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PREFACE
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SUMMARY

The United Sates military is the best-equipped in the world. Its prowess is owing
to many factors, not least of which are the advanced systems that are developed and
deployed around the world. While these weapons are some of the most advanced, system
acquisition programs often, and repeatedly, suffer the same recurring problems: shortfalls

in expected performance, budget overruns, and schedule slips.

These problems are not new, and their causes are many and varied. Taken as a
whole, one area that has received considerable attention as being a potential contributor is
systems engineering and program management, two of the primary processes that are
employed to help cope with the increasing technical and organizational complexity found

in the system acquisition process.

A. FINDINGS

The success of systems engineering and program management processes is
closely linked to other aspects of the system acquisition process—system design, systems
engineering and program management process implementation, and the acquisition
environment. The inter-relationship between these three elements creates “problems
behind the problems” in system acquisition programs that must be addressed by

successful acquisition reform efforts.

We have avoided identifying causal relationships between shortfalls in technical
performance, budget overruns and schedule slips, and individual events in this report;
instead, we have focused our efforts on identifying and understanding risk factors whose

presence indicates an increased probability of negative program performance.

Our examination of case studies, including comparisons among commercial
programs and DoD programs and comparisons among DoD programs, combined with an
understanding of the emphasis of past acquisition reform efforts, suggests that there are
common risk factors across programs and that institutional realities greatly affect the
success of systems engineering and program management processes. Crafting processes

without considering these larger institutional issues is an incomplete work.

Various strategies exist for crafting processes that may increase program
performance. An alternative strategy to current DoD acquisition processes is to explicitly

account for institutional realities in the system design. For example, new systems
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engineering processes could be emplaced that would limit the negative impact that

funding instabilities have on technical performance, budget overruns, and schedule slips.

B. ANALYSIS

In determining if systems engineering or program management is a contributing
reason for technical, budgetary, or scheduling challenges, a better understanding of how
both processes and tools fit within the system acquisition process is necessary. To
facilitate this understanding, we compiled information from three activities: a review of
the literature, gathering various examples, and in-depth analyses of case studies. Our

objectives were to:

e identify risk factors associated with technical, budget, and scheduling
shortfalls

e understand the basic sources or manifestations of risk factors: are they
inherent in the systems or are they merely bad practices

e understand how risk factors relate to one another and to the system acquisition
process, and

o illustrate the effect risk factors have on one another and on the program.

To accomplish these objectives, information from the following six areas was
compiled.

1. A review of the system acquisition process, the systems engineering process,
and program management
2. A review of key stakeholders involved in the system acquisition process

3. A review of previous system acquisition case studies, including both programs
perceived as being successful and those that were not

4. A review of previous studies and reform efforts aimed at improving the
system acquisition process

5. A comparison between DoD system acquisition programs and commercial
acquisition programs
6. Comparisons among DoD system acquisition programs.

C. IDENTIFYING RISK FACTORS

Based on the information we gathered from these six areas, we created a list of
risk factors that may negatively affect a system program’s technical, budgetary, or
schedule performance. Identified risk factors are conditions, activities, or events that
increase the probability of a negative outcome. Definitive causes for negative
performance often are difficult to determine due to the complexity of system programs,

so instead we identified risk factors that appear in multiple programs suffering from
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performance, budgetary, or scheduling shortfalls. In doing so, four major categories

became apparent, and we list these in Table S-1.

Table S-1. Major Risk Factor Categories

Risk Factor Categories Description

Category | — Design Risk Factors Risk factors stemming from system design
choices and design philosophy.

Category Il — Systems Engineering and Risk factors stemming from following systems
Program Management Process Risk engineering and program management
Factors processes, as defined in DoD 5000.2.
Category lll — Systems Engineering and Risk factors stemming from the implementation
Program Management Implementation of defined systems engineering and program
Risk Factors management processes.
Category IV — Institutional Risk Factors Risk factors stemming from the structure of the

acquisition environment, external to the other
three categories. The structure of the acquisition
environment includes organizational, cultural,
political, financial, and incentive issues.

We designed these four risk factor categories to provide a thorough look at issues
related to systems engineering and program management; hence, the systems
engineering-related focus of Categories II and III. In identifying the risk factors, we
found that many of them affected systems engineering or program management, but were
not related directly to those processes or to the implementation of these processes. We
also found that many previously low success attempts at reform in systems acquisition
focused on one main area, such as systems engineering or program management, without
addressing how these areas fit into the larger picture. Our inclusion of Category I, Design
Risk Factors, and Category 1V, Institutional Risk Factors, is an attempt to illustrate how
systems engineering and program management-related issues encompass more than just

the systems engineering and program management processes.

D. REFORM STRATEGIES

From the identified risk factors, we created a broad set of reform strategies to
illustrate different possible approaches to addressing persistent technical, budget, and
scheduling challenges. As there have been a great many specific reforms generated in the
past, with varying degrees of success, we avoided the design of specific reforms in this
report. Instead, a reform space was designed, comprising general types of approaches to

reforms. We envision that this—or a similar type of reform space, if generated—could
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prove a useful tool in creating specific reforms designed at addressing specific

challenges. We provide a reform space summary in Table S-2.

Table S-2. Reform Space Summary

Types of Areas for Reform
Reform
Category I: Category I Category Il Category IV:
Design Risk Systems Systems Institutional
Factors Engineering and Engineering and Risk Factors
Program Program
Management Management
Process Risk Implementation
Factors Risk Factors
Focused Change design | Change systems Change systems Change
Reforms emphasis or engineering or engineering or institutional
philosophy management management characteristics
processes implementation
Adaptation / Create flexible designs and Manage for Adapt
Accommodation | processes that can adapt to flexibility in program to
Reforms changing technical or institutional programs to institutional
requirements identify and adapt characteristics
to changing
conditions

We identified two major types of reforms that have particular merit: focused
reforms and adaptation reforms. Focused reforms are traditional types of reforms that
have as their objective the design and implementation of solutions that solve identified
problems. Adaptation reforms are designed with a different philosophy. Design and
management decisions are made up front to create a system acquisition process that is
flexible enough to accommodate technical and institutional changes. The goal is to
recognize the existence of various risk factors and to create a program that can
accommodate or adapt to the existence of risk factors without suffering serious technical,

budget, or scheduling setbacks.



