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A NOTE FROM THE
EXECUTIVE EDITOR

This is my final issue as the executive editor of the Acquisition Review Quarterly
journal. And since I came on board February 2001, I have seen the journal evolve and
even undergo a facelift and formatting changes which went into affect in the publication
of our Summer 2002 edition.

It has been my pleasure to serve as chairman of the editorial board and executive
editor of the ARQ. I am also pleased to provide comments regarding the issue that you
" now hold in your hands — the Winter 2003 edition of the ARQ.

The first article explores the struggles associated with the implementation of
acquisition policy. In “Conflict and Ambiguity: Implementing Evolutionary Acquisition,”
the authors describe the difficulty of implementing policy, even for policy-like
evolutionary acquisition, which has been part of acquisition strategy for decades. The
insights gained from the conclusions of this article should serve to help others in both
policy formulation and policy implementation.

Also in this edition, we discover the results of a number of technology-based
initiatives. How the systems we acquire perform in the field is of paramount concern,
especially systems highly dependent on advanced technologies. In “Lessons Learned
from the Development of the PAC-2 and the Deployment in the Gulf War,” the author
shares the experiences of technical and program managers involved in the implementation
of the Patriot missile during the Gulf War. The publication of this article is timely
especially as we face the imminent possibility of another conflict with Irag.

The influence of technology is not just limited to the development and deployment
of major weapon systems, but it has always played an important part in supporting the
missions of our nation’s intelligence agencies. This is even more evident today in the
wake of 9-11. In “The CIA’s In-Q-Tel Model for Military Systems,” the author describes
how the CIA is attempting to identify and use new technologies to maintain the level of
national security which is at the core of their mission.

Technology has literally changed the face of our educational system and in “Program
Planning of Asynchronous Online Courses: Design Complexities and Ethics,” the writer
tackles the elusive issue of creating an on-line environment by incorporating a natural,
critical learning environment. This is essential to the success of any course, whether
classroom or online, but is most difficult to achieve in the on-line environment. The
article should be of special interest to readers responsible for the design and development
of on-line courses.

Another aspect of distance learning is addressed in “Managing Development of
Technology-Based Courses: Success Factors from Eight Government Training Courses,”
the authors sought evidence for the existence of critical success factors for distance




learning. In their findings they conclude not only that critical factors exist, but also
have been identified, which may not have been considered by others implementing
distance learning, both in government and in private universities.

I do hope you enjoy this issue of ARQ as much as I have enjoyed being associated
with the journal. I want to thank the staff, referees, and authors for their dedicated
support of this publication.

H Aot

Dr. James H. Dobbins
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LESSONS LEARNED

CONFLICT AND AMBIGUITY
IMPLEMENTING EVOLUTIONARY
ACQUISITION

Richard K. Sylvester and Joseph A. Ferrara

In October 2000, the Secretary of Defense announced that a new policy of
“evolutionary acquisition” would become the preferred approach to acquiring
defense systems. Implementation of the new policy has been far from
automatic. Today — two years after issuance of the evolutionary acquisition
policy —the Department continues to struggle to adopt a consistent approach
to policy implementation, but also to achieve the kind of lasting cultural change
that is critical to long-term policy success.The roots of this implementation
struggle are explored, paying particular attention to the concept of policy
ambiguity and how such ambiguity can drive organizational conflict.
Organizational conflict is inevitable, but not necessarily counterproductive. In
fact, the original policy can be improved as the organization undergoes an

iterative process of interpretation, conflict, and refinement.

he Department of Defense (DoD)

continues to struggle in their imple-

mentation of a new policy for “evolu-
tionary acquisition” to acquire defense sys-
tems. The roots of this implementation
struggle are explored here, paying par-
ticular attention to the concept of policy
ambiguity and how such ambiguity can
drive organizational conflict. The more
ambiguous a policy is, the more likely it
is that the various institutions charged
with implementation will emphasize their
particular institutional perspectives in the
policy process. And when these institu-
tional perspectives clash, organizational
conflict is inevitable, but not necessarily

counterproductive. In fact, the original
policy can be improved as the organiza-
tion undergoes an iterative process of
interpretation, conflict, and refinement.

First, the history of evolutionary ac-
quisition and its adoption as official DoD
policy is reviewed, then the literature on
policy implementation, focusing on am-
biguity and conflict. Next, how the am-
biguity of the evolutionary acquisition
policy has affected the key institutions
involved in implementation is explored,
and how these institutions have filled in
the blanks with their own judgments and
conclusions about how the policy should

- work. We conclude by trying to determine
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if the messy process of policy implemen-
tation under conditions of high ambigu-
ity helps produce a better and stronger
policy.

PoLICY IMPLEMENTATION

During the 1970s, in their search for
what went wrong with President Lyndon
Johnson’s Great Society programs, po-
litical scientists discovered implementa-
tion. Scholars, pundits, and citizens alike
were disappointed by the obvious gap
between Johnson’s soaring rhetoric in
the mid-1960s about a “war on poverty”
and the feeble results the anti-poverty
- programs seemed to be
producing when evalu-

implementation research was not too few
explanatory variables, but too many
(O’Toole, 1986). By the 1990s, the schol-
arly literature on implementation had bal-
looned to immense proportions.

In response to this scholarly “over-
growth,” several researchers began at-
tempts to synthesize the burgeoning
implementation literature (Goggin,
1990). The results of this synthesis
project pointed to a much smaller, much
more manageable set of variables that
might potentially explain the relative ease
or difficulty encountered during the
implementation process. Three factors in
particular stood out for special attention:
ambiguity, conflict, and institutional per-
spectives (Goggin, 1990; Matland, 19%1;
Pressman & Wildavsky, 1973; Sabatier,

“No new policy is

ated a decade later. A 1999). It might be argued that in this

if- ti
:m:;::?y:j;r new public policy ap-  framework, ambiguity is the key factor
explanatory.” proach grew up within  driving the level of conflict and the vari-

political science to es-
tablish a connection
between classical administrative theory
and the new policy landscape wrought
by the social and political transforma-
tions in postwar America (Kett], 1993).
The connection was implementation.
Implementation was the “missing link”
between policy formulation and adop-
tion, and actual policy outcomes
(Hargrove, 1975},

Starting with Pressman and Wildav-
sky’s study (1973) of the Economic De-
velopment Administration’s work on
communify development in Oakland,
California, the stage was set for an out-
pouring of books and articles focusing
on policy implementation as a crucial
determinant of policy success. Indeed,
the literature was growing so quickly that
one writer observed that the problem with

ance in the perspectives that various in-
stitutions adopt.

No new policy is self-executing or
completely self-explanatory. There is
sure to be some degree of ambiguity
about the policy and its objectives. Some
will ask what the new policy means in
terms of overall organizational goals.
Others will point to specific cases and
ask whether and how the new policy
applies. The greater the degree of ambi-
guity — the more questions people have
about the meaning and direction of a new
policy — the more likely the implemen-
tation process will be a bumpy ride.

Similarly, the issuance of any new
policy is sure to inspire conflict. Not
everyone will agree with the new policy.
Some may flatly oppose it. Others may
simply be unsure of whether it is the
best solution for the problem at hand.
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And some will try to modify the policy’s
intent to meet their own institutional agen-
das. As with ambiguity, the greater the
conflict inspired by the new policy, the
more heated the political discussion be-
comes. And if the policy is itself highly
ambiguous, or at least perceived that way
by key institutional actors, then conflict is
almost inevitable. Not surprisingly, this has
important consequences for how smoothly
implementation proceeds.

Finally, the degree of conflict and am-
biguity a new policy inspires is, in part, a
function of the institutional perspective one
brings to bear. Is one operating within the
bureaucracy, or outside, say, on a
legislative staff, or with a government-
contracting firm? Mile’s Law is pertinent
here — where one stands often does depend
on where one sits.

Even the bureaucracy itself is no mono-
lith. Within its walls are many different
functional groupings — budget and finan-
cial analysts, middle managers, policy
analysts, project managers, operators; the
list literally goes on and on. And each of
these bureaucratic divisions practices a
special trade; comes out of a particular
intellectual and institutional tradition;
holds certain values and makes certain
assumptions; and defines its mission some-
what uniquely — all of these factors help
shape a particular institutional perspective,
a lens through which new policies are re-
ceived, understood, and, ultimately,
judged. Over time, the way each organi-
zation interprets and implements the new
policy creates new precedents and gener-
ates lessons learned. Thus, the process of
implementation itself becomes a way of
modifying and refining the original policy
(Lipsky, 1980).

PoLicY BACKGROUND

In October 2000, the Defense Acqui-
sition Executive issued a new policy
governing the systems acquisition pro-
cess in the Department of Defense. This
policy, contained in the DoD Directive
5000.1 and its accompanying instruc-
tion, called for the DoD to adopt “evo-
lutionary acquisition” as its preferred
approach to acquiring defense systems:

To ensure that the Defense Acqui-
sition System provides useful mili-
tary capability to the operational
user as rapidly as possible, evolu-
tionary acquisition strategies shall
be the preferred approach to satis-
fying operational needs. Evolution-
ary acquisition strategies define, de-
velop, and produce/deploy an ini-
tial, militarily useful capability
(Block I) based on proven technol-
ogy, time-phased requirements,
projected threat assessments, and
demonstrated manufacturing capa-
bilities, and plan for subsequent de-
velopment, production, and de-
ployment of increments beyond the
initial capability over time (Blocks

+ II, 111, and beyond). (Department
of Defense [DoD], Directive
5000.1, 2000, p. 4)

The DoD Instruction 5000.2 (2000)
further discusses the application of
evolutionary acquisition:

Evolutionary acquisition is an ap-
proach that fields an operationally
useful and supportable capability
in as short a time as possible. This
approach is particularly useful if
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software is a key component of
the system, and the software is
required for the system to
achieve its intended mission.
Evolutionary acquisition deliv-
ers an initial capability with the
explicit intent of delivering im-
proved or updated capability in
the future. (DoD, 2000, p. v)

Recently, DoD issued streamlined
interim guidance (Wolfowitz, 2002) in
place of the DoD 5000 documents signed
in 2001. The interim guidance will be
replaced by updated DoD 5000 docu-
ments within the next 120 days. In the
interim guidance, evolutionary acquisi-
tion continues as the Department’s pre-
ferred acquisition strategy. However,
DoD has now published a model for evo-
Iutionary acquisition (Figure 1).

