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Preface

Companies in today’s environment are competing heavily for market share 
and understand the importance of Research and Development (R&D) to 
maintain that market share. If companies want to survive into the future, 
they must realize that R&D-to-market cycles are happening faster than 
ever before. Companies that do not adapt to the more aggressive environ-
ment will find the competition gaining and taking over. Decisions made 
to invest in activities that may provide a competitive edge are not taken 
lightly. The resources applied to R&D are typically the same resources 
that could be used for other important activities within an organization. 
If a company is willing and able to invest in its future, it also will have an 
expectation that there will be a return on that investment, through either 
a new product or a process that will allow future sales or income to be 
generated.

The most successful companies in today’s competitive environment 
have realized the benefit of applying project management processes to 
achieve successful outcomes more rapidly and with greater than expected 
results. The key is to apply project management principles, so well estab-
lished throughout the world, as an effective way to manage projects to 
successful outcomes. However, the application of project management to 
R&D, a critical area of focus for these organizations, has been somewhat 
problematic. The challenge of applying project management methodology 
to R&D is in the inherent nature of R&D itself, which typically requires 
a highly creative and nonlinear path to successful outcomes. R&D practi-
tioners are used to working in timelines that are typically multiyear, have 
requirements for strict confidentiality that constrict communications, and 
where return on investment is anticipated far in the future.

This book will provide methods for optimizing results in R&D through 
the use of structured processes that come from the project management 
field, along with a few other key complementary disciplines. The meth-
ods established here can easily be applied to innovation and other cre-
ative endeavors as well. An inventor with an idea, an individual wanting to 
redesign an interior, an artist with a concept, are all opportunities to add 
structure to ensure the optimal outcome. To assist the reader in applying 
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what is learned, each chapter offers case studies, a Key Point summary sec-
tion, and Apply Now sections to practice what is discussed in the chapter.

As there are limited sources of information on how to actually uti-
lize project management methodology in this manner, this book will be 
invaluable to the individual who is longing for some structure to help meet 
his/her creative goals. Anyone wanting to apply a sound methodology to 
meet a desired outcome will want to consider this book.
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Introduction

This book provides information about project management methods, 
which, when used in combination with complementary disciplines, can 
provide the best chance of reaching successful outcomes for a wide range 
of creative and innovative activities. Each chapter provides in-depth back-
ground and instruction on each of the topics so that they can be under-
stood and immediately applied.

Project management emerged as a methodology in the 1950s as a way 
to control cost, schedules, and scope in a defined project more effec-
tively than the historic methods of controlling activities using just a basic 
schedule and generic management techniques. The driving force for the 
implementation of more disciplined project management came from large 
defense contractors and engineering organizations that were developing 
and producing highly complex and costly products. Project management 
was proven to be effective and was widely adopted by large organizations 
throughout the world. The successful use of these methods in manufactur-
ing and production was shown to provide such a competitive advantage 
that the discipline spread to a diverse population of smaller organizations 
as well.

However, the incorrect application of management techniques can ham-
per an activity just as an appropriate application of project management 
techniques can be the foundation upon which success can be achieved. 
Identifying the best methods for the activities that will be managed is the 
most critical step. This is especially true for research and development 
(R&D) activities, which do not fit the traditional project model. They may 
seem difficult to manage because of their inherent ambiguity, the need 
for creative exploration, and often the lack of having defined milestones 
and outcomes. Following the discipline of project management provides 
the ability to categorize activities, bound them, and then assess progress 
along a defined course of action. Project management processes also pro-
vide information about status and progress, visibility into opportunities 
and challenges that might otherwise be missed, and allows timely course 
corrections.

Project management processes can be applied to activities regardless 
of the industry or discipline: science, technology, arts, adventure, etc. All 
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that must be done is for an individual to recognize the benefits of follow-
ing existing processes and to constrain the activities to a prescribed time 
frame, identify a specific amount of budget, and develop a set of technical 
or process specifications. At that moment, a project has been established. 
Then, by applying the additional techniques learned in this book, the proj-
ect management methods can be enhanced, thereby increasing the poten-
tial for reaching optimal outcomes.

This book provides the processes, tools, and techniques to assess and 
manage these creative activities in an optimal way. It provides the reader 
background on each of the topics being discussed, and then defines spe-
cific actions, processes, and templates for use on R&D projects. By the end 
of Chapter 1, the reader should be able to start applying the information 
directly to his or her own activities. And, by the time the readers reach the 
end of the book, they should feel confident that they have a solid compre-
hension of the methods and approach to managing most any creative and 
innovative project.

All activities, no matter what they are, follow some level of discipline 
and an underlying set of processes. Sometimes these are obvious. For 
example, building a model requires certain steps be followed in a certain 
order. Not following these sequential steps will reduce the potential for 
building the model as it was designed. Other activities do not seem to fol-
low a discipline. Creating a piece of artwork may not appear on the surface 
to be structured or process driven. However, there is an underlying set of 
processes being used. An example might be the act of painting a canvas. If 
the canvas is not first stretched and primed, the potential for achieving the 
successful outcome of a completed painting is reduced. These processes 
can usually be mapped directly to project management methods.

To obtain the best value from this book, it will be necessary to start by 
understanding the principles and components that make up project man-
agement. Chapter 1, therefore, provides the solid foundation on which 
project management for R&D is based. Chapters 2 and 3 further define the 
application of project management, and incorporate the additional disci-
plines that position R&D to be successful. Chapter 4 describes the impor-
tance of measurements to success and, then, Chapter 5 provides additional 
guidance on how to apply these measurements to R&D projects. Chapter 
6 focuses on risk management and mitigation, the ability to identify and 
take action to minimize negative risks and seize opportunities. Chapter 
7 guides the reader through options for creating a highly effective team. 
Finally, Chapter 8 provides a summary of the material presented in the 
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book. Each chapter includes Apply Now exercises that will allow imme-
diate application of the fundamental concepts, uses a case study to dem-
onstrate the application of project management within a complex project 
spanning several stages of a life cycle, summarizes key points of concepts 
and terms, and provides a summary checklist to apply the ideas from the 
chapter to a real situation.

I invite you to explore how project management can be applied to R&D 
activities to achieve successful outcomes.
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1
Project Management Approaches

The elements of project management that will be explored in this chap-
ter include:

• Nature
• Formality
• Traditional and flexible approaches
• Life cycle approach

Project management is the act of applying a disciplined approach 
to a set of activities. This chapter explores the discipline of project 
management and explains how elements of the discipline are used 
to achieve the best possible outcomes for any project. Different lev-
els of formalization provide the ability to fully implement project 
management methods in different environments based on the dif-
ferent needs of the project. Traditional project management meth-
ods versus flexible project management methods, and the differences 
between projects, programs, and portfolios are then reviewed in 
Sections 1.2 through 1.7.

An understanding of what the terms research and development mean 
is fundamental to being able to apply the concepts of this chapter, as 
well as an understanding of where R&D fits into the overarching set 
of activities within an organization, and where it is within a life cycle. 
These ideas are explained in Section 1.8. Apply Now exercises, which 
will allow immediate application of the fundamental concepts in this 
chapter, are included. Also provided is a case study demonstrating the 
application of project management within a complex, creative project 
spanning several stages of a life cycle. In order to allow the reader to 
gain practical experience in applying the concepts from this chapter, a 
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checklist is provided that can be used as a template to evaluate a real-
world project.

Chapter Road Map

Chapter 1 focuses on project management as a discipline. It specifically

• explains the nature of projects;
• explores both traditional and flexible project management methods;
• outlines project management activities, processes, tools, and techniques;
• explores the differences between project, program, and portfolio 

management;
• describes the life cycle approach to project management;
• provides Apply Now exercises that will allow immediate application 

of the fundamental concepts;
• uses a case study to demonstrate the application of project manage-

ment within a complex project spanning several stages of a life cycle;
• summarizes key points of concepts and terms;
• provides a summary checklist to apply the ideas from the chapter to 

a real situation.

1.1 NATURE OF PROJECTS

This section reflects on how a project is typically classified and the rela-
tionship with other activities.

• A project is an activity with a defined scope or goal, to be accom-
plished within a specific time frame or schedule, and with a dedi-
cated budget.

• For activities that are ongoing and have no specific milestones, 
almost all project management processes can be used as the under-
lying discipline if constraints are placed on time and activities.

• The application of project management, enhanced by complemen-
tary disciplines, provides a powerful toolset to manage activities that 
have ambiguous goals.
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The structure of project management has typically been used to 
describe activities that are specifically categorized as projects. A project 
is an activity with a defined scope or goal, to be accomplished within a 
specific time frame or schedule and with a dedicated budget. The perfor-
mance of the project is measured and actively managed. Project manage-
ment is seen by some as a highly regimented activity where, if applied to 
more creative activities, would result in constraining them to the point 
that they would not succeed. However, there is a wide range of activities 
that may not fit the description of a project, but would benefit from the 
application of the project management discipline. In order to do so, it 
requires a solid understanding of the methods that are included within 
the discipline, and a clear understanding of the objectives of the activity 
to be undertaken.

Operations activities, typically, are not included in the categorization 
of a project. However, operations are generally included in an annual 
work plan, with specific objectives to be met for the year. These could be 
objectives reflected in production quotas, service levels, or a limit in the 
number of process deviations addressed. In activities that are ongoing and 
have no specific milestones such as these, almost all project management 
processes are still applicable and can be used as the underlying discipline. 
It is easy to take this ongoing operations-type work, plan the activities 
for a single year, break down the lower-level activities, assign resources to 
those activities, define risks, and measure performance. Indeed, opera-
tions managers do this regularly without calling it project management.

Operations-type activities could be defined using the following stan-
dard project management categories:

• Scope of work
• The outcomes desired from that work
• Risks associated with completing work in the way that is planned
• The timing of certain activities
• How best to organizationally align
• How much money is expected to be spent in doing the activities (in 

labor, materials, overhead, facilities, etc.)

It is important to measure the performance of the activity that is 
expected; something that can only be accomplished by reviewing cur-
rent performance against past and expected performance. Occasional 
reviews may be ad hoc, but regularly scheduled reviews also may be part 
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of the routine. Putting an ongoing activity in a project format provides 
the opportunity to actively manage the activity rather than managing it 
on an exception basis when crises emerge. Indeed, putting all activities 
within an organization into project structures provides visibility into the 
use of resources that one may not get with diversely managed activities. 
This holistic approach of management provides insight that the manager 
otherwise may not have received.

Unlike operations projects, which have a strongly defined activity 
that can be segmented and managed with project management meth-
ods, R&D activities present a different challenge. R&D is sometimes 
categorized as a project, and sometimes not. R&D may or may not 
have defined goals or outcomes. Although a research project may not 
be formally called out in an annual work plan, management typically 
has some expectation of what outcomes will ensue from the develop-
ment and will require some accounting of the activities that are being 
funded. Just as in operations activities, R&D activities also could be 
defined using the same standard project management categories as 
those listed above.

R&D activities will be expected to have an objective to increase knowl-
edge in a particular area, perhaps be required to develop a sample called a 
prototype, or engage in modeling and simulation, for example. The objec-
tive is that the R&D will eventually lead to something new. Regardless of 
the level of certainty associated with R&D goals, the application of project 
management, enhanced by complementary disciplines, provides a power-
ful toolset to manage activities outside of what is considered a traditional 
project such as these.

1.2 FORMALITY OF PROJECT MANAGEMENT

The amount of project management formality is derived through careful 
review of customer expectations and requirements, and analysis of risk 
level, scale, complexity, and scope. The formality levels include:

• Formal projects, requiring the implementation of all standard proj-
ect management processes and extensive reviews to verify perfor-
mance to the established plan.
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• Semiformal, which is typically less complex or less risky and yet requires 
a careful accounting of the progress a project makes against the plan.

• Informal, which use standard project management processes; how-
ever, without significant oversight.

All projects within an organization do not require, or benefit from, the 
same level of formal project management discipline. The amount of proj-
ect management formality is derived through careful review of customer 
expectations and requirements. It also can be assessed through an analy-
sis of risk level, scale, complexity, and scope. In general and in practice, 
many factors go into the decision. Applying the right level of discipline to 
an activity is an art. If the organization has a firmly entrenched process 
for establishing and managing formal processes, it will be more inclined 
to use those established processes. If the organization does not have any 
formal processes established, it will be difficult to implement full project 
management, even if the customer desires that level of accountability and 
reporting. Trade-offs need to be made between implementation of project 
management processes and the effort it would take to implement the pro-
cesses within the organization.

1.2.1 Formal Project

When a project requires formal project management, a full-time project 
manager is typically assigned. All of the established standard templates 
will be used to document the project scope, deliverables or outcomes, 
project plan, schedule, and budget. Formal change management and risk 
management will be required. All of the standard project management 
methods and processes must be implemented, including “planned versus 
to-date” formal cost and schedule controls, and reviews will be used to 
manage the project fully and completely. Large and complex projects are 
typically formal projects.

1.2.2 Semiformal Project

A project may require semiformal project management when it is less 
complex or less risky, and, yet, when the customer or project manager 
desires a careful accounting of the progress a project makes against the 
plan it puts in place. An experienced project manager may be assigned 
full-time. Many of the established standard templates will be used by the 



6 • Project Management for Research and Development 

project manager to document the project scope, deliverables or outcomes, 
project plan, schedule, and budget. Change management and risk man-
agement will be used. All the standard project management methods and 
processes will be in place, including cost and schedule controls; however, 
methods and reviews may not be highly regimented or formally reviewed.

1.2.3 Informal Project

An informal project differs from the semiformal and formal projects 
in the use of the methods for budget and schedule tracking, the level of 
participation in reviews, and in the scrutiny of progress against sched-
ule milestones. An informal project is still expected to meet its project 
cost, schedule, and scope goals; however, it is typically left to the project 
manager to oversee the progress of the project. Full or fractional project 
management may be assigned to the project. Typically, the project man-
ager uses existing and established project management templates and pro-
cesses to perform project management activity.

Experienced project managers, in collaboration with a highly motivated 
technical or scientific lead, generally referred to as a principal investiga-
tor, are the best combination to manage informal projects. These projects 
often run in the background with little oversight and depend on moti-
vation from the participants rather than accountability through reviews 
and other reports that validate progress and keep the project on track. An 
informal project carries the most risk in lacking completion.

1.3 TRADITIONAL PROJECT MANAGEMENT

Traditional project management uses a methodical, sequential approach 
to reach a defined target or outcome. It requires

• an initiation phase to develop the scope, identify participants, and 
define the objectives or outcomes;

• the formalization of a plan, including specified requirements, bud-
get, and schedule;

• active management of the plan, including change management, risk 
management, performance measurements, and communications.
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Traditional project management, often referred to as the waterfall 
method (based on the resemblance to the flow of a waterfall), requires 
that various processes be followed and activities be completed in 
sequence. Among these is the institutionalization of a plan describing 
what activities will take place, by whom, over what time, and within 
the cost and technical parameters. Documentation and communication 
is required during and after the activities are complete. The discipline 
includes ways to measure performance and quality against the estab-
lished documentation. The cornerstone of how the discipline works is 
in establishing a baseline description of what will be done, when and 
for how much, and then managing against that baseline. A baseline is 
a final version of the project that includes the scope, requirements, out-
comes, resource-loaded schedule, budget, and all other project-related 
documentation. It is the version that everyone involved in the project 
has agreed to and supports. And, it is the version against which change, 
quality, and performance are measured. Each of these activities, when 
taken together, provide a framework or structure that helps put form to 
an idea and offer visibility into the progress made to implement the idea. 
The components of traditional project management are described in the 
following sections.

1.3.1 Scope

Developing a scope statement is a critical first step in the process of devel-
oping a plan. The scope defines in plain language “what” will be done and 
who the customers or beneficiaries are. In some cases, describing what 
will not be done also will be included in the description where the clarifi-
cation is value-added. The scope does not include detailed requirements, 
which are captured in a later stage, but is the high-level summary state-
ment of what is needed.

Further fidelity can be obtained by defining goals and objectives; how-
ever, these are not required. Goals are high-level statements that would 
further define what the project is designed to achieve. Objectives fur-
ther define specific actions, or trajectories, that the project will follow to 
achieve the goals, written in clear language, which makes it easy to mea-
sure performance. Scope, goals, and objectives should be clearly aligned so 
that it is obvious that by achieving an objective it will lead to achieving the 
goal, and by achieving the goal, the scope will have been met.
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1.3.2 Deliverables/Outcomes

It is imperative to define as clearly as possible what the expected outcomes 
and/or the product, service, or process change will be once the require-
ments are fulfilled. The final deliverables or outcomes will be compared 
with the established project plan to confirm that performance has been 
achieved as expected, and goals have been met. This can be a bulleted list 
of functionality, hardware or software, a defined process, or some other 
outcome that will be delivered by the project. The list does not include 
project activities, but instead focuses on the results of the project activities.

1.3.3 Requirements

Once the scope and deliverables are understood and documented, then 
requirements are defined. A requirement describes exactly what is needed. 
It can include a feature or a process. For example, if the scope is to build 
a box, the requirements define what the box will be used for, what the 
dimensions must be, if it needs to open and close, and other such impor-
tant features and functions that it must perform. Typically, a priority order 
is assigned to these requirements unless money is no object. The highest 
priority items are the “must-haves.” The lower priority items are desired 
options, which, depending on cost and schedule, would be included.

1.3.4 Approach

The approach outlines in clear language the specific actions that will be 
taken to develop and implement the requirements and achieve the over-
all project outcomes. Approach options may include, for example, doing 
the work within the existing resources, outsourcing, or purchasing. It is 
often the least costly or most timely solutions that are implemented as an 
approach. For R&D, this becomes a particularly important question and 
hinges on whether the project is aiming for an incremental improvement 
in an existing capability or a paradigm-shifting new capability. A produc-
tion project may use a collection of formalized processes to track progress 
on activities that are low risk and usually well understood, whereas an 
R&D project may use informal processes, which focus on a series of high-
risk experiments. The project management approach for R&D is discussed 
in Chapter 3.
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1.3.5 Organization

A project managed with traditional methods typically has an experi-
enced and knowledgeable project manager as the leader. Often organi-
zations look for certifications as a way to assure the project manager is 
adequately prepared to lead the project. Different skills and talents are 
needed throughout the process: proposing for a new project, implement-
ing a project, and then moving the project to an operations state. The pro-
posal phase of a project often requires the strong presence of a technical 
or scientific specialist working in collaboration with an experienced and 
knowledgeable project manager. Occasionally, the technical or scientific 
leader has both the experience and knowledge of a project manager, but 
it is typical that there are individuals with each of these skill sets work-
ing on the proposal. The project manager is responsible for ensuring that 
the proposal is inclusive of the project management methods necessary to 
successfully perform the outcomes outlined in the proposal. Without this 
disciplined approach to proposal development, once awarded, the proj-
ect’s success potential will be dubious.

Once the proposal has been funded and the project is ready to start, 
the project manager is responsible for the implementation of the pro-
cess discipline necessary for the successful completion of the project. A 
technical or scientific specialist may or may not be involved depending 
on the need of the project and, if needed, may or may not be the same 
individual who was involved during the proposal development phase. 
In R&D projects, the technical or scientific specialist or subject matter 
expert often plays a key role in the project. However, it is not generally 
optimal to have that person focused on process and management activi-
ties. It is far better, and increases the probability that the project will 
reach successful outcomes, if the specialist is provided the opportunity 
to focus on his or her area of expertise and the project manager handles 
the day-to-day management of the project. The organizational align-
ment of these key players, plus other team members who will be involved 
in the project, needs to be established and a formal organization chart 
for the project defined.

The first organization task that the project manager typically com-
pletes is to develop the organizational breakdown structure (OBS). 
The OBS is arranged by organizational departments, rather than 
project tasks. During the process of defining the OBS, the tasks to 
be completed for the project will each roll up to the organizational 
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departments and will have a clear and unique owner in order to elimi-
nate confusion as to who holds what responsibility. An organization 
chart defines the hierarchy of individuals or groups that operate within 
the project and how they report to one another. Every project manager 
must define the project’s organization structure. All resources must 
be listed and shown on an organization chart so that it is clear what 
the relationships are. This becomes important for ensuring an indi-
vidual will actually be able to accomplish the work assigned by the 
project manager. Developing a tree diagram typically completes this 
step (Figure 1.1). In this diagram, the project manager has both the 
systems engineer and a technical specialist providing key services to 
the project in a direct reporting relationship. The project manager also 
has two direct reports providing project-related services: the project 
scheduler and the project controller. The project controller also has a 
cost accountant working directly for him/her.

The organizational tree diagram outlines reporting relationships 
between named individuals. This is important because a project depends 
on its resources, or employees, to perform tasks. Knowing where each 
individual reports and how he or she will interface with the project is of 
utmost importance. Whether or not an employee has a direct reporting 
line to a single supervisor or if the responsibilities for performing on the 

Cost Accountant

Project ControllerProject Scheduler

Technical SpecialistSystems Engineer

Project Manager

FIGURE 1.1
Organizational tree diagram.
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project are complicated by a matrix relationship, where an individual 
essentially reports to more than one supervisor, is an important question 
to answer because it will impact work priorities for the employee.

Once an organization structure has been developed and it is clear what 
resources will be available for the project, a work breakdown structure 
(WBS) must be put in place. The WBS is a construct that identifies how 
the overall project will be structured. It affects the organization of the 
project such as who reports to whom. It also affects how the work will be 
approached, such as how work is grouped and prioritized. The concept of 
WBSs emerged from the Department of Defense Polaris missile program 
in the 1960s.1 Defining a WBS is most commonly associated with, and 
is the responsibility of, the systems engineering discipline for traditional 
projects. Systems engineering and the method for developing a WBS are 
both described more fully in Chapter 2.

The design of a WBS takes into consideration a few critical con-
straints. The first constraint is that the WBS must take into account 
all work that will be necessary to make the project a success. The sec-
ond constraint is that no element of the WBS should be duplicated. 
This is to ensure a correctly budgeted project without double count-
ing; 100 percent of the work must be accounted for within the proj-
ect. At the organization level, 100 percent of the work also can be 
accounted for in a high-level WBS that spans all departments and 
divisions. Having a WBS that spans the organization in this manner 
provides a basis of comparison that cannot be duplicated with just an 
organizational structure and accounting scheme. Project WBSs may 
start with the organizational WBS and f low down from there, or there 
may be little commonality between the project and the organization’s 
WBSs. Indeed, a project’s WBS can be stand-alone if desired or can 
f low to many lower levels than the organization’s WBS.

Each project benefits from the existence of a well-designed WBS, and it 
serves as the basis on which to develop a valid schedule, provide a valid 
resource allocation for the schedule, and confirm the validity of the bud-
get needed to complete the project. How work is packaged and tracked will 
determine how the structure of the WBS should be set up. The WBS is the 
categorization of the work and is used to build the project schedule and 
prepare the cost estimate, among other things.
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1.3.6 Schedule

A schedule is one of the most important artifacts of the project manage-
ment process. It is the document that outlines all major tasks and the 
assigned start and end dates. Each activity in a schedule has an expected 
date for starting and finishing. A total time for the project can be calcu-
lated by outlining the steps that must be done, in order and subordinated 
correctly, with estimates for the time it will take to complete each activity. 
Scheduling is not an exact science. The closest one can come to devel-
oping an accurate schedule is by using scheduling information that has 
been proved on a previous project of the exact same type, with the exact 
same parameters. Even with that, there are no guarantees because subtle 
changes in input can have a ripple effect that will dramatically change the 
overall time to completion. Projects that have elements of R&D can have 
the greatest uncertainty. Operations and production activities can have 
the most certainty, although they are not 100 percent predictable.

When a schedule is developed, a critical path should be identified. In 
simplest terms, the critical path is the compilation of each of the scheduled 
tasks that take the longest to accomplish. Critical path analysis identifies 
interdependencies and identifies the tasks that must be done on time for 
the project to complete within the overall time frame that is scheduled for 
the project. Having a critical path identified within the project provides 
insight in which tasks have some scheduling flexibility. In other words, 
how much a task can move around in the schedule before it negatively 
impacts the overall project.

A schedule that is in place and has a critical path established is still only 
partially useful. Unless the project is “resource-loaded,” or has the names 
of individuals, skills, materials, etc. associated with each task, the sched-
ule will not provide the visibility needed to ensure the greatest probability 
of success for the project. Having a resource-loaded schedule will iden-
tify potential conflicts with individuals who are needed by the project, but 
have competing responsibilities. It also will provide the ability to ensure 
that the funding is allocated in a way that supports the project activi-
ties. For example, funding allocation issues may arise if a major purchase 
must be made early on, rather than having an evenly distributed cash flow 
throughout the project.

A project management method that large formal projects often use 
to monitor and track performance is called earned value management 
(EVM).2 EVM emerged in the late 1990s from the defense industry. In its 
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simplest form, it is a method that continually compares planned progress 
on schedule and cost with actual performance. The difference between 
standard reporting and earned value reporting is that, with earned value, 
each activity in the schedule has a planned value, an allocation of bud-
get, and, most importantly, an earning rule that describes what it takes to 
receive credit for work performed or budgets spent. Fixed formulas calcu-
late different measurements that provide status progress to the manage-
ment team. The use of earned value relies heavily on qualitative judgments 
of performance, which often require validation by other means.

1.3.7 Budget

A budget is an allocation of funds to a particular activity over a certain 
period of time. Typically, the tasks in a schedule will be resource-loaded, 
and the funds required for each task are calculated and compared to the 
amount of funding that is available. The more historic data that are avail-
able in making the estimates of schedule and cost, the better the schedule 
and budget estimate will be. A basis-of-estimate (BOE) is the description 
of what actually went into a budget, including all the WBS elements and 
overhead fees. A budget can be calculated from the bottom up by totaling 
the costs that make up each of the work tasks. The BOE would be used to 
describe how the budget was calculated in order to correctly estimate work 
of a similar type that might be proposed. A budget also can be used as a 
top-down constraint to scope a project by constraining the tasks within 
the work packages—the work that is associated with the lowest level of 
the WBS that is tracked—so that they add up to an amount that can be 
funded. If the overall funding that is available is less than what would 
fund all tasks in the project, the scope must be reduced, and the associated 
tasks in the schedule reduced or eliminated. Budget performance tracking 
can be done using traditional methods or earned-value methods as previ-
ously described.

1.3.8 Risk Management

All projects are susceptible to risks that jeopardize their ability to achieve 
the project objectives or outcomes. A risk is defined as something that 
might occur, and, if it did occur, would cause an impact on the budget, 
schedule, or scope performance. The impact is typically negative, but can 
sometimes be a positive in the sense that an opportunity can emerge from 
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the risk that allows optimization, such as an unforeseen move forward in 
schedule, a lower cost solution, or a technical advancement. Risk man-
agement is the process of identifying and prioritizing these risks so that 
the organization’s management can focus its resources toward eliminating 
risks that are both high impact and highly likely to occur. The impact and 
probability of risks are typically generated from cost estimates, quantity 
estimates, and decision trees to depict complex interactions and profes-
sional judgment. Often a project will hold an amount of its budget as a 
contingency to cover risks. The contingency budget is held separately from 
the project budget. The amount held is highly variable from project to proj-
ect, but is often anywhere from 10 percent for a traditional project to 30 
percent or more for riskier ventures. This contingency will be drawn down 
using a methodical approach of reviewing the risks in priority order and 
using funds to reduce the risks that are most pressing. Chapter 6 describes 
these methods in detail.

1.3.9 Performance Measurement

A project has three major elements that are measured and controlled: the 
schedule, the cost (budget), and the scope. Once a plan is fully developed it 
becomes the document of authority, or baseline against which the actions 
over time in each of these constraints are measured.

The key parameters for measuring performance are relatively 
straight forward:

• Is the amount being charged for the work during the time period 
being reviewed consistent with the budget?

• If not, is less spending or more spending occurring?
• Is the time being charged to the work for the time period being 

reviewed consistent with the baseline schedule?
• If not, are less labor hours being charged or more?
• Are the technical expectations being met? Or, for R&D, is an out-

come of an experiment now known?
• If not, are the technical expectations less than expected or overper-

forming (measures of effectiveness, performance overall, and upper/
lower limits within tolerances)?

• Are the experiments not progressing as planned?
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• Are the process quality expectations being met? (This question 
would be used when process, not technical performance, is the proj-
ect deliverable, e.g., on a project that is modifying a service.)

• Are the risks being retired at an acceptable rate? And, are new risks 
being appropriately captured, assessed, and prioritized?

The only way these measures can be assessed correctly is if a baseline 
project plan is in place, and tangible evidence of progress is reported. The 
point of having a baseline is not to constrain performance, but to manage 
change in a way that is auditable and explainable. The best way to do this 
is through the use of change control. The level of change control formal-
ity can vary dramatically. What is needed is a process for which a change 
can be proposed, impacts assessed, and then either accepted, deferred, or 
rejected into the project. This process can be as simple as filling out a form 
and reviewing it with all the project stakeholders. Change control is dis-
cussed in Chapter 4.

Measuring performance is to provide insight into how a project is pro-
gressing against what was expected, understanding what could cause neg-
ative impacts to the project, and to use that information to make course 
corrections that ultimately will lead to a positive outcome. There are many 
different ways to monitor and report on this progress; some more qualita-
tive and some more quantitative. The decision on which to use depends on 
the communications requirements of the stakeholders. Chapter 4 explains 
measures in detail.

1.3.10 Communications

Although communications has been listed last, it is probably the most 
important activity that a project manager is responsible for performing. 
It is essential throughout the project to convey progress, identify risk 
and mitigation or minimize the damage from the risk, and to manage 
change in a way that does not impact the final desired outcomes. Methods 
for communications differ by organization, by project formality, and by 
customer desires. There is no single way to communicate across all the 
potential different scenarios. However, the best way to communicate is 
the way that gets the message across to the stakeholders as efficiently and 
effectively as possible.
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In a formal reporting scheme, there may be specifically defined proj-
ect reviews (such as design, production, or test reviews), daily stand-up 
meetings, monthly reports, quarterly reports, or other well-established 
activities with predetermined guidelines that convey progress to the 
stakeholders. On the other end of the spectrum are informal reporting 
activities that may include simple discussions over e-mail or on forums, 
professional debate, or through discussion groups. In the formal setting, 
records are kept and can be used in a comparative way over time to convey 
progress toward a goal or goals. In the informal setting, it becomes more 
difficult to defend progress that has been made if it is not documented. 
Communicating and addressing risk and change in an informal manner 
becomes more ad hoc. In some cases, this is acceptable. Usually in organi-
zational settings, it is not, because there are pressing requirements to show 
the value of funding that is being spent and to clearly document and warn 
of impending overspending situations.

It is important to note that the level of formality of communications 
is not related to documentation associated with the project itself. Often 
there is confusion around this point. A carefully crafted and thor-
oughly documented construction project, for example, may have an 
unrelenting schedule of reporting progress against specific milestones 
and a critical path. The communications requirements for R&D, on the 
other hand, may use less formal reporting, but still need careful defini-
tion in what will be done so that it is clear in what direction the activity 
is headed. The communication will focus on the process more than on 
specific milestones.

A reasonable rule of thumb as to the appropriate level of formality within 
a continuum of communication is that the more uncertain the project out-
comes, the less formal the reporting scheme. A production project with 
well-defined outcomes would be expected to use a formal communica-
tions process. An R&D project with a suite of potential outcomes, depend-
ing on the experiments completed in testing a hypothesis, would require a 
less formal communications process. The key is to structure the commu-
nications so that they effectively convey the information that is required 
for decision making to all the stakeholders, or the individuals that have a 
vested interest in the success of the project. Stakeholders include project 
members, customers, senior leadership, and other individuals who have 
an interest or are impacted by the project.
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1.4 FLEXIBLE PROJECT MANAGEMENT

Flexible project management uses a methodical, cyclical, and iterative 
approach to reach a succession of uniquely defined targets or outcomes. 
It requires

• the interpretation of user stories that define functionality;
• close collaboration with a customer;
• phases of development and user-involved testing;
• the formalization of a budget and schedule;
• active management of the plan, including change management, risk 

management, performance measurements, and communications.

Traditional project management methods require that a scope be devel-
oped, a set of requirements be defined at the beginning of the project, 
and a list of attributes to be developed, which the project team develops 
over time. Once the full set of attributes is completely developed, a test 
phase begins to validate that the design and development meets the crite-
ria set at the beginning of the project. Introducing change in the process 
is not desired. The traditional method requires strict change control. The 
waterfall method describes an entirely sequential process where require-
ments for a project are defined, designed, implemented, tested, installed, 
and maintained. Each step-down represents a completed previous phase. 
These controls provide a solid basis for which to apply project manage-
ment in a way that is repeatable and auditable. They provide order and 
control, and that is the essence of discipline. The performance goal is to 
meet the final deadline within the cost, schedule, and scope requirements 
that were set at the beginning of the project.

By the 1980s, project management methods were well established in 
mainstream products and services organizations. However, the external 
environment was shifting. The continued evolution of computing and 
software capability, especially as a component of a hardware system, was 
becoming more prevalent. The traditional methods of project management 
did not seem to apply as well to software projects. In hardware design, 
once a prototype was developed and approved, it would enter production. 
Change was implemented only after careful review, because changes at 
this point often were costly. Software development, on the other hand, 
required more iteration within shorter development timeframes, driving 
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changes that could be implemented throughout development and into 
production. This required validation of the functionality by multiple peo-
ple in the process, and a need to address a more significant change envi-
ronment than traditional methods were poised to provide.

The continued evolution of the computing industry led to the applica-
tion of the traditional methods of project management to software proj-
ects as a way to try to leverage control of the project in similar ways as was 
being done successfully in hardware projects. However, it became clear 
that these traditional methods did not seem to aptly apply. The traditional 
method is rigid and does not readily adapt to change. What was needed 
instead was a way to incorporate change in a disciplined, methodical way 
throughout development, from start to finish. Indeed, even starting with 
an initial design and outcome in mind, the end result still might not be 
known until the project had reached its conclusion. The evolution of flex-
ible methods took this into account and provided methods for cycling 
between requirements capture, design, test, and integration activities 
within short time periods. This new method provided more opportunity 
to implement change along the way and, ultimately, to provide a more 
usable product for the customer.

Although some would propose that the concept of “incremental soft-
ware design” has been around since the 1950s, it was not until the 1960s 
that the concepts on iterative and adaptive methods began to be published 
regularly. The first time the term spiral development was used was by Barry 
Boehm in 1986.3 He published an article that defined an iterative process of 
software development that incorporated the major tenets of project man-
agement and systems engineering. It included requirements definition, 
formal risk management, test schedules and plans, careful change control, 
and user verification and validation. It also incorporated formal stages 
with well-defined exit criteria that had to be met before an activity moved 
on to the next phase. In the 1970s, a former IBM engineer, Tom Gilb, 
started publishing articles on a flexible project management method he 
called Evolutionary or EVO.4 This method would eventually get subsumed 
under an overarching description of software development called Agile.5

Agile software development began to emerge as a way to address the 
interactions between a customer and the software development efforts. It 
is an approach and method of structuring work in a way that achieves 
outcomes quickly and approaches the resolution of the most difficult chal-
lenges earlier in the process. The term was introduced in 2001 through a 
publication by a collaboration of software engineers. The concept was to 
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take a rigid structure called project management, and use it to manage 
an iterative, highly changing system, but in a methodical way. Over time, 
other variations of the method spun off and became established in the 
mainstream, each method adding or modifying one or more elements of 
the original Agile construct.

Reviewing the history of the evolution of project management meth-
ods from traditional to Spiral to Agile, and then to the various flavors 
of Agile, points directly to the benefits of the major constructs of the 
project management methodology. It also demonstrates the flexibility 
in using the construct to add value when used in development pro-
cesses. Looking at a successful endeavor where the project management 
method was not specifically used looks a lot like luck or happenstance. 
Sometimes it is not possible to determine why something was success-
ful, or perhaps even achieved greatness, because no methodology was 
followed. While the standard rigid processes for project management 
across all activity types could result in a lower probability of success, 
using project management methods in an appropriate way will, without 
a doubt, increase the probability of success. The various types of flexible 
development that are available and the key methods used are described 
in the following sections.

1.4.1 Types of Flexible Development

The term flexible development refers to development activities that incor-
porate change as an integral part of the development process. In flexible 
methods of project management, the user is strongly engaged in the activ-
ity of testing the results, and feedback into the development is immediate. 
Each test leads to a result that may change the way forward. The strength 
of these processes is in the flexibility. However, they are still structured. 
There is a baseline of activity in the plan, and change is not incorporated 
without an understanding and agreement of what exactly is being changed 
within the plan. The point is that the processes, although disciplined in 
nature, do not need to be constraining to achieve its goals.

Flexible methods typically used for development activities include Spiral 
Method,6 Rapid Application Development (RAD), Adaptive Software 
Development (ASD), Feature-Driven Development (FDD), Agile, and 
Evolutionary Project Management (EVO), to name a few. These methods 
will be explained fully in Chapter 2. The fact that there are many estab-
lished flexible methods available for managing projects, and more emerge 
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every year, points out that there is a strong desire to capitalize on the ben-
efits of project management structure.

1.4.2 Key Components

A key component of these flexible methods is speed. The objective is to 
break down the development into simple and quick coding sessions that 
can last from a week to three months. These quick-turn, short duration 
“plans” work well for an activity that has many unknowns. Often these 
short duration activities are called sprints or time boxing. The main idea 
is that, because of the unknown nature of the path to the outcome, it does 
not make sense to lock down requirements in a way that change cannot be 
instituted regularly.

Another important component is that instead of a specific set of tech-
nical requirements that must be met, they favor more intuitive and/or 
common language descriptions of what is desired. Stories that describe 
functionally what the end result looks like, often called business cases, 
themes, vignettes, and user stories, are common. These user stories are 
descriptions written in casual language that describe in enough detail 
the “way things are expected to work” to allow modeling and simula-
tion, coding, and/or prototyping to occur. What needs to come out of 
that process is the ability for a user or stakeholder to either concur that 
what has been developed is correct and, therefore, to press on to develop 
the next set, or to reject what has been developed and require a revision 
to the original plan. In traditional project management, scope creep is a 
term that is used to describe an evolving, increasing project scope, which 
usually results in schedule slip and over-budget situations. However, in 
using flexible methods, the scope will evolve as users test and validate 
functionality. Users want to have a say, and need to have a say, in what 
ultimately ends up being produced, and flexible methods provide that 
close customer interaction.

Another key component of flexible methods is risk reduction. Most flex-
ible projects attack the highest risk items first, the ones most difficult to 
achieve and/or that have the highest potential cost impact. Ideally, these 
types of risks can be reduced the quickest and at the lowest cost possible. 
Identifying the riskiest parts of a plan and resolving and testing these first 
leads to one of two possible outcomes: (1) if the testing validates the assump-
tions, behavior, performance, hypothesis, or other stated desired outcomes, 
then risk is reduced because performance was achieved, and one can move 
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on to the next activity; or (2) if the testing does not validate the hypothesis 
or assumption, or if the behavior or performance does not match the stated 
desired outcomes, then risk is not reduced and it is necessary to take an 
action. One might end the exercise, restate the outcome, or perhaps redesign 
to try to achieve the original outcomes. This is what may be referred to as a 
critical branch point or a point in time when something significant occurs to 
change the direction of the project. In flexible projects, critical branch points 
are reached often and must lead to a reassessment of the current plans.

These flexible project management methods will be defined further in 
Chapter 2, along with suggestions as to how these methods, merged with 
additional complementary disciplines, can be used to effectively manage 
R&D projects.

1.5 PROGRAM MANAGEMENT

A program refers to the compilation of multiple “related” activities under 
one organization. A program

• can contain projects, other programs, R&D, and a variety of other 
related work elements;

• is managed by a program manager who is
• responsible for ensuring all elements of the program support the 

program’s mission;
• responsible for ensuring the program’s mission is in alignment 

with the organization’s strategic vision and mission.

The compilation of multiple “related” activities under a common 
umbrella is referred to as a program. A program can contain several proj-
ects, and additional programs, R&D, and other elements of work, such 
as operations, maintenance, governance, communications, training, and 
general management. A program has responsibility for delivery of a capa-
bility, and all which falls within its sphere. Program management assists 
in the development of the life cycle architecture. As part of this effort, 
all activities within the program are reviewed to ensure that they sup-
port the strategy of the organization and that the start-up, performance to 
plan, and closure activities are performed appropriately. A well-designed 
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program will ensure that interconnections between the various activities 
within the program are not in conflict.