E. FUTURE WORK

Our report provides a broad-based look at risk factors and reform strategies
applicable to systems engineering and program management in system acquisitions.

Additional work of a more detailed nature could include, but not be limited to:

e cfforts to identify a more complete list of systems engineering and systems
program management risk factors;

e cfforts to determine the magnitude of risk posed from the presence of different
risk factors or combinations of risk factors to technical, budget, and
scheduling goals;

e design of specific reforms or efforts to address general or specific risk factors.
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I. STUDY OVERVIEW

Our work involved reviewing the literature, developing case studies, and
assembling system acquisition program histories to use as examples. In conducting the
literature review, we focused on understanding (1) the systems acquisition environment,
(2) previously identified problems affecting system acquisition programs, and (3) the
institutional nature of the acquisition environment. We developed case studies to help
identify risk factors in acquisition programs, to observe commonalities, and to understand
how risk factors interacted with one another and affected the program over time. We
looked at other systems (in less detail) to develop a representation of a wider range of
programs and to identify additional risk factors and risk factor interactions. We then

integrated this composite information to arrive at our conclusions.

A. SCOPE

We limited the scope of this report to providing a high-level understanding of risk
factors affecting system acquisition programs and the role that systems engineering and
program management processes have relative to these risk factors. We steered clear of an
exhaustive examination of any one topic in favor of a broad overview and an integration
of several areas of study. The areas studied include:

¢ individual system acquisition programs

e comparison of DoD acquisition programs to commercial programs

e comparison of DoD programs to one another

e the history of acquisition reforms

e analysis of stakeholders involved with system acquisition programs.

B. ACQUISITION PROGRAM CASE STUDIES

We made extensive use of DoD and commercial system acquisition programs as

examples to aid in illustrating various points throughout the report; these are:

DoD Programs:

e F/A-22 Fighter Plane e Arsenal Ship

e (Global Hawk Unmanned e Crusader Artillery Vehicle
Aerial Vehicle e Comanche Helicopter

e F-15 Fighter Plane e Joint Direct Attack Munitions.

e (-17 Cargo Plane



Commercial Programs:
e Boeing 777
¢ Bombardier BRJ-X Regional Jet
e Caterpillar 797 Heavy Mining Truck.

C. REPORT STRUCTURE

Our report is structured around identifying, understanding, and presenting the risk
factors that appear in system acquisition programs. In Chapter 11, we present an overview
of our findings, drawing together and summarizing information found in greater detail in
the subsequent chapters, which report on:

o Identified risk factors, along with commentary on each. Where appropriate,

examples of weapon system programs are presented, along with interactions
among risk factors (Chapter III)

e Acquisition, systems engineering, and program management processes and
stakeholders in the acquisition environment (Chapter I'V)

e Detailed case studies of the F/A-22, Global Hawk, and F-15 acquisition
programs (Chapter V)

¢ A history of reform efforts in system acquisitions (Chapter VI)

e A comparison between commercial and DoD programs (Chapter VII)
e A comparison of DoD programs (Chapter VIII)

e Reform strategies (Chapter 1X).

Overall conclusions and suggestions for future work complete the report.
D. ACKNOWLEDGEMENTS

Portions of this report drew heavily on information or ideas from selected
references, specifically, Battershell in Chapter VII, Ingols in Chapter VIII, and Weigel in
Chapter IX.

I-2



Il. OVERVIEW OF FINDINGS

Systems engineering and program management processes have an impact on the
success of system acquisition programs; at the same time, many other aspects of
acquisition programs and the larger acquisition environment appear to have as great an
impact. The effect that these processes have on acquisition programs is closely linked
with other aspects of the acquisition process and environment. This report provides a
discussion of the interrelationship between systems engineering and program
management processes and the larger acquisition environment, and attempts to look at the
“problems behind the problems.” It is necessary that we understand the problems behind
the problems if future efforts at reforming the systems engineering and program

management processes are to be successful.

A. IDENTIFYING RISK FACTORS

There are several aspects of the acquisition process and its environment that can
contribute to budget overruns, scheduling slips, and performance shortfalls. Determining
a causal relationship between observed problems and the many events that can occur
within the acquisition process can be very difficult. Typically, when programs experience
negative impacts, several risk factors are present. Conversely, a single risk factor can

affect technical performance, budget, or schedule, or a combination of these.

Determining the magnitude of effects or how combinations of events impact a
program is even more difficult. To avoid the problem of determining exact causality and
quantifying the magnitude of the effect, we present a series of risk factors and forward
the hypothesis that the presence of these conditions, elements, or activities can have a

negative impact on a system acquisition program.

We can identify risk factors by looking across programs with a variety of
attributes, which can include the sponsoring military Service, the system, the program
size, and time. We found that several risk factors are shared across programs, some risk
factors appear in certain types of programs, and some appear unique to individual
programs. In our report, we are emphasizing the common risk factors, as it is apparent

that they cause many of the negative impacts in programs.
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B. RISK FACTOR CLASSIFICATION AND INTERACTION

We organized identified risk factors into four main categories: system design and
design philosophy; the systems engineering and program management processes;
implementation of the systems engineering and program management processes; and the
institutional aspects of the acquisition process. These four types of risk factors are not
independent; they interact and exacerbate one another. For example, design factors, such
as those that are found in large, complex systems, can increase the probability that
systems engineering risk factors and institutional risk factors will be present. Examples of
risk factors that fall into these categories and are subsequently influenced by the size and
complexity of the system include an increase in the number of requirements generated for
a program and a decrease in flexibility to perform trade-offs, and an increase in the

probability of budget instability over the life of the program.

C. PREVIOUS ACTIONS REGARDING RISK FACTORS

Many of the risk factors we identified are know within the DoD system
acquisition community, and we found evidence suggesting that DoD has repeatedly
addressed these concerns, with various degrees of success. One reason for this varied
success is that people tend to place emphasis on addressing the identified risk factor in
isolation. Interactions with and interdependencies on other risk factors have not been
adequately addressed; people tend to focused only on the problem at hand. This then
leads to an often unrealistic expectation that these focused reforms — such as adopting
commercial best practices — will adequately address the identified risk factors without
taking into account the various pressures, goals, incentives, and norms associated with

the larger acquisition environment.

