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Abstract

Air Force development of new or evolutionary weapon systems is a complex endeavor due to the
involvement of many stakeholders and the presence of considerable uncertainty in the acquisition
environment. The ability to adapt a weapon system while it is still being designed affords a
means to respond to this complexity. The fundamental motivation for this research is to discover
how Air Force development programs, operating within established constraints, can improve their
adaptability during the design phase to provide more value to the warfighter.

The thesis of this research is that the quality and nature of collaboration between stakeholders
during the design phase of weapon system development programs determines how effectively
they share knowledge, which in turn drives the level of program adaptability.

Eight case studies were conducted on Air Force development programs. Data were collected on
collaborative practices and patterns of adaptability demonstrated during design. The research
placed an emphasis on usage of “system representations” such as prototypes and beta software
releases that acted as a form of boundary object to facilitate knowledge sharing across
organizational boundaries.

As programs used system representations to provide higher levels of knowledge sharing, they
were found to be more adaptable. System representations were more effective at promoting
adaptability when they represented the design with higher fidelity, providing system-level detail
and covering stakeholder emphasis areas. Lastly, certain key stakeholder roles were found to
contribute both flexibility and structure, facilitating a “zone of novelty” in which the stakeholders
could exercise creativity and evaluate design options while still executing the program within
established constraints.

This research indicates that the pressing need for Air Force programs to be able to adapt in
today’s uncertain acquisition environment can be addressed to a significant degree through the
usage of effective system representations in conjunction with supporting patterns of stakeholder
interaction. Specific recommendations for Air Force acquisition policy makers and practitioners
are provided.
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Stakeholder Collaboration in Air Force Acquisition: Adaptive Design Using
System Representations

Robert E. Dare
Lean Aerospace Initiative
Massachusetts Institute of Technology

Executive Summary

This research, conducted under the auspices of the Lean Aerospace Initiative,
sought to determine how Air Force development programs could achieve high levels of
adaptability during the design phase of acquisition while maintaining effective
management of program risk. Due to tremendous uncertainty faced by many
development programs in such areas as requirements, technology and funding, traditional
planning and measurement efforts, with their emphasis on stability, must be
complemented by efforts to promote adaptability. The thesis of this research is that the
quality and nature of collaboration between stakeholders during the design phase of
weapon system development programs determines how effectively they share knowledge,
which in turn drives the level of program adaptability.

To gain insight into the phenomena of stakeholder collaboration and adaptability,
this research undertook retrospective studies of eight development programs, focusing on
the design phase. During design, changes are typically more affordable than they are
during the ensuing test period because they involve less rework. Command and Control
(C2) systems were selected for the eight studies because of their acute need to manage
change over time, which arises from the rapid rate of technology change in the areas of

communications and computers.



The research focused on collaboration between three major stakeholders who
contribute unique knowledge and fill different roles during the design phase. The first
stakeholder is the user community or warfighter, consisting of organizations that will be
the eventual operators of the system. Second is a government acquisition agency, or
System Program Office (SPO), whose role is to establish and oversee one or more
contracts with private industry to perform the development work within established
programmatic constraints. The third major stakeholder is a prime contractor who
develops the system in accordance with the government contract. Interviews with
knowledgeable representatives of the three stakeholders were combined with in-depth
reviews of program documentation to reconstruct the collaborative patterns and adaptive
results of each program.

The case studies centered on two aspects of collaboration. The first was a specific
collaborative mechanism called a “system representation” (SR), such as a prototype or
beta software release, which was used as a means to share partial information about an
ongoing system design. Unlike briefing slides or documents, a SR allows a stakeholder
to visualize and interact with the system as it is envisioned at that point in the design
process. The second, related aspect of collaboration involved stakeholder roles that
enhanced adaptability while maintaining an acceptable level of program risk.

The primary research questions undertaken in this study were the following.

e How does a system representation enhance adaptability?
e What characteristics make system representations effective at promoting
adaptability?

o What are the roles of stakeholders in facilitating program adaptability?



e Do certain characteristics of programs (requirements uncertainty, funding level

and duration of design phase) predispose them to be more or less adaptable?

Table 1 provides highlights of the programs (A through H) that were studied.

