Forces (TNI).

Citation:

Ali, Y., Saragih, H. J. R., & Barnas, R. (2018). Implementation of through life cycle management on defense acquisition planning (Study on Sukhoi Su-35 Procurement
Plan as a substitute F-5e/F Tiger Ii Squadron 14 Tni Au). Economic and social
development: Book of proceedings (pp. 275-285). Varazdin, Croatia: Varazdin
Development and Entrepreneurship Agency (VADEA). Available from ProQuest
Dissertations & Theses Global. (Order 2139486579). Retrieved from https://
search.proquest.com/docview/2139486579?accountid=4039
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Defense ARJ Guidelines

FOR CONTRIBUTORS
The Defense Acquisition Research Journal (ARJ) is a scholarly
peer-reviewed journal published by the Defense Acquisition University
(DAU). All submissions receive a blind review to ensure impartial
evaluation.

IN GENERAL

MANUSCRIPTS

We welcome submissions from anyone involved in the defense
acquisition process. Defense acquisition is defined as the conceptualization,
initiation, design, development, testing, contracting, production,
deployment, logistics support, modification, and disposal of weapons
and other systems, supplies, or services needed for a nation’s defense and
security, or intended for use to support military missions.

Manuscripts should ref lect research of empirically supported
experience in one or more of the areas of acquisition discussed above. The
Defense ARJ is a scholarly research journal and as such does not publish
position papers, essays or other writings not supported by research firmly
based in empirical data. Empirical research findings are based on acquired
knowledge and experience versus results founded on theory and belief.
Critical characteristics of empirical research articles:

Research involves the creation of new knowledge. This generally requires
using material from primary sources, including program documents, policy
papers, memoranda, surveys, interviews, etc. Articles are characterized by
a systematic inquiry into a subject to discover/revise facts or theories with
the possibility of influencing the development of acquisition policy and/or
process.
We encourage prospective writers to coauthor, adding depth to manuscripts.
It is recommended that a mentor be selected who has been previously
published or has expertise in the manuscript’s subject. Authors should be
familiar with the style and format of previous Defense ARJs and adhere
to the use of endnotes versus footnotes (refrain from using electronically
embedded endnotes), formatting of reference lists, and the use of designated
style guides. It is also the responsibility of the corresponding author to
furnish any required government agency/employer clearances with each
submission.
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•

clearly state the question,

•

define the research methodology,

•

de scr ib e t he re sea rch i n s t r u ment s (e . g ., prog r a m
documentation, surveys, interviews),

•

describe the limitations of the research (e.g., access to data,
sample size),

•

summarize protocols to protect human subjects (e.g., in surveys
and interviews) , if applicable,

•

ensure results are clearly described, both quantitatively and
qualitatively,

•

determine if results are generalizable to the defense acquisition
community,
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•

determine if the study can be replicated, and

•

discuss suggestions for future research (if applicable).

Research articles may be published either in print and online, or as a Webonly version. Articles that are 5,000 words or fewer (excluding abstracts,
references, and endnotes) will be considered for print as well as Web
publication. Articles between 5,000 and 10,000 words will be considered
for Web-only publication, with an abstract (150 words or fewer) included in
the print version of the Defense ARJ. In no case should article submissions
exceed 10,000 words.

Book Reviews
Defense ARJ readers are encouraged to submit book reviews they believe
should be required reading for the defense acquisition professional. The
reviews should be 500 words or fewer describing the book and its major
ideas, and explaining why it is relevant to defense acquisition. In general,
book reviews should reflect specific in-depth knowledge and understanding
that is uniquely applicable to the acquisition and life cycle of large complex
defense systems and services.
Audience and Writing Style
The readers of the Defense ARJ are primarily practitioners within the
defense acquisition community. Authors should therefore strive to demonstrate,
clearly and concisely, how their work affects this community. At the same time,
do not take an overly scholarly approach in either content or language.
Format
Please submit your manuscript with references in APA format (authordate-page number form of citation) as outlined in the Publication Manual
of the American Psychological Association (6th Edition). References should
include Digital Object Identifier (DOI) numbers when available. The
author(s) should not use automatic reference/bibliography fields in text
or references as they can be error-prone. Any fields should be converted to
static text before submission. For all other style questions, please refer to
the Chicago Manual of Style (16th Edition).
Contributors are encouraged to seek the advice of a reference librarian in
completing citation of government documents because standard formulas
of citations may provide incomplete information in reference to government
works. Helpful guidance is also available in The Complete Guide to Citing
Government Information Resources: A Manual for Writers and Librarians
(Garner & Smith, 1993), Bethesda, MD: Congressional Information Service.
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Pages should be double-spaced in Microsoft Word format, Times New
Roman, 12-point font size and organized in the following order: title page
(titles, 12 words or fewer), abstract (150 words or fewer to conform with
formatting and layout requirements of the publication), two-sentence
summary, list of keywords (five words or fewer that do not appear in the title
of the manuscript), reference list (only include works cited in the paper), and
author’s note or acknowledgments (if applicable). Manuscripts submitted
as PDFs will not be accepted.
Figures or tables should not be inserted or embedded into the text, but
submitted as a separate file in the original software format in which they
were created. For additional information on the preparation of figures or
tables, refer to the Scientific Illustration Committee, 1988, Illustrating
Science: Standards for Publication, Bethesda, MD: Council of Biology
Editors, Inc. Restructure briefing charts and slides to look similar to those
in previous issues of the Defense ARJ.
The author (or corresponding author in cases of multiple authors) should
attach a signed cover letter to the manuscript that provides all of the authors’
names, mailing and e-mail addresses, as well as telephone and fax numbers.
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