D. “PROBLEMS BEHIND THE PROBLEMS”

To deal with these risk factors, the problems behind the problems need to be
identified and addressed. These are the issues that result from interaction among systems
engineering and program management processes, design attributes, implementation of
processes, and larger institutional realities. Institutional realities include organizational
structure, organizational behavior, organizational culture, rules, and incentives. But we
realize that crafting reforms in this manner is a challenge and is sometimes beyond the

scope or mandate of organizations.
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E. ALTERNATIVE REFORM STRATEGIES

Without addressing the problems behind the problems, focused reforms often take
“two steps forward and one step back.” And while progress has been made on improving
compliance with budgetary and scheduling constraints, it is slower and more haphazard
than desired.

Alternative types of reform that look to be compatible with DoD’s current
evolutionary acquisition process and open systems strategy may be possible. Such
alternative reforms are geared towards providing flexibility in acquisition programs to
explicitly take into account risk factors stemming from the larger acquisition
environment. For example, open system design allows for the flexibility to adopt new
technologies as they become available, without the need for major redesign efforts.
Similarly, systems can be designed with flexibility that allows the design to adapt to
institutional realities, such as budget instabilities, without incurring major redesign work,

technical performance shortfalls, and schedule slips.
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1. RISK FACTORS

Creating new acquisition reforms often is in response to the negative program
performance of an earlier system. The goal of course is to identify the cause of the
negative performance, craft an improved process, and implement the new process to
prevent future negative performance. But finding the cause for negative program
performance can be very difficult.’ There are inherent technical and institutional
complexities and many different, but inter-related, factors. The effect and magnitude that
any one factor exerts - independent of other factors - are uncertain, although the presence

of these factors does raise the risk that a program will be negatively impacted.

We borrow the concept of risk factors as used in this report from the medical field
of epidemiology (the study of disease). In epidemiology, risk factors are statistically
associated with a certain disease, but are not necessarily causally related to the disease.
And it is often difficult to determine causality with absolute certainty because a great
number of factors affect the biological system and interact in unknown ways with the

system, with one another, and with the larger environment.

Acquisition programs, like biological systems, are also complex. Understanding
how a great number of factors interact with the acquisition program, with one another,
and with the larger environment is not always possible, which makes it difficult to

precisely determine cause and effect, forcing the use of risk factors as a concept.

When a risk factor is identified, it is often the product of still deeper issues, often
the result of technical, process, management, and institutional factors. Many process
reforms are ineffective when implemented because they do not adequately take into
account technical and institutional realities, or the problems behind the problems.
Identifying and addressing only one aspect of risk factors appearing in programs - such as
systems engineering and program management - without placing these risk factors in
context makes it difficult to craft solutions that will have a positive impact when

implemented.

The benefit of using risk factors is that it more realistically describes the situation

occurring in acquisition programs, when compared to trying to identify mono-causal

Drezner, Jeffery and Richard Krop, “The Use of Baselining in Acquisition Program Management,”
National Defense Research Institute, Washington DC, June 1997.
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problems, single effects caused by these problems, and single, “silver bullet” solutions to
fix these problems. Looking for single mono-causal problems and attempting to find their
effect is seductive, but often results in reforms that do not have the desired effect because
they are focused to target only the observed risk factor, without taking into account how
the reform will affect the entire program and even larger institutional issues. The use of
risk factors forces the acknowledgement that several factors will affect a program, often
in ways that are not fully understood and that differ from program to program, which then

forces a more holistic approach to addressing shortcomings in a program’s success.

In order to fully understand and solve problems that affect acquisition programs,
knowledge and tools from a range of disciplines will need to be employed. Systems
engineering and program management are common ways that engineers cope with
complex systems and complex problems, but these tools and processes need to be
augmented with tools and processes in domains such as organizational behavior,
stakeholder analysis, policy analysis and political economy. Again, broadening the set of

tools will allow reforms to be crafted in a more holistic manner.

A. DEFINITION OF RISK FACTORS AND PROGRAM SUCCESS

Risk factors are any condition, element, or activity that tends to adversely affect
the success of a program. They are associated with problems observed in the system, but

may or may not be the cause of the problems.

Program performance is primarily measured as the ability to complete the
program with technical performance, cost, and schedule as close to original forecasts as
possible. Other aspects of program success also can be measured, such as the avoidance

of bad publicity.

B. RISK FACTOR CATEGORIZATION

From our literature review, we have identified and categorized an array of risk
factors that negatively impact systems acquisition, and we have grouped them into four

broad categories, as presented in Table III-1.
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Table lll-1. Major Risk Factor Categories

Risk Factor Categories Description

Category | — Design Risk Factors Risk factors stemming from system design
choices, design characteristics and design
philosophy

Category Il — Systems Engineering and | Risk factors stemming from following systems

Program Management Process Risk engineering and program management

Factors processes, as defined in DoD 5000.2

Category lll — Systems Engineering Risk factors stemming from the implementation

and Program Management of defined systems engineering and program

Implementation Risk Factors management processes

Category IV — Institutional Risk Factors | Risk factors stemming from the structure and
behavior of the acquisition environment,
external to the other three categories. This
includes organizational, cultural, political,
financial, and incentive issues.

Organizing these risk factors into four categories focuses our attention on the
specific aspect of the systems engineering and program management processes that
produce negative effects, which in turn allows future efforts at crafting corrective action
to focus on the appropriate process. But this categorization has it limits: because of the
complexity involved throughout the intertwined network comprising weapons systems,
the acquisition process, and the defense community, risk factors spill over categories and
very often have multiple causes and multiple effects. But for the purposes of this report,

we have placed them in single categories.