Program A Program B Program C Program D
Adaptive -User & contractor co- | -SR at SPO and -Prototype gave -SR helped resolve
strengths located contractor facilities | baseline for req’ts & | issues
-User technical -Open design -Changes
expertise communication -Built up-front anticipated and
-SR used operationally | - Shared objectives | consensus on design | welcomed
Adaptive None -4 users -No SR access -Req’ts not well
weaknesses -Lacked stable -Remote users developed
concept of ops. -$ constrained -$ constrained
-No formal concept | -4 users
of ops.
R&D (§ mil.) 24 23 13 22 (appx.)
Design (mos.) | 43 15 14 16
System Development system Development Fielded prototype Development
Representation software software
Adaptability Very high Very high Moderate Moderate
Program E Program F Program G Program H
Adaptive -Informal user - SPO in touch with | -On-site testers had | -Detailed issue
strengths feedback legacy system users | ops experience discussions
-Contractor made -Planning for tech. -Informal user
changes informally insertion, changes feedback
-Life cycle cost -Strong SPO
decision model systems engineering
-Early planning
Adaptive -$ constrained -Two SPOs -Field user busy -Limited user
weaknesses -Low priority -Long decision interaction with
-SPO and user friction | process (early) contractor
-User HQ lack of -No concept of -Late req’ts
operational operations -Late radio
experience -Job scope -Program highly
underestimated constrained/complex
-Limited user -Job scope
involvement underestimated
-No formal concept
of ops.
R&D ($ mil.) 15 (appx.) 28 (appx.) 140 40
Design (mos.) | 6 21 24 24
System Development Development Representative lab Representative lab
Representation | software software
Adaptability Moderate Low High High

Table 1. Summary of Programs A through H




Analysis of case study data established adaptability levels achieved by each
program (ranging from “very high” to “low”) and led to a set of findings and
recommendations regarding system representations and stakeholder roles.

The first finding regarding system representations (SR) was that adaptive
programs used a SR to share knowledge between stakeholders. Figure 1 summarizes
the data that led to this finding. Programs that experienced more extensive knowledge

sharing due to SR usage tended to have higher levels of program adaptability.

Knowledge
Sharing | Exceptional | Strong | Moderate | Weak None
with SR
Adaptability
Very high A B
Moderate D E C
Low F

DEFINITION OF CRITERIA (SUMMARY)

-Exceptional — in depth stakeholder interaction (fully exercising SR) on a daily basis

-Strong —substantive interaction (exercising some aspects of SR) on a daily basis

-Moderate — substantive interaction (exercising some aspects of SR) on a weekly basis or less
-Weak — top-level interaction (brief exposure to some aspects of SR) on a weekly basis or less
-None — no interaction

Figure 1. Knowledge sharing with SR versus adaptability



The second finding related to system representations was that more adaptable
programs had higher fidelity system representations (system level detail and
coverage of stakeholder emphasis areas). Figure 2 presents the data related to the first

SR fidelity measure - level of detail (system, subsystem or minimal).

Level of System Subsystem Minimal
Representation Level Level Design
Detail Detail Detail
Adaptability
Very High
y Hig A, B
High G H
Moderate C
Low F
DEFINITION OF CRITERIA

- System level: portrays overall system functionality and interaction of subsystems
- Subsystem level: portrays subsystem functionality
- Minimal: minimal representation of functionality

Figure 2. Detail level of SR versus adaptability

Stakeholders for each program indicated that they had emphasis areas for their
programs. Figure 3 consolidates the data related to the second measure of SR fidelity,

level of coverage of emphasis areas. Programs had either high or low SR coverage.



Very High
to High
Adaptability

Moderate
to Low
Adaptability

High SR
Coverage

Low SR
Coverage _

A,B,G| H

OBSERVED GOVERNMENT
EMPHASIS AREAS:

Technical performance
User interface

E C,D,F

Interoperability
Maintenance

Life cycle cost
Reliability
Development cost

In highly adaptive programs, stakeholders were observed to perform roles that

contributed in significant ways to essential adaptability functions. Table 2 consolidates

the roles that were observed to be best practices supporting these adaptability functions.

Adaptability | SPO Role User Role Contractor Role
Function
Demonstrate | ¢ Encourage and | ¢ Coordinate field e Create and
partial design facilitate user participation share SR
engagement
e Manage user
expectations
Identify e Provide design
potential feedback: operational
design or perspective (how
requirements system will be used)
changes
Evaluate o Facilitate e Define priorities e Evaluate cost,
potential contractor (importance of benefit and best
changes evaluation potential changes) implementation
e Evaluate risks approach

Table 2. Key stakeholder roles supporting program adaptability functions
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This set of stakeholder roles provided a mixture of flexibility and structure for the
most adaptable programs, encouraging both innovation and risk management.