The program manager is responsible for interfacing upward and 
downward within and outside of the organization with an emphasis on 
the areas of communications, strategy, process, and governance. The 
program manager typically plays a liaison role, responsible for convert-
ing what is desired into what can be done, and managing expectations. 
Program management typically fills a role somewhat like a conductor 
of an orchestra—setting the direction, identifying conflicts and inter-
dependencies, managing expectations, communicating to each partici-
pant as well as to the larger audience, and driving the overall effort to 
a planned conclusion. In advising team members, customers, senior 
leadership, and other stakeholders, the program manager has a unique 
“holistic” perspective on the activities that are going on in the program 
and often provides the glue that holds all the pieces together. The pro-
gram manager also is responsible for ensuring the organization’s stra-
tegic vision, mission, and initiatives are captured, communicated, and 
flowed down through the program and the project activities within the 
program. This may require prioritization and change control to ensure 
that the right activities are pursued.

The program manager also has the responsibility to

• establish the appropriate processes and procedures;
• ensure compliance to established processes;
• establish and maintain document version control (control of the 

change from one version to another version), change control (control 
of the agreed-upon outcomes), program-level risk and mitigation, 
issue tracking, metrics definition, and compilation;

• ensure the effective use of resources across the program;
• review the schedules across all activities that are part of the program 

to ensure that overlaps, oversubscriptions, or other schedule con-
flicts are not occurring or going to occur.

Whether an R&D project is part of a program or is organizationally 
aligned outside of a program will impact its ability to pursue unrelated 
development activities. R&D associated with a program is generally 
aligned to the program goals and objectives and will be restricted in pur-
suing activities that are not in alignment.



Project Management Approaches • 23

1.6 PORTFOLIO MANAGEMENT

A portfolio refers to the compilation of multiple “related and unrelated” 
activities within the whole organization. A portfolio

• may contain projects, other programs, R&D, and a variety of other 
work elements;

• is managed by a portfolio manager, who is responsible for ensur-
ing all elements of the portfolio support the organization’s strategic 
goals, mission, and vision.

Portfolios are a compilation of activities, usually of different types and 
structure that align with and support a particular organizational strategy. 
The portfolio is comprised of activities that have a high probability of lead-
ing to success in achieving strategic goals. Managing a portfolio, with all 
the interrelated components, gives a more balanced set of activities, which 
will inherently minimize risk and will ensure that funding is spent in the 
most optimal way for the organization as a whole. Portfolio management 
is the art of architecting a high-level plan and then lining up work with the 
highest probability of leading to achievement of a greater strategic goal. It 
is a mix of activities that, when taken in total, provide all the necessary 
components of a well architected whole. These components should include 
the operations, administrative, upgrade/enhancement, and R&D activities 
that will ensure the organization’s success. Within the portfolio will be a 
mix of programs, projects, and operational activities specifically targeted 
to ensuring that the organization’s strategy is achieved.

A portfolio is most effective when it supports a strategic plan. The stra-
tegic plan identifies the vision, mission, guiding principles, and initiatives 
that get reflected into all subordinate activities. The strategic plan is the 
document that provides a “north star” to align the portfolio of activities. 
It provides an overarching direction for spending choices. It is the docu-
ment that aligns the portfolio, projects, and programs. Alignment will 
help identify what activities should be pursued within the cost and sched-
ule constraints that are ever present. It helps lead, in a direct and obvious 
way, to projects that reflect an optimum mix of activity. A well-designed 
strategic plan also will describe the trajectories to follow that are expected 
to lead to the achievement of the vision. Once a strategy is defined, a port-
folio can be developed and aligned.



24 • Project Management for Research and Development 

Typically, one of the most challenging activities in building a strategy is 
the formulation of a mission statement. The mission statement is the one 
statement that all stakeholders must agree on and is meant to represent in 
a short phrase what an organization stands for and where its focus will be. 
A review of the organization’s strengths, weaknesses, opportunities, and 
threats (SWOT) is helpful to identify areas of focus. A useful method for 
completing a SWOT analysis is to bring a group of stakeholders together 
to discuss what their perspective is in each of the areas. An institutional 
debate will highlight where the organization needs to focus its initiatives. 
It is also a pivotal point where the organization can opt to remove certain 
initiatives from its portfolio, such as a poorly performing project, or it can 
bolster a poorly performing area of opportunity. Once the SWOT analysis 
is complete, a set of initiatives is developed that articulate the trajectories 
that will lead to long-term success in meeting the strategy. These initia-
tives are statements that describe the desired long-term outcomes of dif-
ferent paths of activities. They can be extremely broad, so as to capture 
game-changing opportunities, or narrow if the intent is to hold a steady 
course. The key element of the initiatives is to identify the paths that stake-
holders feel have the best potential for meeting the intent of the strategy.

Once the portfolio is defined, then a suitable mix of projects, pro-
grams, and other activities can be chosen. The mix should be deliberate. 
Developing a portfolio that maps to the strategic plan allows for allocation 
of percentages against four quadrants of activities: operations and produc-
tion, life cycle projects that address upgrades and optimizations, incre-
mental R&D that leads to evolutionary progression for key capabilities, 
and radical R&D that leads to new capabilities (currently not envisioned) 
that may even supplant current capabilities. Each proposed activity needs 
to fit into one of these major initiatives. Thought should be given as to the 
level of resources that should be expended in the four areas.

The first area is the level that will be expended to keep things as they 
are, to achieve equilibrium or the status quo. This is typically referred to 
as operations or production. These activities occur with regularity and 
consistency. They are repeatable and predictable. Optimization of these 
activities is the most consistent change applied to this quadrant and typi-
cally does not require the level of scrutiny, prioritization, and choice that 
the other quadrants do. The second type of activity is in upgrades and 
enhancements. These are typically activities that implement existing tech-
nology to incrementally improve a current capability. There is little to no 
development involved, and risk is low.
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The next type of activity is an incremental R&D. Some level of applied 
research, but much more emphasis on development, is required to push 
the current capability to a new level. This typically requires an enhance-
ment outside known technological capability. Finally, there is radical 
R&D, which requires heavy theoretical or basic research. The first time 
that the terms incremental and radical were applied to innovation deci-
sion making was in 1986, when Robert Deware and Jane Dutton published 
a paper in the Management Science Journal7 on the topic. The use of the 
terms have proliferated and are commonly used to express the differences 
between making small changes along an existing trajectory versus taking 
a significantly different approach with the result that is dramatically dif-
ferent and sometimes detrimental to the existing trajectory.

Applied research aims to gain knowledge to address a known need, or a 
technical or scientific goal. In contrast, development activities are focused 
toward production of prototypes, processes, materials, systems, etc., which 
validate research. This activity will be a departure from existing capabil-
ity and may be completely paradigm shifting or may lead to a leapfrog of 
a generation of development. Figure 1.2 shows the four boxes representing 
technical challenges against a performance time frame.

There is no set rule for how much an organization should spend in each 
of the four quadrants. Much depends on its strategic goals, perceived com-
petition, or current threats to its traditional business areas. Measuring the 
amounts spent in the quadrants also is not straightforward. For-profit 
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organizations typically measure the amount they spend on R&D against 
sales. Organizations, from manufacturing firms all the way through aca-
demic institutions, may spend as little as 1 percent or as much as 90 per-
cent of available funding on R&D.

When developing a portfolio, it is helpful to have a target to aim for 
that will set expectations within the organization as to the importance 
that is being placed on R&D. An understanding of the strategic approach 
and anticipated life cycle of the operations and production activities will 
help guide the decision on percentage distribution. A good rule of thumb 
is to determine the amount of funding required for the production/
operations quadrant and then to distribute funding within the upgrades/
enhancements, incremental research, and radical research areas in a ratio 
of approximately 60/25/15 percent. If operations activities require 90 per-
cent of all available funding, then 6 percent of the remaining 10 percent 
would be made available for upgrade/enhancement activities, 2.5 percent 
for incremental R&D, and 1.5 percent for radical R&D. If an organization 
provides scientists and technical staff with time allocations for research, 
this should be factored into the R&D quadrants as appropriate. Aligning 
research time this way also gives an organization the structure within 
which to hold the staff with research time accountable to addressing its 
strategic goals. This works, because radical R&D requires heavy research 
with some prototyping and early development, which generally takes fewer 
resources than the later development activities or the upgrade activities. 
Targets such as these communicate to staff the intention of management 
and the level of commitment in all the quadrants that require resources, 
which typically are constrained.

Once the portfolio is set, and each new project is being assessed against 
its place in the portfolio, attention needs to be placed on management of 
the projects within the portfolio. Once projects are selected in the incre-
mental or radical quadrants, it is necessary to determine into what stage 
of R&D the project will fall. There is a continuum of activity that occurs 
during a typical R&D process taking it from theoretical through prepro-
duction. This continuum is fully described in Chapter 3.

The ultimate success of the portfolio cannot be guaranteed any more 
than a project or program can be. There are many driving forces outside 
the processes that impact success in nonlinear ways. If the portfolio is 
designed using project management methodologies, then the visibility 
afforded the portfolio manager will bring issues to light, enabling them 
to more effectively address those issues in a shorter time frame. Project 
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management provides the structure and the visibility for quicker reaction 
to situations that need to be addressed within the portfolio to keep it on 
track or to change the overall path to address new information.

1.7  THE HIERARCHY OF PROJECT VERSUS PROGRAM 
VERSUS PORTFOLIO MANAGEMENT

Understanding if an activity is considered a project, part of a program, or 
part of a portfolio is important in that each has a framework and structure 
that accomplishes different goals.

• A project’s goal is to successfully achieve the delivery of the require-
ments and outcomes defined by the project plan.

• A program’s goal is to successfully achieve the integrated capabil-
ity described in the overarching organization’s plan and to achieve 
greater benefits than if the projects and operational work were man-
aged as stand-alone activities.

• A portfolio’s goal is to achieve an overall level of success for the orga-
nization as a whole, although some components might do less well 
than others or even fail.

The project management, program management, and portfolio manage-
ment disciplines all have specific tasks to accomplish. The real value comes 
in using the disciplines to carefully align all work activity from the top 
(the strategy) to the bottom (the project activities). Having all the activities 
aligned provides a structure for which to evaluate new ideas and oppor-
tunities. Figure 1.3 shows how all activities within an organization can be 
organized within a portfolio. Operations management and incremental 
upgrade projects are part of the portfolio, as are various basic and applied 
R&D projects.

It is possible to manage at a lower level by just setting up and managing 
a project, for example. However, managing from a strategy down actually 
provides added value, which is more than the sum of its parts. Portfolio, 
program, and project managers each bring different skill sets to the roles 
they fill.
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1.7.1 Apply Now

To determine under which category a particular activity occurs, see 
Figure 1.4. Start at the triangle and answer each question in order. If it 
is a project, it will follow the left side of the diagram. If it is a portfolio, it 
will follow the right. A program often has the attributes of a project and a 
portfolio and, therefore, is somewhat harder to differentiate, so it is shown 
in the middle.

Strategic Plan &
Initiatives

Portfolio Management

Strategic R&D Project MgmtProgram Management Project Management

Upgrade Project MgmtOperations Mgmt

• Incremental Process Innovation

Upgrade Project Mgmt

• Traditional Project Mgmt

R&D Project Mgmt

• Agile Project Mgmt

• Agile Project Mgmt

• Spiral HW/SW Development – Incremental Innovation

• Basic Research – Radical Innovation

FIGURE 1.3
Sample process hierarchy.
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1.8  LIFE CYCLE APPROACH TO PROJECT MANAGEMENT

A life cycle is an end-to-end look, or systemic view, of how an activity 
evolves over time. A life cycle view

• can be used to facilitate decisions on when to invest in new technol-
ogy that will either replace or rejuvenate the existing capability;

• has phases that provide structure and a focus.

Every activity has a beginning, middle, and an end whether that time 
frame takes minutes or decades. The entirety of these activities is typi-
cally called a life cycle. When used in project management for a technology 
project, for example, the beginning of a project is generally the beginning 
of the technology life cycle. As the technology is envisioned, developed, 
produced, put into service, operated, maintained, and then finally retired 
and closed, that process represents the full life cycle. In an R&D project, 
the beginning of the life cycle may be basic research. The middle of the life 
cycle might contain some experiments or development activities, and the 
end, or closure phase, of the life cycle could be writing up the results in a 
journal paper or turning over the capability to production or operations.

It is the end-to-end look, or systemic view, of how an activity evolves 
over time and is used to make decisions on when to invest in new tech-
nology, that will either replace or rejuvenate the existing capability. For a 
science project, a life cycle could be the formulation of a hypothesis within 
basic or applied research, the testing through experimentation, potential 
prototype development or testing trials, the acceptance into a production 
environment, or simply documenting the successes in publications. Each 
phase within the life cycle has structure and a focus. Understanding where 
a project or activity is within its life cycle is important for portfolio plan-
ning, for deciding if a proposed R&D project is an incremental or radical 
innovation, or for deciding where to best apply new resources. It is impor-
tant as well in deciding how much discipline should be applied.

1.8.1 Life Cycle Approach and R&D

To understand where R&D fits into the overarching set of activities within 
an organization, one must understand
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• the strategy;
• the portfolio within which the project sits;
• the program that contains the project, if there is one;
• where R&D is in its life cycle.

Having a background on the structure surrounding the activity and a 
perspective on what is driving the initiatives, what other projects are inter-
connected or dependent on the R&D, and what outcomes are desired from 
the activity will help provide the context for the R&D project management 
structure. Because R&D is outcomes/learning-focused and unpredictable, 
using the project management discipline as the support structure, in com-
bination with complementary disciplines (discussed in Chapter 2), leads 
to better prediction and visibility into results. Each of these methods, 
combined with an understanding of how they interconnect, can lead to a 
powerful method for facilitation of R&D success, and will be discussed in 
detail in the next chapters.

1.8.1.1 Research Phase

The beginning stage of the life cycle is the first glimmer of interest in 
the work. In this conception phase, the project is being considered. It 
is an imagination phase. Basic research may be occurring. This stage 
includes activities such as theory development and ideas generation. It 
is generally an informal, collaborative process. Sometimes organiza-
tions try to capture ideas in this phase through employee suggestion 
forums. This phase must remain completely flexible because this pro-
cess cannot be forced.

The next stage is where ideas begin to take form. In this artistic stage, 
ideas begin to take form and shape. The idea starts to move from a glim-
mer into something substantive. Discussions start evolving into hypoth-
eses about how something would be done, be tested, and be achieved. This 
creative stage does not necessarily end in a product, but could end in a 
decision to pursue a new process, to develop a working model, or to try 
something new. It is difficult to control this stage in the process because 
it is highly fluid and depends heavily on the individual that has the initial 
idea. This is the phase where basic or applied research is done. Control at 
this stage can severely hamper progress especially if the progress is not 
measured correctly.
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1.8.1.2 Development Phase

The next evolutionary stages can overlap. Once an idea is defined enough 
to start thinking about application, the activity becomes more comparable 
to a craft. Often single prototypes are designed and tested, or a model is 
developed. A process can be designed and tested as well. An individual 
can more broadly discuss initial results and get feedback, further evolving 
the idea. In some organizations, this is where the idea enters the main-
stream R&D path. A proposer brings forward an idea and puts enough 
definition around it that decisions can be made as to whether or not to 
pursue the idea. It will be funded with an understanding that an artifact 
will come from the effort. Sometimes that artifact is a feasibility paper, 
or sometimes it takes on a more physical form, such as a prototype. This 
part of the life cycle can last through the preproduction phase right up to 
production. This is where R&D resides in the life cycle. Depending on the 
organization, the discipline and structure put onto projects in this phase 
could be robust where there is a tight deadline to meet a new release. Or 
the discipline could be applied in a more relaxed manner, for example 
during the investigation of  a radical innovation where time constraints 
may be nonexistent or minimal. Chapter 3 describes the approach for 
effectively managing R&D projects.

In the preproduction phase, all efforts are focused on proving that an 
idea is good enough to move forward. This part of the life cycle brings 
an idea to the point where it is at its final preproduction or prefinal pro-
cess version. In R&D, it is the point where the prototype has validated the 
design, and production can begin. It is common for activities to move into 
the production phase before the design is sufficiently mature. The effect 
is that any milestones that relate to the activity will inevitably slip as the 
design is further enhanced and unforeseen complications, which emerge 
during production, begin to show. In process-related activities, this mani-
fests as “surprises” or process glitches. If the idea has not been sufficiently 
thought through, moving ahead too soon will lead to backtracking and 
rework. This part of the life cycle is difficult to navigate. To determine 
when enough is enough and when to move forward looks differently to 
different individuals. The amount of risk that can be tolerated and the 
outward pressures to perform to deadlines that have been set will impact 
decisions on when to go forward.
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1.8.1.3 Control Phase

Once an activity, process, or production is proceeding at a steady pace, the 
life cycle enters a control phase. The control phase attempts to keep the 
design the same or to carefully control change as it is implemented. This 
is where process and product integrity really play a strong part, although 
these also come into play in the previous phase. If the design is being held 
constant, processes adhered to, and operations are being kept on track, then 
an activity is in this phase. It is during this phase that R&D once again may 
enter the process as enhancements are envisioned and implemented. An 
enhancement aims to make things better in some way. An enhancement 
could and often does start at the craft stage because so much is known about 
the existing capability. At the same time, an organization may start fund-
ing a radical innovation activity that may ultimately lead to the retirement 
of the product or service. A radical innovation activity would run parallel 
to an existing activity and could start within the imagination, art, or craft 
phases. Figure 1.5 shows how the different life cycle phases map against the 
types of activities undertaken in an organization.

Life cycle phases from production on through operations, maintenance, 
and to closure should be addressed through the application of traditional 
project management methods that optimally track stable plans. Anytime one 
is evaluating whether or not to fund an activity, understanding where it falls 
in its life cycle can assist in determining what structure and the level of project 
management that will optimize the performance of the activity. If the activ-
ity falls in the imagination, art or craft, or preproduction areas, the methods 
outlined in Chapters 2 through 8 will help optimize the outcomes.
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FIGURE 1.5
Project management life cycle approach.



Project Management Approaches • 33

1.8.2 Apply Now

Determine the appropriate level of discipline to use on a project by identi-
fying the type of activity that is being done. If it is basic research, an infor-
mal discipline method may be best. As one moves into applied research, 
the most consistently successful method is semiformal. Development 
activities typically require outcomes that clearly demonstrate its value 
and will need either semiformal or formal discipline. For projects con-
taining activities such as construction or production, a formal process is 
typically applied. Operations activities are day-to-day, repeatable tasks, 
which can easily be tracked with full project management. Using the full 
methodology allows deviations and changes to be accurately captured and 
managed. Figure 1.6 shows the continuum of informal to formal project 
management by major types of activities.

1.9  CASE STUDY: EXPLORERS CONNECT8 
WEBSITE DEVELOPMENT PROJECT

1.9.1 Background

Belinda Kirk is a well-established expedition leader and remote filmmaker. 
Her distinguished career includes having worked on 15 major interna-
tional expeditions and over 40 remote film shoots for various adven-
ture reality television series in exotic places, such as the Mosquito Coast 

Basic Research
Informal

Semi-Formal

Formal

Applied Research Development Production

FIGURE 1.6
Levels of formality by type of project activity.
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(Central America), Nambia, Borneo, Bwindi National Park (Uganda), 
Alaska, China, and the South Pole. She is also a Guinness world record 
holder for skippering a crew of four women rowing 2,000 miles, nonstop 
and unsupported, around Great Britain.

Throughout her twenties, Kirk followed her heart from job to job. “I 
would start a job, put the film out or complete an expedition, and basically 
be back to square one, looking for the next adventure. I was jumping from 
job to job, with as much change and variety as was possible and I loved it” 
she explained. Once she reached her thirties, her perspective changed. “As 
much as I love change and variety, I started to think about putting some-
thing more substantial in place; something that would last,” she said. Plus, 
she needed a way to find her next big adventure.

Kirk had completed expeditions in both the desert and the jungle and 
really wanted to do something completely out of her comfort zone. After 
finishing an expedition or film shoot, finding the next one was always chal-
lenging. Although she had a significant number of contacts, the explorer 
community was widely distributed and remarkably unconnected. Up to 
this point, the best way to establish new contacts and find teammates for 
a new adventure was through face-to-face interactions. Most notably for 
her, it was in the local pub where tales of adventure often spurred new 
challenges and commitments from the local crowd. As fun and interesting 
a method that this was, it was not the most optimal, especially when there 
appeared to be whole communities of explorers looking for one another. 
Reviewing the options for interacting with the vast, widely distributed 
explorer community exposed this shortcoming. The resources that were 
available at the time each focused on a particular expedition area, such 
as desert trekking, jungle adventures, or mountaineering. There did not 
seem to be a hub for explorers to come together and connect across disci-
plines if, like her, they were looking to engage in a new type of adventure.

Kirk had a vision. Her vision was to create an online website that 
would not only act as a hub to bring together explorers like herself, but 
also as a way to bring more adventure into the lives of the general public. 
She explained, “I was always being asked by friends how they could join 
an adventure or work in the industry. It seemed that many wanted more 
adventure in their lives, but didn’t know where to start. There is nothing 
more satisfying than being able to help others realize their adventurous 
dreams, but I realized that I could only help a few people at a time; what 
was needed was a central place where adventure seekers and adventure 
professionals could meet to share advice and opportunities.” She wanted 
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this website to provide the venue that would help individuals find job 
prospects, teammates for new expeditions, and to provide support to 
one another.

When Kirk established ExplorersConnect.com, she did not intend it 
to be a business, but just a nice website portal “to bring together all the 
amazing people I know in the adventure industry, from young adventur-
ers to legendary explorers,” she explained. It now offers opportunities to 
get involved at any level, no matter what the experience level is. In fact, 
an amazing assortment of both explorers who were interested in trying 
something fun and new, to the average person who was interested in try-
ing an adventure, can be found at many of the local events. “I strongly 
believe that there is an explorer in all of us and that challenge and adven-
ture is one of the best things about being alive,” Kirk reflected.

1.9.2 Life Cycle Perspective

This project’s life cycle evolved from research through its current on-
going operations and maintenance activity (Figure 1.7). The original 
research and development that was completed was a simple review of 
the competing websites. Kirk said, “Then commissioned a friend who 
had experience with web design to set up a simple and cheap website in 
an effort to see what was out there and if there would be any interest in 
the concept.” The requirements for the basic Explorers Connect website 
focused on the members, setting up the structure for finding expedition 
partnerships, providing an expedition and adventure job board, and 
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providing other capabilities that would connect the global exploration 
community. Kirk considered the website marginally successful at this 
point. Participation in the free site grew with a list of explorers across 
disciplines. However, she found that as an expedition-focused site, it was 
difficult to sustain active membership. People would sign up, then drop 
off as they got married, had kids, moved to another city, and/or became 
involved in other projects. As the members had no financial commit-
ment in Explorers Connect, it was difficult to sustain the interest. She 
had to find a way to bring new members in and retain the members that 
were already part of the community.

In 2009, after just coming off a job working in adventure television, which 
was extremely stressful, rather than look for another job she decided to try 
to turn the Explorers Connect website into something more substantial. 
She decided to try to turn it into a business. Her BSc in biological sciences 
from the University of Oxford, and her significant experience as remote 
filmmaker and expedition leader, did not provide the business knowl-
edge that would help her set up and run this as a business. Without that 
background, she did not really know where to begin. She first tried to just 
increase the membership, but quickly realized that unless she modified 
the website to incorporate the ability to generate revenue, she would not 
be successful. Without knowledge of marketing, public relations, account-
ing, or website design, she entered a world completely unknown to her. At 
first she tried to find business partners that could bring the knowledge 
she needed to move Explorers Connect from a hobby to a profitable web-
based business, but was not able to find the right fit. So, she just tried to 
learn on her own along the way. Kirk said she “spent her first year not 
knowing what I was doing and not making any money; maybe even losing 
money.” She took the significant step of hiring a company that specialized 
in revenue-generating website design and began a long journey into the 
software development world.

The team that was responsible for developing the website worked hard 
at trying to understand the requirements for the site. However, the first 
attempt at building the site was hampered by Kirk’s uncertainty about 
how she wanted the business to run or what she actually wanted the web-
site to look like when it was operational. The project team met often with 
her to assist in developing a scope and requirements. She had to learn how 
to explain what she wanted in language that the software development 
team could understand. This took some effort, but it was worth it when 
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she saw the end result of the website. She was satisfied with the results, as 
were her customers.

The website is now operating and being maintained. Additional upgrades 
to the software are planned and the website will continue to undergo evo-
lution based on an evaluation of which elements of the business are lead-
ing to successful outcomes, as well as input from the user community. 
Kirk is assessing which parts of the website are most popular and working 
out with the software development team on how to optimize the design to 
make Explorers Connect become a sustainable, profitable business.

1.9.3 Project Management

The Explorers Connect business is centrally focused on an Internet-based 
website. The website is designed as a social media platform, where mem-
bers contribute the majority of the content. This content includes adventure 
news stories, contacts for joining expeditions and adventures, information 
and resources, job and event opportunities, groups, and access to profes-
sionals who are willing and able to lead events. The Explorers Connect 
business also provides expedition support opportunities and adventure 
activities.

1.9.3.1 Scope

The new version of Explorers Connect would include social networking 
integration, news feeds, groups, e-mail updates, and other capabilities that 
would make it useful to the professional explorer and adventure-seeker 
community. It would need, in general, to be fully accessible to the pub-
lic, but have most of the features restricted to members-only access. The 
memberships would be free, so there was no original requirement for col-
lecting revenues; however, that requirement was added later in the devel-
opment cycle.

The basic objectives of the Explorers Connect project was to design and 
implement a website that would serve as a hub for a global community of 
professional explorers and adventure seekers. This website was to serve as 
a location that would allow like-minded individuals to fully interact with 
the software without the need for software administration or intervention. 
The software needed to behave similarly to social media where the partici-
pants populated the content, but it also needed to connect seamlessly to 
other social media.
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1.9.3.2 Deliverables/Outcomes

The outcome of the website development project for Explorers Connect 
was a revenue generating, interactive website. It needed to be accessible to 
the public, but with the ability to be member exclusive.

1.9.3.3 Requirements

The final requirements of the Explorers Connect project included:

• Full access restricted to members
• Simple interface, easy to use
• Scalable, and able to address a quick increase in members
• Direct input from member community through Web
• Ability to join a geographically local group to meet like-minded peo-

ple face-to-face
• Ability to collect revenue
• Advertising of discounts from relevant adventure brands
• Ability to request business-to-business (B2B) connections
• Ability to request expedition–client connections
• Link providing information on safety and regulations in the adven-

ture industry
• Member-provided inputs to include:

• News feed
• Jobs board
• Adventure and expedition opportunities
• Self-promotion
• Solicitations for leaders or teammates
• Resources and information
• Advertisement of skills and professional services

1.9.3.4 Approach

When Kirk made the decision to evolve Explorers Connect into a busi-
ness venture, she envisioned that the website would be her primary and 
recurring connection to the community. This community would be her 
customer base. She wanted to evolve the initial, static website into a web-
site that would serve as the single point of entry for adventure seekers and 
professionals.



Project Management Approaches • 39

1.9.3.5 Organization

An experienced website service company was commissioned to redesign 
and implement a new version of Explorers Connect. They were aligned 
directly to Kirk and she directed their work.

1.9.3.6 Schedule

Once the software design company completed an initial assessment of 
Kirk’s requirements and provided the design and implementation plan, 
the schedule was set based on those specifications, which were expected 
to meet budget and requirements goals. It was originally anticipated to 
be a relatively straightforward and quick implementation; however, the 
challenge was that Kirk was not exactly sure what she wanted and, having 
no experience with software development, she did not fully appreciate the 
impact of change on the schedule. Ultimately, the implementation of the 
new website took longer than originally planned.

1.9.3.7 Budget

Kirk’s budget for this project was not significant because she was person-
ally investing in the website redesign and implementation. The website 
design company implemented the design within the budget scope, even 
with the schedule extensions and changing technical requirements.

1.9.3.8 Risks and Mitigation Plan

From a business perspective, the biggest risk at the beginning was that 
Kirk didn’t know how she would make it work or even if it would work. 
She had a concept in mind, but didn’t know if anyone would be interested 
or how strong the demand would be. “For the first year, I ran around in 
circles trying to learn about running a business and building a website,” 
she said. At first, she struggled with identifying good advice. Everyone 
was providing suggestions, but she found she was not asking the right 
questions. Because she was trying to follow all the advice, not knowing 
good from bad, she eventually lost focus on her vision. After about a year, 
Kirk realized that although she wasn’t a business person, she was running 
a business. “Whatever projects you take on, either expedition or business, 
if it fails or succeeds you have to take responsibility for it. Although I may 
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not be the best business person in the world, I was the best business person 
in Explorers Connect,” Kirk said.

An additional business risk was associated with hiring the right people 
with the right skills to help. She was worried about finding the right people 
who would make up the team. After some initial trial and error, Kirk was 
able to hire the right employees and it has made a significant difference.

The current risk is in making the business sustainable. Kirk has focused 
her mitigation on revising the growth strategy and scaling it back some 
until she completes the evaluation of the analytics on the business perfor-
mance. Every year she analyzes what has happened to determine changes 
for the following year as far as success of revenue streams and what is 
popular and working well. Her analysis provides the information that will 
allow her to modify the strategy to ensure the company is stable and on 
track to remain profitable far into the future. It is a completely different 
approach now, much more disciplined than when she started out.

Feedback is solicited from the members through e-mail questionnaires, 
as well as gathered ad hoc via e-mail submissions. Although members 
have been helpful in providing incremental change recommendations to 
the structure of the existing website, Kirk says that she has found it “quite 
hard to get suggestions for things that don’t exist. It is much easier to see 
something and make a recommendation than to come up with a new con-
cept.” Whenever she gets recommendations for changes, she submits them 
to the web service company for implementation. Priority is given to those 
recommendations that come from multiple members.

1.9.3.9 Performance Management

The risk in development of the software was in the lack of initial clarity 
around the requirements, as well as the impacts of the changing require-
ments. The requirements were not controlled during the initial design, 
mostly because Kirk was not familiar with the software development pro-
cess. However, now that she is knowledgeable about the impacts of change, 
she addresses it in a more methodical manner.

1.9.3.10 Communications

The Explorers Connect website project experienced a significant hurdle 
in communications. Because Kirk had not been involved with the pro-
cess of website design previously, she did not speak in the same technical 
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language as the website developers. Extensive discussions were required 
and an initial website design took a much longer time that expected. The 
challenges were eventually overcome and now Kirk knows how best to 
communicate with the website design team, which has made a significant 
difference in implementing revisions. Kirk explained, “The main thing 
now is that I understand how websites and website developers work. Be 
aware of the impact of changes. If you get requirements in at the begin-
ning, they will be intrinsic. Above all else, know exactly what you want!” 
Knowing what she now knows, Kirk says that “the next website will be 
built much more quickly.”

1.9.4 Outcomes

Both the Explorers Connect business and website project were seen as 
having successful outcomes. The website project took a hobby with 1,600 
members to a business with 8,000 members within the first year. This num-
ber increased to 13,000 within two years and continues to grow. The path 
of the business evolved and new capabilities were put in place. Namely the 
local adventure events gained popularity and required more focus. This 
led to incremental development on the site to provide location-centric sec-
tions within Explorers Connect, and they have been a popular draw.

1.9.4.1 Critical Branch Points

There was never really a point when Kirk felt she did not want to com-
plete the project. However, there was a significant branch point where 
things were difficult. It was at the end of the first year when she had 
not made much progress and yet she was working long hours and not 
making enough money to cover the expenditures. The website had a sig-
nificant number of customers, and she was putting most of the effort 
to expedition-level activities. However, the Explorers Connect mem-
bers were asking for smaller, local adventure weekends to be hosted by 
Explorers Connect instead of using it to arrange their own adventures 
amongst members. For example, they wanted expedition leader train-
ing, wilderness first aid training, and expert-led paragliding or surfing 
activities. This was a significant change in direction for the organization 
and in the focus for the website for which Kirk had to adopt both the 
software and the processes.
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1.9.4.2 Leadership

Explorers Connect is about leadership, and it is about changing people’s 
lives. Kirk is a strong leader. Her values are a big part of who she is. She 
demonstrates this well in how she describes why living an adventurous 
life is so important. “We live in a risk-adverse society. If everyone went 
and did one big adventure, it would change their lives. And it would affect 
other areas of their lives. An individual might think, ‘if I can climb a 
small mountain, maybe I can climb Kilimanjaro. And if I can do that, 
then maybe I can climb Mount Everest.’ Then that leads to the confidence 
to do something in their life that they never would have tried to do, such 
as write a book, earn a degree, paint a picture, or play an instrument,” 
Kirk said.

In the case of Explorers Connect, her leadership style drove her to take 
a chance and do something she was completely untrained to do, engage in 
a software development project. Her confidence and passion around her 
love of adventure and exploration is what led to the initial website project 
and then to the revised website project. Her leadership drives the direction 
of the business and the evolution of the website.

1.9.4.3 Lessons Learned

• Kirk believes that if she would have started as a business from the 
beginning, preparing and running it with the appropriate discipline 
and knowledge of business practices, that it would have been suc-
cessful faster.

• “Bring in the right support staff. This is an imperative. The right peo-
ple are essential to running the business.”

• “Trust in yourself. Once you learn your lessons, trust that you will 
know the right thing to do within the business.”

• “If you have an idea, waiting is the worse thing you can do. Start 
doing something. Start doing research. Do something or you won’t 
do anything. It is easier to take small steps as long as you are mov-
ing,” Kirk says.

• “Focus! There are many more ideas than one will ever have time for. 
It is essential to really assess what is going on and prioritize. It is 
important to say ‘no’ to some things.”

• “Some parts of a business will make money, some will not. It is 
not always about generating revenue. Some areas will never make 
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money, but they are part of the ‘heart and soul’ of the business idea, 
so include them.”

• “Know what you want. It is difficult to explain to others if you do not 
have it formulated in your own mind.”

• Kirk sums up what she learned in this statement: “I used to think 
much of this was wasted time. However, it was part of the process. 
Just step out of your comfort zone. Make the first mistake, learn 
from it, and continue on. However, don’t forget to enjoy it. You can 
do things that may be the best business, but not fun. Remember why 
you are in the business and what your mission is. Explorers Connect 
‘will always be a home grown company and its core ethos will always 
remain the same,’” Kirk says.

1.9.5 Case Analysis

This case was chosen as an example of a representation of project man-
agement implementation in a highly creative development software proj-
ect. The full life cycle of research and development activities, design and 
implementation, and operations and maintenance, occur during the life 
of this project.

Scope, requirements, schedule, cost, and technical development and 
performance management were applied by the website development com-
pany. However, there were challenges in implementing controls because 
the customer was unclear what she wanted and the requirements contin-
ued to evolve over time. Because the challenges were resolved through 
good communications with the software company, the project was ulti-
mately successful and aptly reflects Chapter 1 lessons in that it provides 
a good demonstration of how a new, not clearly defined idea can become 
a project. It also demonstrates the added value of managing this type of 
project with a flexible method.

1.10 KEY POINT SUMMARY

The focus of Chapter 1 is in defining project management, describing how it 
is used as a discipline, and why that is important in ensuring successful out-
comes. Formality in project management and its impact on project activities 
is described. Then, traditional project management is outlined, as well as the 
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different applications of flexible project management. The complementary 
disciplines of program management and portfolio management are com-
pared and contrasted and the life cycle approach to project management 
and, in particular, R&D management is explained. A case study is provided 
in Section 1.9 that demonstrates the application of the concepts described in 
the chapter. Following are the key concepts and key terms from this chapter. 
Key terms also are compiled for quick reference in Appendix A.

1.10.1 Key Concepts

• All activities, no matter what they are, follow some level of discipline 
and an underlying set of processes. There is a set of standard project 
management processes that, when applied to sets of activities or tasks, 
have been shown to be effective in leading to successful outcomes.

• These standard project management processes can be applied to 
activities regardless of the industry or discipline: science, technol-
ogy, arts, adventure, etc.

• The cornerstone of the way the project management discipline 
works is in establishing a baseline of what will be done when and for 
how much, and then managing against that baseline. A baseline is 
a final version of the project that includes the scope, requirements, 
outcomes, resource-loaded schedule, budget, and all other project-
related documentation.

• Flexible project management methods support activities that have a 
quicker cycle and a less defined final outcome more effectively than 
traditional methods.

• The project management, program management, and portfolio man-
agement disciplines all have specific tasks to accomplish. However, 
the real value comes in using the disciplines to carefully align and 
appropriately support the strategic goals of the organization.

• A suitable mix of projects, programs, and other activities should be 
chosen in a deliberate way. Developing a portfolio that maps to the 
strategic plan allows for allocation of percentages against four quad-
rants of activities: operations and production, life cycle projects, 
incremental R&D, and radical R&D.

• It is the end-to-end look, or systemic view, of how an activity 
evolves over time that is used to make decisions on when to invest 
in new technology that will either replace or rejuvenate the existing 
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capability. When evaluating the level of project management that 
will optimize the performance of the activity, understanding where 
it falls in its life cycle is key.

1.10.2 Key Terms

• Agile: An approach and method of structuring work in an iterative 
way that incorporates the voice of the customer and achieves out-
comes quickly.

• Applied research: Aims to gain knowledge to address a known need, 
technical, or scientific goal.

• Approach: Specific actions that will be taken to develop and imple-
ment requirements and achieve the overall project outcomes.

• Basic research: Sometimes referred to as theoretical or fundamental 
research, its objective is the acquisition of new knowledge without a 
defined goal or expected application of the knowledge.

• Baseline: A version of a budget, a schedule, or technical/scope speci-
fications that is used to compare actual performance over time.

• Budget: An allocation of funds to a particular activity over a certain 
period of time.

• Critical path: The scheduled tasks in a project that take the longest 
to accomplish.

• Hypothesis: A statement that proposes an explanation for why, when, 
where, or how something occurs. It is a prediction against which 
testing can be used to substantiate the statement.

• Innovation: The use of a new product, process, organization, or method 
that is completely new or vastly improved to the organization or entity.

• Life cycle: The end-to-end look, or systemic view, of how an activity 
evolves over time and is typically used to make decisions on when 
to invest in new technology that will either replace or rejuvenate the 
existing capability.

• Organization chart: A relationship chart that shows the hierarchy 
and reporting relationships between various individuals or groups.

• Organizational breakdown structure (OBS): A hierarchical descrip-
tion of how the project tasks are aligned with the organization 
departments that perform the work.

• Outcome: Written description of what is expected once a project is com-
pleted. It does not include activities that will be done within the project 
to complete it, but is entirely made up of results from those activities.



46 • Project Management for Research and Development 

• Portfolio: A compilation of activities, usually of different types and 
structure, that align with and support a particular strategy.

• Program: The compilation of multiple “related” activities under a 
common umbrella.

• Project: Typically defined as an activity with a defined scope or goal 
to be accomplished within a specific time frame or schedule, and 
with a dedicated budget element.

• Project management: A defined set of steps that are used to facilitate 
performance, measure actions, and control the parameters of cost, 
schedule, and scope performance for a defined activity.

• Prototype: The physical or software form of an object or capability that 
is used to test and demonstrate that an idea should be pursued or will 
work. A prototype is used to validate that an idea can be produced.

• Qualitative: Collection of data in the form of words or images.
• Quantitative: Collection of data in the form of numbers or statistics.
• Requirements: Written definition of the exact functionality or capa-

bility that is needed. It can be a feature or a process.
• Research and Development (R&D): Research is the activity of iden-

tifying an idea worthy of additional study, investigating what is 
known, hypothesizing on what is not known, and then testing the 
hypothesis with experimentation to prove or disprove the theories. 
It can include computer modeling, prototype development, or other 
proving activities. Development is the activity of taking an idea and 
evolving it until it is a workable solution or product. Development 
can include processes as well as products.

• Risk: A risk is defined as something that might occur, where if it 
did occur would cause an impact on the “as defined” budget, sched-
ule, or scope performance. Occasionally, risks can be opportunities, 
although generally they are seen as having a negative impact.