Despite its recent DoD endorsement,
evolutionary acquisition (EA) was by no
means a new concept in the defense com-
munity. Indeed, it had been discussed
and debated for many years — at least as
far back as the early 1980s — prior to its
vltimate adoption in October 2000 as
official DoD policy.

In 1983, for example, the Armed
Forces Communications and Electronics
Association (AFCEA) published a study
of EA that focused on its applicability to
command and control systems. In 1984,
the Joint Logistics Commanders (JLC},
the three and four-star heads of the Ser-
vices’ logistics commands, formally en-
dorsed evolutionary acquisition as a le-
gitimate strategy and asked the Defense
Systems Management College (DSMC)
to produce a guide.

A
Concept & Technology Operational Assessmenis Capability-Based T&E
Development Demo .~ \_ ‘
;CD : ol B C #; i)
) oonolh e
M,,y_,,fmGDB “CPD Ci
Spiral ;
Developments Demo . B C
Bgeme mepaeasees, | Increment 2
; ¢bb CPD
Demo ‘ B C
k Demo BEE SEEREREER > | IncrementN
: Cbh CPD
iCD = Initial Capabilities Document
CDD= Capabilities Development Document
CPD = Capabilities Production Document 100% of
Design Concept

Figure 1. Evolutionary Acquisition and Spiral Development
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Three years later a guide was co-pub-
lished by DSMC and the JLC. The JLC
guide, following the AFCEA study, fo-
cused on Command and Control (C2) sys-
tems although it stated, “while this guid-
ance is aimed specifically at the use of
an EA strategy in acquiring Command
and Control systems, the principles dis-
cussed may also be applicable to the ac-
quisition of other kinds of systems”
(Joint Logistics Commanders [JLC],
1987, p. v). The JLC guide offered this
general description of an EA strategy:
“Considered most broadly, EA consists
of first defining the general outline of an

Various industry associations had also
endorsed the concept of evolutionary
acquisition. During the 1990s, for in-
stance, the National Center for Advanced
Technology (NCAT), an industry re-
search group affiliated with the Aero-
space Industries Association, published
a suggested evolutionary model and met
with various DoD officials to recom-
mend its official adoption. In a February
1996 letter to the Principal Deputy Un-
der Secretary of Defense, NCAT specifi-
cally recommended . '
what it called an “evo-

' r// °
lutionary defense ac- Also during

overall system, and then sequentially de-  quisition” model: : this period, the

. . . . . . software develop-
fining, funding, developing, testing, field- Existing DoD-5000 - ment community
ing, supporting and evaluating increments ~ phases could be re- ' began to publish
of the system” (JLC, 1987, p. v). placed with a process : articles and

Also during this period, the software
development community began to pub-
lish articles and research briefs advocat-
ing a form of evolutionary acquisition,
most typically referred to as spiral de-
velopment. Probably the single most in-
fluential article was Barry Boehm’s 1988
piece in the journal Computer entitled
“A Spiral Model of Software Develop-
ment and Enhancement.” Boehm
sketched out a development approach
whose main characteristics included con-
current engineering, risk-driven determi-
nation of process and product, early
elimination of non-viable alternatives,
and an evolutionary process of
experimentation and elaboration that
resulted in successively refined proto-
types. Boehm’s graphical depiction
showed a line representing the develop-
ment process that emanated ever out-
ward in a series of spiral loops (hence
the name “spiral” development).

using 3 to 5 years to de- -
velop and field systems :

in step with modern = of evolutionary
technology cycles. It * @equisition, most
would focus on main- . TYPically referred

stream U.S. defense ° to as spiral

needs into the next cen- :
tury, including precision
weapons, C3I, information warfare, and
technology upgrades to existing [major
platforms]. The new process would be
called “evolutionary defense acquisition”
(EDA), stressing an intent to change
today’s culture with an affordable, incre-
mental approach (National Center for Ad-
vanced Technology [NCAT], 1996, p. 3).
Even the Defense Acquisition Execu-
tive (DAE) issued guidance on the use
of evolutionary strategies during this
period in a memorandum published in
January 1995. The DAE memorandum
recognized evolutionary acquisition as
a legitimate strategy and endorsed it as

research briefs
advocating a form

development.”
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an “alternative” practice to be assessed
by program managers on a case-by-case
basis. Here the DAE was clearly follow-
ing the tenor of the prior studies and
guides, many of which characterized EA
as an acquisition strategy most appropri-
ate for command and control software-
intensive systems. (NCAT — in its “evo-
lutionary defense acquisition” model,
published a year after the January 1995
DAE “EA-as-an-alternative-approach” —
was probably the first institution to call
for the broader use of EA).

In 1998, DoD embarked on a series of
high-level management improvement
studies, collectively referred to as the
“Section 912" studies {after section 912
of the Fiscal Year 1998 National Defense
Authorization Act, which called for the
studies). These studies provided the final
intellectual push justifying EA as an ap-
propriate acquisition strategy for a depart-
ment contending with the twin revolutions
" in military and business
affairs {the “RMA™ and

“” H

wi?g:e::;ﬁ “RBA,™ respectively).

strategy for meet- EA, it seemed, was
ing the challenges  the perfect strategy for
of meeting the challenges
'RMA and the of RMA and the RBA.
RBA.” The RMA emphasizes

highly sophisticated
defense capabilities based on the latest
advances in information and commu-
nication technologies, the generational
cycles of which are typically measured
in months, not years. Since EA stresses
an incremental approach to develop-
ment, which capitalizes on the best
mature technologies available at a given
point in time, it matched up well with
the rapid technology cycles implicit in
acquiring RMA systems.

Meanwhile, the RBA highlights the need
to revolutionize DoD’s management sys-.
tems to achieve more efficient, less costly
decision and oversight processes. Again, EA
appeared to match these objectives very
well, since it promises an approach that
would dramatically reduce cycle time and,
because it relied on an intensive team-based
approach to developing requirements and
acquisition strategies, would reduce the costs
of oversight. The Section 912 studies
strongly recommended EA and then-DAE
Jack Gansler enthusiastically endorsed this
finding. Soon after, DoD formed a dedi-
cated working group to revise the DoD 5000
series in line with the new EA approach.

The concept of evolutionary acquisition
is not new — as we have seen, various
individuals and institutions have been
arguing for its adoption for at least 20 years
(Figure 2). These arguments have all em-
phasized one key advantage to its use —
the potential for dramatic reductions in
cycle time (the time it takes to move from
initial development of a program to actu-
ally delivering an operationally effective
and suitable product to a user). In addi-
tion, its advocates have argued that EA
makes sense for a technology-intensive
defense environment characterized by ever
more sophisticated capabilities and rapid
generational cycles. It all seems clear but,
as we argue below, the EA policy is fun-
damentally ambiguous in a few important
respects.

IMPLEMENTING EVOLUTIONARY
ACQUISITION

The DoD’s ongoing process of imple-
menting an evolutionary approach to
systems acquisition provides a useful
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1983 — AFCEA Study of Evolutionary Acquisition (EA) for C2 Programs

1986 - Joint Logistics Commanders Endorse EA

1987 — DSMC and JLC Publish a Guide for EA Programs

1988 — Boehm Article on Spiral Development

1990 - JLC/DSMC Recommend that EA Language be Included in 5000 Regulations
1995 — DAE Issues Guidance on the Use of EA

1996 — NCAT Recommends EA as Preferred Approach to Acquisition

1999 - Section 912 Study Team Endorses EAApproach

1999 - Chairman, JCS Endorses Time-Phased Requirements

2000 - DoD Publishes New 5000 Regulations Endorsing EA as Preferred Approach

Figure 2. Evolution of a Policy Concept

case study for analyzing the role of am-
biguity, conflict, and institutional per-
spective in policy implementation.

AmBiGuUITY

A good policy is one that clearly
articulates not only the desired outcomes
the policy maker is seeking to achieve
through the issuance of the policy but
also the means by which those expected
to implement the policy can make it a
reality. A policy that lacks clarity in pur-
pose and clarity in implementation cre-
ates ambiguity in the bureaucracy, and
ambiguity is one thing bureaucracies try
to avoid at all costs.

The evolutionary acquisition policy is
one that on its face lacks clarity. DoD
has long built systems in an incremental
fashion. The Air Force’s F-16, for ex-
ample, was developed in the early 1970s
and has been upgraded with block modi-
fications over the last three decades. DoD
has had a policy of pre-planned product
improvement (P3I) for some time. When
the DoD Instruction 5000.2 announced
the new evolutionary acquisition policy,

many people within DoD asked if the
policy was anything new or just old wine
in new bottles — a new, fancy name for
an old way of doing business.

To add to this confusion, DoD lead-
ers have used different terms when talk-
ing about EA. For example, when Pete
Aldridge, the new Under Secretary of
Defense for Acquisition, Technology
and Logistics USD(AT&L), began dis-
cussing the use of mature technology to
develop systems that meet only a por-
tion of the requirements initially, but that
would be further developed over time
based on new technologies and revised
user requirements, he called this process
“spiral development” (harkening back
to the Boehm article — indeed Boehm
himself published a more recent article,
in 2001, arguing that “some ambiguities
in previous spiral model definitions have
also led to a good number of unsuccess-

- ful projects adopting ‘hazardous spiral

look-alikes.”” [Boehm & Hansen,
2001]). Not surprisingly, the reaction of
many observers — in DoD and in the
Congress — was to ask whether there is
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a difference between evolutionary acqui-
sition and spiral development, and, if so,
what the difference is and what # means.