The final research question dealt with the relationship between program
characteristics and adaptability. Data indicated that the program characteristics of
requirements uncertainty, research and development (R&D) budget, and design phase
duration, were not correlated with levels of adaptability.

This research resulted in the following recommendations.

1. Make system representations (SR) and adaptability part of acquisition planning
¢ Evaluate benefit vs. cost of SR during pre-contract planning
e Plan resources
o SR creation and modification
o Evaluation of potential changes
o Implementation of changes

2. Involve the operational user in the design phase
e Provide feedback on design based on unique knowledge of operational
considerations
e Provide integrated, up to date priorities
(Note: a system representation gives user representatives a mechanism to be
productively engaged in design)
3. Create effective system representations
e Provide system level detail
e Provide coverage of stakeholder emphasis areas
e SRs are strongest at portraying visual emphasis areas: technical performance
(functionality), user interface and maintenance
e Analysis (computational assessments) helps with coverage of reliability,
development cost and life cycle cost
e SRs and analysis are effective as complements
4. Make effective use of system representations
¢ Once the contractor can make functionality visible, there may be value in sharing
a SR
e Make aspects of the design visible and provide opportunity for interaction
e More in-depth interaction and greater frequency leads to greater knowledge
sharing (balance against resource considerations)

5. Create a “zone of novelty” — a mix of flexibility and structure for the program
e Exercise key stakeholder roles (Table 2) that support adaptabilityThis research

also applied two theoretical lenses related to inter-organizational interaction and

11



adaptability: complex adaptive systems theory (CAS) and boundary objects. CAS
organizational constructs were developed, representing considerations that organizations
should address to promote adaptability. Findings correlated well with these constructs,
implying they may have application in other inter-organizational settings.

CAS constructs:

e Develop tools and procedures for information sharing
e Look for and resolve potential perturbations to stability
e Balance structure and flexibility

Several authors, including S. L. Star, Paul Carlile and Josh Bernstein, have
explored the concept of using a boundary object to facilitate knowledge transfer across
knowledge boundaries. This research expanded considerations of boundary objects to
inter-organizational settings and defined a special type of boundary object called a system
representation (SR). Data indicated that SRs were effective boundary objects, helping
stakeholders bridge knowledge boundaries to establish shared understanding.

This research has provided recommendations for acquisition policy makers and
stakeholders on how programs can be made more adaptable. It has provided evidence
that CAS principles are important considerations to understand inter-organizational
interactions and adaptability. The research has also expanded application of the concept
of a boundary object to include inter-organizational contexts. Finally, the research has
clarified the importance of adaptability during design. The definition of value for the
warfighter changes over time, and there are limited resources available for modification
of fielded systems. Therefore, the design phase is a unique time when it is possible to

visualize and interact with the system when changes are still affordable.
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Chapter 1 Introduction

1.1 Motivation

Air Force development of new or evolutionary weapon systems is a complex
endeavor, in part because of the involvement of many stakeholders with differing and
time-varying needs and constraints. Complexity also stems from an uncertain
environment that includes shifting budgets, evolving threats and rapid technology
advances. Because of these considerations, emphasis on up-front planning is necessary
but not sufficient. Ongoing interaction among stakeholders provides a means of
establishing a shared understanding of program issues and opportunities as the
development program unfolds. The ability to adapt a program affords a means to respond
to complexity, providing a way to address unforeseen challenges and potentially add
value for the warfighter beyond what was envisioned in original program plans. The
thesis of this research is that the quality and nature of collaboration between stakeholders
during the design phase of weapon system development programs determines how
effectively they share knowledge, which in turn drives the level of program adaptability.