• Schedule: An outline of all the steps that must be done, in order and 
subordinated correctly, estimating the time it will take to complete 
an activity.

• Scope: The scope defines in plain language what will be done and 
what is not being done. It does not define how it will be done.

• Spiral: An iterative process of software development that incorpo-
rates the major tenets of project management and systems engineer-
ing, and formal stages with well-defined exit criteria that have to be 
met before an activity moves on to the next phase.
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• Stakeholders: Individuals who have a vested interest in the outcomes 
of the project. Stakeholders include project members, customers, 
senior leadership, and other departments that are relying on the new 
capability.

• Systems engineering: As a discipline, it provides structure and meth-
ods to define and organize projects, to integrate activities and ensure 
that interfaces are correctly identified and addressed, ensures test-
ing of components and systems are completed, manages risks and 
reviews, and performs configuration management to ensure that 
design changes are tracked and implemented methodically so that 
the current configuration is always known.

• Waterfall approach: Is a traditional approach to development activi-
ties, both hardware and software, that uses a series of phases, aligned 
in a downward-flowing diagram where one step leads directly into 
the next step and there is no iteration.

• Work breakdown structure (WBS): A construct that identifies how 
the overall project will be structured or organized and how the work 
will be grouped and prioritized.

• Work package: The work that is associated with the lowest level of the 
WBS that is tracked.

1.11 APPLY NOW

In order to get the most benefit from the material in this chapter, the 
concepts must be applied to real-life situations of personal interest to the 
reader. Table 1.1 provides a summary of information that has been pre-
sented so far. Use this checklist to outline an activity that will be used 
throughout the book to enhance learning. By picking a topic and using it 
to fill in the table, the reader will better understand the approaches that 
will be discussed in the following chapters. Each chapter will build on the 
knowledge obtained in this chapter, so the example that is chosen for this 
table should be used for each subsequent chapter’s Apply Now exercises.

The template could be used as described in this simplistic example. 
In a situation where readers wanted to go into business to produce, for 
example, windmills where they have no prior experience in building 
windmills, they would need to do some development before going into 
production. If they were to use an existing theory, then no basic research 
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would be required. The answer to the first question (1), therefore, would 
be “development.” Once the product has been developed and is ready to be 
produced, it would move into the production/construction box, but until 
that time it would be categorized as development. As the reader thinks 
through how to set up the activity organizationally, either as a stand-alone 
project, as part of a program to provide windmill farm capability, or as 
part of a portfolio to provide energy solutions, for example, the answer to 
(2) would be marked. For illustrative purposes for this example, this will 
be identified as a stand-alone project.

The next step (3) is to review where the activity is within its life cycle, 
research, development, or control phase. As this is a development project, 
it would be marked as such. The project will only move to the control 
phase once development is completed and the product is on the produc-
tion line or being constructed. The next decision (4) is to determine what 
type of project management technique to use as a control. As a develop-
ment project, a flexible method would be most effective. The choice or 
Spiral or Agile depends on the type of project. A hardware or software 
project may lead to a different choice.

Question (5) addresses the level of reporting and communications that 
is needed both internally and externally. The choices are informal, semi-
formal, and formal. If this project is self-funded, the choice might be 
informal as there would be much less reporting required than if the proj-
ect was funded by an external entity. In addition, the informal reporting 
might better serve a newly formed organization.

The final questions (6–13) are text fields that require thinking through 
what the trajectory of the activity is and how it will proceed. For this 
example, the scope of the project (6) might be to build a working windmill 
to mass produce within a year. The requirements (7) would be to design 
and prototype a base, blades, rotation mechanisms, and electrical transfer 
capabilities that meet a certain specification. The outcomes (8) expected 
from the project would be robust designed and tested components and an 
integrated design, for example. Resources (9) will include the number of 
labor hours, materials, equipment, materials/equipment/services (ME&S), 
and travel that will be required to perform the scope. The schedule (10) 
must be laid out so that it becomes clear how long each activity is expected 
to take and when key deliverables can be expected. Cost (11) would be an 
estimate of the cost based on (10) the estimates of labor, ME&S, and travel, 
and any overhead costs that would need to be covered. Overhead includes 
buildings, utilities, furnishings, etc., that are required to do business. 
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Finally, a brief review of any risk (12) that would need to be addressed, 
such as the inability to hire the labor needed, or a risk in getting fund-
ing, would be identified and documented. Finally, the measures of suc-
cess (13) is documented. For this project, the measures of success might 
be something such as prototypes being tested at various stages that build 
confidence in the design.

The completion of this table for a personal example will solidify the 
concepts and provide a strong basis for the ability to apply the material 
from the next chapters. For all future Apply Now exercises, this project 
can serve as the project plan upon which to build.

REFERENCES

 1. U.S. Department of Defense. 1962. DoD and NASA guide: PERT/COST System Design. 
Washington, D.C.: U.S. Government Printing Office.

 2. Defense Systems Management College. 1997. Earned value management textbook. 
Fort Belvoir, VA: Defense Systems Management College.

 3. Boehm, B. W. 1986. A spiral model of software development and enhancement. ACM 
SIGSOFT Software Engineering Notes, ACM 11 (4):14–24.

 4. Gilb, T. 2001. Principles of software engineering management. Reading, MA: Addison-
Wesley Longman.

 5. Beck, K., M. Beedle, A. van Bennekum, et al. 2001. Manifesto for agile software devel-
opment. Agile Alliance. Online at: http://agilemanifesto.org/ (accessed December 8, 
2013).

 6. Boehm, A spiral model of software development and enhancement.
 7. Dewar. R. D., and J. E. Dutton. 1986. The adoption of radical and incremental innova-

tions: An empirical analysis. Management Science 32 (11):1422–1433.
 8. Kirk, B. 2013. Explorers Connect©. Online at: http://www.explorersconnect.com 

(accessed November 13, 2013).



51

2
Project Management as an Enabler

Using a project management methodology, along with several comple-
mentary disciplines

• will add value and increase the probability of achieving success-
ful outcomes for projects of all types;

• provides an approach for R&D that increases the probability 
of success;

• includes methods such as flexible project management, systems 
engineering, and industrial engineering.

The use of project management methodology equates to the use of 
structure and discipline in a manner that is established, well defined, 
and well understood. When an activity is assessed against the strat-
egy of the organization and as it exists within its own life cycle, its 
value to the organization becomes clear. Using a project management 
methodology on any type of activity, including operations and R&D, 
will add value to it and help ensure its success. When the elements of 
project management are applied to the activity (i.e., a scope is defined, 
requirements are identified, and a schedule and budget are developed), 
it provides the structure that ensures the highest probability that an 
activity will achieve its objectives.

This chapter explores how project management is traditionally used 
and why it is considered a key element for ensuring success. It compares 
and contrasts the traditional application of these methods with the 
use for R&D, which typically requires a different type of structure. As 
part of the review into the best use of project management for R&D, 
it is necessary to understand that project management methods are 
best enhanced by other disciplines. Several complementary disciplines 
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provide key enhancements to project management that, when used in 
conjunction, provides the best all-around approach for R&D. These 
disciplines include flexible methods, systems engineering, and indus-
trial engineering.

It is not necessary to be fully versed in the use of each of these dis-
ciplines. However, understanding the key components of each one 
and appreciating how they can be used in conjunction with project 
management for R&D is highly beneficial. The key elements of these 
disciplines, as they relate to using project management for R&D, are 
described throughout the chapter. The differences between R&D and 
innovation are then explored, and the application of project manage-
ment to innovation briefly described, although more fully explored in 
Chapter 3. Anticipated effects of applying these complementary dis-
ciplines to R&D and innovation are described, as well as Apply Now 
exercises that will allow immediate application of the fundamental 
concepts within this chapter.

A case study demonstrating the use of multiple disciplines in man-
aging an R&D project is reviewed. A checklist is provided as well that 
allows the reader to use the project activities identified in Chapter 1 to 
step through the additional disciplines to determine how best to apply 
them directly to those project activities to add value and increase the 
chances of success.

Chapter Road Map

Chapter 2 focuses on the complementary disciplines that can be used for 
managing R&D projects. It specifically

• describes how project management is traditionally used;
• explains why it is considered a key element of ensuring success;
• compares and contrasts traditional project management methods 

with the use for R&D;
• reviews the complementary disciplines that provide enhancements 

to project management;
• flexible methods
• systems engineering
• industrial engineering
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• describes the key elements of these disciplines in enhancing project 
management for R&D;

• explores the differences between R&D and innovation;
• describes the application of project management to innovation;
• explains the anticipated effects of applying these complementary 

disciplines to R&D;
• provides Apply Now exercises that will allow immediate application 

of the fundamental concepts;
• uses a case study to demonstrate the use of multiple disciplines in 

managing an R&D project;
• summarizes key points of concepts and terms;
• provides a summary checklist to apply the ideas from the chapter to 

a real situation.

2.1 TRADITIONAL PROJECT MANAGEMENT

The standard project management approach of tracking the reduction in 
tasks to deliver requirements is based on the waterfall development model1 
or method. This method is best at

• controlling projects that have a low level of risk, and have stable and 
unambiguous, clearly defined requirements;

• addressing an activity that is unique and not repeated, with a 
defined beginning and end, is goal oriented, and has specific mile-
stones identified;

• includes the activities of setting the scope, identifying requirements 
and deliverables, and developing a schedule and a budget.

Project management as a methodology has evolved into a useful way to 
manage a set of activities. Project management standards state that the 
most effective use of project management is when certain criteria are met 
or when the activity fits into a particular category. For example, a project 
is generally defined as an activity that is unique and not repeated with a 
defined beginning and end, is goal-oriented, and has specific milestones 
identified. The standard approach to managing a project is to define the 
scope, set forth a set of requirements and deliverables, and develop a 
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schedule and a budget. The set of requirements is seen as a list of items 
that must be completed in order to finish the project.

The standard project management approach of tracking the reduction 
in tasks to deliver requirements is based on the waterfall development 
model or method. The way the waterfall method works is that all require-
ments are identified, then designed, developed or built, and then tested 
and moved into an operations state. That means everything that needs to 
be accomplished in order to achieve success in a project would compile a 
starting list. Taking that full list, a schedule would be built to complete all 
of these requirements before moving into the next phase, which would be 
to test and provide the full functionality required at the end of the project. 
Figure 2.1 shows how a traditional waterfall project would work.

One of the most important activities of project management is to ensure 
that the agreed-upon budget, scope, and schedule are met. This set of three 
critical parts of the project is often referred to as the triple constraint or 
project management triangle. These three elements as a whole must be held 
to the defined and agreed-upon contents for the project to be considered 
as successfully controlled. Each one of the three elements can change dur-
ing the course of a project, but typically not without affecting the other 
two. Other activities must be considered, as in risk, resources, and quality; 
however, issues in these areas will typically directly affect the budget, the 
scope, and/or the schedule.

When a project is defined and agreed-upon, the triple constraint is 
defined as being congruent. This is a key project management step. This 
is a written document indicating that each of the three areas has been 
clearly defined and accepted in its final form. The budget has been estab-
lished, the specifications for achieving the scope can be performed and 
will be performed as part of the project, and the schedule is acceptable 
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FIGURE 2.1
Waterfall process.
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to both the customer and to the organization that must perform within 
its parameters. This document is referred to as the project plan. Once the 
project plan is written, it is then the defining document for the activity 
that will take place on the project and is considered the baseline against 
which implementation progress will be assessed. A project management 
methodology provides this structure to assist in the effective management 
of the activities and changes that naturally occur during a project and to 
keep it on target to achieving successful outcomes.

Even though the traditional method is seen as a disciplined approach 
that will lead to positive outcomes, the level of risk increases during a 
project if more and more requirements get added to the growing queue of 
unfunded and unplanned requirements during the development phase. 
This can happen naturally as stakeholders begin to understand the func-
tionality of the development and are interested in changing, modify-
ing, or otherwise revising the original set of requirements. Because this 
method sticks to a rigid structure, occasionally the end outcome, even if 
it meets all requirements, comes in within budget, and with the desired 
specifications, actually may not be useful. A project that is not useful 
upon completion, even if well run and meeting all of the parameters and 
requirements, is of little value and results in waste and rework. In R&D, 
a useful outcome (either positive or negative) actually drives the next 
phase of the project, thus waiting too long to assess the outcome will 
ensure waste of resources. What traditional project management is best 
at is controlling projects that have a low level of risk and have stable and 
unambiguous, clearly defined requirements.

2.2 R&D PROJECT MANAGEMENT

In applying project management to R&D, it is necessary to

• minimize the dividing line and strict categorization for what consti-
tutes a project;

• constrain the typical R&D activities into a time frame;
• identify the basic outcomes that are desired, either from a tactical or 

strategic perspective;
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• define success differently than within a standard project.
• R&D success is in the decisions that move the experiments along 

and prove or disprove the theory or hypothesis within some set 
of constraints.

In traditional project management methodology, only defined subsets of 
activities meet the definition of a project and, therefore, are the best candi-
dates for the application of the methodology. However, in applying project 
management to R&D, it becomes necessary to minimize the dividing line 
and strict categorization for what constitutes a project. It is possible to cat-
egorize any activity as a project and gain the benefits of applying the right 
level of management as was described in Chapter 1. All activities can be 
artificially bounded during a defined period, such as one year, allowing a 
baseline against which statuses can be obtained.

The ranges of activities that make up R&D do not easily lend themselves 
to rigid structures of management over long time periods. That is because of 
the nature of this highly creative activity. However, that does not mean that 
project management cannot be applied to R&D, which is a common misper-
ception. Generally, R&D is used to learn and apply learning in an area that is 
undefined, conceptual, complex, and ambiguous. The research often has no 
defined outcome, or has an outcome identified; however, the means to reach 
the outcome may be unknown. That being said, it is still possible to choose 
a time frame during which the R&D project will occur, and to identify the 
known tasks that will be completed during that time frame. By constrain-
ing the typical R&D activities to this time frame and identifying the basic 
outcomes (including anticipated experiments or completion of research, the 
submission of scientific or technical papers, the completion of a prototype, 
or other activities), one can treat R&D as a project.

One of the most significant challenges of implementing project manage-
ment on R&D projects can be in dealing with individuals or established 
cultures that have not applied a disciplined approach to creative activi-
ties. It is sometimes the case that individuals in these environments will 
often insist that they are not following any type of a process and may even 
rebel against the application of structure and methods. They are generally 
concerned that doing so will impede their ability to implement change 
and, thereby, impact their creativity. It turns out that, although they may 
not be able to articulate their methods, if one was to follow the steps that 
they take within the implementation of his or her work, it would become 
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apparent that they are indeed following a process, albeit one of their own 
development, often at the expense of valuable time and energy.

In most cases, processes built this way are not built on any true dis-
cipline. Therefore, not only are these creative individuals spending time 
reinventing the wheel, but also they are doing so without the benefit of the 
discipline, knowledge, and experience that went into an established and 
standard process. Implementing processes outside of a discipline increases 
the probability that key critical steps will be left out, and, thus, impact the 
project downstream.

R&D projects do benefit from the application of project management dis-
cipline if applied correctly. R&D does not require a thorough definition of a 
project scope. However, it does require a careful description of the hypoth-
esis to be tested and of the experiments to be attempted. The explanation of 
the anticipated outcomes and trajectory, or the direction they are headed, is 
essential. Decision points become more important because, as the experi-
ments and testing are carried out, results should lead to decisions on how 
to proceed. Success is defined differently than within a standard project, 
although it is still imperative that the project is completed within a spe-
cific budget (unless money is no object), schedule (even if multiple years in 
length), and in the progress it makes in evolving a product, service, tech-
nique, or other area of focus. R&D success is in the decisions that move the 
experiments along and prove or disprove the theory or hypothesis within 
some set of constraints. Chapter 3 specifically discusses the management of 
R&D with project management methods, complemented by the additional 
disciplines described next.

2.3  DISCIPLINES THAT COMPLEMENT 
PROJECT MANAGEMENT

There are different disciplines that complement project management effec-
tively. These include:

• Flexible methods
• Viable options for managing projects where level of ambiguity in 

requirements is significant, customer involvement is heavy, and 
level of experience with the tools and techniques is minimal
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• Management frameworks
• Incorporate a holistic view of the development cycle

• Systems engineering
• Assures the many stand-alone development activities come 

together as a cohesive whole
• Industrial engineering

• Focuses on efficiency, optimization, and impacts throughout the 
entire demand and supply processes

Underlying and complementing the project management method are 
several other disciplines. Production and operations use traditional proj-
ect and business management methods and adhere to industry standards. 
They are probably the most well known and best understood, with clear 
and documented use of methods that complement project management. 
Indeed, the waterfall method of project management had its start in pro-
duction manufacturing and was later adopted for software development 
projects. These methods include carefully controlled and audited pro-
cesses, consistent careful change control and record keeping, and docu-
mented instructions and procedures. Production optimization strategies, 
such as Just-in-Time, Kanban, Lean, and Six Sigma, focus on forecasting, 
optimizing the manufacturing flow, and/or improving the quality of the 
products being produced though process improvements, but they do not 
impact the use of the traditional waterfall method of project management 
methodology in the production environment.

Contrasting the traditional method is a series of flexible methods and 
frameworks that are described in Section 2.3.1. Flexible methods, such 
as Spiral and Agile development, emerged in an effort to apply a struc-
ture to software development activities; however, they are applicable to 
hardware and process development as well. For hardware and integrated 
systems development, the most applicable framework is Product Lifecycle 
Management (PLM),2 which incorporates a holistic view of the develop-
ment cycle and may incorporate multiple flexible methods within an over-
arching traditional waterfall method.

Systems engineering emerged as a discipline in the 1950s3 to deal with 
complex engineering problems. The need stemmed from the understand-
ing that performance of many stand-alone development activities often 
would not come together as a cohesive whole if the development activi-
ties were not managed from a systems perspective. Technology developers 
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across many disciplines quickly adopted the methods. Systems engineer-
ing is described in Section 2.3.4.

Industrial engineering is actually an older discipline than systems engi-
neering. It is described more fully in Section 2.3.5. The tenets of the dis-
cipline have been taught around the world wherever manufacturing and 
production take place. In fact, industrial engineering degrees were being 
granted in the early 1900s within the United States.4 There was an evolu-
tion in the discipline that took place over the course of a decade. Industrial  
engineering began to focus more on gaining efficiency and optimization 
and less on describing a well-run production or manufacturing operation. 
It is still evolving, because the global world market requires a stronger 
focus on management of the entire demand and supply processes. These 
disciplines will be discussed below, as elements of each will work in con-
cert with the project management methodology to enhance the manage-
ment of R&D.

2.3.1 Flexible Methods

Traditional project management was originally used successfully in the 
production of hardware,5 but was quickly criticized as being ineffective 
in developing software. During software development, it is often not pos-
sible to have clearly defined and fully evolved requirements at an early 
stage. Unlike the production environment where a complete set of known 
requirements is finalized and held steady throughout the development 
and test stages, software development often requires a need to modify the 
requirements as the product evolves. In many cases, there may be a stron-
ger need for customer involvement during the development, which tends 
to drive change. And sometimes, there are significant gaps in experience 
with the technology or process being used in the development activity, 
which leads to significantly more changes as learning occurs and the 
results are evaluated.

In situations where the level of ambiguity in requirements is significant, 
where customer involvement in the end product is heavy, and where the 
level of experience with the tools and techniques being used within the 
development environment is minimal, a less rigid method of project man-
agement method is needed. Figure 2.2 provides a view of how these three 
factors (level of ambiguity or risk, level of customer involvement, and level 
of experience with the elements that will be used) will drive the choice of 
a project management method for that activity.
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There are three methods shown in the figure: Waterfall, Spiral, and 
Agile. As demonstrated in the diagram, the stronger the level of experi-
ence in the development methods, the clarity around the defined set of 
requirements, and having a low level of customer involvement provides 
a good background for applying a traditional waterfall method of proj-
ect management. Alternatively, the lower the level of experience with the 
methods, the higher the level of ambiguity, and the higher the level of cus-
tomer involvement would make an Agile method of project management 
more applicable.

Although there are many methods that address iterative and incre-
mental design and development, the ones that are best known in the 
software area fall either into the area of Spiral Development (such as the 
Spiral Model, Rapid Application Development (RAD), Adaptive Software 
Development (ASD), Evolutionary Project Management (EVO), or 
Feature-Driven Development (FDD)), or they fall under the Agile Method 
(Extreme Programming (XP) or Crystal Methods). These methods are 
described below.
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Method to activity.
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2.3.1.1 Spiral Development

Spiral development refers to an approach and method of structuring work 
that may appear to backtrack upon itself, circling around while making 
incremental progress toward some future goal. When the future state of 
the capability is not well understood, and when it is perceived that iterat-
ing on a solution over time will provide the opportunity to release ver-
sions that add on to previous versions, a Spiral development method may 
be the approach that provides many opportunities to add requirements 
in along the way. This method accepts change as long as it comes in at 
the appropriate location of the cycle. The overall length of the project can 
be significantly long, with a relatively slow cycle of development ranging 
from a six-month or longer time frame. These projects can be highly com-
plex with many participants and oversight. Projects that have a lot of risk, 
as well as those where there is a strong art or craft component or where 
design–build–test activities lead to evolution in the trajectory of the proj-
ect, often use this method. This also makes the elements of this method 
complementary to R&D project management.

The Spiral Model is typically associated with the process of prototyp-
ing, or developing physical or virtual samples or models, to demonstrate 
capability before moving on to the next phase of development. It also uses 
modeling and simulation to demonstrate its readiness to move to the next 
phase. The Spiral Model is a learning tool. It involves setting an objective, 
scope, and requirements consistent with the Waterfall method, but for a 
time frame that is typically broken up into six-month to two-year cycles. 
Prior to initiation of the first cycle, user input will be obtained, risks will 
be assessed, and potential solutions studied and evaluated. The design 
and development will be completed, tested, and evaluated. Only upon 
approval will the cycle repeat itself through the development of a new plan 
that describes the objective, scope, and requirements of the next cycle.

2.3.1.1.1 Rapid Application Development

RAD6 (Rapid Application Development), similar to Spiral, focuses on the 
quick and iterative prototype development cycles. It is typically associated 
with object-oriented7 software development. In its simplest form, software 
programming that is not object-oriented consists of a string of commands 
that is available and accessed at all times. An object-oriented software 
development is entirely different in method, in that the program is built 
into bundles that are only accessed if required, thereby sequestering them 
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from the larger program. This type of programming emerged in the 1990s 
after technology evolved enough to support the approach.

The method takes some of the approaches from the waterfall method, such 
as setting the objectives and scope, completing risk analysis, developing, test-
ing, and delivery to customer. However, it also employs some elements of 
systems engineering, such as functional decomposition and change manage-
ment. Decomposition basically refers to breaking down a system into smaller 
pieces. It also incorporates some Agile methods, such as pursuit of user input 
and design, and prototyping within fast cycles of three to nine months. The 
systems engineering and Agile methods will be discussed more thoroughly 
later in the chapter. The RAD method is important in the application of proj-
ect management for R&D in its decomposition of requirements into smaller 
components and in its shorter development and test cycles.

2.3.1.1.2 Adaptive Software Development

ASD8 (Adaptive Software Development) is a method that evolved from 
RAD. This method is loosely based on complex adaptive systems and 
chaos theory where the norm is continuous adaptation. It uses a bottom-up 
approach for development and lacks an architectural structure. ASD uses 
an ad hoc approach with minimal to no preplanning within extremely 
short cycles. The cycles do follow a rhythm of attempting to understand 
what the user wants, developing the software, testing, and releasing the 
software. It is one of the more prominent learning methods of develop-
ment, one that appears to be representative of what is done within R&D 
departments. The key elements of this method are in its short cycles and 
quick realignment to a new trajectory of development. These are impor-
tant in project management of R&D.

2.3.1.1.3 Evolutionary Project Management

The EVO9 (Evolutionary Project Management) methodology was intro-
duced by Tom Gilb in the 1980s. It was not an entirely new methodol-
ogy, but was built on the Plan-Do-Study-Act (PDSA) cycle that has been 
in place for controlling manufacturing since the 1920s.10 The PDSA is 
based on the scientific method11 of developing a hypothesis, conducting 
an experiment or test, and then evaluating the results before moving on 
to the next step. The scientific method is discussed in Chapter 3 as one 
potential method of research, as it is useful in R&D project management. 
The EVO approach, therefore, is one of the most well-aligned complemen-
tary methods.
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The EVO approach is for a scope to be developed with the user based on 
his or her experience with the current capability and then compartmen-
talized into a series of small development deliveries, upwards of 50, to be 
delivered in one- to six-week cycles. For each cycle, a scope is generated, 
which covers the immediate cycle only, a risk assessment is completed, 
and the capability is programmed, tested, and delivered. There is no queu-
ing or prioritizing of future cycle contents, except within the cycle, and 
then for those items that provide multiple benefits to costs. The method 
attempts to evolve the capability through small, quick changes.

2.3.1.1.4 Feature-Driven Development

Jeff De Luca introduced the FDD12 (Feature-Driven Development) set of 
processes in 1997. Rather than a bottom-up approach, this model is top-
down. It requires the development of a top-level architectural view, with 
subelements of that architecture heavily decomposed into functional 
views. FDD leans heavily on modeling of architecture and features prior to 
development activities. The standard process for this method is to develop 
an overarching model and develop a set of requirements with the user, 
which it refers to as features. It then categorizes these into groups that can 
be completed sequentially within six milestones per feature. It develops 
these features based on industry standard software engineering practices 
in cycles of approximately two weeks.

The key elements of this method for R&D project management are in the 
development of an architectural design or an end state that is anticipated, 
and in the features that will ultimately drive the development activities. In 
R&D, having a solid hypothesis and set of experiments serves the purpose 
of the architecture and features. This concept will be discussed in Chapter 3.

2.3.1.2 Agile Method

The Agile method refers to a method of structuring work in a way that 
achieves outcomes quickly and approaches the resolution of the most dif-
ficult challenges early in the development process. Rather than treating 
complex problems by providing lengthy time slots to resolve them, often 
leaving them to later in the project and implementing quick solutions 
early on as low-hanging fruit, Agile focuses on adding value as quickly 
as possible. The priorities are set by a group of interested stakeholders. 
In a traditional Waterfall project, the level of complexity and difficulty 
in solving the individual priorities is only one determining factor and 
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often the quicker, less complex, easy to implement capabilities rise up to a 
higher priority. This sometimes results in the most difficult or challenging 
requirements being relegated to the final quarter of the project schedule 
and can lead to project completion delay if things do not go as anticipated. 
Contrastingly, in the Agile method, the more challenging requirements 
generally are prioritized higher and are resolved earlier in the overall proj-
ect. This fundamental difference in approach to complex problems within 
a project is what makes this method appealing for R&D project manage-
ment. Agile treats change as a natural evolution of learning during devel-
opment and testing of capability.

Another key element of Agile is the pace of development. Typically, short 
time frames, called sprints or time boxes or blocks, are used to identify the 
focus for the development. The development team becomes highly focused 
on activities to facilitate that part of the project. Unlike traditional project 
management where individuals are provided long time spans and a set 
requirement to perform at the end of the project, with Agile, decisions to 
pursue and resolve a set of requirements lead directly to a dedicated short-
term team effort to successfully implement that capability before moving 
to the next set of requirements.

Daily interactions, and teaming arrangements that foster close collabora-
tion, are an integral part of this methodology. Quality is built into the pro-
cesses through the personal integrity of the individuals who are dedicated 
to the effort and is verified and validated through the constant testing of 
the products as they are developed. Individuals who are highly motivated, 
talented, and who enhance each other’s performance build these projects. 
Because the individuals are highly motivated and extremely engaged and 
focused, there are seldom issues with communications. The team is required 
to meet and communicate progress regularly and to surface any problems 
or roadblocks that are getting in the way of successfully completing actions 
that are their responsibility. This high level of communication and account-
ability builds trust both within the team and external to the team. These 
attributes of the Agile method are the same for the R&D project. R&D proj-
ects typically have a strong dedicated leader, a close-knit supporting team, 
and build and test as part of an iterative process.

Management is proactively provided or “pushed” regular reports 
describing progress and issues and resolutions, eliminating the necessity 
to extract or “pull” information from the team. Pulling information can 
often result in the unintended consequence of obtaining skewed results, 
as the team responding to requests for information will want to provide 
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information that supports the view of successfully meeting goals and 
overcoming obstacles. These metrics are often qualitatively generated 
based on perceptions on rolled-up data. The Agile method puts the struc-
ture in place that allows timely communication of progress, risks, and 
mitigations backed by qualitative and quantitative data that can be traced 
directly back to daily actions.

2.3.1.2.1 Extreme Programming

XP13 (Extreme Programming) was another method that evolved out of 
the late 1990s by Kent Beck. It appears to be part of the “feel good pro-
gramming method” where everyone has an equal say, everyone is empow-
ered, and there is a heavy emphasis on communication, respect, and trust. 
Requirements are derived by user stories, which the customer helps to 
develop. The method is heavily customer focused, and emerging require-
ments are immediately put into the queue. Quick cycles, called iterations, 
are completed every one to three weeks. Daily meetings and ongoing test-
ing are a normal part of this method, and is something that is part of the 
doctrine of keeping the design simple and eliminating unnecessary func-
tionality. XP methods of quick cycles and ongoing testing are applicable to 
R&D project management.

2.3.1.2.2 The Crystal Family

Out of the 1990s complement of competitive processes to the traditional 
Waterfall methods, the Crystal Family14 methods emerged. Alistair 
Cockburn introduced the concepts after he concluded from his research 
that the success of projects was often attributed to less tangible activities, 
rather than being specifically due to the project management method-
ology that were used. Cockburn categorized, using gemstone colors to 
denote what he termed the “weight”’ of a project; the “weight” basically 
being related to mission criticality. Processes, seemingly avoided in con-
cept, are defined in a scaling system of colors depending on how large and 
how important the project is deemed to be. In this method, a continuum 
runs from clear (the lightest touch of project management), through yel-
low, orange, red, maroon, diamond, and sapphire (which represents the 
heaviest implementation of project management). The processes that are 
scaled are specifically related to coordination, communication, test, verifi-
cation, and validation activities.

This is another method that espouses the “feel good programming 
method.” The focus of this methodology is in people, communications, 
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personal attributes, and talents of the team members, and puts process in 
the secondary role. Providing an atmosphere of focus and interruption-
free time allocations is seen as an important aspect of the success of the 
methodology. Regular reviews and reflection of process performance, as 
well as having the team situated in close proximity, are integral. 

The key elements of this set of processes include a user-assisted scope 
development with highly integrated testing. Block releases, or compila-
tions of iterations and functionality released at a specified time, are a use-
ful component of this method. Releases are typically spaced from weekly 
to every three months. The concept of using the lightest methodology 
necessary to achieve the best project outcomes, heavy testing, and rela-
tive dependence on the talents of the leader and the team mirrors the way 
R&D project management is successfully applied.

2.3.2 Management Frameworks

In the hardware development environment, standard project management 
processes are typically used, including a scope definition leading to the 
finalization of requirements, a design being created, a prototype fabri-
cated, design testing, and then manufacturing or production. There has 
been a fairly successful movement to implement Agile in the hardware 
environment, and a more robust movement to integrated systems develop-
ment frameworks, such as Product Lifecycle Management (PLM). In most 
development environments today, projects that are a mix of hardware, 
software, firmware (a type of software that controls hardware), process, or 
services are more common.

Hardware, software, firmware, integrated systems, processes, and ser-
vices can all benefit by the application of project management structure. 
There are many competing and complementary processes from which to 
choose. In an attempt to utilize the most compelling elements of each of 
the processes for achieving the needed results (while using only the most 
applicable attributes of each), users of these processes are turning instead 
to the use of frameworks. A framework is a logical structure intended to 
act as a process guide. Unified Process is such a framework, as is Dynamic 
Systems Development Method (DSDM) and Scrum, for example. These 
methods and frameworks discussed below provide value in structuring 
work and help clarify the choice of which structure to use.

These certainly are not the only methods and frameworks, and new ones 
emerge every year. However, they represent many that have significantly 
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impacted project management implementation over the past decade or 
two. Just the sheer number of options for approaching project management 
using these various methods speaks to the desire and necessity to apply 
structure and discipline in some way to all types of activities, especially 
when there are a significant amount of unknowns that must be addressed. 
Each of these methods and frameworks will be briefly reviewed, com-
pared, and contrasted below.

2.3.2.1 Scrum

Scrum emerged as a concept in 198615 and was formally recognized by name 
in 1995.16 Scrum, not an acronym, but a reference to a rugby term, uses user 
stories to capture requirements that are then prioritized and held as a back-
log to be worked off during short iterations of development called sprints. This 
method requires co-location of staff and heavy face-to-face communications 
during mandatory daily reviews. The standard path of development that this 
method follows is to define the goals and tasks of the next sprint that will occur 
in the time frame of one week to a month. A sprint backlog of requirements 
defines exactly what will be developed, and daily tracking ensures that the 
development continues uninhibited or that issues are immediately resolved. 
Daily status of the pending requirements, referred to as “burn down,” is tracked 
in a visible way so that the team always knows who is working on each task. 
The focus is on quick product delivery. The application of user stories, staff co-
location with heavy face-to-face communications, and short sprints aimed at 
implementing a particular subset of capability is consistent with methods that 
are used to manage R&D to successful outcomes.

2.3.2.2 Unified Process

The Unified Process has an evolutionary history that started in the 1980s, 
but was first published as a framework in 1999.17 It is extensible, which 
means that it can be enhanced or customized relatively easily. The goal 
is incremental increases in functionality with the mitigation of the most 
critical risks early in the process. The key phases in this framework 
include the development of written descriptions of how something will 
work (often referred to as scenarios or use cases) to develop requirements, 
architecture, schedule, and cost estimates, and to complete risk analysis. A 
lock down of the majority of validated requirements and a baseline of the 
architectural design are required. The Unified Process uses a fixed period 
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of time as a point of reference for which development must be complete. 
Development iterations focus heavily on modeling and testing. Revisions 
are based on feedback from users after release. Application of this frame-
work to R&D project management can be summarized by:

 1. Use of an architecture or strategic goal
 2. Use case and scenario development that can help define the hypoth-

esis and experiments
 3. Incremental increases in functionality based on the previous out-

come, and
 4. Approaching the most critical risks first

The lock down of a completion date, a requirement of this process, also 
can be used in R&D project management as a way to ensure the right sense 
of urgency to drive the R&D to completion.

2.3.2.3 Dynamic Systems Development Method

Developed by a software engineering industry consortium and established 
as a framework in the 1990s, DSDM18 (Dynamic Systems Development 
Method) attempts to bring in the best from all the methodologies and mit-
igate the risks inherent in some. Consistent with the traditional Waterfall 
method of development, DSDM does place heavy emphasis on process 
and documentation. Typical phases of this framework include formula-
tion of scope in the format of a business case, feasibility studies, formal-
ized prioritization of requirements, and a baseline of cost, schedule, and 
quality with strong configuration management. Architectural develop-
ment is required before design and build of any components. Then, consis-
tent with the flexible methods, it features collaborative user involvement 
within a fixed period of time to complete work packages. Modeling and 
prototyping is used extensively. Daily stand-ups, reviews, and constant 
testing assure quality. The components of this framework that support 
R&D project management are the work packages, modeling and prototyp-
ing, close collaboration, and constant testing.

2.3.2.4 Product Lifecycle Management

PLM19 is predominately an integrated systems development model that 
aligns well with a traditional Waterfall method. It attempts to take into 
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account the entire life cycle of a system that is being developed. The phases 
that the PLM framework uses are similar to the phases of the software 
frameworks. The key idea behind this framework is to understand and 
manage the entire life cycle of a product as it moves from one phase to 
the next. It attempts to start at the conception, or applied research phase, 
through design and development, production, operations, and support. It 
relies heavily on modeling and simulation as well as prototyping. It tries 
as well to integrate the larger environment of suppliers, business pro-
cesses, data management, and any other functions that affect the product 
throughout its lifetime. As a framework, it provides a view against which 
to assess the maturity of an R&D project and its readiness to move into the 
next life cycle phase.

2.3.3 Apply Now

Each of these methods and frameworks can be applied to various situ-
ations. Figure 2.3 puts the methods of flexible development into a com-
parative diagram. Along the bottom is the development tempo; along 
the left is the user involvement during development. Along the top is the 
level of change accepted out of cycle, and along the right is the required 
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architectural design maturity. This is not an all-inclusive list or an abso-
lute representation of the relationships between the various methods. 
However, reviewing the methods in this comparative manner provides 
insight into what types of activities the methods support.

Using the information in Figure 2.3:

• Development tempo
• Architectural design maturity
• User involvement during development
• Level of change acceptable out of cycle

along with your material from Chapter 1, Section 1.12 Apply Now exer-
cise, determine what the best method of development would be for your 
project.

Using the windmill example from Chapter 1, we can explore these 
methods by assuming the project will include activity to design an entirely 
new capability. To model this, we use the assumptions that the customer 
wants to be highly involved in the design process, that the development 
tempo on this project could be expected to be one to three years, with a 
low-to-medium degree of architectural maturity required, placing a heavy 
emphasis on modeling and testing of various designs before settling on 
one that will be produced and replicated. One would expect the design to 
be firm before production began on any of the subcomponents. Because of 
the unknowns in performance for this design, as well as the desire of the 
customer to influence the design as learning occurs, changes out of cycle 
can be expected on a regular basis. Therefore, for this windmill project, 
one might choose an Agile or Spiral method of development.

2.3.4 Systems Engineering

Systems engineering is a standardized, disciplined management process 
with a mission to ensure that the outcomes of a project match the intent, 
or, if they diverge in any way, that the changes are understood, captured, 
and controlled from both the component’s and systems’ perspectives. In 
many situations, development is occurring in specific areas without a con-
scious effort to ensure that the capability being developed will work well, 
or even correctly, with the other components. Often it seems that no one 
person or group has the “big picture” of how it all fits together. The role 
of systems engineering is to ensure that there is a comprehensive view of 
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how all the pieces fit together, to ensure that each piece actually works as 
specified as a unique component, and as an integral part of the system as 
a whole.

Systems engineering complements project management in that it 
assumes direct responsibility for the development and control of activities 
for which the project manager also is responsible, but at a much deeper 
level. For example, a project manager must ensure requirements, speci-
fications, a resource-loaded schedule and budget is in place and being 
managed, and that risk is understood and being mitigated. The systems 
engineer will actually perform a strong role in developing and locking 
down the requirements, designing the organization structure, ensuring 
the integrity of the deliverables, performing schedule and cost perfor-
mance analysis, and designing and managing change and risk processes.

Optimally, systems engineering is organizationally aligned and reports 
directly to the project manager. The reason this is optimal is that the proj-
ect manager and the systems engineer have heavily overlapping yet highly 
complementary roles at a level that is equal to other leads providing capa-
bility to the overall project. Systems engineering provides a management 
service to the project manager ensuring that the project comes together 
as a whole. Also, it provides a technical service to the project manager to 
ensure that the design, development, production, or other technical proj-
ect activities meet specifications and ultimately work as planned. There 
are two main areas of focus in the systems engineering discipline: (1) the 
systems engineering management processes, and (2) the systems engi-
neering technical processes.

2.3.4.1 Systems Engineering Management Processes

The systems engineer is responsible for implementing and controlling a set 
of management processes. These are described below. 

2.3.4.1.1 Baseline

During the development of the project plan, the anticipated use of 
resources over a set time frame and for a specified budget are discussed 
at great length by the stakeholders. It is imperative that the final ver-
sion of that document, agreed to by all stakeholders, be committed to 
and put under change control. This is the baseline—a specific agree-
ment that is reached on what will be designed, produced, and per-
formed against which all change impacts are assessed. The baseline 
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locks in the formal budget against which all costs will be tracked, 
the resource-loaded schedule for which progress will be monitored 
against, and the specifications that will need verification and valida-
tion. For R&D projects, this baseline is the hypothesis or idea that will 
be documented and for which experiments will be tested against. This 
will be discussed in Chapter 3. Documenting an R&D baseline ensures 
that the trajectory of the overall R&D effort stays on target. Without 
this R&D baseline, activities can wander in many directions leading 
to a suboptimal utilization of the available resources and inability to 
achieve a successful outcome.