In fact, this ambiguity was so great that
the USD(AT&L) was compelled to issue
a clarifying memorandum on April 12,
2002 to define the terms evolutionary
acquisition, spiral development, and pre-
planned product improvement:

Since the publication of DoD
Directive 5000.1 and DoD In-
struction 5000.2, in which the
Department established a pref-
erence for the use of evolution-
ary acquisition strategies relying
on a spiral development process,
there has been some confusion
about what these terms mean
and how spiral development
impacts various processes such
as contracting and requirements
generation that interface with an’
evolutionary acquisition strat-
egy... Evolutionary acquisition
and spiral development are simi-
lar to pre-planned product im-
provement but are focused on
providing the warfighter with an
initial capability which may be
less than the full requirement as
a trade-off for earlier delivery,
agility, affordability, and risk re-
duction. (Aldridge, 2002, p. 1)

Despite the issuance of this memoran-
“dum, questions still persist: How will evo-
lutionary acquisition be implemented in
contracts? How will evolutionary systems
be supported? How will they be funded?
Recently, the office of Secretary of De-
fense, together with industry, has
formed a team to develop a Web-based
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continuous learning module to address
the growing demands for clarity and an
end to the ambiguity surrounding the
EA policy.

Because EA has never been imple-
mented in a wholesale fashion within the
DoD, no one is exactly sure of how ifs
implementation will play out, but every-
one is pretty sure that full implementa-
tion of EA, as called for in the 5000 se-
ries, will probably mean major changes
to the way DoD has traditionally done
business. In a recent article, Alexander
Slate (2002) outlines the numerous con-
sequences of implementing an EA policy.
These consequences include more up-
front work being necessary; a greater role
for acquirers in the requirements process
and a greater role for requirers in the ac-
quisition process; and a new approach to
budgeting. Among other things, these
consequences will alter established orga-
nizational relationships and such shifts al-
most always lead to conflict.

ConFLICT

One of the major issues in government
(indeed, in all organizations) is who has
power and who does not. The framers
of the U.S. Constitution were so con-
cerned with this issue that they devised
a governmental structure that decentral-
ized power so that it could not be con-
centrated in the hands of any one branch
or organization. Shifts in power are a pri-
mary cause of conflict within govern-
ment and particularly within the bureau-
cracy. New policies often have the af-
fect of changing the power relationship
because new policies add or reduce au-
thority, or shift authority from one orga-
nization or person to another. The issu-
ance of a new policy is often the occasion
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for the recalibration of organizational re-
lationships. The more a policy shifts
power, the more conflict is engendered
by that policy (particularly if the policy
is itself also highly ambiguous).

When DoD made EA the preferred
approach to acquisition, there was a sig-
nificant change in the power relationships
that heretofore had prevailed. Under the
old single-step-to-full-capability model
(sometimes also called the “grand de-
sign” approach) that the Department had
been using over the last 30 years, the
power of the acquisition community to
act had been steadily decreasing. From
the heyday of the Defense Research and
Engineering organization in the 1970s,
the power of the acquisition community
to influence the course of major systems
projects has been eroded by the rise of
other powerful institutions within DoD.

First, and most importantly, the main
hedge against the acquirers being able
to develop and procure whatever they
choose has been the Comptroller orga-
nization and its all-important power of
the purse. The Comptroller sets rules for
the release of money, and money is what
fuels the engine of acquisition. Second,
the Joint Requirements Oversight Coun-
cil JROC) and the requirements genera-
tion process it oversees have grown in
influence and organization. The result
has been a major bureaucratic entity with
the power to shape acquisitions through
the process of setting requirements. Fi-
nally, the establishment of the indepen-
dent Director of Operational Test and
Evaluation, with its authority to deter-
mine whether a system is operationally
suitable and effective, has created yet an-
other organization with the power to stop
or significantly alter an acquisition.

Evolutionary acquisition changes this
power balance. The process of spiral
development gives the acquisition com-
munity a critical role in determining
which requirements will be met when,
thus creating a more collaborative rela-
tionship with the JROC. Moreover, EA
also gives the acquisition community le-
verage against the power of the initial
operational test and evaluation to deter-
mine which systems will go forward and
which will stop in their tracks. Evolu-
tionary acquisition can do this by giving
the acquirers the authority to shape a sys-
tem based on technology maturity and
what can be produced at any glven pomt
in time, rather than what -
is required or what '

passes a test. And the | swWhen DoD made
more fluid and flexible = EA the preferred
process that EA envi- | approach to acqui-
sions poses a direct chal- sition, there was a

lenge to the more rigid,

control-oriented culture . im the power

_ - relationships that
of th'e Comptroller com- heretofore had
munity. o ”

prevailed.

Conflict is inevitable
in this environment of
shifting power. In fact, -
in recent Congressional
testimony, the Principal Deputy Under
Secretary of Defense for Acquisition,
Technology and Logistics acknowledged
as much when he said, “we recognize
that we have more challenges ahead,
specifically...the implementation of spi-
ral development and other techniques to
shorten the weapon system development
life cycle” (Wynne, 2002).

INSTITUTIONAL PERSPECTIVES
The Department of Defense is prob-
ably the most complicated organization
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in the entire federal government. Essen-
tially a holding company for a diverse as-
sortment of enterprises, DoD includes four
military services, three military depart-
ments, 10 functional and regional com-
batant commands, 15 defense agencies, and
a burgeoning set of policy-making and
oversight institutions, including the Office
of the Secretary of Defense (OSD) and the
Joint Chiefs of Staff. Each of these institu-
tions has its history, its own values, its own
defining experiences, regulations, norms,
and culture. Moreover, the chain of com-
mand from the Secretary of Defense and
other top DoD leaders fo senior managers
in these various organizations can be so
complex and difficult to trace that the
issuance of new policies from on high is
often seen as an invitation to debate rather
than an order to implement. Again, this
intrinsic tendency is exacerbated when the
newly issued policy is perceived as
ambiguous and difficult to understand.

The ultimate success of the EA policy
relies fundamentally on the actions and re-
actions of a few key institutions within the
defense establishment. These institutions
include:

Congress, which through the power to
pass laws and appropriate money, wields
ultimate power over the DoD;

The military departments, the organiza-
tions charged by law with organizing,
training, and equipping the military
forces;

The defense industry, the major confrac-
tors on whom the military relies to de-
velop and build new weapon systems;

The comptroller community, the collec-
tion of organizations throughout DoD
that play the key role in the annual
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development and execution of the
national defense budget;

The requirements writers and operational
users, who represent the “pointy end of
the spear” and whose judgments about
urgent military needs are rarely brushed
aside; and,

The test and evaluation community,
which, through a few key statutes, pos-
sesses significant powers to pass judg-
ment on the suitability and effectiveness
of weapon systems approaching the pro-
duction stage.

In Figure 3, we examine each of these
communities, focusing on how they filter
the ambiguity of the EA policy through
the particular lens of their institutional per-
spective.

Congress. The Congressional role in
defense management is well established
in the U.S. Constitution. Article I lays out
several vital Congressional powers, in-
cluding the authority to “declare war,” to
“raise and support Armies,” to “provide
and maintain a Navy,” and to “make rules
for the government and regulation of the
land and naval forces.” Congress has not
been shy about exercising these various
constitutional powers: DoD cannot spend
money without Congressional approval.
The President cannot staff the higher
reaches of the Pentagon bureaucracy,
from the Secretary of Defense to the Ser-
vice Secretaries, without Senate confirma-
tion. Department officials cannot initiate
new start programs unless Congress ap-
proves, nor can DoD officials continue
programs that Congress has refused to
authorize. Fundamental changes in the
personnel management system cannot be
implemented without statutory changes;
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Institution Key Value(s) Perspective on EA
Congress Holding the bureaucracy Cautious and skeptical, though
accountable concerned about budget and

requirements implications and
lack of control

Military Departments

Protecting important

Cautiously optimistic, though

acquisition programs concerned about implications
for oversight, budget, and
downstream logistics
Defense Industry Creating value and staying Cautiously optimistic, though
profitable concerned about changes in

traditional approach to
production contracts and
follow-on competition

Comptroller Holding programs accountable Skeptical and concerned about
and managing the top line bow wave effects of overly
flexible requirements process
Requirements/Users Getting the best technology Cautiously optimistic, though
available and keeping the edge struggling with some disconnects
on all potential adversaries between headquarters and
field-level perspectives
Test and Evaluation Ensuring operational Skeptical about whether EA will

effectiveness and suitability

facilitate testing comprehensive
enough to ensure operational
effectiveness

Figure 3. Summing up the Institutional Perspectives

indeed, the Department must even ask
for permission to conduct personnel
demonstrations. This far-from-complete
list of Congressional authorities over de-
fense management illustrates the key leg-
islative value of maintaining control over
the bureaucracy.

In addition to control, Congress also
emphasizes bureaucratic accountability.
One way of doing so is through report-
ing requirements. Each year Congress
demands and receives large quantities of
information to assist it in conducting its

oversight role. From the hundreds of re-
ports requested during each year’s autho-
rization and appropriations processes, to
the permanent statutory reports, such as
the Selected Acquisition Reports on ma-
Jor weapon system programs, the range
of reporting requirements is wide and
deep. Title 10 of the U.S. Code, for ex-
ample, requires over 460 recurring reports
each year. This is in addition to nearly 200
recurring reports required by individual
Authorization or Appropriation Acts, as
well as hundreds of one-time reports.
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This focus on control and accountabil-
ity has certainly colored the Congressional
perspective ‘on DoD’s push to implement
evolutionary acquisition. Indeed, a core
tenet of the evolutionary acquisition
approach is flexibility, particularly in the
early stages of requirements generation and
initial development, and this very flexibil-
ity conflicts rather directly with Congress’s
historical emphasis on control.