C. RISK FACTOR IDENTIFICATION AND DISCUSSION

The set of risk factors we present in Table III-2 is not meant to be exhaustive, but
rather to illustrate their scope and to highlight inter-relationships. We then discuss each in

turn, and use illustrative examples where appropriate.
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Table llI-2. Summary of Identified Risk Factors

Category I

Design

Category Il

Systems Engineering
and Program
Management Process

Category llI:

Systems Engineering
and Program
Management

Implementation

Category IV:

Institutional Risk

Technological
Maturity and Cutting
Edge Technology

Over-Constrained
and Over-Specified
System
Requirements

Upgrades and
Obsolescence

Number of
Requirements

Requirement
Instability

Contractor
Capability to Meet
Requirements

Requirements Set
Before Systems
Engineering

Change of
Requirements
without Change in
Resources

Contractual
Uncertainty

Lack of Program
Manager Authority

Simultaneous Phasing

Lack of Systems
Engineering Funding

Lack of Program
Status Information

Lack of Ability and
Willingness to Make
Trade-offs

Testing Shortfall

Lack of Reform
Institutionalization and
High-Level Support

Requirement
Generation Misaligned
with Resources

Misaligned Stakeholder
Goals

Lack of “Silver Bullet”
Solution

Lack of Trust in Reform
Efforts

1. Category I: Design Risk Factors

Some design choices and design philosophies inherently lead to more risk than

others, which translates into higher risk for the overall acquisition program. Design

attributes such as complexity or the inclusion of cutting-edge technology can act to

increase the risk that program performance will fall short. Large, complex, highly

integrated systems using cutting-edge technology inherently pose greater challenges to

meeting performance, budget, and schedule goals than do smaller, simpler systems using

familiar technologies. Developing and assessing technical realism in programs has been

found to be a critical part of containing program cost growth and schedule slips.”

Together, design risk factors and institutional risk factors are the “problems behind the

problems” associated with systems engineering and program management risk factors.

Tyson, Karen, Bruce Harmon and Daniel Utech, “Understanding Cost and Schedule Growth in

Acquisition Programs,” IDA Paper P-2967, Institute for Defense Analyses, Alexandria, VA, July

1994.
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a. Technological Maturity and Cutting Edge Technology

Since World War 11, the culture associated with systems acquisition has been one
of using cutting-edge technology. While there are many advantages and reasons for using
such cutting-edge technology, it comes with higher risk. Associated unknowns have a
higher probability of exceeding budget and schedule constraints than do systems using
more mature technology. Programs that underestimate technical difficulty often

experience slips in the development schedule.’

In addition to individual technology maturity, the integration and application of
technologies in new ways pose a risk to budgets and schedules. For example, the C-17
was conceptualized as a low-risk cargo plane using only mature technologies. However,
several of the technologies had never been integrated in the manner needed to achieve
mission goals. The C-17 design called for a quadruple redundant fly-by-wire system, but
the quadruple redundancy created complex computer integration problems that were

difficult to resolve.*
b. Over-Constrained and Over-Specified System Requirements

Depending on the program context, certain trade-offs must be made to ensure
efficiency and a satisfactory program result. In cases where the system requirements are
highly constrained in number or in specificity, the contractor’s trade-off options can be
severely limited, preventing trade-off decisions that would result in significant budget
and/or schedule benefit. A willingness to make trade-offs is a key factor in maintaining

the development budget.’
c. Upgrades and Obsolescence

Historically, upgrading a system to extend its useful life or to satisfy a new need
is more cost effective than acquiring a new system. The inability to upgrade a system, or
the ability to do so only at great expense, are both risk factors when the cost-effective
upgrade option is eliminated. Tailoring designs toward a specific military need and the
high-technology, military-specific nature of the system contributes to the frequency with
which this risk factor appears. To some degree, tailoring the design is unavoidable;

however, future upgrade capability should be accounted for when possible. In recent

3 .
Ibid.

4 Battershell, A. Lee, “The DOD C-17 vs the Boeing 777: A Comparison of Acquisition and
Development,” National Defense University, 1999.

5 Tyson, Harmon and Utech, IDA P-2967, op. cit.
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years, DoD has placed emphasis on “upgradeability” at the systems engineering level

with evolutionary design principles, the spiral development process, and open systems.®

2. Category Il: Systems Engineering and Program Management Process Risk
Factors

Systems engineering and program management processes are designed to reduce
system-level risks and problems by increasing system knowledge and integration. These
processes are crafted to link the technical design issues and performance goals to

programmatic issues, such as budgets, schedules, and program management structures.
a. Number of Requirements

Large numbers of requirements act to over-constrain system design, reducing the
possibilities for trade-offs and increasing overall system complexity. Reducing the
number of requirements to only a few key requirements is a systems engineering goal.
Traditional acquisition processes in DoD have tended toward setting a multitude of
performance requirements, and attempts at reducing these have only been partially
successful. For example, the U.S. Army Crusader Artillery Vehicle program attempted to
reduce the number of requirements to only five key requirements (called key performance
parameters) in areas such as range, speed, and rate of fire. However, after systems
engineering was completed, these five parameters were found to be dependant on over
500 other performance parameters that were set before contractor systems engineering

was begun.’
b. Requirements Instability

Of course, changing requirements late in the design cycle causes all kinds of
budget and schedule slips; engineers have to rework design issues or even change
manufacturing lines. Requirements instability is common in DoD programs, and it occurs
at all phases in the design process. For example, the underlying mission for the F/A-22
was changed multiple times, from a ground attack plane, to a multipurpose ground and air
attack plane, to an air superiority fighter, and back to a multipurpose fighter.® The C-17

experienced requirements changes all the way through initial Low Rate Initial

GAO Report, “Defense Acquisitions: DOD’s Revised Policy Emphasizes Best Practices, but More
Controls are Needed,” General Accounting Office, Washington DC, November 2003.

! GAO Report, “Best Practices: Better Matching of Needs and Resources Will Lead to Better Weapon
System Outcomes,” General Accounting Office, Washington DC, GAO-01-288, March 2001.

Aronstein, David et. al., “Advanced Tactical Fighter to F-22 Raptor: Origins of the 21* Century Air
Dominance Fighter,” ATAA Press, 1998.
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Production, causing the first six planes to have six different configurations.” The F/A-18
is another example of a system experiencing requirement changes late in the program. In
that program, there was a production cost growth of 42%, which was attributed in part to

the late technical changes."