The systems engineer’s role is to help establish a valid baseline and then 
to ensure that what is delivered is what is expected. In order to do that, a 
clear understanding of what is agreed to, as well as careful control of how 
change is accepted and implemented, are required. The systems engineer 
will implement standard processes to document, control, test, and verify 
that the outcomes meet expectations.

2.3.4.1.2 Functional Architecture

Generally, for projects producing a product, there will be a functional 
baseline drawn from the concept of how the system will work. It is a rep-
resentation of the performance requirement and interfaces from a func-
tional, or rule, perspective. Functional architecture diagrams help develop 
requirements and clearly highlight where there is not enough definition 
to state the requirements in clear and measureable terms. Modeling and 
simulation help establish measureable parameters for the requirement and 
often result in providing performance specifications as well. A functional 
diagram will typically be developed, which tracks all the elements of the 
systems from the first input to the final output and is the defining docu-
ment from which the actual physical architecture is developed. In some 
cases, for example, in a process redesign or a nontechnical service imple-
mentation, the logical and physical architectures are replaced by a process 
flow diagram. An experienced systems engineer can assist in identifying 
and determining the appropriate architecting tool.

2.3.4.1.3 Physical Architecture

If technological solutions will be implemented, a physical architecture is 
required to document actual specifications and product descriptions. In 
situations where choices among technology could be adopted, modeling 
and trade studies often help clarify the costs, benefits, and constraints of 
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each solution. In addition to clarifying choices made between existing com-
mercial products and services, choices often have to be made between pur-
chasing products designed and built elsewhere or within the organization. 
These choices usually have trade-offs, which must be evaluated. Systems 
engineers typically provide that type of analysis, as they are responsible to 
ensure that the design meets the specifications and requirements. Products 
from this systems engineering activity are typically a set of documenta-
tions that outline specifications, baselines, architectures, analyses, models/
simulations and results, and the results of a preliminary design review. 
Reviews are discussed under systems engineering technical processes.

2.3.4.1.4 Change and Configuration Management

Change management refers to the disciplined process that is used to con-
trol how change is implemented on a project. Typically a change manage-
ment process is a high-level set of instructions on to how to bring cost, 
schedule, or scope change requests forward for evaluation and eventual 
implementation. Change requests to the project baseline can come from 
many different sources: the customer, the project team, and sometimes 
from the organization’s management. Changes to specifications can come 
from learning that occurs and adds information making the previous 
solution unacceptable. In R&D, change is expected and is a normal part 
of the project.

Schedule changes can come from organization reprioritization. For 
example, changes in staff will force a change in the project baseline if a key 
person on the project leaves and cannot be replaced, thereby affecting the 
ability of the team to perform the project scope. Having a “change man-
agement process” in place ensures smooth implementation of any change 
and provides the information that can assist in root-cause analysis when 
things do not go smoothly. The most important result of implementing 
change control is in the communications and buy-in to change before it is 
implemented. By doing so, unintended consequences that come from not 
understanding all of the interdependencies are minimized.

Configuration management is a specific type of technical change man-
agement. Configuration management processes ensure that design changes 
are tracked and implemented methodically so the current configuration is 
always known. In R&D, configuration management is essential. As the 
focus of the R&D project is designed, tested, redesigned, and retested, the 
incremental changes that are incorporated must be carefully documented 
so that the exact configuration of the design used in the experiment is 
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reflected going forward into the next phase. Configuration management is 
important in documenting component, system, or process design changes 
that may affect other elements of the overall system.

Setting up change management requires that a process be developed and 
communicated to consider the following:

• Determining how to bring forward a request for change.
• Identifying who is responsible for reviewing and analyzing the 

impact of the change.
• Describing how the review and prioritization will be performed 

and documented.
• Explaining how consensus will be achieved among all the stakehold-

ers as to whether or not the change should be accepted, deferred, 
and documented.

• Ensuring the records of change requests and disposition are captured 
and recorded. For configuration management, this is known as con-
figuration status accounting (CSA) described further in Chapter 4.

• How the change will be communicated and implemented, not only 
to the original requestor, but to all the stakeholders as well.

The most effective change control processes involves a set of approval 
steps or gates that are only progressed past when all the stakeholders have 
had the opportunity to review and resolve any concerns. Management of 
this approval choreography can best be managed through the implemen-
tation of a change control board, or CCB. Change control processes and 
boards are more fully described in Chapter 4. A CCB is generally made up 
of a group of stakeholders who have the responsibility of reviewing and 
making a binding decision on each change request.

2.3.4.1.5 Organization

Systems engineering has organization-impacting responsibilities similar 
to project management. These activities are typically performed sequen-
tially as the completion of one phase leads to the beginning of the next 
phase. In order, these include (1) the decomposition of requirements, (2) 
the set-up of a work breakdown structure (WBS), (3) the identification of 
work packages, and (4) the development of a project schedule and budget.

The WBS is a construct that identifies how the overall project will be 
structured. It affects the organization of the project such as who reports to 
whom. It also affects how the work will be approached, such as how work 
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is grouped and prioritized. The responsibility for defining a WBS is most 
commonly associated with the systems engineering discipline; however, 
the optimum approach is for the WBS to be developed with both project 
management and systems engineering working in concert with the proj-
ect team, using both a top-down and bottom-up approach, to ensure the 
appropriate structure is captured.

In order to take a high-level general requirement and break it down into 
simpler specific and detailed descriptions that make a valid executable 
requirement, a process called decomposition is used. From this decompo-
sition, a WBS, which is really just a complete classification of the project 
scope, is developed and then work packages are created. The work package 
defines related activities that can be divided into a subset and managed 
as a unique product that can be given to an individual or an organization 
to complete. The work package is the lowest level of the WBS. In large, 
complex projects, control accounts are established so that earned value 
can be calculated. Chapter 4 describes earned value management and how 
control accounts are used. The control accounts are collection areas for 
costs that can be directly associated with a work package. They are used 
for tracking the actual performance against the plan.

From the work package then, the responsible person or organization 
that must complete the package defines the activities to complete the 
work package, identifies the labor and materials resources, and develops 
the schedule to complete the work. This schedule will ultimately be rolled 
into a master schedule. By completing the project schedule from the work 
package activities, one can see how all the parts roll up to the whole system 
and can ensure that all the interfaces are identified and that each step will 
be fulfilled in the order that is required.

Setting up a WBS is relatively straightforward. Each outcome or deliv-
erable of the project is the end point or exit. The first step is to break the 
work up into categories or classify the work into general activities. The first 
level of the WBS is the highest level and is usually shown in a numbering 
scheme as 1.0. The next level down should be the next decomposition of 
the tasks and is typically numbered as 1.1, 1.2, 1.3, etc. Further subdivide 
the tasks that support each subtask using the numbering scheme 1.1.1, 
1.1.2, 1.1.3, etc. Four to five WBS levels are typically used, although there 
is no single rule as each project is unique. Figure 2.4 shows a standard 
WBS numbering scheme.

A master schedule is a compilation of all the activities within a proj-
ect, delineated by major phases and milestones. It is a critical piece 
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of information against which performance to the project objectives 
is planned and measured. Creation of a WBS and a master schedule 
is somewhat of an art, but there are some requirements that must be 
adhered to in developing them. For example, when developing the 
WBS, in order to closely align the costs associated with the project in 
a meaningful, stable way, it needs to be organized around the planned 
outcomes of the project. It also must contain all of the work that sup-
ports the project scope without overlap; the WBS uses a standard num-
bering scheme.

2.3.4.1.6 Schedule and Cost

Systems engineering typically takes the lead in identifying the time and 
resources that need to be allocated to a project. As in the development of 
the WBS, developing a master schedule also requires adherence to specific 

1.0 Wind Farm Project
1.1 Structure

1.1.1 Main Shaft
1.1.2 Main Frame
1.1.3 Tower
1.1.4 Nacelle Housing

1.2 Rotor Blades
1.2.1 Blades
1.2.2 Rotor Hub
1.2.3 Rotor Bearings

1.3 Electronics
1.3.1 Generator

1.3.1.1 Magnets
1.3.1.2 Conductor

1.3.2 Power Converter
1.3.3 Transformer
1.3.4 Brake System

1.4 Project Management
1.5 Systems Engineering
1.6 Systems Test and Evaluation
1.7 Site Activation and Operations
1.8 Support Equipment
1.9 Spares and Repair Parts

FIGURE 2.4
Work breakdown structure.
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methods. The schedule is built from the bottom, or lowest levels, to the 
higher levels. For example, the full schedule will reflect a roll up of all 
the tasks and subtasks that have been defined within the project. Starting 
with the WBS structure, each WBS is subdivided into work packages that 
make sense, can be budgeted, and have resources allocated to the activity. 
By identifying the start and end dates for each activity, and then adding 
up all the longest activities, the roll up of the start and end of the overall 
project can be calculated. Meaningful milestones for each of the activities 
should be identified. A meaningful milestone typically reflects a specific 
event, such as a review, or signals the end of a task such as a completed 
test. It is important to identify those tasks that must not start before other 
tasks end.

Each task identified in this plan must be assigned labor resources, or 
staff who are responsible for working on and completing the assignment. 
By name, each person is identified, and the number of hours that will be 
budgeted for action on that task is noted in the schedule. This is referred 
to as “resource loading.” A schedule that is not resource loaded is only 
marginally useful because it limits the amount of comparison activity 
that can be done to ensure that interdependencies between projects are 
accounted for, that staff members are not overbooked on projects, and that 
there are not significant lag times between projects. Even on R&D proj-
ects, the assignment of staff to experiments by the number of hours they 
will be expected to charge will help ensure that an appropriate level of 
time is spent on the R&D and that staff members are not being reassigned 
to other projects, thereby negatively impacting the R&D project.

Estimating task duration and then sequencing them in the proper order 
provides the critical path. The path with the longest duration of nonover-
lapping tasks is the critical path. It is the longest path in the schedule, 
where a delay on any of the tasks on this path would lead to a delay in the 
overall schedule, causing the project to be late. These are tasks that must 
wait for the end of another task before they begin. The term critical path 
is used to describe the activities that must be completed on time in order 
for the project to end on time. Tasks that can be done concurrently (at the 
same time or overlapping other tasks) may be able to slip schedule some-
what without impacting the overall project schedule. The flexibility within 
the project schedule is often referred to as float or slack. Figure 2.5 shows 
an example of a typical project schedule.
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2.3.4.2 Systems Engineering Technical Processes

The systems engineer is responsible for activities as described below. 

2.3.4.2.1 Requirements Definition

Systems engineers use requirements to develop the appropriate architecture or 
the solution set. Typically, a project will have many requirements. It is impera-
tive that the known requirements be identified and captured in the project plan 
as the effort to fulfill the requirements will be reflected in the project schedule, 
cost, scope, and potential risks. Through a series of exercises to determine the 
differences between wants and needs, a prioritized list of requirements is gen-
erally compiled and used to develop the project plan, and ultimately to design 
the solution. These requirements need to be clear and unique, not duplicated, 
overlapping or in conflict with any other requirement. When requirements are 
not readily forthcoming, clarification activities, such as the development of 
mission user stories or use cases and scenarios, can help derive them.

The list of prioritized requirements and potential solutions to meet those 
requirements will be assessed within an affordability range and ultimately the 
project budget. Not all requirements will fit into the project funding, so the 
prioritized list serves as a way to identify those requirements that are the most 
desired. In practice, a requirement, lower on a priority list but less expensive 
to implement, might find its way onto a project in place of a higher-level prior-
ity that is just too costly to develop. On large, complex projects, requirements 
will be collected in a requirements database and analyzed to ensure that all 
requirements as a whole will satisfy the overarching project scope.

It is quite common for solutions to be proposed as requirements. For 
example, instead of specifying a requirement to write documents on a 
computer, a user will specify that he/she needs a word processing pro-
gram. So, the user is defining the solution instead of identifying the actual 
requirement. If a solution is proposed, time must be taken to assess what 
it is about the solution that makes it desirable. From there, it is often an 

FIGURE 2.5
Project schedule.
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easy step to determine what the underlying requirement really is. This is 
a simple but important step to ensure that the optimal solution is actually 
the one pursued.

2.3.4.2.2 System Design

After the requirements are known and understood, and where there is 
enough specificity in them that measurements and metrics can validate 
that they have been fulfilled with the solution provided by the project, an 
overarching architecture or solution set can be proposed. Architecture is 
a term that can be used in many different ways, but is meant to portray 
how the set of requirements will be fulfilled. For process requirements, the 
architecture is a flow diagram. For an R&D project, the architecture can 
take the form of a trajectory diagram or framework, which outlines the dif-
ferent paths that may be taken to reach potential future outcomes. Chapter 
3 will describe this process more fully. For software projects, it could take 
the form of a functional description of how each part of the program would 
work, and, for hardware projects, it could specify actual dimensions.

A functional architecture is the visual representation of the specific 
requirements. It does not include any technical solution information. It 
is typically a block diagram that describes the logical processes or flows. 
These can be flows of product, information in the form of software, service 
flows, or activity flows. However, generally only one of these is represented 
on a diagram. As an example, the functional architecture would com-
pletely describe the intended logical activity flow, but not the physical flow.

In simplest terms, an activity flow in a service organization might 
include the following elements:

• Assess the situation
• Query the customer to determine what is desired
• Evaluate any current implementations
• Provide a design that satisfies the customer
• Implement the new process

An activity flow in a product organization might include:

• Design the product
• Produce the product
• Package the product
• Ship the product
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If there is a physical architecture (e.g., this is not a process, service, or 
other activity), each element of the design will be documented within the 
larger framework of the system, including all interfaces and technical 
specifications that have been identified. A physical architecture is a tech-
nical design that describes actual capabilities. Once a solution is identified 
as preferred and included in the overall architecture, it must be tested to 
ensure that the use of that solution is complementary or works well with 
the rest of the system.

2.3.4.2.3 Specifications

Specifications reflect the parameters of acceptable limits for a capability. 
Where a project is being done for a customer, an understanding and agree-
ment on specifications is absolutely essential. A lack of a clear understand-
ing of what is required and what can be delivered will inevitably end up 
affecting the scope of the project. Either the capability will be overdesigned, 
resulting in cost expenditures that could have been avoided, or it will be 
underdesigned, resulting in dissatisfied customers. In an R&D project, 
specifications can be somewhat of a moving target. Knowing where one 
is starting from and documenting a target, or trajectory specification, can 
lead to cleanly identified experiments. For example, an R&D hypothesis 
may be that an automobile can self-park. An experiment may be set up with 
the specifications that “it can self-park in a 10-ft ╳ 5-ft area within one min-
ute.” Those parameters are critical in determining if the requirement is met.

2.3.4.2.4 Modeling, Simulation, and Trade Studies

Modeling is developing a representation of something that can be used to 
assess its fit, form, and function in relation to the requirements. Simulation 
is the use of the model in motion, either virtually or real time, and dem-
onstrates how it would be used. Trade studies typically attempt to assess 
the viability between various practical alternatives to meet requirements. 
All three of these types of mathematically or statistically driven activi-
ties must be objective and repeatable. In developing architectures, trade 
studies provide input to determine which of multiple solution options are 
the optimal, considering constraints that are defined. Any project, but in 
particular an R&D project, can use trade study methods by setting up a 
few simple criteria and testing against the criteria to determine the best fit 
or solution to the requirement.
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2.3.4.2.5 Interface Control

Both internal and external interfaces are typically the Achilles’ heel of 
development projects. They are usually the last thing considered, and 
are often an afterthought, particularly in R&D projects. However, they 
are vitally important. An interface is anything that connects two parts 
of any unique items together. There can be product interfaces, systems 
interfaces, and process interfaces as in the case of handoffs between one 
group and another, for example. A traceability matrix is often used to vali-
date the capture of required interfaces. This is simply a spreadsheet where 
the requirements from one team’s deliverable documentation are mapped 
against the requirements from another team’s deliverable documenta-
tion to ensure that the interface between the two is identified and is part 
of both plans. Interface control documents (ICDs) are also used heavily 
in interface control processes. These ICDs are basically documents that 
define in words how capabilities are to be connected.

2.3.4.2.6 Technical Performance Measures

Technical performance measurements can be used in the verification 
process to build confidence during the project that the technical speci-
fications will be achieved. It is one of the three main areas of focus for 
the project manager—cost and schedule management being the other 
two. Tracking technical performance is a rigorous activity requiring 
constant assessment of the performance of lower-level requirements that 
have concrete technical parameters. These parameters can be assessed 
during development in order to predict the achievability of the speci-
fications for the overarching system. This method would not typically 
be appropriate for an R&D project. It is, however, one of the tools that 
systems engineers use to ensure that the required technical performance 
specifications are met.

2.3.4.2.7 Technical Audits and Reviews

There are any number and types of reviews and audits that should be 
scheduled for different phases of a project. The application of these activ-
ities depends heavily on the size and complexity of the project and the 
desires of the customer and organization. The reviews should be struc-
tured to allow the assessment of the technology readiness level against 
written specifications, and then to obtain an acceptance from the appro-
priate interested parties to move to the next stage of the project.
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Although small projects may not be subjected to a whole set of audits 
and reviews, a standard set of reviews that systems engineers typically 
schedule (depending on the size of the project) include:

• Requirements reviews: Systems requirements review to assess the 
match of the architecture design to the requirements.

• Design reviews: Preliminary and critical design reviews to assess the 
readiness of the design to move into the systems design phase.

• Verification reviews: Test readiness, production readiness, and sys-
tems verification review to assess the readiness to move into a pro-
duction or construction phase.

These reviews each have unique inputs, outputs, products, and pro-
cesses. Deciding which reviews are required is a decision usually made by 
the project manager, the customer, and the organization’s management.

Audits serve an important role in that they are used to validate that 
processes are being adhered to. An audit is basically a systematic and pref-
erably independent evaluation of performance against a specification. The 
level of formality of an audit can vary and depends on the desires of the 
management team and the customer. An audit report can be used as evi-
dence during a review, and it can be used as a lever to resolve deficiencies 
as well.

2.3.4.2.8 Risk Management

Risk can come in any form. For projects, risk can typically be categorized 
as a cost, schedule, or technical risk. Risk management is the process of 
identifying and prioritizing these risks so that the organization’s man-
agement can focus its resources toward eliminating those negative risks, 
which are both high impact and highly likely to occur, as well as capi-
talizing on those positive opportunities that might be identified. It is an 
important part of both project management and systems engineering 
methodology. Either of these disciplines can assume the responsibility for 
setting up the risk identification and tracking process. This process is fully 
described in Chapter 6.

2.3.4.2.9 Test, Verification, and Validation

Test, verification, and validation fundamentally have complementary but 
different objectives. Test includes all activity that assesses the performance 
of any article, subcomponent, component, or system against specifications. 
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Hardware, including any physical device or product; software including 
all computer application programs; driver software, such as an operating 
system that directly controls hardware behavior; firmware and utilities 
software that semipermanently affects hardware performance; and pro-
cesses can all be tested as long as a requirement has been established and 
parameters for performance are specified prior to the test. Test products 
typically include a test plan including the information on the component, 
preintegration, concurrent, and postintegration test activity logs.

In contrast, the role of verification is to ensure that the system, prod-
uct, or process meets the requirements and specifications exactly as 
written. Verification tasks usually include test and analysis based on 
inspection and/or demonstration. Validation on the other hand con-
firms (either through testing conducted under real or simulated condi-
tions) that what the end product or process is actually meets the intent 
of the customer and is suitable to its intent. For example, if you have 
designed and produced a product that meets the requirements exactly, 
but during the development time frame the customer’s requirements 
dramatically changed and a new vision of the end state is envisioned, 
then the intent of the project may not be met even though the techni-
cal parameters were met. The best validation activities also evaluate for 
potential “unintended consequences” that may appear during imple-
mentation. Validation tasks are typically done at the system level and 
usually include supporting capabilities, such as maintenance, training, 
documentation, etc. Validation can be performed by developers, users, 
or other interested parties.

2.3.5 Industrial Engineering

Industrial engineering deals with quantitative optimization of complex 
integrated systems. Similar to systems engineering, industrial engineer-
ing focuses on integrated systems, particularly in the cumulative whole of 
the system. And, as with systems engineering, it intersects, overlaps, and 
duplicates some of the same tasks that are the responsibility of the project 
manager. It also overlaps some of the typical systems engineering roles, 
such as verification of designs, performance measurements and variance 
analysis, and trade study analysis.

Industrial engineering takes into account all components of the sys-
tem, to identify and model the impacts on forces external to the actual 
project, whereas systems engineering primarily focuses on performing 
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quantitative, predictive analysis within the scope of the project. Industrial 
engineering also takes the step of performing quantitative, predictive 
analysis to forecast outcomes and performance. Its focus is optimiza-
tion of processes, whereas systems engineering is focused on ensuring 
that the outcomes of the project meet the specifications that have been 
defined.

Some of the specific elements of industrial engineering that can enhance 
project management are in the areas of process flow optimization and in 
understanding requirements impacts. For example, industrial engineer-
ing techniques can provide a way to review and identify requirements 
and interfaces within the functional architecture. Industrial engineering 
expertise in process flow optimization might even lead to a more stream-
lined architecture.

2.3.6 Complementary Disciplines’ Value on R&D Projects

Many of the methods and frameworks previously discussed directly tie to 
the project management discipline. An understanding of the added value 
they bring when applied in concert with project management is important 
when one wants to apply project management to R&D. Many of the ele-
ments of these complementary disciplines provide structure that assist in 
documenting a current state or baseline and the path that will be followed 
through experimentation, prototyping, or other early development activi-
ties. They also can provide analytical studies to assist in the validation of 
predictions and may be able to offer optimized alternatives to proposed 
solutions. The specific activities within each of the disciplines are com-
pared and contrasted in Figure 2.6.

For R&D projects, the manner in which project management will be 
applied flows up from some of the key complementary activities. From 
systems engineering comes configuration management, technical data 
management, technical reviews and audits, interface management, test, 
verification and validation, and modeling and studies. Within the sys-
tems engineering discipline, testing and evaluation processes are well 
established. Systems engineering also can assist in the quantification and 
qualification of the hypothesis through the development of use cases and 
scenarios, definition of systems capabilities, functional decomposition, 
etc. It can even provide structure to the experiments that are designed in 
early research through trade studies and other quantitative analysis meth-
ods that are routinely used in systems engineering. These types of testing 
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and evaluation are well suited to the R&D environment. Also, managing 
change, another area of expertise for systems engineering, is key to per-
forming any type of experiments, tests, or evaluation.

The level or degree to which each of the elements of systems engineer-
ing is applied to an R&D project depends a lot on where the R&D is in 
its life cycle, how much communication is required, and the level of for-
mality that must be followed. Project management provides structure to 
manage many of the activities that derive from systems engineering. For 
example, attention to scope, requirements, schedule, budget, and risk are 
all required to perform project management effectively. Systems engineer-
ing predominantly focuses on two distinct activities: technical and man-
agement processes. It takes responsibility for developing an overarching 
architecture that describes the bigger picture for why the development is 
being done. It also assists in the definition of the WBS by decomposing 
the project to the specific work packages that will be completed during the 
course of the project. It applies a systems perspective in quantifying risks 

Project 
Management

Systems 
Engineering

Industrial 
Engineering

Analysis x x x
Architecture x
Audits/reviews x x
Baseline development and 
management

x x

Budget/cost x x
Change/configuration control x x
Forecasting x x
Interface Management x
Modeling/simulation x
Performance measures x x x
Requirements/specifications x x
Risk x x
Schedule x x
Systems analysis x x
Test/verification/validation x x
Trade studies x x
WBS/structure x x

FIGURE 2.6
Complementary disciplines matrix.
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and mitigations, providing change control, and verification and validation 
activities that are required.20

Project management is responsible for documenting the scope and 
requirements that will be developed. A systems engineer generally assists 
in the development of the scope and requirements, and helps the proj-
ect manager define the organization structure for the project, set up the 
schedule of interrelated activities, set up the risk register (the uniquely 
identified list of risks on the project), and the change management pro-
cess. Project management also has the responsibility to document and 
status the performance to the schedule, budget, and scope. Although not 
all of these capabilities may be needed for all R&D projects, there is a sig-
nificant amount that can be applied to R&D projects to help ensure the 
project’s success.

Some of the more poignant skills that industrial engineering brings to 
managing R&D projects are in modeling, simulation, and process opti-
mization and statistical analysis. Optimization and statistical analysis 
typically use quantitative methods to demonstrate changes in efficiency 
or effectiveness. Modeling and simulation are ways to take an idea and 
bring it to life, either through computer software or through actually 
designing a piece of hardware. The simulation is when that hardware or 
software is manipulated in a way that it reflects how it would be used. 
Modeling and simulation can be used effectively to optimize perfor-
mance because the design can be assessed mathematically and demon-
strated to be the best design.

Any time a flexible approach to R&D is employed, the most effective 
project outcomes result from having a highly capable and dedicated proj-
ect manager. Experienced and trained project managers who are commit-
ted to the outcomes and sufficiently trained in flexible methodologies can 
be highly effective in achieving success. In particular, with flexible and 
iterative methods, the team can be as important as the project manager. 
These teams are typically made up of high performance individuals, and 
the size of the team is small. Each team member brings something to the 
project that is critical. Engaging these types of individuals to facilitate the 
best performance is discussed at length in Chapter 7.

Each project team member is expected to take responsibility for what 
he or she commits to achieving in the work package. However, that does 
not negate the requirement for reporting progress. In some cases, daily 
reviews are required, but it is unusual to have less than a monthly review 
on progress. Indeed, all flexible and iterative methods have significant 
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reporting requirements to validate what is being learned or implemented, 
to address bottlenecks in the processes, and to approve movement into 
next phases.

2.3.7 Apply Now

Systems and industrial engineering both bring a significant amount of 
capability to the project management table. Using the material from the 
Chapter 1 Apply Now exercise, use the checklist in Figure 2.7 to assess 
what additional complementary capability would benefit your project.

Using the windmill project as an example, considering the level of ambi-
guity in specifications and design, it would be expected that additional 
systems engineering help would be welcome to assist in building up the 
WBS and in providing systems-intensive engineering, verification and 
validation, and modeling and simulation.

2.4  DRIVING INNOVATION 
WITH PROJECT MANAGEMENT

Innovation is inclusive of many activities, including:

• Process
• Research
• Application
• Design

Up until now, this book has focused on the application of project man-
agement and complementary disciplines on R&D. However, what is 
referred to as R&D can be somewhat restrictive in its definition. In most 
definitions of innovation, R&D is a subset. Innovation is inclusive of pro-
cess, research, application, design, and many other activities, where R&D 
is typically identified with basic and applied research and product devel-
opment. Because the application of project management methodology can 
effectively enhance the performance of innovation projects as well, it will 
be discussed more thoroughly in Chapter 3.
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2.5  CASE STUDY: THE DESIGN, BUILD, AND FLIGHT 
TEST OF A MIG-31 MODEL AIRCRAFT

2.5.1 Background

After reading an article written about an electric-powered “Pusher Jet” 
in a magazine on remote control aero modeling, Loren Mitchell, owner 
of Loren’s Hangar Radio Controlled Model Aircraft, was intrigued. The 
model that the article described was based on the Royal Air Force fighter 
called the Tornado. The model was powered by two electric motors with 
propellers mounted at the back of the aircraft instead of the more tradi-
tional front-mounted propeller. With a free set of plans available and a 
simple-looking design, he decided to build.

The Tornado model was built with a solid wood wing, which was dif-
ferent from the traditional model aircraft, built with individual ribs and 
spars. This solid wing approach made it an enticing project that looked 
to be a fast build because there would be no lost time spent assembling a 
large number of ribs to the wing spars. So, the assembly began and was 
quickly finished over a weekend. To make the model look more intimidat-
ing and realistic, the model was painted black.

Mitchell took the model out to the airfield and successfully flew multiple 
times. Then, on what turned out to be its last flight, it dipped below the 
horizon and the realistic paint job rendered the aircraft virtually invis-
ible. Without being able to maintain visual contact, the remote control 
was useless, and the model crashed. However, that unfortunate experience 
did not deter him, because the performance of the model had been good. 
He thought that since he was able to easily build and fly the simple model 
from the magazine, he could build a bigger and different model with a 
45-inch wingspan. This next one would be a replica of the Mikoyan, or 
MIG-31, Foxhound.

2.5.2 Life Cycle Perspective

The MIG-31 model project followed almost a complete R&D life cycle of 
design, build, test, and retire (Figure 2.8). The missing phase that makes 
this a good representation of an R&D activity is the lack of an operations 
phase. In this case, the model never achieved an operations capability. 
This model was retired and the lessons learned will be used if a decision 
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is made to build a completely new version in the future. It is also a good 
case study for the application of complementary disciplines, because there 
were heavy configuration control and test phases required. Each phase of 
the life cycle is described below.

2.5.2.1 Design

Mitchell designed the MIG-31 using 3-view drawings, photographs, and 
videos available on the Internet. Computer-developed, 3-view drawings 
are types of drawings that are typical in aircraft design. They generally 
show the plan, and side and front views of the complete aircraft, although 
other views also can be provided to enhance detail. The larger size of 
the model would require some changes to the design including a more 
powerful single motor and a larger propeller (in the “pusher jet” arrange-
ment). Because he wanted the model to look as much like a real MIG-31 as 
possible, he downloaded the drawings he needed and scaled it to the new, 
larger model size, printed out the drawings, and proceeded to build.

During the design, the best power-to-weight ratio had to be calculated. 
It typically takes 100 watts of power per pound to make a model airplane 
fly like a training plane or an airliner. Mitchell estimated that the design 
weight of the new MIG-31 model with the new motor and battery would 
be 6½ pounds. To make a 6½-pound (104 ounces) model of the MIG-31 
fly well and have acrobatic capability would require between 150 to 200 
watts of power per pound, or between 975 and 1,300 watts. An appropri-
ate motor, battery, and propeller were selected and construction began. 

Closure

Maintenance

Operations

Production/construction

Development

Applied Research

Basic Research Imagination

Art

Craft

Pre-production

Production

Control

Enhancement

Retirement

FIGURE 2.8
MIG-31 model life cycle.
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Lithium polymer battery evolution has really facilitated electric flight. The 
newer batteries contain more than enough energy at a reasonable weight 
to allow the 6½-pound MIG-31 to fly in a realistic manner. When coupled 
to a brushless direct current electric motor and a propeller, the amount of 
power seemed to be scalable.

The trade-off between aircraft acrobatic performance and flight dura-
tion is always a battle that involves aircraft model weight, battery weight, 
and energy content, and the desired duration of flight. If the pilot of the 
model flies in a “fast and furious” mode, the high rate of energy consump-
tion will result in a short flight. If the pilot flies in a carefully planned pro-
gram that expends energy slowly during nonaerobatic maneuvers and uses 
energy wisely during aerobatic displays, the pilot can have a flight last-
ing four and a half to five minutes. The ready-to-fly (RTF) aircraft weight 
can be adjusted to some extent by changing the size of the battery (more 
energy in a heavy battery or less energy in a smaller (lighter) battery). A 
larger (heavier) battery would allow a longer flight. A lighter battery would 
allow a more aggressive aerobatic routing to be flown over a shorter time 
period. Unlike liquid fuels, which are consumed during flight, batteries do 
not become lighter as the flight continues, thus the pilot must always be 
thinking ahead and planning his landing.

With a medium battery size, the MIG-31 could take off and climb at a 
40-degree angle, do some aerobatics, such as rolls, loops, and split Ss, and 
then make a few low- and high-speed passes. At this point, the flight time 
would be at four minutes and an approach to landing would be necessary. 
If something was misjudged during the landing attempt, there would be 
just enough reserve energy in the battery for one more landing attempt. 
If the second landing effort failed, the only option left to the pilot would 
be to raise the landing gear and belly land the plane anywhere possible. 
Total flight times were not expected to exceed five minutes. “Not much of 
a safety margin,” Mitchell remarked.

2.5.2.2 Initial Build

The major construction material for the MIG-31 model was balsa wood 
covered with Monokote® (a thin plastic color film with heat-activated 
adhesive). The building process starts with the wing and progresses to the 
fuselage, landing gear, flight controls, propulsion, and the electronic radio 
control systems.
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Using the large 3-view computer drawings, the outline of the wing top 
view was copied onto tracing paper, which was then used as a pattern to 
mark the balsawood sheets that had been glued together to form the basic 
wing shape. Once the wood was marked, the excess material was removed 
and the wing sanded smooth. Because the wood wing was flat, like the 
top of a table, Mitchell took a thinner piece of a balsa sheet and added 
leading-edge slats to the front edge of the wing and flaps to the trailing 
edge of the wing. Plastic hinges anchored both the slats and flaps to the 
wing. A radio-controlled servo, mounted on the underside of the wing, 
controls the up–down position of the slats and flaps. In normal flight, the 
slats and flaps would lie flat with the top surface of the wing (resulting in 
minimum drag and faster aircraft speed). In this “flat” configuration, the 
wing is no more than three-eighth inches thick. When the landing gear is 
lowered, the slats and flaps would drop down so that the wing would have 
a pronounced camber (curve) to it and, thereby, add lift to the wing. When 
the plane was taking off, the slats and flaps, being in the down position, 
added lift to the wing and helped the plane take off from the runway. Once 
the MIG-31 takes flight, the landing gear, flaps, and slats are all raised so 
that the wing quickly becomes a flat plate and drag is reduced. These mov-
able features were added to the MIG-31 model to make it as realistic as 
possible and to assist in the ability of the model to fly properly, especially 
during takeoff and landing. Other items, such as simulated fuel tanks and 
weapons, were made from lightweight foam and then painted. These items 
were attached to the bottom of the wing to provide a more realistic model.

The three axes of flight are roll, yaw, and pitch. Ailerons, located on 
the wings, control roll. A vertical fin and rudder assembly. located on the 
aft fuselage top, controls yaw (vertical axis). Conventional aircraft use 
horizontal stabilizers with elevators to control pitch and they are located 
on both sides of the aft fuselage. Many military aircraft use elevons as 
replacements for the horizontal stabilizers and elevators. Elevons are two 
horizontal panels, one on each side of the plane, that move either in sync 
with each other or in opposition with each other. When in sync, they pitch 
the airplane up or down and when in opposition with each other (one 
panel pitches down while the opposite panel pitches up), they control the 
roll of the airplane. The elevons also allow both movements to occur at 
the same time as in pitching the plane up to climb while rolling the plane 
into a right turn. Some aircraft (such as the MIG-31) use ailerons as well 
as elevons for a more aggressive roll rate. However, to simplify construc-
tion, the model MIG-31 has no ailerons. Both the full-scale and the model 
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MIG-31s have twin vertical fins and rudders that control yaw and work 
in sync with each other to help the aircraft turn efficiently. To ensure a 
successful radio controlled flight, the electronic servos and mechanical 
linkages that control the movement of the aircraft’s control surfaces must 
be ridged and free from mechanical slop or play.

The landing gear on the MIG-31 is arranged as a tricycle with a nose 
wheel and two main wheels located under the wings. The landing gear sup-
ports the aircraft while it is on the ground and allows the plane to be steered 
while moving to and from the runway and while accelerating to take off 
speed, or to transition from flight to landing on the runway. Shock absorb-
ers reduce mechanical impact forces to the airplane while taking off or 
landing. The landing gear has no useful function while the airplane is flying 
and is retracted into the body of the airplane during flight to reduce drag.

Mitchell’s technical performance measurements included power for 
the model aircraft, provided by a five-cell lithium polymer battery (18.5 
volts) and capable of supplying 75 amps of current (1,388 watts) to the 
propulsion motor and the 10-inch-diameter propeller spinning at 14,000 
rpm. This combination produced 105 ounces of thrust or 6.6 pounds. This 
works out to 210 watts per pound of aircraft weight.

The build of the fuselage required vertical sections of balsawood (bulk-
heads/stations) cut to the cross-section shape of the fuselage. These bulk-
heads were placed upon a keel that runs the entire length of the fuselage 
from nose to tail and formed the framework upon which the fuselage was 
built. Flat sheets and strips of thin balsa were glued to the outer perimeter 
of the fuselage bulkheads until the entire outer surface of the fuselage was 
covered. After the glue cured, the fuselage surface was sanded smooth. 
The end result was a smooth and rounded fuselage that is strong and light 
weight. Throughout the entire building process, it was essential that the 
model be constantly balanced as each newly completed assembly was 
added. This is a critical step because an unbalanced model can be difficult 
if not impossible to control once airborne. As a general rule, the starting 
point for a physically balanced aircraft is 20 percent back from the leading 
edge of the wing at the centerline. Balancing an aircraft takes time and is 
a long and manually tedious process; however, it must be done correctly 
to ensure a successful flight. When completed, the aircraft should balance 
at the point that is 20 percent behind the leading edge of the wing on the 
centerline of the fuselage. If the airplane does not balance properly, just 
shifting the battery slightly forward or backward or adding weight to the 
nose or tail would typically address the issue. At this point, the wheels are 
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attached and the model aircraft is painted to match a real Russian MIG-
31, in this case, a red, white, and blue version belonging to the Russian 
aerobatic flying team.

Mitchell’s completed semiscale model of the MIG-31 was 62⅝ inches 
long with a 44½-inch wingspan and a ready-to-fly weight of 8 pounds 13⅝ 
ounces or totaling 141.63 ounces. This weight is 37.625 ounces over the 
desired design weight of 104 ounces. The model would have only 156.8 
watts for each pound of aircraft weight.

2.5.2.3 Flight Test #1

A successful flight test required a flight-ready model, a location to test it, 
and reasonable weather: no rain, winds of less than eight miles per hour 
(mph). There was no test plan other than to go and test if the three require-
ments were met. If more tests were required, they would be scheduled 
on an ad hoc test based on the results of the previous test, revisions and 
modifications completion, and the readiness for another try. The original 
maiden flight was scheduled for June 6. Two of the three requirements 
were met, but the weather did not cooperate with 16 mph sustained winds. 
The test was rescheduled for June 13.

On that day “the wind was as close to 1 mph as you could get without 
being dead calm and was a perfect sunny day for a test flight,” Mitchell 
said. The first effort was aborted after the MIG-31 had accelerated to 
approximately 40 mph because of loss of steering control. It started out 
going down the runway centerline nicely, but, shortly after the plane began 
its take-off run, it started to veer to one side of the runway. After overcor-
recting, the plane headed for the opposite runway edge, so power was cut 
and the model coasted to a stop just short of the end of the runway.

The second effort to fly the MIG-31 appeared to be going perfectly; 
however, Mitchell was unable to raise the nose of the aircraft even though 
the plane had plenty of ground speed. “The MIG-31 was speeding down 
the centerline of the runway and I had the control stick pulled all the 
way back (into the UP position), but nothing was happening. My plane 
had turned into a high-speed drag car racing toward a nasty end.” Again, 
power was cut and the aircraft ran off the end of the runway, sustaining 
no damage.

As a quick fix, Mitchell modified the control linkage on the elevons so 
as to have more “up” control and then took the plane out to the runway 
for attempt no. 3. The third effort to get the MIG-31 into the air met with 
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identical problems. Lots of speed right down the center of the runway, but 
no indication of lift off, so it became obvious that there was a design issue 
that would need to be resolved before another test flight effort.

Analysis and Corrective Actions: Of course, everyone had an opin-
ion as to why it did not work: the wing had too much negative angle of 
attack, the solid wing, etc. However, to really understand the reasons that 
the plane failed to lift off and fly, Mitchell went back and double-checked 
everything. First, the main landing gear was located two and a half inches 
aft of the airplane’s center of gravity and not the three-quarter inch that 
it should have been. With the main landing gear wheels located so far 
behind the center of gravity, it gave the wings a negative angle of attack. 
The faster the plane raced down the runway, the heaver the nose gear 
would have become.

Under these conditions, the airflow over the elevons could never gen-
erate enough downward force to lift the nose gear off the runway and 
lift the wing to a positive angle of attack for flight. The wing has far 
more surface area in front of the aircraft’s center of gravity than the 
elevons have behind the center of gravity. Because of the rearward posi-
tion of the main landing gear wheels, the task of lifting the nose gear and 
changing the angle of attack to positive becomes impossible. Based on 
a static test, (where testing is done in a stationary position), it required 
19 ounces of downward force on the elevons to lift the nose wheel off 
the ground, far more than could be obtained by having air flow over the 
elevons at 20 mph.