The recent report of the Senate Armed
Services Committee (SASC) iflustrates this
conflict:

The committee supports the
Department’s effort to build more
flexibility into the acquisition pro-
cess and develop weapon systems
in more manageable steps. At the
same time, the committee believes
that the Department must take a
more disciplined approach to in-
cremental acquisition and spiral
development to avoid losing con-
{rol over the acguisition process.
(Senate Armed Services Commit-
tee [SASC], 2002, p. 334)

Here the language of the Senate com-
mittee report emphasizes “discipline” and
“control,” neatly illustrating the conflict
that exists between the Congressional and
Department perspectives on evolutionary
acquisition. While the Department lead-
ership believes that evolutionary acquisi-
tion strategies will in fact give them more
control over the acquisition process, in
the sense of more manageability, less risk,
and more rapid cycle times, Congress ap-
pears to believe just the opposite. Evolu-
tionary acquisition doesn’t necessarily
mean better outcomes; rather, it raises the
specter of a loss of control and discipline.
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Later, the report language also exem-
plifies how ambiguity is affecting the
policy implementation process:

In the committee’s view, the terms
“incremental acquisition” and
“gpiral development” are not in-
terchangeable. Incremental ac-
quisition is an acquisition strat-
egy of gradually improving a ca-
pability through a planned series
of block upgrades, each of which
is to be acquired and fielded.
Spiral development is a strategy
for achieving a new capability
through the phased development
of fieldable prototypes. The com-
mittee understands that it may
take several development “spi-
rals” before a systems is ready
for production and acquisition.
(SASC, 2002, p. 335)

Clearly, Congress wants DoD to de-
velop a common language and disci-
plined approaches to implementing evo-
lutionary acquisition.

Defense Industry. The modern de-
fense industry has its origins in World
War 1I, during which the U.S. “arsenal
of democracy” mobilized to produce
thousands of aircraft, ships, and tanks
for the United States and its allied part-
ners. Although there was a period of de-
mobilization immediately following
World War II, it quickly ended with the
onset of hostilities in 1950 in Korea, and
from that point forward, the American
defense industry essentially operated on
a full wartime basis (Gansler, 1996).

The end of the Cold War, signified by
the 1989 fall of the Berlin Wall and the
1991 dissolution of the former Soviet
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Union, had profound and immediate con-
sequences for the U.S. defense industry.
Encouraged by the Secretary of Defense
and other DoD officials, the industry em-
barked on an aggressive round of merg-
ers and consolidations throughout the
decade of the 1990s. At the end of this
period, the industry had resolved itself
into a new structure with just a few ma-
jor prime contractors left standing, in-
cluding Lockheed Martin, Boeing,
Raytheon, and Northrop Grumman. In
addition to this structural turmoil, there
has been immense pressure on the de-

to call for EA as the preferred approach
to defense acquisition. In addition, sev-
eral recent Defense Science Board (DSB)
task forces, which included industry
membership, have supported a new DoD
model very similar to the EA approach.
A good example is the July 1999 DSB
Task Force on Acquisition Reform,
whose final report endorsed a stream-
lined acquisition process consisting of
only two major decision points (“system
demonstration” and “build™). This model
looks very similar to the

EA  model DoD

“In addition to this
structural turmoil,
there has been

fense industry to achieve higher levels
of civil-military integration; that is, a
greater interoperability between the mili-

adopted in 2000.
Speaking at various
defense conferences,

tary and civilian sectors of the industrial ~ other industry leaders = '™mense pressure
on the defense
base (Perry, 1994). have also endorsed the . .
.. . . .. . industry 1o achieve
Similarly, the implementation of evo-  EA policy; in particular higher levels of
lutionary acquisition also poses manage-  because of its emphasis civil-military
ment challenges for defense firms. The  on using mature tech- integration....”

impression that the defense industry
forms of evolutionary acquisition will be
largely a result of how this new approach
comports with key industry values and
norms, specifically business risk and com-
mercial processes. That is, does the in-
dustry see evolutionary acquisition as an
approach that will decrease, or increase,
business risk? And does the industry see
evolutionary acquisition as an approach
that will fit relatively smoothly with ex-
isting commercial processes, or as one that
will require significant disruption and al-
teration of existing processes?

Again, the ambiguity of the EA policy
and its potential consequences plays a
role. On the one hand, there is strong
evidence that the defense industry sup-
ports the new policy. The National Cen-
ter for Advanced Technology, an indus-
try group, was one of the first organizations

nologies to bring the

system design to frui-

tion as quickly as pos-

sible. For example, the report, “A Blue-
print for Action,” published in conjunc-
tion with the 2001 American Institute for
Aeronautics and Astronautics Defense
Reform conference and co-authored by
various industry leaders (DFI Interna-
tional, 2001), argues that “a critical area
for reform will be the institution of new
rules that provide for effective spiral de-
velopment. This will require working out-
side the current acquisition model...a
useful departure from this practice would
be to field technologies that represent an
‘80 percent solution,” but which offer the
war-fighter and the technologist alike a
Jjumping-off point” (p. 16). In general,
much of the industry support of the EA
policy can be explained by the fact that



Acquisition Review Quarterly — Winter 2003

EA, at least in principle, mirrors the com-
mercial process for bringing new prod-
ucts to market.

But there are significant question
marks about how EA policy will be
implemented, and these issues could af-
fect industry support. A key issue, for
example, is whether and how competi-
tion for follow-on EA blocks will be con-
ducted. Historically, the firm that won
the major development contract was in
a very strong position to become the
“sole-source” provider of the new sys-
tem for years into the future. The new
EA approach could potentially alter this

relationship. While Firm A may win the

contract to develop and
build Block 1, it is not

“Finally, the

. . clear that this means
implementiation . . .
Firm A will necessarily
of EA may change . }
the value proposi- be the favorite to win
tion for defense the Block 2 work or
businesses, which even if there will ever
have traditionally be a Block 2.
relied on high- Similarly, EA’s em-
quantity produc- phasis on more up-
tion runs as a key front work and more
source of profit- scanning of potential
ability.”

alternatives, including
commercial and non-

developmental items, could also mean
more competition in the defense field —
a result that no doubt promises real ben-
efits for the taxpayer but shakes up the
status quo for established defense con-
tractors.

Finally, the implementation of EA
may change the value proposition for
defense businesses, which have tradi-
tionally relied on high-quantity produc-

- tion runs as a key source of profitability.

Rather than building toward such pro-
duction runs after a lengthy development

cycle, EA approaches may more likely
be characterized by a series of lower-rate
production runs of different increments.

The Military Departments. Interservice
rivalry is a staple of the defense man-
agement literature (Halperin, 1974; Wil-
son, 2001), but it would be wrong to con-

~ clude that the military departments do not

16

share common bureaucratic goals. In-
deed, two key objectives that all three
military departments share are, first, a
strong desire to get their premier acqui-
sition programs funded, and, second, an
equally strong desire not to be
micromanaged by higher headquarters,
in particular the OSD staff.

In this context, the potential conse-
quences of the new EA policy are am-
biguous. For one thing, just as defense
firms have traditionally relied on high-
quantity production runs for profits, the
military departments have relied on grand-
design development efforts (and the sub-
sequent production runs) to ensure sig-
nificant budget share over long periods
of time. And EA strategies, with their suc-
cession of incremental designs and deliv-
eries, may necessitate more oversight, not
less. These consequences pose significant
challenges for the traditional norms and
objectives of the military departments.
Indeed, as OSD began to develop the EA
policy in 1999 and 2000, the initial reac-
tion of the military departments was skep-
tical. In particular, the Army and Air Force
acquisition executives then Paul Hoeper
and Larry Delaney, respectively ques-
tioned the utility of the new policy, won-
dering if it represented, as Secretary
Hoeper put it, “a bridge too far’™

They had various questions about the
new policy — Would the investment re-
quired up front for technology scanning,
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prototyping, market research, and con-
cept development squander precious re-
sources that would be needed later to
actually build the program? How could
the military departments be assured that
the funding necessary for Blocks 2, 3,
and beyond would actually be available
when needed? And if it were not avail-
able, wouldn’t that mean that the mili-
tary departments would end up deliver-
ing less-than-full capability to the user,
and wouldn’t that damage their credibil-
ity as the institutions charged by law to
“organize, train, and equip” the fighting
forces?

As the EA policy has been officially -

adopted and a new administration has
come into office, some of this skepti-
cism has melted away. Today, all three
military departments have endorsed the
concept of evolutionary acquisition and
are adapting it to their own cultures. The
Air Force acquisition executive, for ex-
ample, in interim guidance to the Air
Force acquisition community (Sambur,
2002) states unequivocally that EA is
the preferred acquisition strategy for
achieving the “commander’s intent” and
that spiral development is the preferred
process 1o execute the EA strategy. In
part, this support for EA may stem from
a realization that, rather than threaten-
ing all-important budget share, EA
policy may preserve it as the Services
pursue numerous demonstrations and
development efforts to meet emerging
warfighter needs. And, while it may in
fact result in more oversight, EA may
also mean fewer opportunities to fail
because it avoids the all-or-nothing
mentality of the grand-design approach.