And then there are “outside” influences. For example, while the F/A-22
experienced repeated requirements changes, this was only part of the reason for
production cost overruns. The F/A-22 and C-130J cargo plane shared the same
production facilities. When the C-130J experienced lower orders than expected, the share
of the overhead costs fell more heavily on the F/A-22 program, increasing production

costs.11

A primary reason for requirements instability is the highly politicized acquisition
environment. To move a design into the acquisition process and avoid it being killed, a
coalition of supporters has to be developed. Because of the long times involved in system
development (often, decades), the coalition will change and/or new pressure from
stakeholders will emerge. These changes and new pressures often force a change in
requirements that results in the modification of the system to address whatever new
concerns are raised. For example, C-17 requirements were changed from a tactical cargo
plane to a cargo plane that was used for both tactical and strategic missions when the

Tactical Air Command was merged with the Strategic Military Airlift Command."

Another reason for requirements instability is changes in program management.
While changes in commercial management teams are made with care taken to preserve
the continuity of program support, management changes in DoD often result in changes
in requirements and shifts in mission focus. As the average tenure for program
management in DoD is only 18 months and programs can last for decades, this creates the

potential for many shifts in requirements.
c. Contractor Capability to Meet Requirements

In some cases, contractor capabilities are not well matched with the program,
which can lead to delays in key design areas and in design deficiencies; the persistence of

such shortcomings often results in budget and schedule overruns. In Global Hawk, the

Battershell, op. cit.
1 Tyson, Harmon and Utech, IDA P-2967, op. cit.

""" GAO Report, “F-22 Aircraft: Development Cost Goal Achievable if Major Problems are Avoided,”
General Accounting Office, Washington DC, GAO/NSIAD-00-68, March 2000.

Battershell, op. cit.
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primary contractor lacked expertise in system integration and software design. A short

delay in recognizing this led to some mild negative impacts.
d. Requirements Set Before Systems Engineering

The acquisition process itself creates problems with performing adequate systems
engineering early enough; to enter into the acquisition process, requirements must be
created - but funding for systems engineering comes only after the fact. And often,
comprehensive understanding of how performance requirements will affect budget and
schedule constraints is not gained until later in the process. We can illustrate this with the
Crusader artillery system. Requirements were developed over a number of years, but it
was not until two years after the systems engineering contract was awarded that it was
discovered that costs to develop the liquid propellant - a critical technology called for in
the requirements - would not be feasible within budget constraints. Instead, the change to
a lower performing solid propellant ended up forcing changes in many major components

of the system."
e. Change of Requirements Without Change In Resources

When resources, such as funding, are reduced, changing system requirements is
one way of adjusting the program to cope with the new set of available resources. A
change in requirements that calls for an increase in system performance or a decrease in
schedule often may require resources to be adjusted upwards if a reasonable chance of
program success is to be expected. In most cases, increasing expectations without a

corresponding increase in resources only increases the risk of failure.
f. Contractual Uncertainty

Systems engineering is critical, and it must be performed either by the prime
contractor or by DoD. However, because DoD frequently changes its acquisition policy,
there can be uncertainty as to who has responsibility to fulfill all aspects of the systems
engineering function. As a consequence, the necessary systems engineering may not be

completed on time.

3. Category Il1: System Engineering and Program Management
Implementation Risk Factors

Risk factors associated with systems engineering and program management

processes often stem from the inability to or inexperience in implementing standard and

B GAO-01-288, op. cit.
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innovative processes designed to reduce programmatic risk, and these issues often are

exacerbated by institutional realities.
a. Lack of Program Manager Authority

DoD program managers do not enjoy the same decision-making authority that
program managers in industry enjoy. Design decisions, trade-offs, scheduling shifts, and
budget issues all require the approval of several “organizations” before changes can be
made in a program. Conversely, the process is designed so that any one organization can
kill proposed changes, but rarely can only one organization give approval. This makes
changes to the program - such as performance trades or rescheduling - difficult to make,
especially if quick reaction times are desired. DoD program managers are often “worked

around,” as users can bypass program managers and go directly to contractors.
b. Simultaneous Phasing

The acquisition process is divided into a number of phases, including
Engineering, Manufacturing and Development (EMD) and Low Rate Initial Production
(LRIP); between each phase is a milestone review, the purpose of which is to assess the
current status of the program and decide whether or not to proceed, based on progress to
date. When a program is still immature relative to the phase goals and is approved to
progress to the next phase, additional risks are assumed in meeting budget and scheduling
constraints. For example, the Milestone C review commits DoD to LRIP if the program is
approved. To gain that approval, program maturity is judged in several categories, such
as the number of design drawings approved for production. When system maturity is
lower than required but is still approved to progress to the next stage, additional

challenges have a higher probability of occurring.

As a further example: when an immature design is approved to enter LRIP,
known design problems and issues are probably being built into the production system,
and these issues that will have to be corrected after production has begun. The F/A-22
illustrates this risk factor. While experiencing known problems with avionics and fin
buffeting, the F/A-22 was approved for LRIP with the intention that these problems
would be worked out. But re-tooling a production line after manufacturing has begun
increases the risk that budget and scheduling constraints will not be met, for a number of

reasons.

For one, there are multiple forces acting on the Milestone Decision Authority
(MDA). Beyond technical maturity and the previous performance of the program, a host

of other concerns appear. As an example, involved persons do not want to kill a program,
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even if it is going over budget and is behind schedule, so there is an incentive to push the
program along because, obviously, there is a lower probability that it will be terminated
as more resources are devoted to it. And there are other reasons to push a program
forward. It is known that early entry into the next acquisition phase has the potential to
cause budget overruns and schedule slips, but delaying entry also can cause penalties to
be levied on the program. For example, DoD stated that delaying entry into LRIP for the
F/A-22 would cost more in paying penalties laid out in their contract with Lockheed

Martin, the prime contractor, than in forging ahead."*
c. Lack of Systems Engineering Funding

The benefits of systems engineering are often poorly understood. When a program
is proceeding well, there can be little incentive to perform systems engineering tasks
because they are difficult to observe and to quantify the value added. But when a program
is progressing poorly, due to technical reasons, and there is the danger of losing funding
or becoming under funded, often there is a desire to push additional funding into the areas
experiencing the difficulty, and to starve the areas that don’t seem as critical at the

moment, such as systems engineering. "
d. Lack of Program Status Information

Of course, not knowing the current status of a program makes it difficult to
identify and respond to problems effectively and quickly. Information needed to access
the status of the program is often required to be collected throughout the program’s
lifecycle, but often these data are not collected. For example, the F/A-22 has experienced
technical problems related to production, but statistical production data haven’t been
collected since 2000.

e. Lack of Ability or Willingness to Make Trade-Offs

System-wide trade-offs among performance requirements are important to
maintain budget and schedule constraints. But often in DoD systems acquisition
programs, there is an unwillingness to make trade-offs that will decrease system

performance, even when such trade-offs will result in lower budgets and shorter system

" GAO Report, “Tactical Aircraft: DOD Should Reconsider Decision to Increase F/A-22 Production
Rates While Development Risks Continue,” General Accounting Office, Washington DC, GAO-03-
431, March 2003.