In a recent Air Force acquisition policy memo (Sambur, 2002), the Air Force
chief acquisition officer stated, “the primary mission of our acquisition system is to
rapidly deliver to the warfighters affordable, sustainable capability that meets their
expectations.” The memo expresses that “success hinges on up-front, collaborative and
concurrent planning” of stakeholders to “establish, at the outset of the program, mutual,
realistic expectations for content delivered, schedule of delivery, and cost.” The policy

also advocates Evolutionary Acquisition (EA) as the “preferred acquisition strategy” and
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spiral development as “the preferred process to execute the EA strategy.” EA and spiral
development, as discussed in Chapter 2, provide means to re-evaluate plans periodically,
but in-depth mechanisms for making these approaches work, including revised
definitions of the roles of the stakeholders, are not fully understood. This research
endeavors to contribute some answers to the dilemma of how to accommodate dynamic
considerations from different stakeholders and from external factors, and achieve the
greatest value for the warfighter within established program constraints. Ongoing
stakeholder collaboration is the first step in addressing this challenge.

In order to gain insight into the phenomena of stakeholder collaboration, this
research undertook retrospective studies of eight development programs, focusing on the
design phase. During design, changes are typically more affordable than they are during
the ensuing test period because they involve less rework. The design phase is considered
for this study to be the period after definition of formal requirements and through the
completion of design definition, which typically happens at a Critical Design Review
(CDR) or equivalent milestone. Command and Control (C2) systems were selected for
the eight studies because of their acute need to manage change over time, which arises
from the rapid rate of technology change in the areas of communications and computers.

The research focused on collaboration between three major stakeholders who
contribute unique knowledge and fill different roles during the design phase. The first
stakeholder is the user community or warfighter, consisting of organizations that will be
the eventual operators of the system. Typically an Air Force major command
headquarters office will be responsible for representing this community by tracking and

communicating user needs in the form of program requirements. Second is a government
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acquisition agency, or System Program Office (SPO), whose role is to establish and
oversee one or more contracts with private industry to perform the development work
within established programmatic constraints. The third major stakeholder is a prime
contractor who develops the system in accordance with the government contract. Other
stakeholders, including most notably the government oversight community and the test
community also play a role in the design phase. However, it was necessary to focus on
three key participants to construct an executable research regime. Interviews with
knowledgeable representatives of the three stakeholders were combined with in-depth
reviews of program documentation to reconstruct the collaborative patterns and adaptive
results of each program.

The case studies centered on a specific collaborative mechanism that was
identified during earlier exploratory research. Some programs were found to use a
“system representation” (SR), such as a prototype or beta software release, as a means to
share partial information about an ongoing system design. A system representation (SR)
is defined in this research as a visible, interactive representation of the contractor’s
system design as it is envisioned at a point in time. Of the eight programs studied for this
research, all adapted to widely varying degrees, but programs that created and used a SR
found that it had a positive impact on the ability of stakeholders to share knowledge,
enabling them to develop a shared understanding about the system. SRs made the design
accessible to all stakeholders and aided in identification and evaluation of potential
adaptations. High fidelity SRs, which captured system-level design details and covered
stakeholder emphasis areas, were found to be effective in promoting adaptability. Also,

certain stakeholder roles were found to be critical in establishing a balance between
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structure and flexibility that permitted stakeholders to adapt while maintaining an
acceptable level of program risk.

Stakeholders in these eight development programs exchanged different types of
knowledge, including evolving user needs, new technology options, operational
implications of design choices, user priorities, and programmatic constraints. The wide
exchange of relevant and accurate information seemed to be key to identifying and
evaluating potential changes that could add value to the program. The role of the user
community was particularly valuable in some of the programs in evaluating the evolving
design to provide timely feedback on operational considerations and to prioritize
potential changes in the requirements or design.

Insights from the eight cases implied that the concepts of collaboration and
adaptability are interrelated in the context of system design. Schrage defines
collaboration as “shared creation and/or shared discovery.” (Schrage, 1995). Generating
a system design is a creative process, but it is also a discovery process in which initial
expectations are often subject to change. As the prime contractors that were studied
created a system design to fulfill program requirements, design information was often
shared with the SPO and the user community in some fashion. Stakeholder interaction, in
particular regarding requirements clarification and exploration of design trade spaces,
resulted in design being a shared creation process. In several of the cases, a SR helped
make this interaction more substantive. In the context of this research, collaboration
refers to sharing knowledge between stakeholders about the system during design with

the intent to identify and disposition emergent issues and opportunities.
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For purposes of this study, adapting refers to a decision to change a program
requirement or to modify a currently envisioned design choice as a result of stakeholder
collaboration. Sharing knowledge through collaboration enables stakeholders to reach
consensus and make an informed, mutual decision to approve a change. Since Air Force
development programs are highly constrained, adapting may involve the risk of violating
these constraints. Taking managed risks provides the chance to add value for the
warfighter, as might happen when a program incorporates a new technology or
implements a solution to a parts-obsolescence issue. Stakeholder interaction can provide
a significant means of managing risk, to the extent that it allows decision-makers to know
the relevant factors impacting a decision to change. In the cases that were studied, these
factors included the benefit, priority, cost and risk associated with a potential change.