The Comptroller Community. One
of the most powerful institutions in the
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defense establishment is the Comptrol-
ler. Starting at the top with the DoD’s
Chief Financial Officer (CFO) and his
staff of budget analysts and moving
down through the budget offices of the
military departments and defense agen-.
cies, the comptroller community has at
its disposal a wide range of tools that
give it enormous influence in the acqui-
sition process. The comptroller can with-
hold money from acquisition budgets
and write Program Budget Decisions that
zero out programmed funding for one
or more fiscal years. And it is the comp-
troller community, un-
der the direction of the
CFO, that manages the
annual process of rec-
onciling the myriad
puts and takes of the
Program  Objective
Memorandum (POM)
and Budget Estimate
Submission (BES)
cycles to produce the
defense portion of the
President’s Budget.

Not surprisingly, given its chief role
in managing budgets and finances, the
comptroller community values control
and accountability (Popovich, 1998).
A program is well-managed if every
dollar can be accounted for and linked,
often in excruciating detail, to specific
project line items and program ele-
ments. Conversely, free-floating “inno-
vation funds” or “technology invest-
ments” tend to be viewed quite nega-
tively. In this way, the comptroller com-
munity is close cousin to the Congres-
sional appropriators. Indeed, in many
ways the DoD Comptroller has histori-
cally maintained a very close relationship

elements.”

“A program is
well-managed if
every dollar can
be accounted for
and linked, often
in excruciating
detail, to specific
project line items
and program
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with the House and Senate appropria-
tors.

So far, the comptroller community’s re-
action to the EA policy has been skepti-
cal. A major point of contention has been
how to handle the transition between suc-
cessive EA blocks — When does it make
sense to program funds for research and
development of Block
27 How will the Depart-

i
| fn:‘:i:i;::sp;:e:ih ment ensure that the
ibility, encourages military departments will
incremental strate- 1Ot “game” the budget
gies, and recog- process, essentially us-
'nizes that the user ing Block 1 as a means
'may not even to get an ill-defined pro-
' know what is gram into the budget and
really required.” thus build crucial politi-

cal momentum that will
be difficult if not impossible to overcome
should a decision be made that the pro-
gram should be cancelled. How will bud-
geting work at the beginning of the EA
process, when a series of activities are
all ongoing simultaneously — technol-
ogy scanning, market research, devel-
opment of alternative concepts — even
though a real program has yet to be es-
tablished? How will programs be “fully
funded” and when if requirements are
not known at program initiation and each
block of capability is independently
priced? Will this create a “bow wave”
that will cause more instability in out-
year funding?

The EA approach emphasizes flexibil-
ity, encourages incremental strategies,
and recognizes that the user may not even
know what is really required. All of this
poses severe challenges to traditional
comptroller norms and values.

The Requirements Community.
Historically, the starting point for the
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acquisition of any new item or service
has been the mission need statement fol-
lowed by the definition of operational
requirements (Locher, 1985; Shalikashvili,
2000). The traditional approach to the
development of operational require-
ments has been fo establish a long-range
planning time frame; request that the in-
telligence community project the likely
threats in that time frame; and analyze
the relevant research effort underway in
the science and technology base of both
government and industry labs and engi-
neering organizations. These analyses
result in the establishment of detailed per-
formance characteristics for a new sys-
tem. In turn, the “requirements” are
turned over to the acquisifion commu-
nity, which establishes a budget and then
selects a contractor to achieve the re-
quirements within the budget levels. The
user community monitors progress to-
ward achieving the set requirements —
which are rarely changed once estab-
lished.

Because the requirements process has
tended to focus on achieving very ambi-
tious technical objectives, DoD program
managers have often found themselves
developing systems while simultaneously
having to develop the technologies that
will make the systems work. The F-22,
for example, was heavily dependent on
fly-by-wire technology, which, at the time
the system began its development, was
not mature. The inevitable result has been
lengthy development cycles.

In response to the 1999 Section 912
reports, the Joint Staff issued a new
Chairman’s Instruction (CJCS Instruction
3170.01) that adopted evolutionary, or
“time-phased,” requirements as standard
practice for developing and writing



Conflict and Ambiguity

operational requirements. While the Joint
Staff recognized the need for time-
phased requirements to support evolu-
tionary acquisition, there remains a great
deal of ambiguity with regard to actual
application of the Joint Staff direction.

One of the most serious concerns is
determining the priority of what needs
to be done first and allowing those re-
quirements that cannot be done first (ei-
ther because the technologies to support
them are not mature or because the fund-
ing to support them is not available) to
be moved to subsequent increments of
capability. These decisions are made, not
at the Joint Staff level, but at lower levels
where military department officials actu-
ally write the Operational Requirements
Documents (ORDs). Based on the few
time-phased ORDs that have been writ-
ten since the issuance of the EA policy,
there is some evidence to suggest that re-
quirements writers are hedging their bets
by front-loading capabilities into the ini-
tial system increments. For example, the
recent Comanche ORD was revised to in-
clude three blocks of capability. However,
the first block will include up to 90 per-
cent of the system requirements — more
if there is no second block.

This front-loading can potentially re-
sult in conflict with the acquisition com-
munity, where expectations might be that
the initial increment will be more in the
neighborhood of a 50 percent solution
than a 90 percent solution. As one ob-
server recently argued, “users fear that
support for programs will dry up before
they get a lot of the capabilities they
need” (Slate, 2002, p. 9). This fear drives
front-loaded requirements documents,
even though this runs counter to the new
Joint Staff policy.

Thus, while there is general agreement
at the top of the requirements genera-
tion system that evolutionary acquisition
based on time-phased requirements
makes sense, there is much that needs to
be done at the implementation level of
requirements generation system to actu-
ally provide requirements to the acqui-
sition community that would make these
intentions a reality.

Operational Test and Evaluation.
The Director of Operational Test and
Evaluation (DOT&E) oversees test and
evaluation in DoD. The DOT&E organi-
zation, itself a creation of Congress, is
guided by a series of statutes that require
certain types of tests (e.g., live fire tests)
to be conducted on certain types of sys-
tems (e.g., major programs) at certain

points in the acquisition process (e.g.,

before proceeding beyond low-rate pro-
duction). DoD program offices develop
test and evaluation master plans to guide
the overall testing pro-
cess. The DOT&E de-

i “This test and
termines the systems 0 gygluation struc-
be tested, how many  gyre has been
items can be procured established to
for testing, the require-  ensure that sys-
ments to be tested temsare notde-
against, and whether or ~ Ployed before the
not the system is sur- Depariment knows
vivable, lethal, effec- how well they

work.”

tive, and suitable (al-
though all these judg-
ments are subject to debate and reclama
within the Department). This test and
evaluation structure has been estab-
lished to ensure that systems are not de-
ployed before the Department knows
how well they work.

Evolutionary acquisition changes how
systems are produced and, therefore,
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how they need to be tested. The testing
regime is based on the idea of a grand
design in which a single system will be
produced, initially at a low rate, and then
subject to comprehensive testing before
being permitted to move to full rate pro-
duction. As the Department has moved
to evolutionary acquisition, the role of
operational test and evaluation has be-
come more ambiguous. Evolutionary
acquisition provides multiple incre-
ments of capability, each to be deployed
over time. While the need to determine

if the system works still exists for each
;n{:rement the cost and time to conduct

dedicated operational
tests on each increment

|

‘::::;:;f;f&eai and \P.vhat to te§{ with
wiﬁ; the ambiguity each‘ iﬁCI‘El:l}ei}t is open

\ of applying a to discussion. For ex- ;
statutory opera- ample, alternative ap-

} sional test and proaches might include

‘evaiuuhcn regime early operational as-

}emse!eé fora sessments based on

'grand-design limited fieldings, or
u:qmsﬂtcn system more simulations.

] to a new system This ambiguity cre-

| :t:i;:;i‘::;‘m ates conflicts, not only

| aeqms:hen o

with the testing statutes,

but also with how the
operational test and
evaluation community sees its role in
acquisition. Then-Director of Opera-
tional Test and Evaluation Philip Coyle
(2000) argued that “how evolutionary
requirements are set is very
important...if those requirements have
not been set thoughtfully, you can have
a situation where the bar has been set
too high, too early, or conversely, where
the bar has been set so low that user
has little interest in fielding the earlier
blocks” {p. 3). Coyle’s advice to program
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managers is to “get with the testers and
the users early — very early — before
the sequence of requirements for each
block have been locked in.” At the same
time, the military departments want to
limit the amount of operational testing
and rely more on operational assessments
of each increment of capability. For ex-
ample, some have argued that full op-
erational test and evaluation should be
limited to the final increment in an
evolutionary program.

While the operational test and evalu-
ation community appears to be open to
rethinking the application of test given
the new EA environment, there still ex-
ists a bias toward full testing of each
block. For example, in recent draft lan-
guage submitted for the test and evalua-
tion section of the 5000 policy docu-
ments,* DOT&E argues that “all fest pro-
grams must conduct developmental test
and evaluation, live fire test and evalua-
tion, and operational test and evaluation
of each new block capability, and en-
sure adequate OT&E prior to the release
of each successive block to the user.”

In sum, DoD continues to deal with
the ambiguity of applying a statutory op-
erational test and evaluation regime en-
acted for a grand-design acquisition sys-
tem to a new system that emphasizes evo-
lutionary acquisition. In addition, the test
and acquisition communities continue to
work on ways to decrease the inherent
conflict between a flexible development
program and a disciplined test program.

CONCLUSIONS

In 1959, Charles Lindblom published
an article entitled, “The Science of Mud-
dling Through,” in which he distinguished
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two methods of policy formulation and
implementation. The first method, the
“rational-comprehensive” approach,

intellectual history, although not much
practical implementation experience
outside of the software development

stresses empirical analyses of numerous
alternative policies in which the ends are
isolated and then the means to attain
them are evaluated. The test of a good

community. They were also facing near-
universal opinion — within the Depart-
ment, in the defense industry, and in Con-
gress — that defense acquisition pro-

policy is that “it can be shown to be the
most appropriate means to the desired
ends.”