Problem #1: Incorrect placement of the landing gear in relation to the 
aircraft center of gravity.
Solution #1: Move the main landing gear forward 1¾ inch. This 

places the main landing gear three-quarters of an inch behind 
the aircraft center of gravity.

Results: After relocating the main landing gear, testing showed that 
the nose gear could be lifted off the ground with 5.8 ounces of 
weight on the elevons.

Problem #2: The wings have a negative two-degree angle of attack.
Solution #2: Physically lengthen the nose gear strut so that the wings’ 

static angle of attack was zero degrees.
Results: After the wings’ angle of attack was set to zero, a runway test 

confirmed that the nose gear would lift off the runway when the 
airspeed reached 20 mph.
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Problem #3: Static test conducted on the control system for the elevons 
discovered sloppiness in the mechanical linkages that would cause 
control problems while flying the plane.
Solution #3: Mitchell decided to replace all of the mechanical link-

ages with new heavy-duty linkages and to replace the two servos 
used for elevon control with new heavy-duty plastic gear servos.

Results: The MIG-31 model was now ready for Flight Test #2.

2.5.2.4 Flight Test #2

With the changes made to the design after flight test #1, the new RTF weight 
was 9 pounds 8 ounces (152 ounces). The MIG-31 was now 3 pounds (48 
ounces) overweight or 146.2 percent of the design weight of 6½ pounds 
(104 ounces).

The weather was not favorable for the June 20 flight test and it was 
rescheduled for June 27. The weather for the day was forecast to be between 
65 and 75 degrees in the morning and sunny with winds in the 7 mph 
range. The takeoff roll on the runway centerline was steady and after a 
ground run of approximately 150 feet, the MIG-31 gracefully lifted into 
the air with a pull back on the control stick. After liftoff, when the plane 
reached approximately 20 feet of altitude, Mitchell flipped the switch on 
the transmitter that raises the landing gear, and, within seconds, the nose 
of the plane rose and the plane began a  rapid climb. Pushing the con-
trol stick slightly down, the plane responded by beginning a decent that 
appeared uncontrolled, but when the stick was pulled back caused the 
plane to head straight for the sky. Within seconds, the MIG-31 was stand-
ing on its tail with all forward motion stopped. The plane slowly rolled 
over and with its nose pointed down, headed for the ground, and a most 
spectacular crash.

Analysis and Corrective Actions: An examination of Flight Test #2 
showed that the MIG-31 raced down the runway and when the control 
stick was pulled back, it lifted off the runway and began its flight. For the 
first few seconds of flight, prior to raising the landing gear, the plane flew 
normally. When Mitchell moved the landing gear switch to the “up” posi-
tion, the normal flight became abnormal. After careful analysis of photos, 
videos, spectator observations, and wreckage, the probable causes of the 
crash were narrowed down to three things: (1) the loss of radio control link 
between the pilot and the aircraft model, (2) radio frequency interference, 
or (3) a mechanical/electronic failure of the elevon system.
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To gain a better understanding as to what was going on with the elevons 
during flight, Mitchell decided to build a duplicate set of elevons and to 
test the performance in a test fixture that could replicate some of the flight 
conditions. The test fixture was bolted onto the hood of a van as an auto-
motive wind tunnel, which could be driven at speeds up to 75 mph while 
the passenger used a radio control system to operate the test elevons. The 
entire control system and the two elevons would be visible to the control 
operator during the entire test run. In addition, servo current and voltage 
levels, elevon load pressures, and torque levels were monitored throughout 
the test drive. After running a set of elevon control tests through speeds 
up to 75 mph, it became apparent that the elevon had been designed with 
an incorrect location for its pivot point. This design error resulted in far 
greater loads being placed on the elevon servos and the control linkages 
than the individual items were capable of handling.

Problem #4: The MIG-31 model elevons had been designed with an 
incorrectly located pivot point.
Solution #4: Design and build new elevons with the pivot point cor-

rectly located.
Results: Both elevon control servos (with plastic gear teeth) were 

replaced with larger and heavier servos with metal teeth.

After examining the crash remains, it was found that the right elevon 
servo had failed. This was confirmed when the servo was disassembled. 
The servo’s plastic gear teeth were sheared off because of structural over-
load. The overload was caused by the incorrect location of the elevon pivot 
points, a design error of major magnitude. In order to validate that analy-
sis, a test unit using the two elevons from the crash and the original servos 
(with a new plastic gear assemblies installed) and the respective control 
linkages were placed on the test jig and then tested while moving. The 
right elevon using the original pivot shaft appeared undamaged, but the 
left was fitted with a new carbon fiber shaft, which was stiffer and stronger 
than the original shaft. During the test runs with the test fixture mounted 
on the van, the loads that were being applied to the elevons and, conse-
quently, the servos and linkages, were measured by holding the elevons 
in position against the airflow at various speeds using remote control. In 
other words, the servos were electronically commanded to move the ele-
vons to the position of maximum stress and to hold them in that position 
while the van was driven faster and faster (up to 75 mph). Issues began to 
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arise indicating abnormal stresses once the test speed reached 35 mph. 
During the 70-mph test run, the right elevon failed in the exact way as the 
elevon servo failed during the flight test (the servo gears became stripped). 
Even though it appeared that the cause of the crash had been identified, it 
is possible that it was caused by something else, or that the gear teeth were 
broken in the crash. The new elevons were built and tested using the ele-
von control system test fixture and the van at speeds up to 75 mph with no 
problem. The elevons and their drive servos functioned normally and well 
within the design limits at all speeds up to 75 mph. “It seems that a slight 
doubt always remains regardless of the quantity and the quality of evi-
dence that you have before you,” Mitchell added. So, he continued investi-
gating to ensure that all potential causes of the crash were identified.

Problem #5: By pointing the tip of the radio control transmitting 
antenna at the retreating tail of the airplane, the amount of radio 
energy reaching the airplane receiver was at an absolute minimum.
Solution #5: Reroute the receiving antenna so that it travels from the 

receiver toward the rear end of the airplane through the fuse-
lage interior and then up through the leading edge of the left 
vertical fin and then back toward the top of the vertical fin trail-
ing edge. This would ensure that some portion of the receiving 
antenna would be sensitive to the transmitted energy regardless 
of the plane’s orientation. Retrain the RC (radio-controlled) pilot 
to always keep the antenna pointed toward the sky and never 
toward or away from the model.

Results: A new nose section for the airplane was built and installed on 
the model’s fuselage. It included a new nose gear and servo assem-
bly along with a new canopy. The main landing gear was relocated 
forward of its original position and was now a three-quarter inch 
behind the plane’s center of gravity. Two new vertical fins and rud-
ders along with two newly designed elevons were installed on the 
fuselage and the receiving antenna rerouted to improve reception 
of the control signals from the pilot’s transmitter.

Older RC model airplanes operate on frequencies in the 72-megahertz 
band, while newer ones are moving to the 2.4-gigahertz band where there 
is less radio frequency interference and a better range of technological 
solutions that link the transmitter to the receiver as a matched pair. For 
the MIG-31 project, a 72-megahertz transmitter and receiver were used 
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simply because it was the best equipment available at the time. The trans-
mitter uses a vertical whip antenna, which radiates the maximum radio 
energy in the horizontal plane (perpendicular to the antenna) and almost 
no energy from the tip of the antenna. The ideal condition would have 
the RC transmitting antenna always oriented vertically, but this is rarely 
accomplished because the transmitter’s antenna is mounted on the top of 
the box and the controls are mounted on the front of the box. When the 
user holds the transmitter and operates the controls, the antenna usually 
ends up with the tip of the transmitting antenna pointing at the model air-
plane. The receiver antenna in the MIG-31 ran from nose to tail through 
the fuselage and, with this arrangement, the most sensitive area of the 
antenna is perpendicular to the length of the antenna wire. The least sensi-
tive area is at its ends (the nose and tail positions).

In the case of the MIG-31 test Flight #2, as the model lifted off the 
ground and headed away from the pilot, Mitchell moved the transmitting 
antenna into a more horizontal position with the tip of the antenna point-
ing toward the tail of the airplane. By pointing the tip of the transmitting 
antenna at the retreating tail of the airplane, the amount of radio energy 
reaching the airplane receiver was at an absolute minimum. This poorly 
considered alignment between the transmitter and receiver antennas could 
have easily caused the failure of the communication link between the RC 
transmitter and the MIG-31. If this communication failure occurred, the 
elevon servos would have received random commands that could have 
forced one or both elevons to the full up position. This would have over-
loaded the improperly designed elevons so that one or both could have 
failed. Examination of the models wreckage showed that the right elevon 
servo plastic gear teeth failed resulting in a complete loss of control.

Problem #6: The MIG-31 model failed to meet the design weight of six and 
a half pounds. The extra weight was not offset by the size of the motor.
Solution #6: Purchase a new and more powerful motor that addresses 

the weight appropriately.
Results: The new and more powerful motor was installed along with 

a larger diameter propeller that could produce more thrust.

The MIG-31 used a motor identical to the motor used in the Tornado 
model (which weighed just under 7 pounds (112 ounces)). The MIG-31 
model failed to meet the design weight of 6½ pounds and ended up at this 
stage of the project, with these added changes, weighing 8 pounds 15⅝ 
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ounces (143.625 ounces). This was a 36 percent weight gain over the planned 
weight. Mitchell decided that a new and more powerful motor was required 
and purchased one that added a considerable amount of power at a cost of 
adding five more ounces of weight to the airframe even though the extra 
weight increased the probability that the model would not fly well. The new 
motor would not require a new battery or additional structure.

2.5.2.5 Flight Test #3

Ready-to-fly weight: 9 pounds 14 ounces (158 ounces). The MIG-31 at this 
point was 54 ounces (3 pounds 6 ounces) overweight, 51.9 percent above 
the design weight goal of a 6½-pound (104 ounces) plane. The new flight 
test date was set for September 21. Weather was predicted to be partially 
cloudy turning to sunshine, 60 to 70 degrees and winds at 6 mph. The 
model airplane airport is bordered on three sides with obstacles. The run-
way runs east and west. The east end of the runway is 200 feet away from a 
14-foot-high gravel berm, while the west end of the runway is about 1,000 
feet away from a major highway. The south side of the runway has a dense 
stand of pine trees that are in excess of 50 feet high within 200 feet of the 
runway edge. The north side of the field provides the only clear area. It has 
farm fields extending for many thousands of feet northward.

The direction of the wind dictated that the MIG-31 would have to take 
off to the east, toward the gravel berm. As the MIG-31 raced down the 
runway, Mitchell gently guided the model to lift off and raised the landing 
gear. It performed just like the full-scale (real) aircraft as it slowly lifted off 
the runway and into the air. However, the greatly overweight MIG-31 was 
now rapidly flying directly toward the gravel berm and it was just a few 
feet off the ground. In an effort to climb over the berm, the elevon controls 
were being held in the full up position, which slowed the aircraft down 
and reduced its ability to climb. It quickly becomes clear that the climb 
rate of the model was too slow to clear the berm so the only logical action 
one could take is to turn away from the obstacle, toward the north and the 
open farm fields. Although there appeared to be plenty of power, there was 
not enough flying space left to do anything but turn, so Mitchell started 
turning the plane north. As he did so, the aircraft again started losing lift 
and altitude. After, perhaps, 15 seconds, the plane was clear of the gravel 
berm and heading north, but much closer to the ground than desired. As 
soon as Mitchell stopped turning the MIG-31 and the wings became level, 
the plane would slowly gain some altitude. However, now the plane was 
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heading north and becoming smaller and smaller with every passing sec-
ond as it headed away from the runway. The full-up control command to 
the elevons was not enough to get the aircraft to climb higher than the 40 
or so feet of altitude it had already reached. Mitchell made the decision to 
turn the plane to the west (toward the major highway) in the hope of being 
able to slowly turn the airplane back toward the runway. However, as soon 
as the turn began, everyone could see that the plane was losing altitude 
once more. It was turning, but, far too slowly to bring the plane back to 
the field before it reached the highway. There was little choice. The MIG-31 
would have to be crash landed any place it could and as quickly as possible. 
Mitchell rolled the MIG-31 wings level, throttled back the motor to idle, 
checked to make sure the landing gear was still up (to minimize damage 
to the plane in a crash landing), and landed the MIG-31 on its belly. Other 
than tearing the nose up somewhat, the two hardwood skids on the fuse-
lage belly performed as designed, although as Mitchell said, “A 10 pound 
airplane of this size glides like a rock.”

Analysis and Corrective Actions: This test flight provided all new 
information that allowed advancement to the next level. It confirmed that 
the plane had enough power to take off and climb under control, fly level, 
and increase its airspeed while at the same time being able to roll properly 
from side to side. The takeoff and the slow climb to 40 feet and the airspeed 
of the flight was acceptable (estimated to be in excess of 80 mph). The 
elevons worked properly and had both roll and pitch control. The elevons 
needed about twice the range of motion than they had available and prob-
ably could have used much more. It was clear that there was not enough 
elevon control movement even with the stick all the way back in the full 
“up” position. Without having the ability to control the pitch beyond that 
limit, there was no way to successfully land the plane any other way than 
to get as low to the ground as possible and cut the power for a wheels-up 
landing. Nor was there enough roll control. These settings had been modi-
fied to be more conservative during the last set of repairs to a quarter of 
those used originally for flight test #1 and flight test #2. Mitchell stated, 
“This has proven to have been a poor decision that was made on ‘gut feel’ 
without the support of any performance data.”

Problem #7: The motor power seems to be adequate; however, the exces-
sive weight of the aircraft limits its performance greatly. The motor 
was being asked to deliver much more power than it was designed to 
deliver.



Project Management as an Enabler • 103

Solution #7: It was determined that this model could not shed the 
weight.

Results: Mitchell made the decision to retire this model of the MIG-
31 aircraft and start fresh with a new build using much lighter 
building materials and a smaller safety margin.

A significant contributing factor in that decision was the airplane’s con-
tinuing gain in weight as each repair and modification cycle occurred, as 
well as the practical flying experiences of test flights #1, #2, and #3. It would 
be far better to start with a clean sheet design than to attempt to rebuild 
the existing structure. On the maiden flight, the ready-to-fly weight was 
8 pounds 15⅝ ounces. When the MIG-31 was rebuilt after flight test #2 
crashed, more wood patches were added along with more braces, epoxy 
glue, etc. The model ended up weighing 9 pounds 8 ounces. This is 10⅜ 
ounces over the original aircraft weight and 3 pounds heavier than the 
design goal. “Unfortunately, it is a fact that aircraft repairs and redesign 
always add weight,” Mitchell said. For example, the 5-ounce heavier motor 
(1,000 watt to 1,500 watts of power), new propeller (was 9 inches in diame-
ter, now 10 inches in diameter) appeared to require structural changes and 
reinforcements that, in fact, may not have been necessary. Balance weight 
on the elevons and new and heavier elevon bearing blocks, control link-
ages and so on, all added weight, but were not built into the plane using 
the lightest possible materials. Not all of the repairs and modifications 
translated into a better flying aircraft. In fact, as the final flight demon-
strated, the MIG-31 barely flew. It was determined that this model could 
not shed that weight. It is anticipated that a new model of the MIG-31 of 
the same size, using the newest available materials (lighter and stronger), 
can be built at a weight of around seven and a half pounds. The original 
target goal of six and a half pounds also can be met by changing the design 
structure to eliminate many of the extra safety measures that were used in 
the original plane.

2.5.3 Project Management

The two elements of project management that affected the manage-
ment of this activity were schedule and risk. Mitchell started building 
the MIG-31 with the intention of being completed before the end of 
the third week of January. His goal was a hobby show being held in the 
state of Washington, around January 28, and he wanted to show both 
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the MIG-31 and the Tornado in a booth he had rented for the show to 
obtain some sale orders and expand his business. He roughly sketched 
out a schedule that had him start building on the fourth of January with 
a hard end date of January 28. Within the schedule and planning chart, 
he identified the hours he expected it to take for him to build the wing, 
landing gear, fuselage, vertical fin, and all other components to see if the 
schedule was feasible. The critical path was in the electrical radio control 
system, including the components of the motor, the speed controller, the 
receiver, and servos.

Although not formally documented, risk was always considered and in 
the forefront of every task. The biggest was that, with all this effort, the 
MIG-31 would not fly. Mitchell said that a constant nagging fear was that 
it would be a “plane with a big flat wing, too heavy to fly.”

2.5.4 Project Integration and Systems Engineering Challenges

For this project, there was no integration testing. The concept was to build 
the entire plane copying, proportionally, a full-scale aircraft, then go out 
and test it. Mitchell’s confidence was high that the aircraft would fly. He 
“knew it would fly, just didn’t know how well.” That being said, it was 
critical to make sure that all the interfacing parts worked well together. In 
fact, some of the flight test challenges were specifically interface-related—
the issues with radio frequency interference and the servo elevons to 
name two.

In order to do the best possible job in understanding and addressing 
the interfaces, Mitchell started with drawings, laying it all out to see 
cross sections and top view. Then he laid the parts, such as the motor, 
receiver, servos, and so on, onto the drawing to get an idea as to where 
to mount things so that the aircraft balance would be maintained. As 
he walked through the physical architecture, he made judgment calls 
on his capability to design in all of the essential components, distribute 
them throughout the airframe to maintain balance, and resolve techni-
cal issues, such as battery and control wiring size and location and radio 
frequency interference. In this project, it was not clear if the model was 
going to fly, or if interface issues would not turn up until the aircraft was 
actually flight tested.
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2.5.5 Outcomes

Two successful outcomes came from this project. First, additional sales 
came from the build of the MIG-31, although it had not even been tested 
when it was showcased. Second, the aircraft did indeed fly and prove out 
the hypothesis that a large, semiscale to actual, “push jet” aircraft could be 
built and flown safely.

2.5.6 Lessons Learned

According to Mitchell, clearly, safety comes first and the quality of mate-
rials selected in building is the first step toward a safe model. One needs 
high strength yet light wood with straight grains, no knots, etc. However, 
the philosophy on building models is in achieving your objectives at an 
acceptable level of risk. The basic rule of designing aircraft is: “Build to 
fly and not to crash.” In other words, build the lightest airplane possible 
to do the job, but don’t add weight to make it stronger than it needs to be 
to survive a crash. The tradeoffs are weight, material quality, functional-
ity, availability, and cost. Because Mitchell kept careful control over the 
change, he was able to implement incremental changes in meaningful 
ways that allowed him to assess the impacts. Mitchell remarked that it 
was good to “strive for perfection, but, ‘good enough’ has to be accept-
able. You have nothing but your experience to go by and you tend to err 
on the ‘safe’ side, which means using heaver wood, more braces, extra 
formers and ribs, larger wheels, and so on … adding weight and build-
ing to survive the crash.” Case in point, metal gear servos should have 
been used for the elevons at the outset of the project even though it was 
more expensive and weighed more. The consequences of the servos’ fail-
ure were greatly underestimated. However, past experience showed that 
one could get by with the older versions of the servos (with plastic gears) 
as they were lighter and had worked before in other airplane models. 
Making the decision is never as easy as it first appears.

Another important lesson learned comes from failure. “If you don’t have 
failure, you have no way to evaluate and learn. You have to be able to take 
a chance. Every time I fly I learn another lesson.” Mitchell stated that the 
original crash really opened up some learning opportunities for him as he 
began to use the automobile as a mock wind tunnel to test and analyze the 
issues with the design of the elevon control systems.
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2.5.6.1 Selected R&D Challenges

• Landing gear
 After the first flight test when the nose would not lift, Mitchell 

assessed the model’s landing gear and noticed that the main gear 
was two inches farther forward on the drawings than on the model. 
Apparently, in building the model, shifting the landing gear back 
was a design improvisation that occurred with no notes as to why. As 
with all tricycle landing gear, the main landing gear must be placed 
behind the airplane’s center of gravity to prevent the plane from tip-
ping back and sitting on its tail end. The original location selected of 
two and one-half inches behind the aircraft center of gravity might 
have been correct, but perhaps something interfered with the plan to 
place the battery as far forward as was needed. What exactly changed 
is not known or documented so one can only guess. After discover-
ing the problem, the solution was simple: Relocate the main landing 
gear to a point three-quarters of an inch behind the center of gravity. 
After relocating the main landing gear, it only required 5.8 ounces 
on the elevons to raise the aircraft’s nose wheel off the ground (rather 
than the previous 19 ounces) and obtain a positive angle of attack for 
the wing so that flight becomes possible.

• Elevons
 Based on an examination of the crashed model, the right elevon con-

trol system suffered a mechanical structural failure within the servo. 
During rebuilding, both elevons were redesigned with a new con-
trol shaft position (pivot point). They also were balanced with small 
lead weights. The new metal gear control servos were repositioned 
to shorten the control linkages so that additional mechanical torque 
would be available to control the elevons. These changes provided 
more control force for each elevon and reduced the probability of 
structural or servo failure (as was experienced in the maiden flight). 
The redesigned elevons were tested using the automotive wind tun-
nel and found to work perfectly at speeds up to 75 mph.

• Static wing angle of attack
 The aircraft’s wing angle of attack, center of gravity, and the weight 

distribution between the main landing gear and the nose wheel were 
out of balance leading to failure during the first flight test. To cor-
rect the static wing angle of attack problem, the nose wheel strut (the 
steel rod that holds the wheel to the aircraft fuselage) was lengthened 
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by one and three sixteenth inches. After this change, the MIG-31 
wing angle of attack measured positive 0.5 degrees. This ensured that 
when the aircraft begins its takeoff run the airflow over the wing 
would provide a lifting force. This force would lighten the weight on 
the nose gear and allow the plane an easier transition to flight. It also 
would allow less downward force on the elevons to raise the nose of 
the aircraft (and the angle of attack of the wing) to help lift the plane 
off the runway and transition to flight.

2.5.6.2 Selected Programmatic Challenges

The layout of the overall aircraft was logical and looked easy, but figur-
ing out how to route all of the different types of wiring was challenging. 
Mitchell had initially assumed that it would be hard, but it turned out to 
be far more complex and difficult than he had estimated. He also thought 
some things would be hard, such as designing the fuselage so that he could 
easily take it apart to service the electronics. However, the fuselage turned 
out to be quite easy to build.

2.5.7 Case Analysis

This case was chosen as an example of a representation of flexible proj-
ect management and systems engineering implementation. The life cycle 
of R&D, modeling and simulation, risk management, construction, test, 
verification, and validation would occur during the life of this project.

The case study participant applied different levels of formal project 
management and systems engineering, from none to some. However, it 
demonstrated the application of the methodologies within the activi-
ties that were undertaken on the project. Schedule and budget controls, 
change management, and risk assessment and mitigation were all applied 
in some manner on the project. The project was successful, in that the 
model did fly. More importantly, significant lessons learned occurred dur-
ing the project that will be reflected in future projects. Applying a lower 
level of project management, combined with a strong emphasis on systems 
engineering and an environment of learning, did work in this case. The 
above case reflects well this chapter’s lessons in that it describes how the 
application of project management and systems engineering methods can 
add value and help a project achieve successful outcomes.
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2.6 KEY POINT SUMMARY

The focus of this chapter is how project management is traditionally 
used, and compared and contrasted these methods with the use for 
R&D. In Section 2.3, the complementary disciplines of Spiral, Agile, and 
Management frameworks are reviewed, as well as systems engineering 
and industrial engineering. These disciplines enhance project manage-
ment and are vitally important in the application of project management 
for R&D. A case study is provided in Section 2.5 that demonstrate actual 
application of the concepts described in the chapter. Following are the key 
concepts and terms from this chapter.

2.6.1 Key Concepts

• The standard approach to managing a project is to define the scope, a 
set of requirements and deliverables, and to develop a schedule and a 
budget. The standard project management approach of tracking the 
reduction in tasks to deliver requirements is based on the Waterfall 
Development Model or method.

• In traditional project management methodology, only defined 
subsets of activities meet the definition of a project and, there-
fore, are the best candidates for the application of the methodol-
ogy. However, in applying project management to R&D, it becomes 
necessary to minimize the dividing line and strict categorization 
for what constitutes a project and artificially bound those activities 
in a defined period, allowing a baseline against which statuses can 
be obtained.

• One of the most important activities of project management is to 
ensure that the agreed-upon budget, schedule, and scope or specifi-
cations are met. This set of three critical parts of the project is gener-
ally referred to as the project management triangle.

• Each of the flexible methods and frameworks can be applied to vari-
ous situations depending on the complexity and desires of the proj-
ect manager.
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• Systems engineering takes responsibility for developing an over-
arching architecture that describes the bigger picture for why the 
development is being done. And it takes ownership of deriving and 
quantifying risks and mitigations, change control, verification, and 
validation activities that are required to make a project successful.

2.6.2 Key Terms

• Adaptive Software Development (ASD): A flexible method that is 
loosely based on complex adaptive systems and chaos theory where 
the norm is continuous adaptation.

• Change Control Board (CCB): A committee made up of stakehold-
ers who have the responsibility of making change request decisions.

• Client: A term typically used to refer to the recipient of services.
• Configuration Status Accounting (CSA): Responsible for recording 

and reporting on information needed to manage the configuration 
control process.

• Crystal methods: The focus of this methodology is in people, com-
munications, personal attributes, and talents of the team members 
and puts process in the secondary role.

• Customer: A term typically used to refer to the recipient of prod-
ucts or services, generally used in the context of short-term, buy–
sell relationships.

• Dynamic Systems Development Method (DSDM): This framework 
attempts to bring in the best from all the methodologies and mitigate 
the risks inherent in some.

• Evolutionary Project Management (EVO): The approach is for a 
scope to be developed with the user based on their experience and 
compartmentalized into a series of small development deliveries, 
delivered in one- to six-week cycles.

• Extreme Programming (XP): The method is heavily customer 
focused, and emerging requirements are immediately put into the 
queue. Quick cycles, called iterations, are completed every one to 
three weeks.

• Feature-Driven Development (FDD): This model is a top-down 
architectural-driven method, with subelements of that architecture 
heavily decomposed into functional views.
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• Flexible methods: The use of nontraditional approaches to manage a 
project in a methodical and somewhat structured manner.

• Industrial engineering: Quantitative optimization of complex inte-
grated systems.

• Interface Control Document (ICD): Documents that define in words 
how capabilities are to be connected.

• Product Lifecycle Management (PLM): An integrated systems devel-
opment model that is in line with a traditional Waterfall method.

• Rapid Application Development (RAD): This method focuses on the 
quick and iterative prototype development cycles. It is typically asso-
ciated with object-oriented software development.

• Risk register: A uniquely identified list of risks, typically compiled 
in a spreadsheet.

• Scrum: Uses stories to capture requirements that are then priori-
tized and held as a backlog to be worked off during short iterations 
of development called sprints.

• Unified process: The key phases in this framework include the devel-
opment of use cases and scenarios to develop requirements, archi-
tecture, schedule, and cost estimates, and to complete risk analysis.

• Use case: A written story that describes the operating environment 
in a way that helps define user requirements.

2.7 APPLY NOW

The reader should continue to use his or her own personal example to 
ensure a clear understanding of the applications for each approach. Using 
the project plan developed in Chapter 1, for each row, describe the specific 
information for your own case. For illustrative purposes, we will continue 
using the sample topic of producing windmills to describe how to approach 
Table 2.1. For example, line 1 asks for a requirements definition. For the 
windmill project, the requirements might be to be a working wind model 
that transfers energy to a control box. It does not, for example, need to 
pump water like some windmills. Think through and clarify how each 
of these processes can assist in the development of a more robust plan. 
Documenting each with a best guess for what would be needed will be an 
excellent starting point as additional concepts are described in Chapter 3.
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3
Bounding the Creative Spaces

To obtain the optimal performance from nontraditional projects, one 
must first understand

• the nature of R&D, how it is defined, what it encompasses, and 
what its life cycle looks like across various types of activities;

• the differences between R&D, innovation, invention, and other 
creative projects;

• the approach for applying project management to R&D.

The previous two chapters have focused on project management tech-
niques and the complementary disciplines that enhance project man-
agement. These disciplines, in combination, form a flexible and scalable 
set of processes that are useful in managing R&D. In Chapter 2, a sum-
mary description of the differences between R&D and innovation was 
introduced. The term R&D can have multiple meanings and is often 
interchanged with the term innovation. In this chapter, clearer defini-
tions of each of the terms will be made. The application of project man-
agement methodology can effectively enhance the performance of R&D 
and innovation projects, but would be applied in different ways. R&D, 
innovation, and indeed all creative activities can be managed using the 
project management methods. Understanding the full spectrum of cre-
ative activities and how to correctly categorize them is important so that 
the proper level of project management is applied and that the creative 
nature of the undertaking is not negatively affected, but is optimized.

This chapter first describes the nature of R&D, how it is defined, what 
it encompasses, and what its life cycle looks like across the various 
types of activities. The concepts of radical innovation versus incremen-
tal innovation are reintroduced from Chapter 1. Two typical methods 
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of research are described in depth as these, used in combination with 
project management and the complementary disciplines described in 
Chapter 2, will optimize the probability of successful outcomes for 
R&D projects. Innovation, which covers products, processes, services, 
technologies, and ideas, is explained. The differences between innova-
tion and R&D, innovation and invention, and innovation and other 
creative projects are explored. Then, the approach for applying project 
management to R&D and innovation is described, bringing together 
the research methods with the project management and the comple-
mentary disciplines.

Apply Now exercises will allow immediate application of the funda-
mental concepts in this chapter. A case study demonstrating the use of 
project management on an R&D project is reviewed. A checklist also 
is provided that allows the reader to use the project activities identi-
fied in Chapters 1 and 2 to determine how best to apply this chapter’s 
learning directly to those personal project activities that have previ-
ously been used to add value and increase the reader’s understanding 
of the chapter material.

Chapter Road Map

Chapter 3 focuses on the life cycle of R&D and the application of proj-
ect management and complementary disciplines on R&D projects. It 
specifically

• Identifies different types and methods of research
• Describes typical steps in conducting research
• Identifies development activities
• Defines radical and incremental development
• Describes typical steps in conducting development
• Identifies the broad activities captured in the term innovation
• Explores the differences between R&D, innovation, invention, and 

other creative projects
• Describes an approach for applying project management to R&D
• Provides Apply Now exercises that will allow immediate application 

of the fundamental concepts
• Uses a case study to demonstrate the use of project management on 

an R&D project
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• Summarizes key points of concepts and terms
• Provides a summary checklist to apply the ideas from the chapter to 

a real situation

3.1 ELEMENTS OF R&D

R&D is categorized into three separate elements:

 1. Basic research can be thought of as the imagination phase—acquir-
ing new knowledge without a defined goal or expected application 
of the knowledge.

 2. Applied research can be thought of as the art phase— taking a ques-
tion out of the realm of imagination and creating something.

 3. Development can be thought of as the craft phase—evolving a cur-
rent state of something by either modification to, or the creation of a 
product, process, system, or service.

R&D is a method of investigation into a topic with the desire to 
understand and potentially evolve the realm of the established known. 
Researchers typically define areas of study, review existing information 
on the area of interest, set up experiments, and interpret the results in an 
effort to modify existing theories or to establish a new theory about the 
object of their study. Sometimes, they start by reviewing existing informa-
tion in an area of interest to help form new ideas about the topic. Research 
also can reaffirm previous analysis or can be used to solve outstanding 
problems. Although the field of research is broad, the major categories and 
methods of research are identified in this chapter for use in demonstrat-
ing how project management can be applied to achieve positive outcomes.

3.1.1 Research

Basic, or theoretical, research can be thought of as the quest for knowledge 
(Figure 3.1). Sometimes it is referred to as fundamental research. It can 
be seen as the imagination phase of research and it is all about discov-
ery, interpretation, and understanding. Its objective can be a spectrum of 
results from enhancing the knowledge of the individual doing the research 
to enhancing the state of the art in a field. It is all about the acquisition 
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of new knowledge without a defined goal or expected application of the 
knowledge. This is where hypotheses are defined, new thinking is explored, 
and ideas are brought to life. Nothing is built at this point, and there are 
no boundaries except that eventually those ideas must be put down on 
paper if there is interest in moving them along the continuum. Actions 
taken at this stage could include curiosity-driven investigation, intellectual 
inquiry, research, publishing, peer reviews, and dialog, among others.

There is a subcategory of basic research called oriented basic research1 
that is directed and expected to produce enough knowledge so that it 
could serve as background material for future applied research and even-
tual development activities. However, a research study will generally be 
categorized as basic or applied research.

There is a progression that typically takes place both within research 
and within development. Figure 3.2 shows a representation of that pro-
gression. Although there is a linearity shown in the figure, the progression 
of research and development is not linear. For example, an activity may 
start in the applied research and move into early development. Or, a basic 
research activity may begin and end within that category without ever 
moving into the next category. It is possible to start in basic research, move 
through all the way to late development, and then loop back to an earlier 
phase if an experiment or prototype does not perform as planned. There 
is a relative synergistic relationship where results drive the progression. 
Figure 3.3 can be used then to recognize the relative position of the phases.

Basic Research Applied Research Early Development Late Development

FIGURE 3.1
The R&D spectrum: Basic research.
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The next phase of R&D, applied research, can be thought of as the art 
phase, because its focus is on taking a question out of the realm of imagi-
nation and creating something. It is about the enhancement of knowledge 
to a recognized need or gap, and, in this sense, it is sometimes referred to 
as strategic research. Applied research takes the next step from basic or 
oriented basic research and moves the idea to a demonstration of those 
ideas in an effort to close the gap of knowledge, fulfill a need, or meet 
an objective. During this phase, ideas may lead to experiments meant to 
test and validate them, and rudimentary prototypes may be built or ideas 
tested in other nonphysical ways. As in basic research, actions taken at 
this stage may include research, publishing, peer reviews, dialog, or other 
defining activities; however, they have a clear focus rather than being 
unfocused. This is a highly creative phase with a great deal of risk and a 
low probability of success in experimental validation. Successful activities 
in this phase are ready to move into development or what can be referred 
to as the craft phase, where the focus shifts more to form, fit, and function 
of an idea.

3.1.1.1 Research Methods

There are many different ways to approach research, many driven by the 
approach most accepted in a particular field of study or discipline. The 
debate on which methods are the most correct for each situation would 
depend on many factors. A significant body of research and documenta-
tion backs each of these research methods. However, for the purposes of 
this text, it is not necessary to understand these in depth. It is impor-
tant though to understand basically that these approaches aim to either 
explore or explain the phenomenon they are researching. They use either 
quantitative or qualitative analysis, or a mixture of both. They also reflect 
objectivity or subjectivity. In order to ensure clarity, these approaches are 
further defined next.

Exploratory research incorporates the act of exploration on something 
that is not clearly defined. Researchers or interested individuals explore 

Basic Research Applied Research Early Development Late Development

FIGURE 3.3
The R&D spectrum: Applied research.
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with the purpose of clarifying specific questions or narrowing down the 
field of questions they may have and help ensure they get to the “right” 
questions or the questions with the most potential impact. These research 
questions sometimes get translated into more formal research efforts. 
These types of basic research activities follow the pattern of probing 
around in order to clarify a research objective or to identify an approach 
for a research study. This type of research does not necessarily lead to a 
conclusive direction or path, but is often used to formulate hypotheses or 
questions the researcher wants to answer. The curious individual drives 
this highly creative process.

Explanatory research takes an existing hypothesis or phenomenon and 
tries to understand and explain why it is happening. Unlike exploratory 
research, which is searching for the right questions to ask, explanatory 
research is searching for the reasons that something is like it is without 
manipulating or disturbing any of the variables. Formative research is the 
action of giving form, molding or shaping an idea or thought. Both of 
these types of research are typically found in the social sciences areas. 
Constructive research aims to propose solutions to the question asked, 
while empirical research tests proposed solutions for feasibility.

Quantitative research frames a narrow question that is answered objec-
tively through the collection of data in the form of numbers or statistics. 
Qualitative research frames a broad thematic question that is answered 
through the collection of data in the form of words or images and then 
interpreted subjectively. Some research projects fit better within a qualita-
tive and subjective environment, such as creative and artistic activities. 
Some scientific research projects fit better within a quantitative and objec-
tive environment. Objectivity is an unbiased result that is not influenced 
by the researcher’s personal interpretations, whereas subjectivity reflects 
a perspective not bound in concrete evidence. Figure  3.4 provides an 
example of how different methods, qualitative or quantitative, subjective 
or objective, generally align to typical types of research.

When a research question is complex enough that a single data type 
would be insufficient, or where secondary analysis using a different 
method is needed, a mixed method2 can be used. Mixed methods combine 
quantitative and qualitative data collection and analysis in various ways 
that fit the research needs. The collection and analysis can be achieved in 
parallel, e.g., two surveys can be prepared and distributed concurrently 
and the results reviewed together for different perspectives. Or, they can 
be collected and analyzed sequentially, using qualitative and quantitative 



Bounding the Creative Spaces • 119

methods arranged in complex ways to answer research questions that 
require sequencing, or multidimensional structures.

The methods of structuring experiments are many. They are dependent 
on the research question to be studied as well. However, a brief summary 
of the types of experiments or tests would include:

• Modeling and simulation
• Pilot or case studies
• Sampling (random, systematic, and stratified)
• Empirically through observation
• Interrogation or interview (including surveys, etc.)

Random sampling refers to each element in a population as having an 
equal chance of being selected. Systematic sampling takes a population 
and puts it in some order, then selects it at regular intervals. And, stratified 
sampling takes that idea a step farther and stratifies the population and 
selects within the stratifications. Each has merits for collecting data.

Regardless of whether research is objective quantitative, subjective and 
qualitative, or a mix, research can benefit from the application of project 
management methods. For example, there are many researchers who feel 
that the best way to achieve the optimal level of creativity is to have a 
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significant amount of free-form research time. This is an important form 
of creative thinking that is often necessary when forming or testing vari-
ous ideas and can be used well when a strategy or research path cannot be 
articulated. When a researcher is trying to understand the realm of the 
possible, having enough unstructured time to conceptualize and think 
through various ideas often leads to breakthrough thinking and should 
be encouraged in R&D. The use of project management does not restrict 
the use of free-form research, and can actually protect it. However, there 
must be a concerted effort to allocate enough free time for this to occur. 
The methods for incorporating free-form research will be discussed in 
Section 3.3.3. Most researchers use established research processes to 
investigate various phenomenon and ideas. So, although these are not 
the only research methods available, the following methods can best be 
used to demonstrate the alignment and benefit that can be achieved by 
using project management methods to manage research activities. These 
methods include:

• Scientific method: A quantitative, exploratory method.
• Socratic method:3 A qualitative, explanatory, and exploratory 

method.
• Mixed methods: Combines quantitative and qualitative, explanatory 

and exploratory methods.

The scientific method typically uses quantitative research to validate a 
hypothesis. It starts with the development of a question and a hypothesis 
in the form a testable prediction or a proposed explanation for some type 
of phenomenon. Framing the question is a critical part of this method, 
which means a position or assumption must be made with the expecta-
tion that the test will either disprove that assumption or will show that it 
may be true. In using the scientific method, the question is framed in such 
a way that it is not proved to be true, but that a correlation implies that 
there may be a related cause. In order to build confidence in the results, 
additional testing must be done to add credence to the suggestion that it 
may be true. Basically, the effort is in repetitively testing and proving false, 
eventually eliminating enough false results that the conclusion confirms a 
high probability that the answer is correct.

The scientific method also includes decomposing the hypothesis into 
a series of experiments or tests and then evaluating the results to try to 
disprove the hypothesis before moving on to the next step. These typically 
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include the collection of mathematical or statistical metrics. Careful docu-
mentation, archiving, and sharing of data, methods, and results for valida-
tion and verification purposes is required. It is expected that this method 
will provide a basis that, if one followed the formula precisely, the results 
would be consistent and, therefore, speak for itself. Project management 
can be used during the process of identifying the scope, setting up tests, 
and documenting the outcomes in a methodical way to help demonstrate 
progress along a trajectory of research.