It is important to draw a contrast between adapting and a practice known
historically as “gold plating.” The practice of providing the warfighter more capability
without regard to funding constraints, or gold plating, has historically been a major cause
of cost growth for some development programs. However, there are several legitimate
scenarios for adaptation that factor in cost risk considerations. Sometimes changing a
requirement or design choice has no cost or saves money, especially if the decision is
made early in the program. If an adaptation will incur minimal costs, the resources may
be available in management financial reserves. An adaptation may have enough priority
to displace or modify an existing requirement, offsetting any cost increase. In other
cases, a change may add so much utility that additional funding can be justified to higher
authorities. Adapting makes sense in the proper context, and failure to adapt due to risk

aversion leads to lost opportunities.
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The primary research questions undertaken in this study were the following.

e How does a system representation enhance adaptability?

e What characteristics make system representations effective at promoting
adaptability?

e What are the roles of stakeholders in facilitating program adaptability?

e Do certain characteristics of programs (requirements uncertainty, funding level

and duration of design phase) predispose them to be more or less adaptable?

1.2 Relationship to Lean Principles

During the development of the area of focus for this research, many of the
recurring themes had their origins within the Lean Aerospace Initiative (LAI), a research
consortium at the Massachusetts Institute of Technology. In particular, LAI emphasis on
delivery of best value weapon systems to the warfighter has been a central consideration.
The need to define value for a program leads to another important LAI theme -- the
recognition of multiple stakeholders whose needs and contributions can be combined to
make up a value proposition for weapon systems. LAI research (Stanke, 2001) has found
evidence that successful programs formulated and maintained a value proposition
between key stakeholders. The imperative to respond to evolving stakeholder needs in an
uncertain environment has led to a focus for this research on the theme of adaptability as
an enabler of best value delivery.

LAI has developed a Lean Enterprise Model (LEM) as “a systematic framework

for organizing and disseminating research results...designed to help LAI members
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identify and assess the leanness of their own organizations and processes.” (LAI, 1998).
Five of the LEM’s twelve overarching practices have a relationship to this research:
- Assure seamless information flow — an enabler of effective collaboration.
- Make decisions at lowest possible level — effective, rapid decisions enhance
adaptability.
- Develop relationships based on mutual trust and commitment — also central to
effective collaboration.
- Continuously focus on the customer — provides “true north” definition of what
potential adaptations represent added value.
- Nurture a learning environment — collaboration promotes learning about different
aspects of the system under development, including stakeholder values and

constraints.

One of the two meta-principles cited in the LEM is “responsiveness to change”,
which is analogous to adaptability. One of the four LEM enterprise principles is
“effective relationships within the value stream”, which implies collaboration. Therefore,
the concepts of adaptability and an emphasis on the importance of collaboration are
integral to the lean principles espoused by LAIL

Another major LAI theme has been the necessity to both “do the job right” and
“do the right job” (Murman, et al, 2002). Doing the job right involves procedures. Doing
the right job requires collaboration between stakeholders to refine a shared definition of
the job over time.

While the original focus of lean principles was on production, LAI has played a

major role in expanding the application of lean concepts to such areas as product
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development and acquisition. The latest phase of LAI has advocated and provided
support for a further expansion of lean principles to the enterprise level (Murman, et al,
2002.) This perspective is in keeping with current Air Force policy to enhance
collaboration between stakeholders and deliver systems faster and with greater credibility
(Sambur, 2002.) As of this writing, the Air Force is engaged with LAI in a major
initiative entitled “Lean Now!” which seeks to expand the application of lean principles
to Air Force programs and processes. As the Air Force seeks greater flexibility and
timeliness in the acquisition of systems, the concepts of collaboration and adaptability are

at the forefront of current lean thinking.

1.3 Dissertation Overview

Chapter 2 provides an explanation of the specific context of Air Force acquisition.
This chapter includes a summary of regulations that describe the design process and
define the roles of the major stakeholders. It covers recent Air Force policy related to
relevant acquisition themes such as stakeholder in