The second method, which Lindblom

grams cost too much and take too long
to deliver. Thus there
was strong consensus

“In many ways,
about a desired end - Y Woys:

. R . , - the science of
called “successive limited comparisons, state — delivering sys- muddling through
closely intertwines the processes of se- tems faster and at less describes the

lecting goals and conducting analyses.
Analysis is not comprehensive but tar-

formulation and
implementation of

cost — but not nearly
as much agreement

geted. In this approach, the test of a good  about how to achieve = evolutionary
policy is “typically that various analysts  this vision. ' fuquisiﬁon policy
find themselves agreeing on a policy In this environment, imDeD.*

(without their agreement that it is the most
appropriate means to an agreed ‘objec-
_tive.”” The process of successive limited
comparisons, or “muddling through,” al-
lows policy makers to deal with very com-
plex organizational and process problems
by blending rationality and realism.

In many ways, the science of muddling
through describes the formulation and
implementation of evolutionary acquisi-
tion policy in DoD. We began this article
by observing that the more ambiguous a
policy is, the more likely it is that the
various organizations charged with imple-
mentation will emphasize their particular
institutional perspectives in the policy
process. And when these institutional
perspectives clash, organizational conflict
is inevitable, but not necessarily coun-
terproductive.

When DoD’s acquisition leaders de-
cided in 1999 to institutionalize evo-
lutionary acquisition in the 5000 policy
documents, they were promoting a de-
velopment approach that had a long

the concept of evolu-
tionary acquisition was nonetheless an
attractive alternative to the traditional

~ “grand-design” approach. The old ap-

proach had equipped the United States
with the most advanced military systems
in the world but at very high costs and
often only after substantial schedule
delays. The new EA approach prom-
ised a way for DoD policymakers to
ease the acquisition community into new
ways of doing business.

There were two major compromises
necessary for DoD to move from the old
acquisition approach to a new one. The
first compromise was one made by the
leadership and that, as we have just seen,
was to make EA preferred but not man-
datory. While everyone did not agree that
evolutionary acquisition was necessarily
the best strategy for all acquisition sys-
tems, it was possible to find some con-
sensus around the notion that EA should
at least be the preferred approach. And
the new 5000 policy documents
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couched the institutionalization of EA in
just this way — “preferred” but not re-
quired in all cases.

But all participants in the acquisition
process, in effect, agreed to the second
compromise. This compromise was to
proceed with implementation, even
though there was scant experience with
implementing EA for major system devel-
opments. This is policy-making through
Lindblom’s successive limited compari-
sons — muddling through under condi-
tions of high ambiguity. Under these con-
ditions, the major players in the acquisi-
tion process have reacted to the new EA
policy in different ways. And these re-
actions have forced changes and accom-
modations in the implementation pro-
cess.

The first such accom-
modation has been to
recognize that basic

DoD has worked terms need clarification.
out a process for As a result of the direc-
implementing tion from Congress,
an evolutionary DoD has adopted stan-
development dard inol P

strategy that has ard terminology for
won the endorse- both evolutionary ac-
ment of quisition and spiral de-
Congress.” velopment that has

been accepted by the

military departments.
Evolutionary acquisition is “an acqui-
sition strategy that defines, develops,
produces or acquires, and fields an ini-
tial hardware or software increment of
operationally useful capability.” Spiral
development is “an iterative process
for developing a defined set of ca-
pabilities.”” A related accommodation has
been to recognize that well-known and
long-used program strategies, such as
pre-planned product improvement and
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block upgrades, are themselves forms of
evolutionary acquisition,

Another adaptation to the new policy
has been the revision of . the Financial
Management Regulations to realign the
Research and Development budget cat-
egories. The Comptroller has recognized
that the current budget categories do not
appropriately align funding with evolu-
tionary acquisition work efforts. So,
Comptroller has redefined budget cat-
egories for advanced development (so-
called 6.3a and 6.3b funding) to allow
for work to be done without an opera-
tional requirements document, as de-
scribed in the DoD Instruction 5000.2
as part of the technology development
phase of evolutionary acquisition.

A third key accommodation is the use
of early operational assessments —
rather than full-up operational testing —
to evaluate emerging increments of ca-
pability. For the Unmanned Combat
Aerial Vehicle program, the Director, Op-
erational Test and Evaluation agreed to
allow operational assessments, in Heu of
full-up testing, to be done on several
blocks, rather than insist on conduction
of independent operational test and
evaluation on each block. Further, the
Director has agreed that test and evalu-
ation of an evolutionary acquisition pro-
gram will be a combination of opera-
tional assessments in the technology de-
velopment phase and tests in the devel-
opment phase — but tests of the
changes from the last increment, not
full-up tests of each block.

The requirements process has also
been modified. The Joint Staff is rewrit-
ing CICS Instruction 3170 to recognize
a better integration of the requirements
and acquisition processes beginning with
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Policy EA EA EA EA EA
Document Concept Definitions Diagram Details Functional
Description | Description
DoD 5000
October’00 Yes No No No No
USD(AT&L)
Memo Refined Yes Yes No No
April’02
Interim Guidance
October’02 Refined Refined Refined Yes No
EA Continuous
Learning Module Refined Refined Refined Refined Yes
(in work)

Figure 4. Refinement of the Evolutionary Acquisition Policy

mission area analysis (a process for-
merly reserved exclusively for the Joint
Staff and its Military Department coun-
terparts). At every step in the process,
the Joint Staff plans to work with their
acquisition counterparts to allow for a
better understanding of how to jointly
develop time-phased requirements. Fur-
ther, the Joint Staff is moving away from
the use of ORDs for program initiation,
recognizing that evolutionary acquisi-
tion requires more flexibility in require-
ments definition. So, the Joint Staff rec-
ognizes the need for a system concept
document to guide the entire program
and an Initial Requirements Document
for each block of capability. An ORD
will not be produced until a block of
capability is ready for production.

In addition, DoD has worked out a
process for implementing an evolution-
ary development strategy that has won the
endorsement of Congress. Congress has

explicitly endorsed the idea of flexibility
prior to Milestone B and discipline after
Milestone B —a hallmark of evolutionary
acquisition — in the National Defense
Authorization Act for Fiscal Year 2003
with language that endorses spiral devel-
opment and evolutionary acquisition.

In each case, the need to reduce ambi-
guity and resolve institutional conflicts
has pushed DoD’s leadership to add rich-
ness to the process and to define how
various functional disciplines (such as
contracting, systems engineering, and
sustainment) operate within an evolution-
ary acquisition strategy. Figure 4 shows
a history of the refinements that have been
made in the policy. Undoubtedly, the
implementation process will give rise to
new accommodations and course correc-
tions as DoD continues to muddle
through the new environment of evolu-
tionary acquisition.
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ENDNOTES

1.

RMA is the “Revolution in Military
Affairs.” According to the 1999 Sec-
retary of Defense Annual Report to
the President and to Congress (page
i22), an RMA “occurs when
nation’s military seizes an opportu-
nity to transform its strategy, mili-
tary doctrine, training, education,
organization, equipment, operations,
and tactics to achieve decisive mili-
tary results in fundamentally new
ways.”

RBA is the “Revolution in Business
Affairs.” The RBA is a term coined
by DoD business and management
professionals, and sometimes used
in official documents, to refer to the

3.

achievement of efficient business.
practices that create an environment
for DoD to acquire goods and ser-
vices better, faster, and cheaper.

The quote “a bridge too far” comes
from a policy review meeting (held
during 2000) at which the authors
were present.

Comments submitted by Thomas
Carter on draft DoD Instruction
5000.2, September 2002.

Richard K. Sylvester is Deputy Director, Acquisition Initiatives
{Systems Acquisition) in the Office of the Under Secretary of
Defense {Acquisition, Technology and Logistics). Mr. Sylvester
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documents and has authored many of the Department’s
acquisition policies, including the policy on evolutionary acquisition
and spiral development.
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LESSONS LEARNED

PATRIOT PAC-2
DEVELOPMENT AND
DEPLOYMENT IN
THE GULF WAR

J. Daniel Sherman

This case study explores the development of the Patriot PAC-2 and its historic
deployment in the Gulf War from the vantage point of five senior technical
managers. In addition to in-depth interviews with these senior managers, U.S.
Army Aviation and Missile Command (U.S. Army Missile Command) historical
documents, unclassified government reports, and other public sources were
reviewed for information regarding PAC-2 development. Patriot PAC-2 is a case
study in effective project management that resulted in the extraordinary.
acceleration in the final stages of development, production, and deployment in
time to play a historic role in the Gulf War. The Patriot PAC-2 lessons may
benefit future project managers engaged in the final stages of system

development prior to a major conflict.

eginning in 1966, Defense Secre-

tary Robert McNamara authorized

the contract definition for the Sur-
face-to-Air Missile Defense (SAM-D). In
1967, Raytheon was awarded the contract
for the advanced development program for
SAM-D. This four-year program devel-
oped and demonstrated hardware elements
and computer software that coordinated the
operation of all elements performing the

air defense functions from target detection
.

through intercept (Oldacre, personal inter-
view, May 29, 2001). SAM-D benefited
from technology transferred from the origi-
nal missile designed as a defense against
ballistic missile attack, Nike-Zeus. While
Nike-Zeus was never actually fielded due
to technological limitations, much was
learned that aided the development of
SAM-D.