Research also can follow a different path. Creative and artistic research, 
often called practice-based research, uses subjectivity or interpretations 
and judgments instead of objective, fact-based, and measureable outcomes. 
This means that these types of activities probably would not require exten-
sive statistical analysis or the formation of a clear objective problem state-
ment. Creative research is question-driven. Well-formed questions drive 
well-formulated experiments, and then the answers stand as they are. The 
classical Socratic method of research, generally a style of inquisition that 
has been associated with the Greek philosopher Socrates (469 –399 BCE), 
uses creative deconstructive questioning to resolve a question. It requires a 
questioning of current understanding and assumptions. The modern style 
of the Socratic method uses a hypothesis in the form of a plausible answer 
that can be used to lead a series of experiments or tests in an effort to con-
struct the path that supports or denies the hypothesis. Both styles of the 
Socratic method can be supported by project management methods dur-
ing the process of identifying the scope, setting up tests, and documenting 
the outcomes in a methodical way. In either style, project management 
methods for change control can help demonstrate progress along the tra-
jectory of research.

Similar to the evolution of Agile methods described in Chapter 2 for 
projects that did not tightly fit into the original model, the mixed meth-
ods approach evolved in the late 1990s to address research questions that 
would best be answered through the collection of both qualitative and 
quantitative data. This approach best addresses questions where the use of 
one type of data would be insufficient to explain the results. For example, 
humanities and social science research (including history, business, medi-
cine, social, economic, etc.) typically use context to explore and explain 
what is observed. This type of research is often subjective, but also can be 
objective, which makes it a good fit for use of the Mixed methods. It typi-
cally incorporates both qualitative and quantitative methods of analysis. 
The benefit that project management would bring when using this method 
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would be in capturing the question adequately, documenting and man-
aging change throughout the experimenting and testing phases, and in 
verifying and validating the outcomes.

The major areas of emphasis for each of the discussed research meth-
ods are shown in Figure 3.5. Along the top, Scientific, Modern Socratic, 
Classical Socratic, and Mixed methods map to a list of key attributes that 
they typically demonstrate.

3.1.1.2 Apply Now

Recognizing what types of activities are included in basic and applied 
research, and then, understanding if an activity would best be approached 
using the Scientific, Socratic, or mixed method, will help the reader apply 
the appropriate project management structure in Section 3.3.3. To assist in 
understanding the information from this section, Figure 3.6 demonstrates 
the spectrum of methods and how they generally align with the definition. 
These are not meant to be definitive or conclusive, but are demonstrative 
of where they fall in relation to the other methods.

Along the x axis are the quantitative versus qualitative metrics. The 
y axis shows the objective versus subjective range. Along the top is the 
range for exploratory to explanatory research, and along the right axis 
are the expected outcomes, either known or unknown. The Scientific 
method most often uses quantitative objective measures and an explor-
atory approach, generally without an expectation of the outcomes. The 

Scientific
Modern 
Socratic

Classical 
Socratic Mixed

Predesigned question x x x x
Predictable answers x
Empirically testable x x
Deconstructive phase x x x
Constructive phase x x x x
Quantitative x x
Qualitative x x
Correct answer expected x
Iterations expected x x x x
Objective results x x

FIGURE 3.5
Research methods.
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Socratic method, in comparison, generally uses qualitative and subjective 
measures of understanding and an explanatory approach (although it can 
range from exploratory to explanatory), with expected outcomes that can 
be more or less known depending on the use of the classical versus mod-
ern approaches. The mixed methods might use any range in any direction 
depending on the research.

3.1.1.3 Typical Steps in Research

In order to apply project management methods to research, it becomes 
necessary to categorize these activities in a coherent pattern. Each of the 
methods described, the Scientific, Socratic, and mixed, contains activities 
that can be generally categorized.

These activities are usually completed in a flexible, iterative manner:

• An individual or group decides to investigate something.
• A research area is identified, sometimes referred to as characteriza-

tions of the subject of interest.
• An unbiased question to answer or a hypothesis is formed for evolv-

ing or changing the current thought, process, product, etc.
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• The current body of knowledge is evaluated through review of 
documents and information, observation, experiences, discussions, 
other methods.

• An approach, either subjective or objective, to answering the ques-
tion is chosen.

• An approach to experimentation or testing is set up.
• Appropriate measurements, either quantitative or qualitative, are 

chosen.
• Experiments or tests are run.
• Results are first reviewed for quality and integrity, missing data, and 

outliers. Data that are far outside what might be considered normal 
are identified, and results are cross-checked for accuracy.

• Results are analyzed and interpreted.
• Question or hypothesis is revised, and/or the outcomes are 

documented.

3.1.2 Development

The next phase, experimental development,4 or just development, can be 
thought of as the craft phase of the overall R&D process. It is directed 
toward producing materials, devices, systems, methods, process, software, 
etc. In contrast to research activities, although often tightly interwoven 
with them, development is focused toward evolving a current state of 
something by either modification to, or the creation of, a product, pro-
cess, system, or service. Researchers, scientists, engineers, and technicians 
drive this type of development using their personal knowledge derived 
from research and experience (Figure 3.7).

The term development is seldom used alone and can mean differ-
ent things across disciplines. When used in the science and technology 
domains, it is typically bundled as “R&D.” In the business domain, activi-
ties such as leadership development, organizational development, and 
economic development are common. The reference is also used in cultural 

Basic Research Applied Research Early Development Late Development

FIGURE 3.7
The R&D spectrum: Development.
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disciplines such as in development of musical composition, artistic devel-
opment, even in the acting field for character development. Society fre-
quently uses the term development when referring to personal, regional, 
social, rural, community, growth or maturity.

Fortunately, there are established definitions as to what falls in the 
categories of R&D and specifically what does not. In particular, a body 
of knowledge documented in the Frascati Manual5 carefully and clearly 
outlines what is and is not part of R&D. This manual is used to compile 
statistics on global R&D and innovation activities so the definitions are 
solid and consistent. This valuable resource provides guidance as to how 
the world views each of these categories of effort. The activities typically 
referred to as “R&D” include developing new products, components, 
materials, systems, processes, and services. R&D involves systematic work 
in a new area, using unique ideas that are both novel and have uncer-
tain outcomes. Generally, there is an expected science, technical, social, or 
business benefit from the development activity, although it may be years 
or even decades away.

Below are some examples of the types of R&D typically pursued within 
various disciplines. This list of examples is meant to be illustrative only 
and not exclusive nor exhaustive. Note that R&D types can fit in multiple 
disciplines, but are put into a single category to avoid confusion.

• Business: Market research, risk analysis, consumer behavior, new 
tools for data access by users, financial analysis

• Government: public order, health, economic growth and welfare, 
military science, policy research, and analysis techniques

• Higher education: university research in all areas of focus, research 
institutes, experimental laboratories and locations

• Natural sciences: biological, earth, land use, environment
• Agriculture and livestock: forestry and mining techniques, fisheries, 

veterinary medicine
• Power: alternative energy forms research
• Water: cleanliness and supply research
• Technology: engineering, civil, electronics, mechanical, biotechnol-

ogy, defense
• Information: computing processes, networks, software, hardware
• Infrastructure: transportation, telecommunications
• Medical sciences: clinical, health sciences, pharmaceuticals, medical 

instruments and procedures, disease
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• Social sciences: psychology, law, anthropology, pollution
• Humanities: history, language, literature, art, music, religion

The general focus of this chapter is on the area most commonly asso-
ciated with development in the R&D sense, the science and technology 
area. It is more straightforward to illustrate the differences in life cycle and 
approach for managing R&D with project management using these disci-
plines. The areas of hardware, software, composites and materials, com-
ponent systems, biomedical methods and materials, drugs, and energy 
are just a few examples of a broad range of development that typically 
falls under science and technology R&D. The development of R&D typi-
cally focuses on carrying out experiments, building prototypes or models, 
developing and running simulations, designing or redesigning processes, 
and testing, verifying, and validating designs to determine what is within 
the realm of the possible and to be able to assess if the new or improved 
development will perform as needed and expected.

3.1.2.1 Development Methods

The Frascati Manual notes that captured within the categories of the term 
R&D are basic and applied research, development, demonstration (test), 
validation, engineering, manufacturing development, and operational sys-
tems development. Although it can be difficult to determine where the bor-
ders are between research and development, there is a continuum of work 
that is performed within the category of development. The earlier in the 
development phase an activity is, the less is known about how to actually 
accomplish the change that is desired. The later in the development phase, 
the closer it is to implementation readiness. It also is difficult to determine 
where R&D ends and where preproduction begins. The term preproduc-
tion typically describes nonexperimental activities that are used to pre-
pare for production runs. Preproduction and R&D are confused because 
there appear to be R&D-type activities involved in preproduction, such as 
manufacturing development and operational systems development.

Figure 3.8 demonstrates the spectrum of activity between early and late 
development. This model assists in the determination of when a develop-
ment activity is ready to move into the next phase, either preproduction 
or implementation. A good measure, in cases where judgment on dividing 
lines are required, would be to determine if the prototype, model, or pro-
cess is developed enough to complete testing and verification activities. 
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Once a successful test phase is complete, and the results verified in a man-
ner that reflects the expected outcomes, it should be ready to move into an 
implementation or production environment and, therefore, no longer be 
classified as R&D.

In practice, the dividing line may be fuzzy. An R&D project outcome 
may be a certain design that has been tested and validated. Preproduction 
generally uses established methods and principles to set up replication of 
the established final prototype. It is common for R&D products and ser-
vices to move into the preproduction phase before they are sufficiently 
tested and ready. Therefore, during setup, a critical design issue may 
emerge that needs to be addressed prior to running many copies of the 
part. Changes that need to be made are implemented outside of the for-
mal R&D environment. Ideally, there is a close collaboration between the 
individuals associated with the design of the part and any redesigns that 
are required. Although it is not necessary to clearly differentiate between 
R&D and preproduction in order to apply project management methods 
to the activities, having a clear understanding as to what the outcome of 
an activity needs to be is important.

A similar situation can evolve in process development and implementa-
tion. A process can be fully tested and validated. However, in the initial oper-
ations implementation, a flaw is identified. Sometimes this happens because 
reality cannot be exactly duplicated in a test environment. Sometimes it 
occurs because previously unidentified stakeholders identify a missing 
part of the process that impacts them. Either way, a change must be imple-
mented after the R&D phase, which may require a reengineered design or 
just a minor tweak to the process. Whether or not it needs to go back into 
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the R&D process or just modified within the operational environment is 
the call of the manager responsible for the operations implementation.

Regardless of the type of project, defining the expected outcome and the 
dividing line between R&D and the next life cycle phase becomes impor-
tant so that the work can be correctly separated into work packages that 
can be managed. It is important as well to understand the real effort and 
costs associated with the R&D work so that forward pricing is accurate. 
Forward pricing is the ability to project the full development costs for 
future bids. It is more thoroughly discussed in Chapter 4 as part of the 
methods used to measure success.

Chapter 1 first introduced the concepts of the life cycle of R&D as well as 
radical versus incremental approaches. From a life cycle perspective, there 
is a continuum of activity that moves an R&D project from the early stage 
to the late stage of development although it is clearly not linear. In prac-
tice, development that emerges from basic and applied research sometimes 
leads to radical, or revolutionary, products and services, and incremental 
improvements often come from operations and use. Neither is a hard fast 
rule, and there are many examples of exceptions to each. Development 
may evolve the current capability or take a turn from existing capability 
and be completely paradigm-shifting leading to a leapfrog of a genera-
tion of development. These are the concepts of radical versus incremental 
development that were first discussed in Chapter 1, Section 1.6 (Portfolio 
Management). Incremental R&D, making small changes along an existing 
trajectory, also straddles the continuum, but can extend out far into the 
production or operations areas. Radical R&D, taking a different approach 
to pursue a result that will be fundamentally and dramatically different, 
typically requires theoretical and/or basic research so it straddles the 
continuum from basic research through early development. It is almost 
impossible to separate the research from the development when a radical 
outcome is desired.

Whether the hypothesis or question that is being pursued will lead to an 
incremental capability increase, or if it presents a radical departure to cur-
rent capability, is often not clear. In some cases, only hindsight will iden-
tify a clear branch point where a development started down a path that 
would fundamentally change the nature of the capability being developed. 
If an idea is being contemplated, the reason to determine the nature of the 
change and its impact revolves around the assessment of risk. A radical 
departure from current capability creates risk to the enterprise as a whole 
in that its success could actually lead to early retirement of an existing 
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capability. A decision needs to be made at this point as to whether pursuit 
of the radical R&D supports the overall organization strategy.

3.1.2.2 Typical Steps in Development

Actions taken at the R&D stage typically include peer reviews, dialog, and 
prototyping. Management of these activities begins to move into a more 
formal structure, but accountability for progress is still within the realm 
and responsibility of the project manager. This creative process is gener-
ally managed by applying metrics on progress toward successfully demon-
strating the hypotheses, as well as on the prototypes that come from those 
demonstrations. Successful activities in this phase are ready to move into 
the preproduction or implementation phase of the life cycle.

As in the research phases, in order to apply project management meth-
ods to R&D, it is necessary to categorize activities in a coherent pattern so 
that they can be mapped to the project management methods. The spec-
trum of R&D activities, from early to late development, contains activities 
that can be generally categorized. As with research, these activities usually 
flow in a flexible, iterative manner and loop back on themselves often. The 
project management methods that will be applied must facilitate this flex-
ible loop-back approach.

A general categorization of the R&D activities includes:

• Setting strategy, trajectory, high-level goals, posing questions and/or 
forming hypotheses

• Scheduling and budgeting as relates to use of labor and materials 
resources needed to support prototyping or other experiments

• Identifying the appropriate decision points for when the work should 
no longer be pursued

• Searching relevant literature, discussions, comparative development 
activities across disciplines

• Preparing simulations, models, or prototypes
• Prioritizing and setting up experiments
• Testing
• Recording measurements, making calculations
• Verification, validation, and quality checks
• Completing analysis on the results
• Modifying design, retesting as appropriate to reduce risk and prog-

ress toward goal
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• Stopping the work when appropriate
• Documenting experimentation methods, change and configuration, 

and results
• Communicating results

3.1.3 R&D Projects versus Other Projects

The elements that make R&D projects different from other projects are the 
sheer number of unknowns and trying to control them, and the indirect, 
circuitous course for moving forward. A high level of creativity and high 
level of expected change are par for the course in R&D. The factors that 
add complexity to the various types of projects are shown in Figure 3.9. 
However, these factors do not negate the ability to manage R&D projects. 
Recognizing the factors will allow for the careful application of project 
management methods that highlight and amplify the probability of suc-
cess of these projects in a way that may not be accomplished with a hands-
off approach.

There are certain characteristics of R&D that can provide hand-
holds for some level of control. For example, there is typically some 
type of systematic or methodical approach to building knowledge. If 
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experimentation is involved, the variables to be tested must be identi-
fied and, to some degree, controlled so that the answer makes sense. 
Typically, research requires a careful, accurate, and thorough investi-
gation that is unbiased and not swayed by the investigator’s expecta-
tions of what the answer should be. Finally, in order for R&D to be 
credible and to provide a basis for new research, it generally needs 
to be presented in a form where others that follow would reach the 
same conclusions after following the same procedures. Specific proj-
ect management methods that can be used to manage R&D are dis-
cussed in Section 3.3. However, before those methods are reviewed, it 
is important to understand the differences between R&D and innova-
tion because the terms are often interchanged.

3.2 ELEMENTS OF INNOVATION

Innovation can be defined as

• encompassing the use of products, services, processes, methods, 
organizations, and relationships or interconnections

• the use of something completely new or vastly improved to the orga-
nization or entity

• taking a new idea from one organization and implementing it in 
another organization, known as diffusion

The term innovation is often used in conjunction with, or as identical 
to, or even as superior or subordinate to R&D. However, it is often used to 
reflect a broader field of activities than is typically associated with R&D, 
such as processes and methods, or other activities that generally lead to 
increased productivity or performance. Sometimes it is specifically asso-
ciated with work that results in patents and copyrights. The definition of 
innovation is itself evolving over time. As the nature of communication 
and global interaction changes, as business and technology advances, 
and as service-oriented organizations continue to interconnect to other 
organizations in unprecedented ways, innovation opportunities continue 
to emerge. These areas may not have previously been considered and are 
often well outside the standard purview of R&D.
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How one categorizes and organizes the work associated with the broad-
est definition of innovation is best captured in a well-established, inter-
nationally accepted framework documented in the Oslo Manual.6 In its 
text, innovation is defined broadly and can encompass the use of products, 
services, processes, methods, organization, and relationships or intercon-
nections such as those that occur in logistics or distribution activities. The 
key requirement to be categorized as an innovation is that it requires the 
use of something completely new or vastly improved to the organization 
or entity. The manual defines four basic types of innovations: product, 
process, organization, and marketing.

The key elements associated with these are defined below:

• Product innovation: Focus on use of goods including materi-
als, components, capabilities; service efficiency or effectiveness; or 
functionality

• Process innovation: Focus on quality, efficiencies and effectiveness 
of actions, sequences of activities, established methods, procedures 
or techniques

• Organization innovation: Focus on internal organization methods 
or business practices and relationships with external organizations

• Marketing innovation: Focus on customer needs/desires in design, 
packaging or display, placement, promotion and pricing, and on an 
organization’s market position or pricing models

The manual also introduces the concept of diffusion in innovation, which 
is the manner in which an innovation proliferates to different organiza-
tions. An organization that takes a new idea from another organization 
and implements it in its own organization has participated in diffusing 
the innovation and can be said to have innovated within its organization. 
An organization’s involvement in its own R&D, even if developed in col-
laboration with others, generally would not expect other organizations 
to assume ownership of the R&D. Indeed, the organization most likely 
would want to retain ownership of the new product or service as intellec-
tual property to provide a competitive edge or future revenue.

3.2.1 Innovation versus Other Types of Projects

Sources of innovation often come from the open market, joint or crowd-
sourcing ventures, strategic alliances, or other nontraditional sources. 
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This makes them different from other types of projects right from the 
start. The identification and prioritization of ideas become more com-
plex, and timing sometimes becomes an issue because the flow of ideas 
is not constrained by timelines, and there may be an urgency factor. For 
example, an idea may need to be pursued quickly if there are windows 
of opportunity for gaining a competitive advantage. This ongoing input 
and assessment of new ideas is not typical of most organizations because 
most identify the work that will be done at the beginning of a year (fiscal 
or annual). Ideas coming through out of cycle usually have to wait for the 
appropriate evaluation time. Innovation ideas need to be assessed on an ad 
hoc, nonrigid cycle, which makes them more challenging to manage than 
other types of projects.

Whether or not one is referring to a product or a process, innovation 
projects aim to take something that has been designed, developed, or cre-
ated and then apply processes to them in some way to achieve a particu-
lar outcome. This often makes innovation projects complex in nature. The 
complexity comes from the interconnections between processes across and 
between organizations. Supply chains or lines of communication must 
be established, and methods must be put in place to repeat the processes 
that lead to the outcome that will be marketed and sold. Communication 
should be established with all of the stakeholders that own interfacing pro-
cesses, or who might be impacted by the new implementation.

Innovation projects may be service- and process-oriented. The level of 
engagement required to implement a new service or process capability 
could often be more difficult because a great deal of two-way communica-
tion is often required. In some cases, innovation projects take away the 
choice of an individual consumer who may be firmly entrenched in the 
previous methods and processes.

Innovation projects benefit significantly from project management 
methods in that the complexity of inputs and outputs, interfaces, and 
strong communication and risk requirements are considered and man-
aged in a way that minimizes negative impact and optimizes the positives. 
The specific discipline that project management provides does just that.

3.2.1.1 Innovation versus R&D

While R&D plays an important role in innovation, it is different than 
innovation. Innovation includes related activities that reach far into pro-
cess areas. While organizations engage in both R&D and innovation to 
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enhance their competitive position in the marketplace, organizations also 
innovate to increase their performance, which leads to more profits, pur-
sue a particular strategy (such as an altruistic venture), or to achieve some 
other desired outcomes. Innovation can occur in the preproduction, pro-
duction, distribution, training, organization, or other process areas that 
are unrelated to a company’s R&D activities. Innovation, although seen 
as outside of the R&D environment, ultimately may be required to real-
ize the full benefit of the R&D. In addition, certain innovation activities 
may slightly overlap the R&D realm, such as processing or industrial 
engineering.

It is not necessary to clearly differentiate between R&D and innovation 
in order to apply project management methods to these activities. The use 
of project management adds more and more value as the complexity of 
the environment increases because it helps capture and define both the 
tangible and intangible elements of the project and helps identify all of the 
interdependencies and stakeholders.

3.2.1.2 Innovation versus Invention

The creation of a unique product, process, method, configuration, com-
bination, architecture, design; and the development and proliferation of 
a specific pattern of social behavior and artistic creativity are examples 
of activities associated with invention. Historically, inventions have been 
seen as a legal entity belonging to the inventor, and patents, exclusive 
rights, intellectual property, and copyrights have been liberally applied. 
Invention is a highly creative process that best fits at the applied research 
and early development end of the spectrum. It is typically driven by a 
focused and dedicated individual or group and relies heavily on explora-
tion and experimentation. Innovation differs in that the focus is on how 
something is used rather than on the creation itself. Although inventors 
typically work independently without much defined structure, the use 
of project management can add value by assisting in the documenta-
tion of a trajectory and securing resources to support experimentation 
if required.

3.2.1.3 Innovation versus Creative Projects

Creativity is the process of using the imagination to generate new ideas 
or possibilities, alternatives, activities, actions, forms, combinations, 
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or other tangible and intangible results. Creativity is an attribute or 
ability to see things in a new and unique way. A creative project is any 
project that brings new thoughts, ideas, processes, and/or products 
into a tangible state of existence. There are more creative projects than 
R&D projects. Creative projects are unbounded and can range from 
art to zoology. The development of movies, art, crafts, design, and 
writing usually requires steps that are consistent with project man-
agement methods. The use of project management for any creative 
project adds value in scoping, understanding requirements, setting 
schedules, identifying resource requirements, understanding risks, 
communicating, and providing other support.

3.3 PROJECT MANAGEMENT APPROACH FOR R&D

Applying project management effectively on R&D projects includes:

• Incorporation of techniques from the disciplines of flexible project 
management and systems engineering

• Scoping needs to reflect theory and hypothesis, requirements must 
define experiments and tests, and there should be clear descriptions 
of decision points

An effective approach for applying project management to an R&D 
project includes the incorporation of techniques from the disciplines of 
flexible project management and systems engineering. Setting the R&D 
project within the structure of these disciplines positions them for success 
better than traditional project management methods or ad hoc methods 
of research management. Chapters 1 and 2 describe the specific flexible 
and systems engineering methods and highlight the areas that would be 
expected to enhance R&D project performance. This chapter has focused 
on categorizing R&D activities. The next step is to map these R&D activi-
ties into the project management processes.

As one plans an R&D project, scope needs to ref lect theory and 
hypothesis, requirements must define experiments and tests, and 
there should be clear descriptions of decision points. The project plan 
that an R&D project puts in place should outline the planned experi-
ment and options that will be pursued depending upon the results of 
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the experiments over time. The schedule ref lects the known planned 
experiments and any anticipated dates of key experiments. As there are 
so many unknowns, the R&D project plan usually covers a short time 
span, often not more than three months into the future. The sched-
ule must be resource-loaded to ensure that it is communicated who is 
doing what tasks. Lacking this information, individuals may be given 
conflicting responsibilities that interfere with their ability to perform 
their tasks.

The flexible methods that provide the most alignment between project 
management and R&D include:

• The Spiral Model: Supports the identification of a question or 
idea to pursue, with experiments and iterations, opportunities to 
reduce risk, cycles or iterations, studies and evaluations, prototyp-
ing, samples and models, and simulations, virtual and/or physical, 
which are used to demonstrate capability before moving on to the 
next phase.

• Agile (EVO [Evolutionary Project Management] method): Based on 
the scientific method, it supports the development of a hypothesis, 
sets up experiments or tests for the next immediate cycle (with no 
queuing), provides opportunities to reduce risk, and requires dem-
onstration of capability before proceeding to the next phase.

• Agile (FDD [Feature-Driven Development]): Supports the development 
of an overarching model that can be used as a trajectory for R&D, with 
features that can drive development activities, cycles, and iterations.

• Agile (XP [Extreme Programming]): Supports cycles and iterations, 
testing, and validation.

• Agile (Crystal methods): Supports various levels of controls, testing, 
and strong teaming arrangements.

• Management frameworks (Scrum): Supports application of user sto-
ries to help define what will be developed, cycles and iterations, test-
ing, and validation.

• Management frameworks (Unified Process): Supports iterations, 
modeling, testing, and validation.

• Management frameworks (DSDM [Dynamic System Development 
Method]): Supports development of work packages, modeling and 
prototyping, and testing.
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The commonality across these methods, which will be used in the 
project management for R&D, include the development of a strategic 
vision that guides the research trajectories, cycles, and iterations; sets 
of experiments and tests that build on the knowledge gained from the 
previous experiments and tests; opportunities to reduce risk through 
studies and evaluations; prototyping, samples, models, and simula-
tions (virtual and/or physical); and cleanly defined approval gates for 
moving to another stage. Both flexible methods and R&D projects gen-
erally have a highly motivated leader, oftentimes with a dedicated team 
focused on the effort.

R&D project activity is categorized by project leadership, project defini-
tion, project planning, and project controls.

3.3.1 R&D Project Leadership

For the section on project leadership, the key questions that must be 
answered include:

• Who will be the principal investigator and the project manager?
• Who will be on the team?
• What does the organization structure look like?
• What is the WBS (work breakdown structure) for the project?
• How will performance be communicated?

For R&D projects, the scientist, researcher, technical expert, or other 
individual who is highly motivated and has some vested interest in 
evolving the area of R&D is generally called the principal investigator. 
He/she is responsible for R&D in his/her field of expertise. These indi-
viduals are generally independent and used to acting autonomously. 
That does not mean, however, that their work is completely free form. 
Principal investigators are often used to working within the structure 
and limits of the funding agencies that support their work. Indeed, 
only those activities that have unlimited funding, are not aligned to a 
strategy, and have no timeline for advancing the area of focus can be 
left to run completely independently.

The project manager for an R&D project is typically trained and experi-
enced in both the project management and systems engineering disciplines, 
preferably someone with experience in the flexible methods of project 
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management. The person with this skill set can best assist the principal 
investigator in developing a solid plan that will provide the best opportu-
nity for successfully learning through experimentation and testing.

The most effective team members are dedicated, motivated, f lex-
ible, and able to work with a high level of ambiguity. They are often 
subject matter experts, but also can be talented generalists. Individual 
team members should enhance each other’s performance and in effect 
be a force multiplier; in doing so, they become a more effective team 
because of the combination of attributes that each person brings to 
the team. The organization structure for an R&D project can range 
from a traditional hierarchy, such as where a leader has team mem-
bers directly reporting to him or her, to a highly distributed orga-
nization where the leader must negotiate with other leaders for staff 
time that is needed to perform work on the R&D project. In practice, 
most subject matter experts or individuals with critical skills work 
across a number of projects, and it is difficult to obtain the full atten-
tion and resources for a single project. Either model can work. Much 
depends on the availability of resources. The risk to R&D projects 
does increase, though, with the addition of individuals who do not 
directly and solely report to the R&D leader. That risk needs to be 
managed to ensure a successful outcome for the project.

The WBS is the definition of the work that will be completed on the 
project. For R&D projects, the WBS should reflect the trajectories of the 
research. The formulation of the WBS is highly dependent on the formal-
ity and the complexity of the project. A project manager and/or systems 
engineer should assist the principal investigator in the development of a 
WBS for the project as appropriate.

One of the most important, and most often neglected, areas of 
leadership responsibility is in the project communications. From the 
beginning of the project, the leader must communicate progress. How 
this is done is again dependent on the formality of the project. The 
more important it is to widely convey progress information about 
a project, the more important it is to outline and follow a specific 
plan of communication. Strong communication with the stakehold-
ers about the plan of research, progress after every experiment and 
test, and for other key activities within the project builds trust and 
focus. The rate at which the communication occurs is directly related 
to the R&D iterations that are planned. At least one communication 
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documenting the experiment or test, the results, and the next steps 
per iteration should be provided to the stakeholders.

A significant error is made time and again when experiments or tests 
do not perform as expected, and communications are limited because it 
appears the message is not a positive one. In R&D, the communication 
about the performance of the experiment or test is critical in ensur-
ing that the stakeholders appreciate the progress and learning that is 
occurring. Indeed, stakeholders’ perception is often that no informa-
tion equates to no action. It is important to dispel that notion. The proj-
ect manager can help ensure that communications to the stakeholders 
are completed at the appropriate times. The project manager can assist 
the principal investigator by helping to develop a communications 
plan that meets the needs of the project. A method and template for 
developing a communications plan will be presented in Chapter 5. The 
communications themselves can be informal or formal. They can range 
from a simple phone call or impromptu hall meeting to a major exter-
nal review.

3.3.1.1 Special Considerations: Project Leadership

The optimal R&D principal investigator will have both the domain exper-
tise as well as the project management background. In this situation, the 
principal investigator must not only drive the research, but also have 
enough knowledge and experience in project management to be comfort-
able in the use of the discipline to ensure the best outcomes for the project. 
For the principal investigator without the proper background, a project 
manager should be put in place to ensure the proper application of the 
project management processes. Chapter 7 discusses options for rewarding 
R&D principal investigators for ensuring the appropriate application of 
project management in their R&D projects.

3.3.2 R&D Project Definition

Once the principal investigator is identified, he or she will form the ques-
tion, idea, or hypothesis that will ultimately lead to some future vision 
and which will form the basis of the project. Documentation begins at this 
point and is elemental to the process. Documentation starts with the R&D 
project plan.
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3.3.2.1 R&D Project Plan: Project Definition

For R&D on project definition, the key questions that must be answered 
include:

• What is the project strategic goal and how is it aligned to the orga-
nizational strategy?

• What is the anticipated trajectory(ies) of the R&D (major area(s) of 
focus)?

• What is the hypothesis, idea, or question to be pursued?
• What is the intended approach (Socratic, Scientific, Mixed, etc.)?
• What are the known experiments and tests that will be completed?
• What is the level of investment that is expected?
• What is the rough time frame of the research?
• What is the level of risk and opportunity?
• What is the life cycle phase of the R&D?
• Who are the stakeholders?

Writing down the strategic goal of the R&D, the intended approach that 
will be taken, and the idea, question, or hypothesis that is being proposed 
is the first order of business and forms the basis of the overall plan. The 
strategic alignment with the organization should be reflected in the stra-
tegic goal. Once the strategic goal is identified, the trajectories that will be 
used as guides need to be defined and included in the project plan docu-
mentation. These answer the questions: (1) Where do you think you want 
to go? And (2) What do you need to figure out to get there?

It is possible that those two questions do not apply to some research 
activities. The only “known” may be that something may be open to 
improvement or change, but an end state is not envisioned and requires 
some creative investigation to “see where it leads or could lead.” In this 
case, the questions need to be: (1) What do you want to investigate? And 
(2) What will your approaches be? Either way, the intent of these initial 
questions is to understand and document what the focus of the research is 
and the approaches of investigation. The reason these are needed is so that 
farther along in the plan, resources can be identified, and experiments 
and tests can be managed and appropriate documentation for replication, 
verification, and validation can be performed.

Each of the questions should be answered and documented including 
the hypothesis, idea, or question to be pursued; the intended approach; the 



Bounding the Creative Spaces • 141

known experiments and tests that will be completed; level of investment 
required; life cycle phase and time frame of the research; the level of risk 
and opportunity that is associated with the R&D; and a full list of known 
stakeholders. This information is used to develop a simple functional 
architecture diagram of the R&D project and to build subsidiary plans, 
such as test plans, operations plans, and interface control documents.

The functional architecture diagram starts with the strategic goal 
shown on the far right-hand side. Using stories, scenario development, or 
a known strategic goal, the functional architectural diagram can be devel-
oped that shows what the end points of the research might achieve (e.g., 
keeping with the theme of the windmill farm, design the next generation 
wind farm power collection system and communications network). The 
functional architecture is then decomposed into two to five trajectories. 
These are the major paths that will be developed to reach potential future 
outcomes. These trajectories need to reflect actions and anticipated out-
comes or effects of the actions. As the trajectories are being developed and 
documented in nonoverlapping, unambiguous, and measurable ways, it is 
important to ask the question: If this occurs, what are the potential effects 
that might result? The identification of 10 to 15 results would be a good 
target; too many typically reflect too low a level of analysis. These results 
represent decision points at the end of experiments, which will lead to 
the next set of potential steps along the trajectory, thus it is important to 
have a sense of what it would take to be firmly convinced of the result. A 
representative functional architecture diagram is shown in Figure 3.10 to 
illustrate this process of developing a strategic goal and determining the 
trajectories that will be followed, along with the decision points.

Qualitative stories can be used to envision and develop strategic tra-
jectories with several potential end points. For each trajectory, a series of 
experiments, studies, prototypes, samples, models, simulations, or other 
tools for addressing the question will be employed in cycles or iterations. 
Each cycle will utilize heavy testing and validation. Branch points after 
key tests, which prove something does or does not work, provide a chance 
to change experiments or trajectories.

Actually, going through the effort of creating the diagram will provide 
a conversational model that, in a glance, explains where one is trying to 
go and why. Eventually, it can help describe where the researcher has been 
and what was tried, along with the results. It is a powerful, yet simple 
diagram that helps articulate the life cycle of the R&D project and keeps 
the team focused on the strategy. This is particularly important when 
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new ideas emerge and can draw attention away from the project, or when 
there is pressure to apply well-established organizational methods over 
the experimental methods, especially if the well-established methods have 
led to successes in the past. Change is acceptable and is even desired if 
new ideas may better achieve the strategy. However, those decisions must 
be thought through and agreed to by the key stakeholders, otherwise it is 
easy to get distracted, which will ultimately negatively affect any forward 
progress to the established strategy.

3.3.2.2 Special Considerations: Project Definition

The greatest challenge in working through this first phase of project defi-
nition is often in convincing the R&D principal investigator of the value of 
the exercise. Forming a hypothesis and trying to disprove it or identifying 
an idea or question to test seems counter to how one thinks about setting 
up a project. However, the important thing to remember is that in both 
the traditional project and the R&D project, they are after a result, and 
that result leads to other steps that follow. The difference being that it is 
perfectly acceptable and, in some ways expected, that an R&D project may 
at any time dramatically change its course, or even make a determination 
that the project not go forward. Implementing significant change or stop-
ping a project would be seen negatively within traditional project manage-
ment, but is perfectly acceptable in R&D project management.

Another challenge in working through this phase is in explaining how 
the project plan will be used to manage the R&D activities. Because of the 
nature of R&D and the anticipation that experiments will provide results 
that may regularly change the course of the research, often the R&D prin-
cipal investigator does not understand how the project plan can be used as 
a tool in keeping the research on course. Project managers of traditional 
projects will typically aim to develop a plan that will describe the work that 
will be done during a particular time frame as accurately as possible. They 
want this baseline to map against work progress and to validate during the 
course of the project that the cost, scope, and schedule constraints will be 
met. However, the R&D project plan is somewhat different, although there 
is definitely a documented plan. The value of this plan is that it, too, serves 
as a baseline against which learning can be measured and assessed—a 
topic that will be explored in Chapter 4. The project planning elements 
will be highly flexible, and the project controls will be focused on test, 
verification and validation, and on communication of results. Having a 
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solid project definition allows a methodical, well-documented, and verifi-
able path along the trajectories that will demonstrate progress toward the 
strategic goal. Once the project definition is complete, project planning 
can commence.

3.3.3 R&D Project Planning

The documented R&D project plan forms the baseline that the project 
performance will be measured against over the course of the project time 
frame, so it needs to be set up in the most flexible way possible. This is 
where the focus on flexible methods is most apparent and where the allo-
cation of free-form research time is made. Outlined in this section will be 
the known starting point for the research and should represent no more 
than a three-month view of activity. The purpose of defining the known 
activities at this stage is to have a clear impact statement of the budget and 
resource requirements that will be required at start-up through month 
three. At month two, a revision to the project plan will be required to 
address the next three-month time frame. Chapter 4 describes the mea-
surement options that will align to this structure.

3.3.3.1 R&D Project Plan: Project Planning

For the section on project planning, the key questions that must be 
answered include:

• What are the known specifications, targets, ranges, performance 
capabilities, or other defining information that must be considered?

• What are the known requirements, including trade studies, physical 
or virtual samples, prototypes, or models, planned experiments, and 
tests?

• What are the resource requirements for labor, services, and materials?
• What is the anticipated budget?
• What are the schedule estimates and task sequencing?
• How will the risk plan be developed and managed?

In an R&D project, it can be difficult to consider what the performance 
capabilities may be that a principal investigator is aiming to achieve. In 
practice, there may be no real way to determine that information. This is 
particularly true if research is focused on investigating the realm of the 
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possible. However, even a principal investigator engaged in basic research 
generally has an idea of the current state of the area of study, and has a 
sense of where he or she wants to investigate. Without this basic desire, 
there would not be any impetus to begin an investigation or study. The 
farther along the spectrum of R&D one moves, the more detailed the proj-
ect plan should become because more knowledge has been gained, and a 
better sense of where the research is going should be apparent. A conver-
sational style with the researcher generally leads to a reasonable under-
standing of answers to the above questions. The project manager can assist 
in the plan development by facilitating a discussion with the researcher 
and then inputting the information into the plan.

The importance in defining requirements for an R&D project is in 
understanding the support and equipment that is needed. If a researcher 
needs any support at all, such as computing, analysis, engineering, tech-
nician, machine shop, materials, etc., for models, simulations, physical 
or virtual samples, prototypes, experiments, or tests, he or she needs to 
identify what those are in this part of the plan. Also, resources for associ-
ated labor must be captured. The top dollar limit that will be allocated 
to the R&D project must be understood, unless money is no object. 
However, the budget needs to be divided into a few smaller allocations, 
which support what must be purchased or funded during a shorter time 
frame. Resources, such as services and materials, should be estimated for 
the three-month period. The budget allocation requested for the full R&D 
project has to be divided between these three-month increments depend-
ing on when the activity is needed. For example, if equipment has to be 
purchased at the beginning of the project, the budget allocation for the 
first three months would capture that budget element, but the following 
three months would not have an equipment allocation. In other words, 
the budget would be front-loaded.

There will be a strong need to modify the requirements if they are not 
scoped correctly and scheduled in small enough blocks to only complete 
the first set of experiments or tests. By setting up the requirements for only 
up to three months, this provides sufficient time generally to have free-
form thought, further define an experiment, complete the experiment, 
compare it against expected results (if there are any), and make a deter-
mination as to proceed down the same path, divert to a different path, or 
stop. Ambiguity is high at this point, and even a small amount of detail in 
the requirements is still sufficient to include as a requirement.
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Another major requirement to consider is in labor resources. The subject 
matter experts that are needed on the team and the allocation of required 
time must be negotiated with other projects where the subject matter 
experts will be concurrently working. Without this information, key par-
ticipants may be given conflicting responsibilities that interfere with their 
ability to participate on the R&D project. The time frame for the resources 
is going to be within the three-month window and will be expressed in a 
percentage of time that person is expected to be needed. In some cases, it 
will be 100 percent, but in others it will be completely unknown. The proj-
ect manager can help the principal investigator choose a level of effort by 
walking through the activities expected for the project in the three-month 
period, identify key staff members required to complete the work, and 
then estimating the amount of time that may be needed. A time allocation 
for free-form research needs to be included.

The schedule then needs to be set. From Chapter 2, we learned that it 
is possible to categorize any activity as a project and gain the benefits of 
applying project management, and that all activities can be artificially 
bounded during a defined period, such as one year, allowing a baseline 
against which statuses can be obtained. For R&D activities, the overall 
estimated time frame that will be allowed must be understood. The iden-
tification of a completion date can be used in R&D project management as 
a method to ensure the right sense of urgency on the project. In order to 
develop the schedule, bounded short time frames can constrain the antici-
pated experiments or completion of research, the submission of scientific 
or technical papers, the completion of a prototype, or other activities typi-
cally done within R&D. Again, the schedule should be for the shortest 
time thought to be necessary to complete a set of experiments or tests, to 
validate and verify them, and to make a decision as to how to proceed. 
Identifying logical consequences to the hypothesis, or having a clear idea 
of how to test to prove an idea or problem, helps define the experiments 
that can be done.