Testimony of Michael Wynne, Hearing of the National Security, Emerging Threats and International
Relations Subcommittee of the House Government Reform Committee, Washington DC, April 11,
2003.
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delivery time. For example, the U.S. Army Comanche helicopter was originally designed
to be produced in eight years for $3.5 billion. To meet Comanche mission requirements
in the lightweight, stealthy, maneuverable, all weather, attack, and reconnaissance roles,
advanced technology was needed in integrated avionics, advanced infrared night vision,
and targeting sensors. When it became apparent that these cutting-edge technologies
could not be developed within budget and schedule constraints, the Army was unwilling
to accept trade-offs that would lower the Comanche’s performance. Instead, they
consistently accepted budget and schedule slips that resulted in new program estimates of

$8.3 billion and 18 years of development time.'°

There are several reasons why trade-offs that affect performance are difficult to
make. First, there is pressure to produce a system that is substantially different than
previous systems. Demonstrating this difference is done in part by employing different
technologies to improve performance. For example, the C-17 cargo plane program came
under attack when differences between it and its predecessor, the C-5, became
indistinguishable. Fear of losing program support if performance drops off often keeps

trade-offs from being made among performance, budget, and schedule units."”

Once a program has been approved with a certain set of performance
requirements, it is also more difficult to make drastic changes to the requirements
because of the lengthy process involved. In contrast, in the commercial sector, firms have
greater configuration management control. Changes that alter, improve, or abandon

products at will and without notice are much easier to enact.'®

Also affecting the desire to make trade-offs is the environment in which
performance requirements are initially crafted. This process of creating requirements is
often a multi-year effort, sometimes taking over ten years, as in the case of the F/A-22
program. During this period, coalitions of stakeholders are formed to help ensure that the
program can be initiated and sustained. To elicit support, capabilities are added to the
systems to make them more appealing to individual stakeholder’s needs, and making
trade-offs in requirements that result in lower performance can reduce or eliminate the
capabilities that are important to critical stakeholders, making it difficult to maintain

support for the entire program. The result is requirements that promise high capability

' GAO-01-288, op. cit.
Battershell, op. cit.

Tyson, Karen, John Hiller, David Hunter, J. Richard Nelson, James Woolsey, “Assessing Cost-
Reduction Initiatives in a Changing Defense Acquisition Environment: A Handbook,” IDA Paper P-
3376, Institute for Defense Analyses, Alexandria, VA, January 1998.
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and/or many varied capabilities for the same system. An example of this is the C-17
cargo plane, which was supposed to perform airdrops of personnel, equipment, and cargo
all in the same mission. Another example is the Crusader Artillery Vehicle program,
whose draft requirements were submitted to around 30 organizations, which in turn
submitted 943 comments. From these 943 comments, 702 were incorporated into the
program for a net effect of adding to requirements, rather than trading off among

. 19
requirements.

And there is the belief that it is better to wait for a higher performance system
than make trade-offs that lower system performance. Because major acquisition programs
are infrequent, there is the desire to get as much performance as possible now, rather than

wait, possibly decades, for a replacement.
f. Testing Shortfall

It is not uncommon for a weapons system to enter production before adequate
testing is done to warrant production. Shortfalls in testing can appear, particularly when a
budget and/or schedule overrun exists. Budgetary and scheduling pressures, along with
the need for a program to defend its existence to survive, applies a disincentive to identify

flaws and problems early in the design process.

Testing shortfalls also can occur as a result of external forces. An example of this
is the effect of the DarkStar testing failures on Global Hawk. Specifically, these failures
led to a more risk-averse attitude among Global Hawk stakeholders, which, when setting
the testing schedule, slowed testing activities. However, this does not mean that the
caution was unwarranted. World events took another turn, however, that accelerated the

progress of that program.

4. Category 1V: Institutional Risk Factors

The institutional environment creates risk factors that interact and exacerbate
other risk factors. Organizational structure, organizational behavior, culture, personnel
incentives, politics, and competing goals all lead to a different set of priorities for all
stakeholders involved, and these can affect the entire acquisition process, from the
manner in which missions are defined and requirements are set, all the way to how the

program is sustained with support and funding.

¥ GAO-01-288, op. cit.
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Together, institutional risk factors and design risk factors are the “problems
behind the problems” associated with systems engineering and program management risk

factors.
a. Lack of Reform Institutionalization/High-Level Support

In order for reforms to be effective, they must be embraced and implemented by
the people within institutions. It is not unusual for reforms to find a paucity of support,
resulting in a lack of effectiveness. Many reasons exist for why some reforms are not
embraced by institutions. Reforms that disrupt the current way of doing business are
difficult to implement, because existing skill sets are made obsolete and people have to
be retrained. Having already mastered old ways of doing business, people do not
welcome drastic change. Many new reforms also cause an increase in workload. For
example, some new commercial best practices, such as understanding the market before a
program can be formed, add additional work to acquisition staff workloads. Or new
reforms for collecting commercial cost data for use in making trade-offs and decisions
shift work from commercial contractors to DoD officials. If people charged with
implementing reforms do not buy into them, they often are able to kill the reforms
through inaction. As program managers and political appointees have on average a much
shorter tenure than do career acquisition officials, champions of reforms will often leave

before those reforms are institutionalized.