By 1970, the Track-via-Missile (TVM)
guidance seeker was demonstrated

This study was funded by the Army Materiel Command (DAAH01-98-D-R001, delivery order #67);
Richard G. Rhoades, Director, Research Institute, University of Alabama in Huntsville; and William
A.Lucas, MIT, co-principal investigators.
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through a series of real-time flight simula-
tions. In mid-1970, Raytheon’s contract
was expanded to include an engineering
development definition effort. The SAM-D
engineering development program was
initiated in 1972. The emphasis in this pro-
gram was on the early initiation of missile
flight tests. The advance development ra-
dar, computer and guidance hardware were
modified to support guidance flight tests
of the engineering development model
missile. During the same timeframe, the
engineering development model ground
equipment was initiated in parallel devel-
opment (Oldacre, personal interview, May
29, 2001).

During the early part of the engineering
development program, critics questioned
the tracking via missile concept. These dis-
cussions reached Secretary of Defense

' Schiesinger who con-
cluded that the impor-
tance and the cost of the
program required that
the guidance system be
thoroughly proved be-
fore continuing the de-
velopment program.
Based on these discus-
sions, the reoriented pro-
gram, called Proof-of-Principle, focused on
the missile guidance system. In addition,
in January 1974 Congress directed the
Army to conduct a Cost and Operational
Effectiveness Analysis (COEA) in coordi-
nation with the General Accounting Of-
fice (GAQ).

The results of the COEA reaffirmed the
need for an air defense system with SAM-
D’s capabilities. Initial testing conducted in
1974 verified SAM-D’s on-board control
system, aerodynamic and structural design
of the missile, and in-flight acquisition and
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tracking by the ground based fire control
group. In early 1975, in a test at White
Sands Missile Range, SAM-D successfully
destroyed a drone in its first engineering
development test of the TVM guidance
system. Subsequent tests proved that the
TVM guidance system was robust against
a variety of maneuvering targets and coun-
termeasures. As a result of the performance
in the Proof-of-Principle program, SAM-
D was approved for return to full-scale de-
velopment in January 1976 (Capps, per-
sonal interview, April 26, 2001).

In 1976, with the resuming of fuil-scale
development, SAM-D was renamed Pa-
triot. By 1977, an Army System Acquisi-
tion Review Council {ASARC) decision
was made to accelerate the program. This
decision moved the production date up
from the original schedule of March 1983
to April 1980. This entailed the risk that
the initial production equipment would not
have the required operational reliability and
software maturity. This decision resulted
in the elimination of the third phase devel-
opment tests and operational tests (DT/OT
). These tests were replaced with a pro-
duction confirmatory test and a follow-on
evaluation (Fenstermacher, 1990).

In September 1980, following the
Defense Systems Acquisition Review
Council III (DSARC III) production readi-
ness review, low rate production for Patriot
was approved subject to a verification test
program. In October 1980, Raytheon
began the initial low rate production that
included five fire units and 155 missiles.
This initial production was accompanied
by a series of Follow On Evaluation (FOE)
tests that included operational software
tests, testing of diagnostic software,
retrofitting and testing of the missile,
and checking reliability, availability, and
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maintainability (RAM). The final set of
tests would be completed with the pro-
duction equipment and with operational
personnel. This test would be known
as FOE-II.

The first production units came off the
line in early 1983. The operational tests
began in June 1983 at White Sands Mis-
sile Range under the supervision of the
Army Operational Test and Evaluation
Agency (OTEA; Annual Historical Re-
view, 1984). FOE-II would be the first
time combat troops would actually use
Patriot in an operational environment. The
tests would include search and track
scenarios, simulated and live missile fir-
ings, including day and night operations.
(Fenstermacher, 1990).

FOE-II did not go well and the test re-
sults were substandard. There was exces-
sive equipment downtime. Diagnostic and
corrective action was complicated and led
to delays in returning the equipment to an
operational status. It became immediately
clear that much of the equipment failure
was due to production quality control
deficiencies. As the tests continued prob-
lems multiplied, disagreements emerged
regarding the design of the operational
tests, and an adversarial relationship be-
gan to develop between Raytheon and
OTEA. Before FOE-II was completed,
OTEA made the decision to discontinue
the operational testing. This turn of events
was a shock to both Raytheon and the
Patriot project office.

Following the discontinuation of FOE-
11, Patriot was placed on what was labeled
a “milestone schedule.” The previous
schedule for deployment to Europe was
cancelled and Raytheon was instructed
to systematically correct each problem
that had been identified during the FOE-TI

tests. The milestone schedule meant that
deployment and full-rate production
were postponed indefinitely. Only after
a new Follow On Evaluation (FOE-III)
would full-rate production begin.

LEssoN 1: A CORPORATE CULTURE
THAT RESPONDS TO ADVERSITY

Raytheon had been prepared to launch
full-rate production. With the failure of
FOE-II, production capacity and staffing
would not be utilized. Patriot was Ray-
theon’s largest single program, and in
1983 it represented ap- - ‘
proximately 20 percent
of the company’s total °
sales revenue. Both °
Raytheon corporate :
management and the en-
gineers in the Missile -
Systems Division knew
that Patriot would either °
be deployed or can- -
celled based on the success of the im-
pending FOE-III testing (Fenstermacher,
1990).

What transpired next can only be de-
scribed as a massive corporate response
to the challenge that entailed extraordinary
effort on the part of Raytheon’s Missile
Systems Division. Engineers scrutinized
every aspect of . the FOE-II test results in
an effort to identify every potential prob-
lem source and take corrective action.
A concerted effort was mounted to im-
prove software diagnostics. Sensors were
added to the system so that operators
could detect faults more readily. The
technical manuals were rewritten based
on the Patriot project office guidance on
specific procedures (Annual Historical

1t became

was due fo
production

immediately clear
that much of the
equipment failure

quality control
deficiencies.”
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Review, 1984). Raytheon corporate man-
agement brought in William Swanson, a
very talented production manager, to tumn
around the Andover, Massachusetts pro-
duction facility. Swanson overhauled the
entire quality control system and vastly
improved production quality.

Steve Stanvick, the Patriot chief engi-
neer at Raytheon, was placed in charge
of the FOE-III preparation. Stanvick real-

ized that the existing organization within

the Missile Systems Di-
vision resulted in dif-
fused responsibility. To
correct this problem, he
created a temporary or-
ganizational structure in
which engineers were
grouped into ad hoc
teams with a single tech-
nical manager over each
major area. John Kelley,
the manager of flight tests, observed that
many of the technical professionals were
routinely working 60-hour weeks during
this period. Levels of exhaustion were
high, but the relentless effort to correct
each problem in preparation for FOE-III
continued on its compressed schedule
{Kenger, personal interview, June 28,
2001).

In July 1984 FOE-HI was initiated. The
tests were extraordinarily successful. Pa-
friot surpassed all the acceptable target
values, and in some cases by margins in
excess of 50 percent. During the tests the
system was operational over 90 percent
of the time. The missile flight tests
achieved a 100 percent rating by OTEA
and the testing was completed ahead of
schedule in September 1984 (Annual His-
torical Review, 1985). Immediately fol-
lowing the successful FOE-III tests, the
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decision was made to ramp up produc-
tion and begin the deployment of Patriot
in Europe. )

The corrective action system that was
instituted resulted in impressive improve-
ments in a period of less than one year.
This structured response to the FOE-II cri-
sis literally reshaped the company’s ap-
proach to the transition from development
to production for the future (Capps, per-
sonal interview, April 26, 2001). This
would turn out to be important as the pro-
gram moved into PAC-1, and historically
significant, during the accelerated transi-
tion to production for the PAC-2 Gulf War
deployment. It is to Raytheon’s credit that

the firm possessed the corporate culture

that embraced such a radical turnaround.

The lesson that may be learned from
this is that those companies that are able
to develop a corporate culture that can
respond to adversity will be able to suc-
ceed when faced with enormous chal-
lenges. However, those that arc unable to
develop corporate cultures with this char-
acteristic will tend to fail. There may also
be an ancillary lesson. The government
OTEA and program managers were very
astute in creating a situation between FOE-
I and FOE-III where the large incentive
of the production contract was placed in
jeopardy. When faced with potentially
large financial consequences, most firms
will respond accordingly.

LESSON 2: THE TACTICAL MiSSILE THREAT
AND OBTAINING SUPPORT FOR PAC-1
AND PAC-2

The original requirements for Patriot
(SAM-D) included an anti-tactical ballistic
missile capability. However, the Training
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and Doctrine Command (TRADOC; the
Air Defense Command) eliminated this
requirement early in the program. The
program prior to the start of full-rate pro-
duction in 1984 focused exclusively on
the anti-aircraft requirement. The issue of
the added anti-tactical missile (ATM) ca-
pability had encountered some resistance
from the beginning within TRADOC. The
reasons were varied, but included the is-
sues of cost, schedule, and technical dif-
ficulty. In this regard, in order to achieve
the anti-aircraft capability, the technical
development effort was so significant that
the consensus between TRADOC and the
Patriot project office was to focus re-
sources on this critical task. To attempt to
achieve both objectives from the begin-

anti-tactical missile capability would re-
quire resources, and TRADOC (the Air
Defense Command) was ambivalent.
However, Colonel Capps persisted in
successfully convincing the Office of the
Secretary of Defense (OSD) to allocate
budgetary resources to the program (i.e.,
OSD directed funds). During this same
timeframe the Patriot project office suc-
ceeded in negotiating a multiyear pro-
duction contract (five year contract)
with Raytheon (Capps, personal inter-
view, April 26, 2001). This was an im-
portant development because it provided
the level of funding stability that would
be required to keep the anti-tactical mis-
sile program on track. |
Initial efforts were !

“Achieving the
anti-tactical
missile capability
would require
resources, and
TRADOC (the

Air Defense
Command) was
ambivalent.”

ning would diffuse resources and inevi-
tably prolong the development schedule
(Capps, personal interview, April 26,
2001).