When sequencing the known experiments and tests, the most chal-
lenging questions that will be the most impactful should be scheduled 
first with a sufficient time-frame allocation. To understand which ones 
these are, the project manager can facilitate a discussion with the princi-
pal investigator. Using the functional architecture diagram (Figure 3.10)  
reflect on each action to determine what the anticipated outcome from 
an experiment or test is and what level of impact would occur from the 
outcomes. Assigning probabilities to these different outcomes can provide 
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a type of prioritization. Higher priority experiments would be approached 
earlier in the schedule. This detail would be captured in a risk plan, which 
looks at what might go wrong or what opportunities might be emerging 
and what the impacts could be. Risk and mitigation plans are described 
fully in Chapter 6. Another critical use of the functional architecture dia-
gram is to identify interdependencies. Affects or dependencies that can be 
identified should be so that they can be considered during the R&D activi-
ties. The experiments and tests themselves should have a well thought-out 
test plan and be well documented so that decisions made on whether to 
continue down a path are clearly established and defensible.

Unlike traditional projects, the R&D project must have built-in gaps in 
the schedule to allow for reflection on the results and outcomes of the 
activities, and to use that reflection to more precisely outline the next set 
of experiments and tests. The decision points must have clear descriptions. 
The elements that demonstrate a result lead to the next direction, so it 
must be clear when something has met or not met the set criteria. An 
expected outcome is not positive or negative nor is it a milestone. It is 
a statement of an approach that, once tested, will lead the researcher to 
continue, to branch off in another direction, or to stop. It is important 
to understand that, in R&D, the thing that matters is progress in either 
validating or disproving steps that could lead to the achievement of the 
strategic goal. An experiment that proves something does not work is as 
valuable as proving that it does work.

The activity of developing a properly resource-loaded R&D project pro-
vides the information necessary to set a baseline of activity for the project. 
For R&D projects, this baseline is the hypothesis, problem, or question 
that will be documented and for which experiments and tests will be per-
formed. Documenting an R&D baseline ensures that the trajectory of 
the overall R&D effort is tracked to successful completion. As mentioned 
in Chapter 2, without this R&D baseline, activities can wander in many 
directions leading to a suboptimal utilization of the available resources 
and an inability to achieve a successful outcome.

3.3.3.2 Special Considerations: Project Planning

The most fundamental issue in the R&D project planning phase will be in 
convincing the principal investigator that working with a project manager 
to develop a project plan is not unnecessary bureaucracy, and that there 
is a benefit to working through it and then managing to the plan. Chapter 
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7 discusses options for ensuring that highly creative individuals are 
rewarded for the progress they make in working through an R&D project 
that has been managed with standard project management methods.

3.3.4 R&D Project Controls

For the section on project controls, the key questions that must be 
answered include:

• How will performance be tracked?
• How will change be measured and tracked?
• How will risks and opportunities be identified, captured, tracked, 

and mitigated or pursued?
• What level of documentation is required?

Once the project plan is complete, an understanding about how the 
plan will be managed is often a more significant hurdle to overcome than 
developing the project plan itself. Often researchers are unsure as to how 
to track performance when they are unclear about how the experiments 
and tests will result. Sometimes they are concerned about being evalu-
ated within the traditional project management constraints of cost, sched-
ule, and scope performance. Measuring results will be fully discussed 
in Chapters 4 and 5. However, the basic structure for ensuring that per-
formance is managed and tracked involves documenting the baseline, 
which is the project plan as described in the previous section, and then, 
implementing and using processes to assess and verify the progress along 
the learning curve of the trajectory they are pursuing. Therefore, ensur-
ing performance should follow along the path of examining and validat-
ing experiment and test progress and results, managing the changes that 
evolve from those results, controlling risks as they emerge, and document-
ing and/or communicating the results.

Establishing a process to review experiment and test results and to make 
a determination on how to go forward is needed. For R&D projects, it 
is not always possible to outline the criteria for what constitutes a suc-
cessful outcome. Often, the possible outcomes are broad. The important 
part is not the outcomes themselves, however. It is the timely process for 
which the results will be evaluated and the next step determined. An R&D 
outcome needs to be assessed as quickly as possible to eliminate the pos-
sibility for wasted resources. In many cases, a qualified, unbiased group 
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of interested individuals, with the experience and knowledge of the sub-
ject, are asked to review the results and help make the determination as to 
where to go next. This does not have to be a lengthy or complicated review. 
Indeed, the most effective review teams are established at the beginning of 
the project and serve throughout the project life cycle. The participants are 
basically on call for when a result or outcome is ready to be assessed. The 
reason for having the principal investigator involve others in the outcome 
reviews is that it helps eliminates some risk that a researcher’s own biases 
may lead him or her astray. For example, sometimes a principal investiga-
tor will focus on familiar or simple explanations or will focus on a subset 
of the results rather than the integrated results.

A process for change and configuration control, action tracking and 
escalation, and impact analysis is needed as well. These processes are par-
ticularly important to implement on activities such as technical data man-
agement, technical reviews and audits, interface management, modeling 
and simulation, testing, verification, and validation activities. These types 
of activities either require comparisons between planned actions with 
results, or require a current understanding of the most recent version of 
something. In R&D, change and configuration control is essential as prod-
ucts or processes undergo a test–redesign–testing phase. The incremen-
tal changes and evolution path must be carefully documented so that the 
exact design configuration used in the experiment or test is reflected going 
forward. On the far left end of the spectrum, during applied research or 
early development activities, many researchers use a log book to docu-
ment the progress of their experiments. This is a perfectly acceptable way 
to accomplish the task for small projects as long as the researcher is dil-
igent in his or her processes, and the log book is available to others as 
appropriate. As a project moves along the spectrum to late development, 
and for larger projects, other, more formal change management processes 
can be established.

When structuring processes for change and configuration management 
for an R&D project, the key is to ensure that any change to the hypothesis, 
idea, or question is carefully reviewed and agreed upon by the key stake-
holders. Any change in this area is similar to scope creep in a traditional 
project. In other words, it changes the nature of the project in fundamen-
tal ways that may impact the planned cost, schedule, or scope baseline. 
Any change in this area should have ample evidence to justify the change 
and the overall impact should be well understood by all the stakeholders, 
even if it means the project as stated is discontinued and a new project is 
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proposed. Configuration control is critical in experiments and tests and 
is a normal part of R&D. The most effective process is to document the 
initial setup and then document every change as a comparison.

For R&D projects, having a risk management process in place helps 
ensure that risks and opportunities are originally documented, with items 
retired and new items added after every experiment or test. This process 
helps in the determination of how to move forward along a trajectory. 
Basically, the process involves identifying any item that would pose a risk 
or present an opportunity to the project as it is baselined. This could be 
the availability of someone with critical skills to work on the project, or 
it could be the uncertainty of the cost of some necessary purchase. These 
items are uniquely numbered and then the probability that the risk or 
opportunity will occur, and the impact of the occurrence, is assessed by 
the researcher and his or her team. Typically, the probability and impact 
is assessed qualitatively and captured quantitatively. In other words, a 
numeric value is given for probability and impact. Through a process of 
prioritization, the highest risks and opportunities are resolved through 
various methods, such as acceptance, retirement, etc., and a strategy for 
mitigating the risk or taking advantage of the opportunity is put in place. 
The method for risk management is included in Chapter 6.

Documentation is different than reporting and communications, which 
is discussed in Section 3.3.1. Documentation basically refers to the act of 
writing down what is planned and what has been accomplished. It can take 
many forms, and there is a wide range of requirements for R&D documen-
tation. Much of it relies on the culture of the organization, the expecta-
tions of the organizational leadership, and any contractual requirements. 
The level of formality should be only as much as is needed. It can range 
from completely informal and verbal, through highly regulated, formal, 
and written. On informal projects, progress on the R&D projects may be 
assessed during a once-a-year performance review with the researcher. 
For small informal projects, a journal or blog may serve as the documen-
tation for the project plan to the experiments and test results, change 
management, and other general communications that are required dur-
ing the course of the project. In more formal R&D projects, formal per-
formance plans and regular formal updates are required. In some cases, 
final reports, journal papers, conference proceedings, and other venues 
capture the learning from these R&D projects and become the documents 
of record concerning the project.
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3.3.4.1 Special Considerations: Project Controls

R&D is an area that can be resistant to the idea of controls. It is 
important to show the value to the researcher that the controls will 
strengthen the communication of the results and outcomes ultimately 
leading to a better understanding of his or her research, and that the 
controls will not hinder his or her progress. A project manager can 
greatly assist in managing the controls so that the researcher is free 
to concentrate on the research and results. The controls should be as 
light as possible, but robust enough to meet the requirements of the 
funding and supporting organizations.

Figure 3.11 demonstrates the alignment between typical research activi-
ties and project management categories. The project management catego-
ries are shown along the top. The research activities that align with each 
category are shown within the boxes.

3.4  PROJECT MANAGEMENT APPROACH 
FOR INNOVATION

Applying project management effectively on innovation projects includes:

• Appreciating that innovation projects can emerge from many areas 
of the organization including preproduction, production, distribu-
tion, training, and organization.

Research Activities

Project Leadership Project Definition Project Planning Project Controls
Idea generation
Gaining support
Obtaining 
resources

Documenting idea
Designing study
Designing 
experiments

Running tests
Running 
experiments

Verification and 
validation

Quality checks
Assessing risks

Interpretation of 
results

Documentation of 
results

Close out activities

FIGURE 3.11
Research alignment to project management categories.
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• Understanding the unique elements of idea generation, marketing 
and logistics requirements, and diffusion.

• Incorporation of techniques from the disciplines of flexible project 
management and systems engineering.

• Ensuring scope reflects theory and hypothesis, requirements define 
experiments and tests, and that there are clear descriptions of deci-
sion points.

• Ensuring the complexity and interconnectedness are adequately 
addressed in the plan.

As discussed in Section 3.2, innovation broadly encompasses the use 
of products, services, processes, methods, organization, relationships, 
and other nontraditional project activities. The project management 
approach that has been outlined for R&D projects is completely appli-
cable for innovation projects and, in many ways, much more criti-
cal because of the nature of innovation projects. Therefore, the same 
effective approach of applying project management to an innovation 
project includes the incorporation of techniques from the disciplines 
of f lexible project management and systems engineering. Setting the 
innovation project within the structure of these disciplines also will 
position them for success better than traditional project management 
methods or ad hoc methods of research management. Innovation 
projects are typically much more complex and interconnected than 
R&D projects and can include related activities that reach into process 
areas not typically addressed. Also, they have some unique features 
to manage, such as idea generation, marketing and logistics require-
ments, and diffusion. Innovation projects also can occur in parts of 
the organization that are not related to R&D activities, such as pre-
production, production, distribution, training, and organization.

3.4.1 Innovation Project Leadership

As in R&D project leadership, the key questions that must be answered 
are who will be the principal investigator and project manager. Sometimes 
this is challenging if there are multiple organizations vying for the lead 
role. The teaming arrangement also can be complex, therefore, the organi-
zation structure should be fully examined and documented in order that 
the line of authority and responsibility is clear. The WBS will probably 
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include multiple divisions and interconnections that must be documented 
and can even cross organizations. Also, communications across all stake-
holders becomes challenging but critical, especially in the situation where 
the team is distributed and global. In that situation, an agreed-upon com-
munications plan is vitally important.

3.4.2 Innovation Project Definition

The project definition for innovation projects requires the same definition 
of the strategic goal and its alignment to the organizational strategy. If 
there is an anticipated R&D component, it should be structured as a sepa-
rate project. An innovation project definition will include the anticipated 
level of investment and the rough time frame, along with the risk and 
opportunities that are present. Most importantly, the list of stakeholders 
must be thorough and complete so that all project interconnections are 
identified.

3.4.3 Innovation Project Planning

All the known specifications and requirements, experiments, tests, and 
other activities and parameters must be identified in the plan. The antici-
pated budget and schedule estimates will be needed. In complex projects, 
the task sequencing must be done correctly and validated with the stake-
holders. Interface controls become more important than ever and should 
be documented separately in an ICD (interface control document). As 
described in Chapter 2, an ICD is used to communicate inputs and out-
puts from the elements of the system to the stakeholders. Not having this 
document in place is a common area of failure, but is relatively easy to 
implement with a high return on performance.

3.4.4 Innovation Project Controls

Performance tracking requirements for an innovation project depends 
on the type and requirements of the stakeholders, although the processes 
outlined for R&D are the same. It becomes more important than ever to 
track change, manage risk, and provide the appropriate level of documen-
tation to satisfy all of the stakeholders.
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3.5  CASE STUDY: MARS ENVIRONMENTAL 
CAPABILITY ASSESSMENT (MECA) PROJECT

3.5.1 Background

In the late 1990s, the National Aeronautics and Space Administration 
(NASA) was heavily involved in the Mars Surveyor 1998 program. This 
10-year, ~$100 million per year program was scheduled to launch a space-
craft during periods of favorable alignment between Mars and the Earth.7 
As part of this program, two Mars Landers were launched during 1998, 
and were expected to reach Mars in September 1999. The Mars Surveyor 
2001 project was intended as a follow-up to the Mars Surveyor 1998; how-
ever, after the two 1998 Landers were lost because of various technical and 
programmatic missteps, the project was initially cancelled, although later 
parts of the program were revived, modified, and successfully launched. 
The mission of these two spacecraft that were lost was predominantly to 
study Martian climate. The mission of the Mars Surveyor 2001 was origi-
nally to demonstrate manufacture of oxygen from the Mars atmosphere, 
and to perform other related tests to assess the suitability for human 
exploration.8 The Mars Surveyor Program 2001 (MSP’01) was sponsored 
by the NASA Office of Space Science. MSP’01 was a new type of NASA 
program that fit into a new philosophy of providing frequent launches of 
lower-cost, smaller missions with limited objectives.

In 1998, the Jet Propulsion Laboratory (JPL) at the California Institute 
of Technology announced that the Mars Environmental Capability 
Assessment (MECA)9 instrument, sponsored by Human Exploration 
and Development of Space, was selected to fly on the MSP’01. NASA’s 
Office of Life and Microgravity Sciences and Applications sponsored 
MECA, and Dr. Michael Hecht of the Jet Propulsion Laboratory was 
chosen as project manager, also serving in the role of co-investigator and 
project scientist. Dr. Thomas Meloy of West Virginia University served 
as the principal investigator.

The MECA project’s primary goal was to analyze the Martian soil for 
possible hazards to future human exploration. MECA consisted of four 
major components: (1) a microscope to image mineral and rock grains, 
measure morphology, hardness, magnetic, and electrostatic properties; (2) 
an electrometer to measure the electrostatic environment; (3) a wet chem-
istry laboratory that would analyze pH, redox, conductivity, and dissolved 
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salts in a soil–water mixture; and (4) adhesion (patch) plates that provide 
information about adhesion and abrasion of real materials exposed to 
Mars soil and also provide a platform for nano experiments.

3.5.2 Life Cycle Perspective

MECA was considered an R&D project (Figure 3.12). The technology that 
would go into the instrument was not cutting edge, untried technology; 
however, it had not been previously put together or used in a similar man-
ner. The project manager, Michael Hecht, had a significant science back-
ground that provided a basis for estimating the level of true innovation 
that would be needed on the project. Hecht said, “What was proposed for 
MECA had not been done before, but I knew it was easy and could be done.”

The project went through all but the operations and sustainment phases 
of a life cycle—starting in March 1998 with concept studies and technology 
development, and fabricating the first prototypes in June 1998. Additional 
life cycle phases included system assembly, integration and test, and then 
closeout around May 2000.10 The anticipated delivery of MECA was July 
1999. The project did not reach the operations phase during the initial 
development because of the cancellation of the Mars Surveyor Lander 
program months after the failures of the Mars Climate Orbiter and the 
Mars Polar Lander in 1999. Because the project was close to finishing, the 
delivery schedule was relaxed, and MECA was delivered to storage around 
May of 2000.

Closure

Maintenance

Operations

Production/construction

Development

Applied Research

Basic Research Imagination

Art

Craft
Preproduction

Production

Control

Enhancement

Retirement

FIGURE 3.12
MECA life cycle.
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3.5.3 Project Management

Michael Hecht served as the co-investigator for the Mars science, as the 
project scientist, as well as the project manager. This was not typical for proj-
ects at JPL where there was generally a principal investigator and a project 
manager, two separate individuals. For this project, the principal investiga-
tor, Thomas Meloy, was an expert in the general science issues to be stud-
ied, such as hazards associated with particles. Meloy focused on the science 
aspect of the project while Hecht focused on the instrumentation. Hecht 
also had impressive science credentials, including an AB (physics) from 
Princeton University, an MS from Massachusetts Institute of Technology, 
and a PhD from Stanford University, and he was the first recipient of JPL’s 
Lew Allen Award for Excellence in scientific research or technological inno-
vation. His experience in semiconductor surface and interface science, plan-
etary science, microelectro mechanical systems, and scientific instrument 
development provided an excellent background for his role on the project.

During MECA proposal development, JPL had standard processes in 
place for project management and systems engineering. Although Hecht 
had not been responsible for project management previously, he had seen 
first hand how it was being implemented on other projects and felt that 
he could fill that role on this project. Therefore, the proposal was submit-
ted with an inexperienced project manager on a project concept that was 
unique in the sense that it was one of the first under the new NASA project 
management philosophy.

When the proposal was accepted, JPL provided Hecht a project man-
agement mentor. In addition, he physically moved into an area that was 
surrounded by project managers and took a crash course on project man-
agement methodology. A master project management document also had 
just been released, NPR 7120.5 NASA Space Flight Program and Project 
Management Requirements. This document contained significant changes 
to the way project management at JPL was done, enough that Hecht was 
not at a significant disadvantage to the other project managers. With his 
line management and systems engineering experience background, along 
with the mentoring assistance and the full support of the project manag-
ers that were learning along with him, he implemented, as appropriate, the 
directions coming from the NPR 7120.5. Small, unique projects, such as 
this one, were provided some latitude in implementing this new process 
and were allowed to tailor the processes and, in some cases, to skip steps 
altogether.
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Hecht then recruited team members from the research areas. He focused 
on team members from different disciplines, but specifically recruited tech-
nologists, JPL’s term for R&D scientists in nonspace disciplines. These indi-
viduals had little to no flight experience, but they understood experimental 
protocols, electronics, mechanics, and the various other disciplines that 
would be needed for MECA. They also had a strong desire to be on the proj-
ect. Based on advice from his mentor, he ignored common practices about 
how to set up an organization and built his team around the individuals 
and what they could bring to the team. He had a “tremendous aversion” 
to being dependent on one individual and wanted to make sure everyone 
had a backup. On a small team of five to seven members, this required that 
everyone had to be highly flexible in regard to their roles on the team and 
would need to feel comfortable filling in as needed on all tasks.

Once he had his team identified, he secured a large room adjacent to a 
laboratory, had desks placed along the walls, and a conference table in the 
middle and proceeded to move computers from the offices of the team 
members onto the desks in the room. He made no demands that individu-
als give up their offices, but with only desktops available at the time, he 
knew that people would follow their computers. There were no walls, no 
dividers, and no privacy. They also had no scheduled staff meetings. There 
was no need since everyone was exposed to all conversations.

The project would require performance from up to seven subcontrac-
tors. The team included relatively small companies that were chosen 
because they would be big enough to do the job, but not so big that per-
sonal relationships could not be built. For this project, these external com-
panies were treated as partners, similar to how other divisions at JPL were 
treated. Counter to standard practice at JPL, where subcontracts perfor-
mance issues were managed within firm guidelines, Hecht wanted to form 
personal connections within each company. Whenever they met during 
the course of the project, Hecht would ask key questions, such as “how 
were they making out and were they making money or losing money on 
the contract?” If problems were experienced, he became part of the team 
working toward a solution. He wanted these small businesses to know 
that their well-being was important to him and that their success was his 
success.

A traditional WBS was put into place, as this was a requirement at JPL. 
Charge accounts were aligned as closely as possible to the WBS. Because 
the project was staffed with a small team, many individuals often filled 
more than one role. For example, Hecht used the same person as the 
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project’s systems engineer and integration and test manager. He felt that 
it made more sense to have the same person responsible for integration 
design and test.

Project requirements included environmental condition specifications 
as well as instrument performance parameters that had to be met. JPL’s 
standard approach was to strictly follow a continuum of technological 
readiness to ensure instrumentation was capable of surviving the acceler-
ations and vibration during launch, the interplanetary space environment 
while transiting from Earth to Mars, and then the capability to function 
in the Martian environment. JPL’s systems engineers were used to writ-
ing the specifications, designing, building, and then flying. However, 
this project had to follow a different, more iterative path. The technology 
that would be used for this mission was simple and stable, but outdated. 
Performance parameters for how the individual components would func-
tion on Earth for nonscience projects were well established. What was not 
known, however, was how they would perform the science requirements 
of the mission on Mars.

Significant effort was put into developing crisp, clean requirements that 
would meet specifications and then get the established technology in the 
laboratory to see how it would perform. The ability to run tests, interpret 
the data that was acquired, and then quickly modify the equipment to 
ensure that it would be able to provide the science data that were desired. 
Hecht remarked that “it was critical to develop experience with the tech-
nology to reduce the science risk.” Ultimately, there were a few changes in 
design resulting from the lab experience, but they were relatively minor.

Rapid prototyping and simultaneous testing was important for this 
project. The design approach included fabrication and testing of multiple 
flight-like units, divided between teams at JPL and external organizations. 
Testing for all instruments that would fly covered a wide range of param-
eters including temperature, pressures, atmospheres, vacuum, humidity, 
rubbing, and vibration conditions.

3.5.4 Outcomes

Even though this project never made it onto this particular mis-
sion, the project was considered a success because the MECA project 
team designed, built, tested, and delivered a f light-ready instrument. 
Eventually, MECA was pulled out of storage and modified for a project 
titled Microscopy, Electrochemistry, and Conductivity Analyzer built 
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by JPL and led by Hecht. This new MECA eventually became part of 
a suite of instruments launched on the Phoenix Mars Lander. Design 
started in August 2003 with a 2005 build and a 2007 delivery and 
launch. It landed in the Mars polar region in May 2008 and success-
fully completed its mission, including all planned science experiments 
and observations, by August 2008.

3.5.5 Lessons Learned

According to Hecht, there were many lessons learned. However, the ones that 
could be considered key success factors were in the management domain.

 1. A project manager who also had a science and systems engineer-
ing background provided a unique perspective. This was particularly 
apparent in identifying strategic opportunities and interconnec-
tions. The risk is that there are no checks and balances, and science 
desires may override project management responsibilities.

 2. The ability to choose team members who had both a technical inter-
est in the development and a scientific interest in the outcome.

 3. Team members needed to be generalists who were highly capable 
and highly flexible in the work they would do within the project.

 4. Co-location of the team mitigated issues with communication, led to 
bursts of inspiration, and formed a tight-knit, dedicated group that 
was highly motivated to ensure the success of the project.

 5. Treat your subcontractors as integral to the team; no different than 
in-house departments. “Teaming is not a slogan, it is a real thing to 
make more out of less,” Hecht says.

 6. “Embrace the problems.” Hecht would tell the team: “Anyone can do 
99 percent of what we are doing. The different between success and 
failure is looking for the one gremlin that will trip it up.” Instead 
of reacting negatively to problems, he would change the energy by 
focusing on it in a positive way … “Yeah, you found a gremlin.”

3.5.5.1 Selected R&D Challenges

There were many diplomatic challenges on this project that had a ripple 
effect throughout the team and the subcontractors. The science payload 
was selected in October. The MECA team was selected months later. So, 
they were already starting late. Then the project kept getting cancelled. 
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First, the money was there, then it was not. All the while, Hecht was try-
ing to keep his team on task and retain his sense of humor. “I started to 
save all the cancellation notices in a scrapbook,” Hecht said. Embedded in 
a system where account codes were required to perform work, these stops 
and starts had to be managed without impacting the work that needed 
to be done. Sometimes, internal funds or R&D funds could be found to 
work during the stand-downs. Allowing vendors to continue development 
on soft promises of eventual payment required a leap of faith for many. 
However, they would continue working. Everyone felt the ups and downs, 
but, because of the team’s dedication to working the technical develop-
ment through these programmatic false starts, it allowed the program to 
achieve its technical goals.

The other key factor was to react even-handedly to overruns, schedule 
slips, and product failures, and to be equally willing to help out subcon-
tractors when they are in trouble. Hecht encouraged them to tell him 
about problems, concerns, and innovative ideas. He tried to find other 
ways to help them out, by writing articles on their technology develop-
ment activities or helping them with Small Business Innovative Research 
proposals. As a rule, the MECA contractors outperformed their in-house 
counterparts, and the team formed personal relationships that outlasted 
the project.

3.5.5.2 Selected Programmatic Challenges

Hecht strongly encouraged team members to enjoy their personal lives. He 
encouraged people to make working late the exception, not the rule, and 
to take their vacation every year. He made it a point to set the example. 
Hecht’s point was the “project managers who cannot accommodate the 4 
percent schedule margin these vacations represent just have not planned 
well.” And he made sure that no one was so indispensable that the project 
could not survive their absence.

Even though the project was ambitious, the team met the challenge, but 
still generally managed to separate work from their personal lives. During 
the project, two team members completed advanced degree programs, 
and five of the team members welcomed babies home. However, it was not 
all positive. A key team member, Mitch Shellman, was the project’s instru-
ment manager and deputy project manager. A year into the project, over 
the Christmas holiday, he died of a heart attack. The loss of a key member 
of the team was difficult. Hecht said that it was the “toughest thing I ever 
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had to do as a project manager was to come in on January 2 and say to the 
rest of the team, ‘Let’s get back to work.’” The team did pull through the 
loss and was able to achieve the MECA project objectives.

3.6 CASE ANALYSIS

This case was chosen as an example of a representation of traditional 
project management and systems engineering implementation on an 
R&D project. The full life cycle of research, development, construction, 
operations and maintenance, and project closure would occur during 
the life of this project in a nonlinear manner. The case study participants 
applied disciplined project management on the project and fully defined 
the scope, requirements, schedule, cost, and technical development and 
performance management. Schedule and budget controls, change man-
agement, and risk assessment and mitigation methods were all applied 
on the project.

The project was successful, in that the project parameters were met, and 
that the project eventually succeeded in performing its mission, although 
in a slightly modified state. The discipline of project management was seen 
as a value-added, force multiplier in helping to achieve a successful project 
outcome. This case reflects well Chapter 3 lessons in that it describes why 
and how the application of project management methods can add value 
and help an R&D project achieve successful outcomes.

3.7 KEY POINT SUMMARY

In order to apply project management to R&D, it is necessary to under-
stand how R&D is defined in the larger context. Chapter 3 identified the 
components and content of R&D, and compared and contrasted it to 
innovation, invention, and other creative activities. Then it reviewed the 
project management and supporting methods that will be used to manage 
R&D. The project management approach for R&D was then described in 
detail. A case study is provided in Section 3.5 that demonstrates actual 
application of the concepts described in this chapter. Following are key 
concepts and terms from this chapter.
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3.7.1 Key Concepts

• Basic research can be thought of as the imagination phase of 
research. It is all about discovery, interpretation, and under-
standing and the acquisition of new knowledge without a defined 
goal or expected application of the knowledge. Actions taken at 
this stage could include curiosity-driven investigation, intellec-
tual inquiry, heavy research, publishing, peer reviews, and dia-
log among others.

• Applied research can be thought of as the art phase, because its 
focus is on taking a question out of the realm of imagination and 
creating something. It is about the enhancement of knowledge to 
a recognized need or gap. Actions taken at this stage may include 
heavy research, publishing, peer reviews, dialog, or other defin-
ing activities.

• Development can be thought of as the craft phase of the overall 
R&D process. This type of development is directed toward produc-
ing materials, devices, systems, methods, process, software, etc. It 
is focused toward evolving a current state of something by either 
modification to, or the creation of, a product, process, system, or 
service.

• Innovation is defined broadly and can encompass the use of prod-
ucts, services, processes, methods, organization, and relationships 
or interconnections such as occur in logistics or distribution activi-
ties. The key requirement to be categorized as an innovation is that it 
requires the use of something completely new or vastly improved to 
the organization or entity.

• An effective approach for applying project management to an R&D 
project includes the incorporation of techniques from the disciplines 
of flexible project management and systems engineering. The com-
monality across these methods includes the development of a strate-
gic vision that guides the research trajectories, cycles and iterations, 
sets of experiments and tests, opportunities to reduce risk, prototyp-
ing, samples, models and simulations, and cleanly defined approval 
gates for moving to another stage. R&D project activity is catego-
rized by project leadership, project definition, project planning, and 
project controls.
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3.7.2 Key Terms

• Constructive research: Aims to propose solutions to a question that 
has been asked.

• Diffusion: The act of dispersing or propagating something across a 
wide population.

• Empirical research: Aims to test proposed solutions for feasibility.
• Experimental development: Systematic approach to using existing 

knowledge and experience to improve or invent something new.
• Explanatory research: Searches for and attempts to explain an 

existing hypothesis or phenomenon without changing any of the 
variables.

• Exploratory research: Follows the pattern of probing around in order 
to formulate hypotheses or questions the researcher wants to answer.

• Formative research: Gives form, and molds or shapes an idea or 
thought.

• Free-form research time: Unstructured time to conceptualize and think 
through various ideas, which often leads to breakthrough thinking.

• Mixed methods: Combines quantitative and qualitative data collec-
tion and analysis in various ways that fit the research needs.

• Objectivity: Unbiased result that is not influenced by the researcher’s 
personal interpretations.

• Oriented basic research: Directed research that is expected to pro-
duce knowledge that will serve as background material for future 
applied research and eventual development activities.

• Qualitative research: Frames a broad thematic question, answered 
through the collection of data in the form of words or images.

• Quantitative research: Frames a narrow question, answered through 
the collection of data in the form of numbers or statistics.

• Random sampling: A method of sampling where each element in a 
population has an equal chance of being selected.

• Scientific method: A quantitative, exploratory method of research 
that evaluates the results of tests through the collection of mathe-
matical or statistical measures.

• Socratic method: A qualitative, explanatory, and/or exploratory 
method that includes both classical and modern approaches to ques-
tioning and uses deconstruction or hypothesis.
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• Stratified sampling: A method of sampling that layers the population 
and then obtains samples within the stratifications.

• Subjectivity: Reflects a perspective not bound in concrete evidence.
• Systematic sampling: A method of sampling that takes a population 

and puts it in some order, then selects at regular intervals.

3.8 APPLY NOW

For illustrative purposes, we will continue using the sample topic of 
producing windmills to describe how to approach Table 3.1. The reader 
should continue to use his or her own personal example to ensure a clear 
understanding of the applications for each approach.

Using the project plan from Chapters 1 and 2, for each row, describe the 
specific information related to your project. For example, the first section 
assists in thinking about the overarching questions such as what topic will 
be investigated and whether it is an innovation or an R&D project. It then 
provides some structure in outlining research and development methods 
and experiments, as well as the management and communication of the 
R&D activities. The second section provides the structure for answering 
the questions concerning project leadership, project definition, project 
planning, and project controls. Documenting each with a “best guess” for 
what would be needed will be an excellent starting point because addi-
tional concepts are described in Chapter 4.
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TABLE 3.1

Activity Outline
Overarching Questions

What subject of interest will be investigated? 

Within which discipline does the R&D or innovation 
reside? (e.g., science and technology, business
government, etc.) 

 

Is this an innovation or R&D project?
R&D Innovation

What types of R&D or innovation is this?
(e.g. product, process, organization, etc.)

Where is the activity on the R&D Spectrum? Basic Research Applied 
Research

Early
Development

Late
Development

What e�ect on the existing organization is anticipated 
from this R&D or innovation?

Describe how the current body of knowledge will be 
reviewed. (e.g., review of documents and information, 
observation, experiences, discussion, other.)

Specic to Research Projects

What Research Methods will you use? (if applicable) Quantitative Qualitative Mixed

Formative Constructive Empirical

Scienti	c Socratic Mixed

Obiective Subjective

Exploratory Explanatory

What is strategy that is guiding the research 
trajectory(ies)?

What is/are the trajectory(ies), high level goals?

What experiments and tests will be accomplished?

How with the experiments and tests will evaluated? 
(e.g., quality assurance, test plan matrix, etc.)

How with the results of experiments and tests be 
communicated?

Specic to Development Projects

What is the strategy and research that is guiding the 
development trajectory(ies)?

What is/are the trajectory(ies), high level goals?

Where are the speci�c decision points to determine 
when trajectory needs to change?

What simulations, models, or prototypes will be 
developed?

How with the experiments and tests will evaluated? 
(e.g., quality assurance, test plan matrix, veri�cation, 
validation, etc.)

How with the results of experiments and tests be 
communicated?

What is the method for documenting experimentation 
methods, change and con�guration, and results?

What is the method for communicating experimenta-
tion methods, change and con�guration, and results?
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4
Measuring Success

Measuring what is important during the course of a project increases 
the probability that the outcomes of that project are what is expected 
or anticipated. This chapter reviews:

• Definition of project success
• Types of measures and metrics
• Necessity for governance
• Types of trend and variance analysis
• Types of technical reviews, methods, and techniques

Measuring success ensures that the project is continuing down a 
path that is useful, important, is making adequate progress, and is 
leading to desired results. First, success must be defined. What is a 
successful project? Project success is more than the successful conclu-
sion of the project within the scope, schedule, and budget. It can be 
highly subjective, but typically it reflects the alignment of the project 
outcome to the desires of the customer. As there are infinite permuta-
tions of potential successful outcomes by project and discipline, it is up 
to the project manager to carefully define what will be seen as success 
in the eyes of the stakeholders.

An overall success measure for the project will be chosen, and then 
incremental measurements will be identified that will be used through-
out the project to keep it on track. Overall success measurements 
outline the customer’s interpretation of the terms of the “acceptable” 
project outcomes. It might be the implementation of a new process or 
service or the production of new products, for example. Incremental 
measures include both qualitative and quantitative assessments that 
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are directly related to active management of the project, of keeping the 
project on track, and ultimately achieving the overall project success.

Chapters 1 through 3 provided the basis for which to assess where 
a project aligns strategically and where it is positioned within its life 
cycle. Also reviewed were the methods and disciplines available to 
manage projects. If a project has been carefully scoped, budgets set, 
schedules built, and technological specifications identified, the prob-
ability that a project will achieve a successful outcome has a solid basis. 
However, at that point the project must be activity managed. Active 
management requires the repetitive reassessment of the progress of the 
project, and of making adjustments along the way. This is where mea-
sures and metrics enter the process.

In this chapter, the types of measures and metrics are described, 
and the steps to use them effectively will be reviewed. This will form a 
foundation for understanding the material in the next chapter, which 
includes a model for understanding when and how to use these meth-
ods, and which methods are appropriate for R&D projects. An Apply 
Now exercise allows continued application of the fundamental con-
cepts in this chapter. A case study demonstrating the use of project 
management measurements on a highly creative activity will demon-
strate how measurements can be applied. Also, a checklist is provided, 
which can be used with the personal project material from the previ-
ous chapters, to increase the reader’s understanding of the material 
presented in this chapter.

Chapter Road Map

Chapter 4 focuses on the use of measurements to obtain successful out-
comes. It specifically

• explores the definitions of success;
• identifies different types of methods of project management perfor-

mance measurements;
• describes typical steps in using each of the measurements;
• describes an approach for controlling R&D progression;
• describes the underpinning activities that are essential for achieving 

successful outcomes;
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• provides Apply Now exercises that will allow immediate application 
of the fundamental concepts;

• uses a case study to demonstrate the use of project management 
measurements on a nontraditional project;

• summarizes key points of concepts and terms;
• provides a summary checklist to apply the ideas from the chapter to 

a real situation.

4.1 DEFINING SUCCESS

It is important to measure success for many different reasons. However, 
first, an understanding of the term success must be established.

Success can be defined as meeting the constraints of the budget/schedule/
scope, and that the deliverables, outcomes, and results are acceptable to 
the stakeholders.

It is quite common to define a range for success and to call an activity “suc-
cessful” if it falls within the range. However, without a clear understanding 
and agreement between stakeholders of what defines a successful outcome, 
it is common to find that a project does not seem to have an end point. This 
is not to say that it does not have a schedule end date, but as a project nears 
that date, it becomes more and more difficult to achieve the conclusion of all 
activities in a way that is considered complete. Without the ability to com-
plete a project, overall project success becomes difficult to gauge.

In terms of project management, success can be defined as the perfor-
mance against budget, schedule, and scope within the parameters set by 
the customer. If the project was completed within the parameters that 
were set at the beginning of the project, then presumably success was 
achieved. There are many measurements that can be applied to ensure that 
these parameters are met. However, things are seldom that simple. Even 
if a project performed within those parameters, if key integration points 
were missed causing other projects or activities to suffer or fail, if the qual-
ity of the product or process was less than expected, or if the final product 
or process was not useable, the project could still be seen as unsuccessful.

An important consideration when developing a project is in clearly 
defining the deliverables, outcomes, and/or results that are expected if the 
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scope, schedule, and budget are met, and then obtaining agreement from 
the stakeholders on the definition of success. That is not as easy as it might 
seem, because it is often easier to define the opposite of success. However, 
if this step is completed, measurements can be put in place that will vali-
date progress toward, and ultimately achievement of, success. Indeed, the 
highest probability of achieving successful outcomes is when intermediate 
measurements are applied throughout the project.

For R&D, a project that sets out to further knowledge in a particular 
area and successfully conducts multiple experiments that lead to a better 
understanding of the area of interest can be seen as successful even if the 
specific results of the experiments do not support a hypothesis or idea. The 
learning that has been achieved during the experimentation is often the 
element that leads to a successful project outcome.

4.1.1 Essential Foundations

Even if all the other elements are put in place and managed carefully, there 
are a few foundation topics to address. If these specific areas are not fully 
addressed, the probability of achieving successful outcomes diminishes 
significantly. In particular, it is imperative to choose a qualified and expe-
rienced project manager to lead projects, especially R&D projects, which 
can often benefit strongly from the use of nontraditional project man-
agement methods. It is critical to thoroughly address each stakeholder’s 
communications. Finally, the project must be baselined and any change 
requests carefully reviewed for consequences before implementation.

4.1.1.1 Project Manager

The choice of the project manager can be a deciding factor in how suc-
cessful the project will be. The project manager sets the tone and environ-
ment for the project, obtains commitments from stakeholders and staff, 
recruits team members that will drive the project to a successful conclu-
sion, and helps the organization understand the benefits of the project. 
The project manager also provides an environment of learning, investing 
in training and mentoring of staff to ensure they can perform optimally, 
and is responsible for team morale. Chapter 7 will discuss some meth-
ods for guiding highly creative activities and how principal investigators 
or subject matter experts can be facilitated within the project manage-
ment framework. Chapter 7 also outlines personnel objectives setting and 
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assessment methods that are the tools that the project manager uses to 
ensure the team stays focused on the strategic outcomes; something so 
critical for R&D projects.

Success also can be hampered if there is a deficiency in the principle 
investigator or the team. This is particularly true in R&D and innovation 
projects, which often rely on a talented individual or team of individuals. 
If the mix of talent within the team is not adequate, despite all attempts 
to meet project parameters, it may not be possible unless additional team 
members with the necessary skills are added, training or education is 
provided, or other circumstances that add to cost and possibly impact a 
schedule. Chapter 7 explores the dynamics of leadership and teams.

4.1.1.2 Communications

In addition to having a strong project manager who can drive a team to 
success, communications are an integral foundation activity. If communi-
cations are not done well, the consequences can be catastrophic to a project. 
Effective communications need to occur within the project, with the stake-
holders, and with the formal customer on an ongoing basis. Research shows 
that communications-related activities can account for up to 90 percent of 
a project manager’s responsibilities.1 In R&D projects, the need for com-
munications is particularly acute, as often communications methods that 
convey project health may not be in place. Communications can be infor-
mal and unofficial or be more formal, such as in reports and documents.

Not every stakeholder or customer has the same communications 
requirements, and there may also be natural barriers that must be over-
come for effective communication, such as geographic, societal, lan-
guage, or cultural barriers. Challenges can be departmental as well, with 
a different use of acronyms, abbreviations, and terms. In R&D projects, 
communications are typically informal because teams are generally 
small, outcomes relatively unknown, and change common. A communi-
cations matrix is a tool that can assist in identifying and capturing how 
the different stakeholders want to receive project information. Figure 4.1 
provides an example of a communications matrix.