The lack of reform institutionalization can occur at high organizational levels. If a
reform runs against the perceived needs of an organization, high-level support for
working around the reform often can be obtained. Take the Global Hawk UAV program,
for example. That program implemented evolutionary acquisition reforms, which allowed
an initial UAV capability to be quickly deployed, while later, planned versions of the
Global Hawk promised to boast greater technical capabilities. While this was agreed to
jointly by OSD and the Air Force, the Air Force later came back wanting a change in
requirements that would introduce greater capabilities into the Global Hawk earlier in the
program. This effectively would have circumvented the evolutionary acquisition aspect
of the program, reverting to a more traditional systems acquisition program, had it not
been for high-level intervention in OSD. The reasons for lack of high-level buy-in to
reforms are often a perceived conflict between organizational needs and the aim of the
reform. In the Global Hawk example, there was a lack of trust emanating from within the
Air Force that future increments of evolutionary acquisition would deliver a higher

performance UAV. Under the current acquisition environment, it is desirable to design a
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system with as high a performance as possible, because of the uncertainty over when the

next replacement will come along.
b. Requirements Generation Misaligned With Resources

Requirements are generated before a program is approved and before a contractor
is determined. The process of approving a program necessitates that requirements be
crafted that have support from a coalition and that define system capabilities that are
substantially different than previous systems. Meeting these needs often causes generated
requirements to be misaligned with available resources; cost and budget estimates are
often given based on available funding. These budget and schedule estimates have to be
made far in advance of program approval and are often made optimistically to help
improve the chances of getting approval. As requirements also are determined before the
formal selection of a contractor, they are not matched to contractor capabilities.
Contractors often have to rework early requirements, and budget and schedule estimates
are constantly revised. This causes reorganizations within the program, or the need for

technology maturity programs.*’
c. Misaligned Stakeholder Goals

The system acquisition process comprises a variety of stakeholders: the user
community, program management, Congress, and commercial contractors. Each has their
own set of organizational goals and constraints that shape their approach toward system
acquisition programs. Often, these goals are not aligned. The result is a set of priorities
and incentives that can produce actions that do not support completing system acquisition
programs within budget and schedule constraints. For example, program managers have
perverse incentives to spend extra funding on programs rather than risk losing unused
funding in future years. There also is the incentive to hide potential future problems,
avoiding negative scrutiny, especially if those problems will not come to light until after
the program manager’s usually short tenure is complete. This is similar to many
commercial contracts that reduce incentives for contractors to identify and implement
cost-saving measures, when the award is based on total program size. These types of
perverse incentives prevent actions to implement cost-saving measures, a misalignment

of the goals to achieve budget and schedule constraints set by DoD and Congress.

And other actions are taken in acquisition programs that misalign goals. For

example, during the F/A-22 program, Congress ordered the Air Force to investigate lower

2 Tbid.
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cost alternatives, specifically, variants on the F-15 and F-16. One reason was that the
F/A-22 was exceeding schedule and budget constraint estimates. The derivative planes
called for using the same engine that was under development for the F/A-22. To slow
studies and support in Congress for the variants, engine development funding was
reduced, making it difficult to complete studies on the derivatives. This also slowed
engine development for the F/A-22, a program already under fire for scheduling delays.
This in turn helped in eroding support for the derivatives.’ This example shows a
misalignment in goals when slowing the development of a program that is under fire for
exceeding schedule and budget estimates results in actually helping to maintain the

program.
d. The “Silver Bullet” Solution

Many previous reforms associated with systems acquisition have concentrated on
process changes where managers tended to favor “silver bullet” process changes that
worked for one program and then could be applied uniformly to all programs. But often
missing in these process changes was examining how existing organizational structure,

behavior, and culture could affect implementation and sustainment of the new processes.

Resistance from organizations down to individuals can result in process reforms
not being adopted. For example, in the USN Arsenal Ship program, acquisition reforms
were enacted to place increased design authority with commercial contractors. While it
appeared that these reforms were producing positive results, when the commercial
contractors needed access to major subsystems that previously had been developed in the
Navy, the USN participating managers (PARMs) were resistant. Traditionally, the
PARMs do not answer to contractors and supply much of the design work themselves.
The new reforms threatened to “demote” the PARMs’ activities to those of support,
which were perceived as being of lower importance. The result was a lack of cooperation,
which led to programmatic difficulties, and eventually was a factor in the Arsenal Ship
program being cancelled.” This is an example of trying to create reforms that solve a
specific problem, and neglecting to take into account the institutional context within

which the reform must be implemented.

2 Aronstein, op. cit.

* Leonard, Robert, Jeffrey Drezner and Geoffrey Sommer, “The Arsenal Ship Acquisition Process

Experience: Contrasting and Common Impressions from the Contractor Teams and Joint Program
Office,” RAND Corporation, Santa Monica, CA, 1999.
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e. Lack of Trust in Reform Efforts

Performing trade-offs or engaging in evolutionary acquisition is more difficult
when there is an absence of trust that future systems will deliver additional performance.
Because of the multiple acquisition reforms in the last couple of decades, civilian and
military personnel involved with day-to-day activities become wary of these changes and
try to maintain the status quo until the desire for the “current” set of changes recedes.
One example of this can be illustrated in the Global Hawk program. The evolutionary
acquisition process was to produce a baseline system with increased performance at a
later date. It was threatened when the USAF wanted to change performance requirements
of early systems to make them more capable. This would have circumvented evolutionary
acquisition, making the Global Hawk program more traditional and higher risk. In the

end, OSD intervened and kept the evolutionary aspect of the program intact.
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IV. OVERVIEW OF SYSTEM ACQUISITION PROCESS, SYSTEMS
ENGINEERING AND PROGRAM MANAGEMENT PROCESSES,
AND ACQUISITION PROCESS STAKEHOLDERS

The Defense Acquisition Process, as outlined in DoD regulations, repeatedly has
been reformed. Every few years a new set of reforms is enacted—with particular
regularity when a new administration takes office. As such, no two programs, including
those illustrated in this study, have operated under the exact same sets of acquisition
rules, and often the life of these programs have spanned many sets of reforms. To further
confuse matters, programs often deviate from the official procedures and processes by
which they are governed. This presents problems when trying to evaluate the

effectiveness of particular reform efforts.