A second counter-argument that was
generally accepted by TRADOC was that
tactical missiles were inherently inaccurate,

called Patriot Anti-tacti-
cal Missile Capability-1 -
(PAC-1), which in- !
volved software
changes to reshape the
radar search pattern and
to reshape the missile °

and therefore, posed a lesser threat to mili-
tary targets (Capps, personal interview,
April 26, 2001). As events unfolded in
1990 and 1991, however, the fallacy in
this argument would become extremely
clear because of their potential as a
weapon of terror against civilian popula-
tions.

In any case, by 1985 Patriot was pro-
gressing in high rate production, and
Colonel Lawrence Capps replaced Briga-
dier General Donald Infante as project
manager of the Patriot project office. With
production under way, the timing was
right to shift attention to the tactical mis-
sile threat. The specific threat was the So-
viet SS-21, and this became Colonel
Capps primary objective. Achieving the
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trajectory (Annual His-

torical Review, 1986). |
The test results were promising, but it
was clear that changes were needed to
the warhead and fuze to make the sys-
tem more effective. However, it was ap-
parent that these measures would still not
be sufficient to gain the increase in the
guidance accuracy needed. Thus, in or-
der to increase both political and bud-
getary support, the Germans were ap-
proached regarding a joint program. The
Germans communicated a high level of
interest. They were already acquiring
Patriot missiles and the anti-tactical
missile capability was attractive to them.

In 1986, the Germans agreed to fund 40
percent of a program for an experimental
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new seeker called the multi-mode seeker,
This 60/40 split was sufficient to fund a
phased effort that was to test the seeker in
hardware-in-loop ground simulation tests,
and then incorporate it into the missile and
conduct flight tests (Capps, personal in-
terview, April 26, 2001). However, this new
missile seeker was destined never to reach

production, as events would drive the .

schedule into rapid production of the ex-

isting PAC-2 design.
These events suggest an important les-
son. Exceptional project managers, like

#Exceptlional
project managers
will also succeed
where others may
fail in obtaining
the necessary
resources lo
accomplish the
task in the face of
resistance and
competition for
scarce resovrces.”

Lawrence Capps, will
have the foresight to
understand the evolv-
ing threat. Exceptional
project managers will
also succeed where oth-
ers may fail in obtain-
ing the necessary re-

~ sources to accomplish

the task in the face of
resistance and compe-
tition for scarce re-
sources. In the case of

Patriot, Lawrence
Capps not only succeeded in obtaining
OSD directed funds, but by thinking
outside the box, he was able to help as-
semble the joint venture with the Ger-
mans. This resulted in the acquisition of
the additional resources necessary to sup-
port the anti-tactical missile development.

PAC-1 AND PAC-2 PROGRAMS PROCEED
ON SCHEDULE AND WITHIN BUDGET

The first phase of the advanced capa-
bility program, PAC-1, involved software
modifications to the Patriot ground equip-
ment and improved guidance and control.

These software changes would allow the
Patriot missile to essentially fly up the re-
verse irajectory of an incoming $8-21
missile. The PAC-1 software changes
allowed the radar to orient into a high
altitude search mode for surveillance
tracking and launch against the inbound
missile.

In April 1985, Raytheon completed the
system definition effort for the PAC-1
ATM software modifications. The PAC-1
software development contract was
awarded to Raytheon in June 1985. By
July 1986 the software changes had been
completed and validated. In a test at White
Sands Missile Range in September 1986,
a Patriot missile successfully intercepted
a Lance missile similar to the Soviet 8S-
21. Following the testing, the PAC-1 ca-
pability was deployed with the release of
the Post Deployment Software Build #2
in July 1988 (Annual Historical Review,
1989).

The second phase of the advanced ca-
pability program, PAC-2, involved mis-
sile modifications including the fuze, war-
head, software modifications, and new
guidance algorithms. The PAC-2 program
provided Patriot with catastrophic kill ca-
pability against longer range, Intermedi-
ate-range Nuclear Forces (INF) treaty
compliant missiles such as the Soviet SS-

23, The modifications to the warhead in-
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cluded larger hardened steel fragments
that would be released following detona-
tion of almost 100 pounds of high explo-
sive. This improvement was necessary in
order to penetrate the shell surrounding
the Tactical Ballistic Missile’s (TBM’s)
warhead. The fuze, developed by the
Harry Diamond Labs and Bendix Cor-
poration, had a f{aster reaction time that
was necessary for high closing-speed
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engagements (Moore, personal interview,
April 27, 2001).

The Patriot system consisted of a ground
radar, an engagement control station, an
antenna, an electric power plant, and typi-
cally eight launchers per fire unit. Each
launcher contained four missiles in its in-
dividual storage, transportation, and
launch containers. The radar was a multi-
functional phased arrayed radar that per-
formed a variety of surveillance, acquisi-
tion, and guidance tasks in directing a

battery of launchers. With multiple guid-

ance modes, the system had the capabil-
ity to switch modes to adjust to enemy
electronic counter measures. The missile
was 17.4 feet in length and was powered
by a solid propellant rocket motor that
approached mach 3 speeds. The missile
itself weighed 2200 pounds and had a
range of 43 miles (Annual Historical
Review, 1990).

PAC-2 development proceeded
through 1986, 1987, and 1988. In addi-
tion to the work on the fuze and the war-
head, software development proceeded
on incorporating the pulse doppler search/
track capability. Additional preplanned
product improvements during this
timeframe included the clutter canceller
modification, integration of the modular
azimuth and positioning system with Pa-
triot, the standoff-jammer counter, and im-
provements to reliability, availability, and
maintainability (Annual Historical Re-
view, 1989).

The testing program included compo-
nent level, subsystem level, and system
level testing. Extensive software testing
included stand alone tests and hardware
in the loop tests. The warhead testing
verified its spray pattern, fragment veloc-
ity, and fragment ruggedness. The fuze

underwent testing to verify its performance
on a variety of targets with different
trajectory geometries and closing veloci-
ties. With the success of the test program,
by December 1988, the Army In-Process
Review (IPR) approved production for
PAC-2 (Moore, personal interview, April
27, 2001; Kenger, personal interview,
June 28, 2001).

The PAC-2 production run began in
February 1989. Raytheon in Andover,
Massachusetts built the guidance section.
Morton Thiokol at Redstone Arsenal pro-
duced the propulsion .section. Martin
Marietta in Orlando completed the final
assembly. Given the long lead-time on
production, the first PAC-2 missiles were
scheduled to be fielded in early 1991
(Annual Historical Review, 1990).

Lesson 3: PAC-2 ScHEDULE AND CoST
PERFORMANCE CAN BE ATTRIBUTED TO
SOUND ACQUISITION STRATEGY,
TECHNOLOGICAL READINESS, AND
EFFECTIVE PROJECT MANAGEMENT

One important factor that contributed
to the PAC-2 schedule and cost perfor-
mance was a sound acquisition strategy.
Following initial development, the first
Patriot production contract was awarded
on a cost plus incentive fee/award fee basis.
This type of contract was selected by
design in order to distribute risk at a level
acceptable to both the contractor and the
government. As the Patriot system
matured, and cost and technological un-
certainty decreased, cost type contracts
began to be partially replaced by fixed
price incentive and, in some instances,
firm fixed price contracts. On a proportional




Acquisition Review Quarterly — Winter 2003

basis, this placed increased monetary risk
on Raytheon and the subcontractors rela-
five to the government (Capps, personal
interview, April 26, 2001). However, with
risk being reduced as a result of techno-
logical readiness and production knowl-
edge, this was acceptable to Raytheon and
the subcontractors.

In March 1987, a multiyear production
contract was awarded to Raytheon. This
five-year contract allowed Raytheon and
the subcontractors to lower costs through
econoimies ef scaie in lot purchasing, effi-

cient utilization of facili-
ties, and reduction in

“Wh;ie incentive
fees were com-

moniy vtilized
 with the develop-
- ment contracis,
 the most critical
incentive was the
 continuation of
 the large produc-

ﬁgn contracts.”

contract administration
costs. While PAC-2 did
not {ransition into pro-
duction until 1989, the
primary effect of this
multiyear contract on
PAC-2 was the overall
funding stability that it
provided. Retired Briga-

dier General Capps (per-
sonal interview, April 26,
2001) observed that this funding stability
for the Patriot program was important in
keeping PAC-2 development on schedule.
The PAC-2 program could be injected into
the ongoing production program by cut-
ting in engineering change proposals rather
than starting an entirely new production
line. This approach resulted in maximum
efficiency.

While incentive fees were commonly
ptilized with the development confracts, the
most critical incentive was the continua-
tion of the large production contracts.
Therefore, by creating incremental project
milestones for design and testing during
engineering development, the financially
lucrative production contract could be

obtained by successfully achieving each
of the sequential milestones.

The technological readiness level, or
maturity, was also a factor that contributed
to PAC-2 schedule and cost performance.
A.Q. Oldacre (personal interview, May 29, -
2001), the deputy project manager for the
Patriot project office during PAC-2, ob-
served that because work on Patriot had
been progressing at Raytheon since 1967,
Raytheon had built a large base of perti-
nent technical knowledge. In the Raytheon
iaboratories, knowledge of the basic tech-
nologies such as phased array radar, guid-
ance and control, and software had reached
a high level by the time of the inception of
PAC-1 and PAC-2.

Similarly, in the Army laboratories a
large base of technical knowledge had
developed over the same timeframe. For
example, in the Research, Development,
and Engineering Center (RDEC) at Army
Miissile Command (MICOM), the Software
Engineering Directorate managed the Pa-
triot software verification and validation
program in cooperation with the Patriot
project office. The RDEC Guidance and
Control Directorate assisted with hardware
validation and developed simulations for
Patriot jointly with Raytheon. The PAC-2
fuze was developed with Harry Diamond

v Labs, and RDE