Nonetheless, we review the current status so as to understand the acquisition
process and the problems that can arise. In this section, we review the overall acquisition
management policies that are currently in place; we then present a summary of the formal
acquisition process, with commentary on major stakeholders and systems engineering
processes, where appropriate. The acquisition process description in this chapter makes

heavy use of the Defense Acquisition University’s acquisition process tutorial *>

A. ACQUISITION PROCESS DRIVERS

In recent years, DoD has developed overarching policies focusing on flexibility,
responsiveness, innovation, discipline, and streamlined, effective management. These

policies largely shape the Defense Acquisition Process as it is currently defined.

A primary influence on the acquisition process is the recognition that no single
acquisition strategy is appropriate for all systems. As such, defense acquisition
regulations seek to lay out an adaptable process, where the direction of the program can
be tailored to the situation. A consequence of this flexibility is that situation-specific
decisions must be made at key points, known as milestones, and can only be adequately
resolved based on knowledge of key aspects of the program. Hence, a knowledge-based

decision-making structure is emphasized.

z “DoD 5000 — Defense Acquisition Process Tutorial,” http://DoD5000.dau.mil/TUTORIAL/index.htm,
January 2004.
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Other influences, such as excessive program schedule lengths, have led to the
desire to shorten system acquisition time and to maximize system utility when the system
is finally deployed. To shorted acquisition time, DoD encourages an evolutionary
acquisition strategy that seeks to deliver capability in increments, as technology, need,
and resources dictate. Spiral development, the preferred process by which evolutionary
acquisition is implemented, places various capabilities on the “arms of the spiral,” where
the desired capabilities can be pursued in parallel as needed. To maximize system utility,
system interoperability, open systems, and system deployment sooner rather than later are

emphasized.

Finally, the desire continues to acquire the most advanced systems at the lowest
cost. Using competition and performance-based specifications where specific military
standards are avoided so as not to hamper contractor creativity seeks to capitalize on
innovation. Systems engineering approaches and leveraging commercial resources are
then looked to in order to optimize system performance and minimize total ownership

costs.

This very brief overview of drivers in acquisition policy provides a context within

which the acquisition process structure can be understood and evaluated.

B. THE ACQUISITION PROCESS

The current acquisition process is outlined in DoD 5000.2. The Defense
Acquisition Management Framework (Figure 1) illustrates the structure of the acquisition
process: it is meant to be more flexible than previous DoD acquisition processes, and it is
meant to act more as a guide than as a hard schedule. For example, this flexibility allows
a program to skip components of the process, depending on the nature and maturity of the

program and the ruling of decision-making bodies.

The structure of the process consists of activities, phases, and efforts. At the
highest level, the acquisition process is divided into activities: Pre-Systems Acquisition,
Systems Acquisition, and Sustainment. These are governed, respectively, by the Initial
Capabilities Document (ICD), the Capability Development Document (CDD), and the
Capability Production Document (CPD). Phases break the process down in greater detail
into the Concept Refinement, Technology Development, System Development and
Demonstration, Production and Deployment, and Operations and Support. Within phases,
various efforts can be undertaken, including System Integration, System Demonstration,
Low-Rate Initial Production (LRIP), Full-Rate Production (FRP) and Deployment,

Sustainment, and Disposal. Passing from one phase to the next is determined at
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Milestones, labeled Milestone A, Milestone B, and Milestone C, by a Milestone Decision
Authority (MDA).

Milestonas
A&*’f * \ X
;.I' \I‘ lr.f \I‘ ;.f \I‘
-f.I|| A_"‘-; .f.'f_B_"h .t'f_r'_\h
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Integration Demonstration Production
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T Design FRP
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T Review Review
Concept Technology | System Development Production Operations &
Refinement | Development | & Demonstration & Deployment Support
Pre-Systems Acquisition Systems Acquisition Sustainment
Initial Capabilities Capability Development | Capability Production
Document (1C0) Document (CDD) Document (CPD)

Relationship to Requirements Process

Figure IV-1. Diagram of the Defense Acquisition Management Framework

1. Before Pre-Systems Acquisition

The precursor to Pre-Systems Acquisition activities is actual program initiation,
and typically it originates from the identification of a need or a potential new capability.
A need-driven initiation starts, of course, with the recognition of that need, followed by a
determination of the desired capabilities and requirements to fill the need, from which an

ICD is created, and the program enters Pre-Systems Acquisition.

Alternatively, a technology may be identified that offers a potentially useful
capability. Often this route originates in government or academic labs, or from
commercial sources. From this, a program can enter Pre-Systems Acquisition through
three methods: Advanced Technology Demonstrations (ATD), Advanced Concept
Technology Demonstrations (ACTD), or Joint Warfighting Experiments. Following these

activities, an ICD is created and Pre-Systems Acquisition is entered.

2. Pre-Systems Acquisition

The first step in Pre-Systems Acquisition is a Concept Review. Here, the MDA
approves the ICD and the needed items for conducting the Concept Refinement phase. In

Concept Refinement, an Analysis of Alternatives (AoA) is conducted, wherein a wide
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range of potential solutions are considered and judged, based on a number of criteria. The
results of the AoA are used to prepare a Technology Development Strategy (TDS) that
will help guide activities in the next phase. Milestone A is then reached, where the results
of the AoA are approved and the next phase is set up (approval of the TDS and
Technology Development phase exit strategy).

After passing Milestone A, the program enters the Technology Development
phase. This phase is governed by the TDS in addition to the higher-level ICD. In this
phase, there is an effort to reduce technology risk: the technology must be shown to be
“...affordable, militarily useful, and mature,” appropriate for the intended environment,
and preferably able to be developed and produced in a short time. Ultimately, the
appropriate technology is selected. Also during this phase, a CDD to govern the Systems

Acquisition activities is developed, and the acquisition strategy is completed.

At this point, Milestone B is reached, where functionality for meeting the Federal
Government and DoD’s primary objectives must be demonstrated. Additionally, it must
be shown that DoD is the channel through which the capability should be developed.
Here, the MDA approves the acquisition strategy and sets up the next phase (determines
the need for Design Readiness Review, approves System Development and
Demonstration exit criteria, and approves LRIP quantities). Because successful passage
through Milestone B will initiate formal acquisition, the MDA is supposed to consider the
many factors affecting th