In identifying the communications strategy for each stakeholder, it is 
important to understand where the stakeholder is on supporting the proj-
ect. A stakeholder who is unaware of the project or resistant to the project 
needs different types and levels of communications. A stakeholder who 
is supportive and strongly interested in the progress of the project may 



172 • Project Management for Research and Development 

St
ak

eh
ol

de
r

Le
ve

l o
f 

Pe
rc

ei
ve

d 
Su

pp
or

t
In

te
rd

ep
en

de
nc

y

St
ak

eh
ol

de
r 

Pr
ef

er
re

d 
C

om
m

un
ic

at
io

ns

St
ak

eh
ol

de
r 

Pr
ef

er
re

d 
Fr

eq
ue

nc
y

Pr
oj

ec
t P

re
fe

rr
ed

 
C

om
m

un
ic

at
io

ns
Pr

oj
ec

t P
re

fe
rr

ed
 

Fr
eq

ue
nc

y
St

ak
eh

ol
de

r 1
A

dv
oc

at
e

N
on

e
e-

m
ai

l
A

s r
eq

ui
re

d
In

fo
rm

at
io

n 
bu

lle
tin

s
A

s r
eq

ui
re

d

St
ak

eh
ol

de
r 2

U
na

w
ar

e
N

on
e

A
ct

iv
ity

 re
po

rt
s

O
n 

oc
ca

sio
n

W
eb

 p
ag

e u
pd

at
es

O
n 

oc
ca

sio
n

St
ak

eh
ol

de
r 3

Re
sis

ta
nt

Si
gn

ifi
ca

nt
In

fo
rm

at
io

n 
bu

lle
tin

s
W

ee
kl

y
Fa

ce
-t

o-
fa

ce
 

m
ee

tin
gs

W
ee

kl
y

St
ak

eh
ol

de
r 4

N
eu

tr
al

In
sig

ni
fic

an
t

M
ee

tin
gs

M
on

th
ly

W
eb

 p
ag

e 
up

da
te

s
O

n 
oc

ca
sio

n
St

ak
eh

ol
de

r 5
Su

pp
or

te
r

Si
gn

ifi
ca

nt
So

ci
al

 m
ed

ia
 

up
da

te
s

A
s r

eq
ui

re
d

So
ci

al
 m

ed
ia

 
up

da
te

s
A

s r
eq

ui
re

d

St
ak

eh
ol

de
r 6

U
na

w
ar

e
Si

gn
ifi

ca
nt

W
eb

 p
ag

e 
up

da
te

s
A

s r
eq

ui
re

d
Fa

ce
-t

o-
fa

ce
 

m
ee

tin
gs

W
ee

kl
y

St
ak

eh
ol

de
r 7

N
eu

tr
al

N
on

e
C

as
ua

l 
co

nv
er

sa
tio

ns
A

s r
eq

ui
re

d
C

as
ua

l 
co

nv
er

sa
tio

ns
A

s r
eq

ui
re

d

FI
G

U
R

E 
4.

1
Sa

m
pl

e 
co

m
m

un
ic

at
io

ns
 m

at
ri

x.



Measuring Success • 173

need another type of communication. Each stakeholder’s needs should 
be thoroughly understood, then mapped against what the project man-
ager believes is required to overcome any project support obstacles. A 
stakeholder who is unaware of the project, but where there are signifi-
cant interdependencies between this project and the stakeholder’s area of 
responsibility, would require a more disciplined and regular communi-
cation, even if that was not his or her preference. The negotiation of the 
acceptable communications path is an important responsibility of the 
project manager and the stakeholder. Once the communications tactics are 
agreed-upon, an implementation plan and schedule should be developed.

Figure 4.2 demonstrates the various types of tactics that can be used to 
facilitate communications across the spectrum of requirements described 
in the communications matrix. This is a small representation of the types 
of tactics available.

4.1.1.3 Project Baseline

A project baseline must be established at the start of the project to ensure 
that a project has enough definition so that success in meeting the out-
comes of the project means the same to the project team as it does the 
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customer. A project baseline is set when the customer and the project team 
concur on the budget, schedule, and scope parameters and agree to the 
project outcomes.

In scheduling, starting a project without a baseline, dealing with a “soft 
start,” or a start that is implemented incrementally happens sometimes 
when there are funding issues. However, this type of start can impact and 
often derail a project right from the start. Failing to correctly estimate time 
frames for work tasks or an overall project length will impact the perspec-
tive of successful achievement of outcomes, even if the schedule changes 
are successfully implemented. Failing to close on the last few remaining 
activities in a project, allowing them to continue on past the official end 
date of the baseline project, will lead to a negative perception on perfor-
mance. This is particularly true the earlier the R&D is within the life cycle. 
R&D and other creative ventures are typically difficult to schedule, thus 
care must be taken in identifying intermediate steps and experiments 
that will have measureable outcomes so that the overall project is seen as 
successful. The right branch points allow an organization to stop work 
or completely change direction and must be identified so that time and 
resources are not wasted continuing down a path that is not productive.

In the budget area, having a baseline plan demonstrates that manag-
ing, monitoring, and controlling costs are important from the organiza-
tional perspective as much as from the stakeholder perspective. When a 
budget change request is submitted, a proper assessment of the impact 
on the schedule and scope can be completed. These three elements (cost, 
schedule, and scope) are tightly associated. If all the stakeholders agree 
to the baseline budget, schedule, and scope parameters, and change is 
carefully controlled throughout the project, there is a higher probability 
that the project will be seen as successful even if a significant amount 
of change was actually implemented on the project. Anytime ideas start 
leading to uncontrolled modifications of scope, requirements, or any 
other parts of a plan, the probability that a project will be able to achieve 
its objectives is minimized, and the potential that ultimately it will not 
be perceived as successful is increased.

4.1.2 Definitions of Success across Disciplines

As Chapter 3 describes how the term development can mean many things 
across disciplines, it is also true that success is defined in many differ-
ent ways throughout the various disciplines. The definition of the term 
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outcome also depends on the life cycle location of the project. Each example 
below may have projects spanning from R&D to operations activities, and, 
therefore, the potential outcomes of projects are also broad. These are just 
a few of the types of project outcomes that one might find by discipline.

• Business: A business project outcome can be assessed to have been 
successful if a new or changing product or services positively impacts 
existing or new markets, or effectively changes consumer behavior. 
A successful business project also can provide greater efficiency or 
have a positive financial impact.

• Government: A government project outcome may be assessed as suc-
cessful if a change in community behavior has been achieved, or if it 
resulted in positive impacts to economic growth.

• Higher education: Successful project outcomes in higher education 
can range from the publication of papers, prototype development, or 
the implementation of a new student registration system.

• Natural sciences: These project outcomes can range from successful 
scientific investigations through new techniques for solving environ-
mental issues, such as pollution.

• Agriculture and livestock: In these areas, successful project out-
comes can range from breakthroughs in veterinary medicine, new 
techniques in mining or forest management.

• Power and water: New designs for alternative energy or processes 
for ensuring water cleanliness, the development of a new power 
generator or water processing facility, or a new technique to extract 
water from a previously unknown source would be examples of suc-
cessful projects.

• Technology: Successful technology project outcomes could range 
from developing new electronics or mechanical devices, investigat-
ing new biotechnology, or creating a new material.

• Information: The implementation of new processes, establishing new 
networks, and developing new software, hardware, or systems are all 
examples of achieving successful outcomes in the information discipline.

• Infrastructure: Successful infrastructure project outcomes might 
include building a new bridge, renovating a building, installing a 
new telecommunications tower, or developing a new concept for a 
next-generation transportation system.
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• Medical sciences: In this science area, the best-known outcomes 
come from improvements in drugs, medical instruments, and pro-
cedures, and R&D into health and disease.

• Social sciences: In this discipline, successful outcomes might come 
through new techniques in psychology; understanding, develop-
ment, or revisions of laws; anthropology studies and projects.

• Humanities: Successful outcomes in this discipline may include evo-
lution of the English-language dictionary, completion of a piece of 
art, publication of a new book, film, or play.

With each of these disciplines, the range of potential projects is almost 
unlimited. However, each project will fit along the life cycle continuum and 
can be identified as research, development, production, operations, etc. In 
addition, based on where it is on the continuum, the project management 
approach used to achieve successful outcomes can range from flexible to 
traditional. Whether or not the overall project outcomes are new concepts 
or ideas, or are new products or services, intermediate outcomes can be 
measured using the following types of measurements described below in 
Section 4.2 to provide the best probability of achieving successful overall 
project outcomes.

4.2 TYPES OF MEASUREMENTS

The most effective way to ensure the highest potential for achieving suc-
cessful outcomes is to ensure

• controlled change minimizes any negative affect on the project
• orderly development of a system as defined by the project plan
• measurements used to support effective decision making throughout 

the project
• that a system, product, or process meet the specifications, and that it 

is ready to progress along the life cycle
• that the end product or process is suitable to its intent

The first step in utilizing measurements to ensure successful out-
comes in any kind of a project, in any stage of life cycle, and in any dis-
cipline is to document the expected scope, requirements, deliverables, 
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and expected outcomes within a project plan that is then baselined. 
Regardless of where the activity falls within the life cycle, a plan should 
be developed so that it is clear where it is in the life cycle and what is 
expected from the effort. Without this documentation, any efforts to 
measure performance and outcomes become extremely difficult, if not 
impossible.

Next, it is imperative to refer to the baseline document and clarify which 
intermediate measurements are needed and wanted by the stakeholders. 
This should be underpinned by the project life cycle phase as well as the 
project management approach that is being taken on the project. Questions 
that should be asked and answered, then documented are shown below.

• What information is needed and by whom?
• When is the information needed?
• Where will the information be located?
• How will the information be accessed?
• Who will provide the information?

There are many levels of incremental measurements that can be used; 
each is discussed in the following sections. The basic categories include:

• Governance activities
• Trend and variance analysis, including earned value and forecasting
• Test, verification, and validation activities
• Reviews
• Quality measures, including inspections and audits
• Technical readiness

4.2.1 Measures versus Metrics

Measurements are typically made through the use of either measures or 
metrics, or some combination of both. The term measures usually refers to 
the measurement that is more quantitative and objective. Specific activities, 
such as measuring transactions, hours allocated or used, number of help 
desk tickets, etc., are referred to as measures. Data compiled into informa-
tion that represents a measurement of progress against an expected objec-
tive are referred to as a metric. These are often qualitative and subjective 
assessments of performance along a continuum. Common metrics may 
include performance to a baseline, process integrity, and performance to 
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objectives. Choosing the right measures and metrics is part art and part 
collaboration. A project manager who has led successful projects will be 
able to bring that expertise to bear in choosing the ones that are powerful 
and useful.

Metrics should measure the progress of the project in how it is meeting 
its constraints of cost, schedule, and scope parameters. For R&D and inno-
vation projects, the best metrics show progress along the trajectories and 
demonstrate how tightly the experiment and test results are aligning to the 
strategy of the project. These metrics can be independent measures against 
a single parameter or they can be part of a set of metrics that demonstrate 
performance along several measures. Metrics are developed based on stan-
dard practices, and serve as a key communication mechanism between the 
project and the stakeholders. Therefore, it is critical that the metrics that 
are chosen truly measure the progress of that important information.

Typically, metrics are additive in the sense that, depending on where 
the project falls in the life cycle and depending on the approach that is 
used, more will be applied. This is not a perfect step function, and there 
are many examples where some of the more disciplined approaches will 
be applied earlier in the life cycle, but it is representative of the additive 
nature of the metrics. Figure 4.3 demonstrates how metrics can be added 
as the formality of the project increases. This graphic is not meant to imply 
(as measures are added along the continuum of the diagram) that they 
could not or would not be used on research, new concepts or ideas, or 
where light levels of control are needed for informal projects. However, it 
does demonstrate that, by the time a project is in production, is a formal 
project, and/or requires tight controls, each of these measures would be 
in place.

Most common metrics used for a project that falls within the middle 
range of the life cycle are those that measure progress to date against the 
baseline for cost, schedule, and scope performance; control of risks; and 
control of change and configuration. In R&D projects, measures are often 
calculated by tallying the number of speaking engagements, publication of 
articles and other documents, collaborations, etc. Sometimes metrics are 
used to assess progress along a trajectory, results from experiments and 
tests, and successes in reaching a production-level capability. Measures 
can be simple, such as the number of social media views or followers, 
crowdfunding, and crowdsourcing successes.

It is important when choosing measurements to assure that they are 
producing accurate data and information. Many projects fail even as their 
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metrics show no significant issues. This can be because of inaccurate data 
leading to faulty reporting, a nonoptimal environment for reporting nega-
tive trends, or from the calculation of the wrong metrics. Watching the 
wrong metrics can ensure that the real issues and risks are not brought 
forward and addressed and may lead to unintended consequences if indi-
viduals diligently monitor only the specific metrics. A good example of 
this is a metric that tracks completion over satisfaction of the customer. 
This could lead to pushing a customer as quickly through the process as 
possible without concern for resolving any issues along the way. This can 
be clearly seen in a helpdesk that rushes to “close” tickets by carefully 
structuring the definition and failing to validate if the solution meets the 
needs of the customer. In addition to quality issues that can be driven 
from inaccurate metrics reporting, this also can lead to an organization’s 
resources not being optimally focused on the right strategic priorities of 
the organization.

To determine the optimal metrics for an organization, key performance 
indicators (KPIs), sometimes referred to as key success indicators, can be 
defined and tracked. KPIs help define the key measures of performance 
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for that particular project. They help minimize the distracting noise level 
in information that may be important, but is not essential to achieving 
successful outcomes. Trying to measure too much, or the wrong things, 
actually results in not measuring anything because the measures will not 
lead to desired behavior or effective decision making.

KPIs are public record of the key measures of success for the project. 
They act as a type of mission statement for the project that describes the 
what, when, where, and how attributes of the project that, if successful, will 
add the most value and carry the most risk. Indicators can be quantitative, 
such as financial, or qualitative, such as quality or efficiency, be predictive 
or leading, or be retrospective or lagging. They can be directional and show 
a trend or be absolute, such as when a minimal specification must be met.

The first step in identifying and putting into action meaningful KPIs 
is to have a discussion with the stakeholders to identify the critical pro-
cesses, requirements, and expected outcomes, then to establish what the 
best measures of performance are in a constrained time frame.2 Measures 
that are set too far out in the future cannot be effectively analyzed. The 
definition of KPIs is organization and industry unique. Whichever KPIs 
are chosen, they can be as many or few as provide a valid framework for 
analysis and decision making. And, then, once they are chosen and put in 
place, they must be periodically assessed to ensure validity, or that what 
they are measuring is indeed useful and impactful for decision making. 
For those KPIs that are not delivering meaningful measures, they need to 
be retired and new measures developed with the stakeholders. For R&D, 
these metrics need to reflect progress along the trajectory and results of 
experiments and tests, rather than milestones and completion dates.

4.3 GOVERNANCE

The process of governance includes activities, such as:

• Compiling, reviewing, and analyzing metrics
• Managing change against a baseline
• Carefully controlling configuration

Governance is a full life cycle process and has responsibility for ensur-
ing all interdependencies are accounted for and managed in a coherent 
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way. The essence of governance is to carefully and deliberately review and 
guide decision making.

4.3.1 Change Management

The structured approach to compare requests for change against an estab-
lished project baseline is called change management, and refers to the over-
arching processes that are put in place. Alternatively, change control is the 
specific steps that identify, record, and track the submissions, decisions, 
and outcomes of the change requests. The change management and control 
processes ensure that change impacts are all accounted for and understood 
and that the stakeholders understand the ramifications and are positioned 
to accept the revisions. Successful change implementation requires a solid 
understanding of the current position and baseline, a clear perspective on 
what the request is and how it will be implemented, and an appreciation of 
the impact that it will have on the project and the organization.

A project plan can be developed and a baseline established. The speci-
fication for the hardware, software, process, or service that makes up 
the scope, requirements, and outcome of the project may be in place. An 
understanding can be documented of what project success means, and 
the appropriate measures and metrics can be identified and scheduled. 
However, without the implementation of the process of change manage-
ment, the project manager will not be able to minimize change impacts or 
address necessary changes to the budget, schedule, or scope. The actual 
process of managing the project and making informed decisions regard-
ing impacts to the project along the way would be impossible. Governance 
methods, including change management, ensure that controlled change 
minimizes any negative affect on the project.

Change management is an inspection, validation, and documentation 
process. It documents what was proposed and accepted, and any modifi-
cations or changes that are pending or were made. The level of change con-
trol formality varies significantly. In its simplest form, defining a method 
for change requests to be reviewed and processed becomes the change 
management process. Identifying the one person who will receive change 
requests, and the stakeholders who will review and make decisions on 
the changes, forms the structure. That individual can collect the change 
request and gather the stakeholders together to review the proposed 
change, the reason for the change, and any impact on the cost, schedule, 
or scope parameters of the project. Any stakeholder that is, or might be, 
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impacted by the change, must be invited to review the change request. The 
most effective change control processes require this review, the satisfac-
tory resolution of any outstanding questions, and then a firm and binding 
sign-off of the change by the stakeholders and/or CCB (change control 
board). Documentation of all change requests, status, and actions is an 
imperative in change management. Not managing change well generally 
results in confusion and lack of support and buy-in to changes, which can 
lead to poor implementation of any required modifications and generally 
diminishes the probability of achieving success.

The project manager is responsible for ensuring smooth and controlled 
change management for the project. In more complex situations, a change 
board will be put in place. A CCB, as previously reviewed in Chapter 2, 
is generally made up of stakeholders who have the responsibility of pro-
viding strategic oversight to ensure change does not negatively affect the 
organization or the project. CCBs generally have the responsibility of 
reviewing and making binding decisions on the change requests. This is a 
decision-making board that must be comfortable making tough decisions 
if it is to be effective.

4.3.2 Configuration Management

It is the configuration management that controls orderly development of 
a system as defined by the project plan. Configuration management refers 
to maintaining careful records of the requirements, specifications, and all 
the elements of the design. This is necessary so that it is always possible to 
trace back to the original requirements and always be able to reproduce 
the results with the specific knowledge of how the design was created. The 
primary objective of configuration management is to control the evolving 
configuration of the system during its life cycle. In order to do this, a solid 
baseline must be in place.

Where change management focused on the high-level project param-
eters, configuration management focuses on the elements within a sys-
tem. It can be used within a process to ensure the right version of a 
process or document is used, or within a project to control and document 
component design changes. This can be done informally, for example, 
through documenting changes in experiments for an R&D project, or for-
mally through a configuration status accounting (CSA) department that 
is charged with recordkeeping and generating reports for leadership. CSA, 
previously described in Chapter 2, is generally involved in reviews and 
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provides documentation that identifies the correct versions of the design 
for evaluation against project specifications. Configuration audits often 
are performed to evaluate the evolution of the project and adherence to 
the configuration management processes.

The impacts of not performing configuration management on a project 
are similar to not performing change management in that this can have 
direct consequences on the quality of the product, process, or service that 
is being developed. Confusion as to which version of component pieces of 
a system is being used, errors or inaccuracies in output, mistakes driven by 
uninformed stakeholders, an abundance of waivers for nonconformances 
to the specifications, and lack of traceability in requirements are just a few 
examples of what can happen when requirements and specifications are 
not baselined and put under configuration control.

A systems engineering management plan (SEMP) is a useful document 
that can provide structure for developing a configuration management 
plan. The SEMP is a standard document that compiles information about 
the requirements and specifications, as well as outlining configuration 
management control procedures and baseline management. It also gen-
erally includes ICDs (interface control documents, described in Chapter 
2) and subsystem and component information, which is critical when 
assessing change impacts. A sample of the contents of a SEMP is shown 
in Figure 4.4.

The implementation of a configuration management process on a proj-
ect is straightforward. A location for data and documentation must be 
identified. A process for controlling versions of documentation must be 
put in place, then, all change must be captured and recorded. Having a 
process of review and control helps ensure that all changes are reviewed, 
documented, and stored.

4.4 TREND AND VARIANCE ANALYSIS

Once a project is under way, the responsible management of that project 
includes periodic and established analysis of performance to the baseline. 
All aspects of the project are monitored at some level including:

• Scope, or technical performance
• Schedule performance
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• Budget performance
• Risk and prioritization
• Resource allocation
• Outcomes

Project scope, contractual requirements, complexity, risk, and cost need 
to be considered when establishing the performance measurement pro-
cesses and reporting frequency. However, even small informal projects 
require some sort of performance assessment, unless time, money, and 
scope are of no consequence. Typical performance reviews include vari-
ance and trend analysis derived from the detailed scope, schedule, and 
cost data.

Variance analysis tracks performance to date against the baseline plan. 
Periodic comparisons are made between where the project should be 
per the baseline plan versus actual project performance and the results 
are expressed in terms of a negative or positive variance. Negative vari-
ances indicate poor performance, while positive variances indicate good 
performance.

Trend analysis mathematically evaluates the project’s pattern of actual 
performance to date in order to forecast future performance expectations. 
It also is useful to quantify how much the trend can change and still keep 
a project on track or how much it must change to recover a project that 
is off track. It may be necessary to adjust the selection of performance 
measures as the project progresses and new conditions emerge. The ulti-
mate goal of monitoring and analyzing performance is to support effective 
decision making for the remainder of the project and increase probability 
of a successful outcome. Specific performance measures are chosen and 
implemented with this in mind. These elements of the project are highly 
interrelated and, in practice, must be considered simultaneously. However, 
for simplicity, each is discussed separately below.

4.4.1 Technical Performance

It is common for organizations to focus on management of cost and sched-
ule, and to neglect management of the scope. However, it can be argued 
that the scope should be the first to be assessed as the schedule and cost 
are predicated on the work scope. It may be overlooked during the R&D 
phase of a project, when technical progress is perceived as difficult to qual-
ify or quantify, or it may be neglected if technical expertise is limited to 
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a small number of personnel. Without incorporating a technical perfor-
mance assessment, project managers are left to rely solely on assurances 
from the technical leaders that progress is being made. However, to ensure 
the highest probability of project success, incremental progress toward the 
specifications must be made visible. Reaching the end of a project only 
to find that the requirements have not been met will surely result in an 
increase in cost and schedule. Therefore, it is important to identify and 
implement measures of technical progress at the outset of the project.

For less formal projects, methods of documenting scope performance 
can be simple, such as visual displays, plots, diagrams, metrics, etc. For 
more formal or complex projects, it is necessary to clearly communicate 
the technical plan and incremental progress toward that plan. In a similar 
manner that techniques are used to monitor cost and schedule, the techni-
cal progress can be evaluated using actual technical progress and forecast-
ing probabilities toward achieving the planned performance.

A requirement traceability matrix can help ensure that the technical 
aspects remain integrated with the rest of the project by tracking the align-
ment of requirements to the deliverables. Where there is a more significant 
technical component to a project, a SEMP includes information that can 
be used to clearly identify the parameters and specifications that require 
control and monitoring. This document generally describes the fully inte-
grated technical effort for the project, includes an established set of mea-
surements that meet project requirements, and can be used to determine 
overall success in achieving the desired outcomes of the project. It also 
clearly differentiates between customer-driven requirements and the solu-
tions that are proposed and developed.

Within the SEMP is also the systems engineering master schedule 
(SEMS). The SEMS documents the timeline of technical events, demon-
strations, reviews, decision points, or other important verification events, 
along with the required outcomes as sequences of events. This schedule 
provides overall visibility into systems engineering progress. Similar to 
the project integrated master schedule (IMS), the SEMS is event driven, 
not date driven; however, certain events may have associated target dates. 
Unlike the IMS, it is not time constrained. Each entry into the SEMS is 
uniquely numbered to facilitate tracking of measurement accomplish-
ments against the plan. The IMS, on the other hand, is structured around 
the deliverable product or service resulting from successfully reaching 
milestones. It is important that the SEMS and the project IMS are aligned 
and consistent with one another.
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The technical requirements and measures that are defined in a SEMP 
are derived from the customer-driven scope of the project. Measures of 
effectiveness (MOE) defines how well the implemented technical require-
ments are expected to meet the intent of the stakeholder for its use in an 
operational environment. In other words, it asks the question: Will the 
implemented technology actually behave in a way that the stakeholder 
visualized and expected? This is similar to the description of validation in 
Chapter 2, which confirms that what the end product or process is, actu-
ally meets the intent of the customer, that it is suitable to its intent. The 
MOEs help define the key performance parameters (KPPs) and measures 
of performance (MOP). A representation of how these activities align is 
shown in Figure 4.5.

The organization that is meeting the customer’s requirements may use 
KPPs to refine the MOPs and then the technical performance measure-
ments (TPMs). KPPs are the specific functionality that, if not met, would 
require a rebaseline of the technical part of the project. TPMs are the 
physical or functional attributes of the technology, and similar to veri-
fication activities, ensure that the system, product, or process meets the 
requirements and specifications as written. MOPs are the translation of 
the MOEs into key TPMs and are the critical parameters that are tracked 
through the TPM process.

TPMs control the critical technical parameters of the project and pro-
vide a way to qualitatively and quantitatively assess performance. They 
also serve to highlight technical risk. TPMs are typically chosen from 
the MOEs and MOPs. The most effective use of TPMs for technical 

Test and Verification

Technical Performance Measures

Measures of Performance

Risk Management PlanKey Performance Parameters
Measures of Effectiveness

Validation

Customer Project Team

FIGURE 4.5
Measuring technical performance.
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management requires a careful selection of key parameters that can be 
measured. Technical items that have been identified in the risk register 
should be included in the TPMs. Any item that will be included in formal 
testing also should be included. TPMs measure the following:

• Milestones representing the performance of the specification at the 
completion of a technical evaluation.
• These increasing planned values make up the predicted value 

(or current estimate) of the technical parameter expected to be 
achieved within the project baseline.

• Tolerance levels, or parameters, to account for estimating errors and 
provide high and low parameters for performance.

• Contractual performance requirement, specification, or threshold.
• Current status of the achievement to date.
• Variance, or difference between current performance and cur-

rent estimate.

An example of a TPM progress chart is shown in Figure 4.6. This basic 
diagram demonstrates a performance that is doing better than antici-
pated, but is not currently meeting specifications, although it is well on its 
way to doing so. TPM charts can reflect a downward trend as well, if the 
measure requires a reduction, such as reducing weight, temperature, etc.

8

Progess to date
�reshold (spec value)

Predicted value
Lower tolerance
Higher tolerance

7654321
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FIGURE 4.6
Sample TPM chart.
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4.4.2 Schedule Performance

A schedule is a time-based plan for achieving the project commitments. It 
is based on the key deliverables and the scope of the project. Documents 
such as the contract and statement of work (SOW) are traditional sources 
for defining the primary deliverables, requirements, and scope of the proj-
ect. Interim deliverables also may be identified for project management 
and control purposes. Other management plans, which define how the 
project will be executed and controlled, also serve as inputs to the sched-
ule development process. Some examples of these are the program man-
agement plan (PMP), integrated master plan (IMP), systems engineering 
management plan (SEMP), make/buy plan, risk plan, and resource man-
agement plan.

The scope is decomposed into manageable and measurable tasks 
required to achieve the deliverables. The tasks are assigned durations and 
logically sequenced with one another to create an overall plan for execut-
ing the project. Resources and other potential constraints must be con-
sidered when assigning the task durations and dates. Historical data from 
other projects of similar scope, size, duration, and complexity also may be 
used to provide source data for the schedule. Once the schedule has been 
reviewed and accepted by the task owners and stakeholders, it is captured 
as a baseline against which future performance is measured.

During the schedule development process, it is important to identify 
the value of the work represented by each task as well as the measurement 
technique to be used in the performance measurement process. As the 
project progresses, status for each task is recorded in terms of actual start 
dates, percentage of work completed, and actual finish dates. For tasks 
that are in progress, the time required to complete the remaining work is 
recorded as a forecasted completion date. Using this fundamental data, a 
variety of analyses are performed and metrics reported to task owners and 
management.

Many of the performance measurement metrics are relative to the base-
line dates. Baseline variance is the difference between a task or milestone’s 
baseline date and its actual or forecasted date. Baseline hit/miss metrics 
are reported based on how many tasks were accomplished on or before 
the baseline date (hit) versus how many were performed late to the base-
line date (miss). The baseline execution index (BEI) measures the cumula-
tive number of tasks actually completed as a percentage of the cumulative 
number of tasks baselined to complete for the measurement period.
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Other performance measurements compare the forecasted dates to the 
due dates of key milestones or to project completion, rather than to the 
baseline. In a logically linked critical path method (CPM) schedule net-
work, a “forward pass” calculates the earliest dates the remaining tasks 
can be worked, based on recorded status, activity durations, defined con-
straints, and logical relationships between the tasks. The critical path is 
a term applied to the series of tasks that comprise the longest path to the 
end of the project. The critical path indicates the earliest date the project is 
expected to finish, based on the current plan, and the tasks that are driv-
ing that completion forecast.

Comparing the progress and variances along the critical path is essen-
tial in ensuring that the overall project schedule end date is met and to 
determine the level of schedule risk that is emerging as the project pro-
gresses. The flexibility within the project schedule is referred to as float 
or slack. Understanding the level of float, both free float and total float, 
in noncritical path tasks, and assessing the performance in these areas, 
is necessary to determine if a slip in schedule will move another activ-
ity into the line of the critical path. As was discussed in Chapter 2, tasks 
that can be done concurrently, or overlapping other tasks, may be able to 
slip schedule somewhat without impacting the overall project schedule. 
An indication that the project schedule will exceed the formal end date 
requires formal change control action. The project schedule is a dynamic 
tool that requires constant monitoring and adjustments.

Using CPM to measure total float and monitor changes to the critical 
path is an effective approach to managing the schedule and prioritizing 
project activities. By proactively predicting potential delays, the project 
manager is able to take corrective action to keep the project on track. 
It requires valid task durations and accurate logical relationships to be 
defined between the project activities. A “backward pass” is also calcu-
lated, scheduling backwards from the end of the project or from a due date 
on an interim milestone, and then determining the latest dates the tasks 
can be worked and still meet the assigned deadline. Total float values are 
determined by subtracting the early dates from the late dates. As such, 
total float is a measure of schedule latitude, which identifies how long a 
task can be delayed before affecting the end of the project.

A visual display, plot, or diagram of baseline task completions over time 
compared to actual and projected completions over time is a typical man-
agement view. A display of the expected allocation of labor hours against 
the scheduled work versus actual labor hours charged would be another. 
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A plot showing the planned milestone completion dates versus the actual 
milestones achieved would be yet another.

For projects that require a significant level of formalization, a technique 
called earned value management (EVM)3 can be used. One of the EVM 
measures is schedule variance (SV), which identifies whether a project 
is falling behind the baseline schedule, on schedule, or ahead of sched-
ule. In order to monitor schedule variance, the value of the project work, 
expressed in terms of hours or dollars, is allocated across the baseline 
time frame of the project. From this allocation, the planned value (PV), or 
cumulative work that should be accomplished at a given point in the proj-
ect, is defined. As time progresses, assessments are performed to deter-
mine the percentage of work that has actually been accomplished. This 
percentage is applied to the PV to determine the earned value (EV). SV 
compares the value of actual work accomplished to the planned value of 
the work that should have been completed by that time. Schedule vari-
ance is calculated by the formula SV = EV – PV. A negative SV indicates a 
behind-schedule position, while a positive SV indicates a possible ahead-
of-schedule position.

These elements also are used to express the project’s schedule perfor-
mance index (SPI) in the formula SPI = EV/PV. An SPI value less than 1.0 
indicates a behind-schedule scenario. An SPI of greater than 1.0 indicates 
an ahead-of-schedule situation. And, of course, an SPI of exactly 1.0 would 
reflect that the project is on schedule. SPI is useful for trending the sched-
ule performance over time.

It is important to understand that EVM schedule measures of SV and 
SPI are useful, but not sufficient in determining the true schedule position 
of a project. If the work being accomplished is not the work that needs to 
be accomplished, then the project can be behind schedule even though the 
SV is positive and the SPI is greater than 1.0. This occurs when low prior-
ity work is completed in lieu of critical work, allowing the measure of EV 
to increase, but the critical path and total float degrades. For this reason, 
it is important to monitor the critical path and total float along with the 
EVM variances.

In practice, the management of the project schedule is often accom-
plished through combinations of work performance documents, status 
reports, as well as CPM and EVM methods. One reason for this is that 
each of the approaches presented for project schedule management has 
inherent strengths and weaknesses. The method that EVM uses to calcu-
late schedule variances, namely in units of currency or labor hours, and 
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the schedule variance which must converge at project end at 0.0, and SPI of 
1.0, lead to incorrect assessments of schedule performance once the proj-
ect starts running late even if the project starts to recover schedule. As in 
all other areas of project management, EVM is evolving. First emerging 
as a clarification to EVM in 2003, the concept of earned schedule4 (ES) 
addresses issues related to using EVM and the critical path of the project 
to assess schedule performance and predict project completion.

Using time, rather than currency or labor hours, and comparing cumu-
lative work performed and earned against the project performance base-
line, provides a view of schedule performance that can be more confidently 
managed against, and behaves more consistently than the cost-based indi-
cators, especially as the end of the project draws near or slips schedule. To 
calculate the ES, the cumulative value of work performed is compared to 
the baseline; another way of describing this is to identify the time when the 
work performed should have been completed against when it was actually 
completed. Schedule variance and a schedule performance index, there-
fore, can calculate the application of the following formulas: SV (time) = 
ES – Actual Time, and SPI (time) = ES/Actual Time. Just as it is interpreted 
using cost and labor hours, these calculations generate a positive number 
when ES is greater than the actual time (or the schedule is ahead of plan), 
and negative when it is behind plan. This method of calculating sched-
ule performance allows consideration for incomplete time increments and 
monthly trend calculations using cumulative values. Applying ES to the 
project critical path (by treating it as a project in itself) provides better 
fidelity into the potential impacts of schedule variances, especially when 
used in a side-by-side comparison with the overall project ES.

ES is not the only evolution of EVM. EV for Agile projects is shown 
as a burn-down chart where EV is calculated within the sprint and the 
most current understanding of the scope is used to calculate the SPI, CPI, 
etc. As described previously, CPM is a powerful tool, but its deterministic 
approach does not deal well with uncertainty and planning variability. 
For this reason, many formal projects require the CPM schedule network 
to be supplemented with a schedule risk assessment (SRA). Although not 
generally used on R&D projects, it is sometimes required and, therefore, 
is included as a method of control for schedule information. An SRA 
involves the use of Monte Carlo simulation techniques to provide sensitiv-
ity analysis on project activities and forecasts the impact of uncertainty 
in the project schedule. The effective project manager will use this infor-
mation to focus management attention and resources on the tasks that 
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are most likely to alter the project outcome. Risk is further reviewed in 
Chapter 6.

4.4.3 Budget Performance

Budgets are developed using various methods of estimating. It is impor-
tant to document the BOE (basis-of-estimate) when developing a budget 
so that a complete background on how the costs were estimated and how 
the budget was built is available for future reference. Using historical data 
from other projects of similar scope, size, duration, and complexity, anal-
ogous estimating can be used as a basis of estimating when it is acceptable 
to have a roughly accurate budget.

The most commonly used method of developing a budget is bottom-up 
estimating. This process reviews each work package in detail and then 
rolls up all the estimates to the top level WBS (work breakdown struc-
ture). This is the most commonly used method, but also one that often 
results in a higher budget as individuals naturally add contingency at 
every layer of the calculation. If this type or level of estimating is needed, 
sometimes a range of most optimistic to pessimistic estimates can be cal-
culated. The overall project budget that will be baselined will include the 
estimated budget and a contingency, or an amount of funding that is held 
aside to address the known risks of the project. This concept will be dis-
cussed in Chapter 6. The individual WBS budgets, generally called con-
trol accounts, the level above the work package, contain the work package 
budgets and contingency. Other methods to obtain more accurate esti-
mates include parametric estimating, which uses historical data along 
with current known parameters to deduce relationship information and 
obtain an estimate.

A baseline budget will identify the amount of funding that is assigned 
to the project. Funding can be budgeted for labor in percentages of a full 
time equivalent (FTE), and in ME&S (materials/equipment/services, from 
Chapter 1). One FTE is the equivalent of one person working full time for 
the year. It is calculated by taking the total number of labor hours associ-
ated with the project and dividing it by the number of hours available for 
an employee to work in a year. Depending on the number of hours an orga-
nization has allocated as a full work year, this number can differ. Holidays 
and other factors can affect the FTE count. Indirect costs, fees, and other 
associated organization costs also must be factored into budget estimates.
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Once the budget for the project is known and is baselined and the 
project progresses, the percent of budget expended will be documented 
so that progress status can be assessed. Similar to schedule updates, the 
budget updates can be done manually, with the project manager gather-
ing data on expenditures from accounting and other systems that provide 
information on labor, material, and services billing. Or, it can be done 
through electronic means if a system is available to track spending data 
directly. No matter how the original spending data are compiled, trend 
and variance analysis will require additional processes. Management of 
the project requires an understanding of the meaning of the data and 
deviations, and must use that information to take action and direct the 
project successfully.

Once the original project is being regularly updated with current cost 
performance data, there are several methods that can be used to assess 
trends and variances. The same work performance documents and status 
reports that are used to measure, as well as communicate, status, issues, 
and concerns for schedule performance, typically describe cost perfor-
mance as well. The formality and tempo of generating and assessing these 
will be determined at the baseline meeting.

As with schedule data, regardless of the project method, performance to 
the budget will be assessed in the same way; it is just the tempo, or regular-
ity and frequency, that may be different. A visual display, plot, or diagram 
of the amount of budget that should be spent at a given time versus the 
amount of budget that has actually been spent is an important measure. 
A display of the expected allocation of costs against the actual charges for 
labor, materials, and services would be another.

When assessing budget performance, it is important to review unex-
plained spikes in spending that may be caused by misallocated labor 
charges or unplanned charges for materials or services. Sometimes spikes 
will occur because materials are purchased in bulk versus incrementally 
over the course of the project, so what might seem as an error or anomaly 
is easily verified as a valid charge. A quick check can confirm that the proj-
ect budget is not in jeopardy. Comparing the budget progress and vari-
ances is essential in ensuring that the overall project budget is met and not 
exceeded and to assess and deal with the level of budget risk that emerges 
over the course of the project.

Well-run projects hold a certain amount of budget for contingency 
and management reserve. Contingency is held to address project risk. 
The project manager determines the amount that is held aside based on 
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an initial assessment of the project risk. High-priority risk items, those 
that would have a strong negative impact on a project and have a high 
probability of occurring, access these contingency funds for mitigation 
activities. Management reserve, or a percentage of the overall available 
funding held separate from the project budget to address unanticipated 
needs that emerge during the course of the project, can be allocated based 
on an assessment by the project leadership and organization as to the level 
of buffer that is desired. It is carefully managed throughout the life of 
the project. A quick look at the project completion percentage versus the 
amount of management reserve used to date will provide insight into the 
depletion rate, giving an opportunity to replenish if necessary.

Although not generally used on R&D projects, when a project man-
ager desires a formal approach to budget allocation and spending, EVM 
can be applied as a method of control for cost information. If EV is used 
in scheduling, it also will be used in budgeting. When EV is used, it pro-
vides an integrated look at cost and schedule parameters. Project man-
agers will use EV in conjunction with TPMs to obtain a consistent view 
of the key elements of project management, cost, schedule, and scope 
performance.

EVM requires budgets to be directly related to a defined scope of work 
and distributed to control account managers (CAMs) in a controlled 
fashion. Budget for each control account (CA) within a WBS is distrib-
uted along with a work authorization document (WAD). Work is not 
allowed to commence, and charge numbers are not made available until 
a WAD is in place. The budget is time phased in accordance with the 
project schedule baseline and from this a period of performance (POP) 
is defined for each CA. The work scope of each CA may be broken down 
further into one or more near-term work packages (WPs) and future 
planning packages (PPs). A work package and a planning package may 
belong to only one CA and a CA may belong to only one WBS. The 
aggregate of all the authorized budgets in the project CAs is the project 
management baseline (PMB).

Different organizations use different levels of control accounts, some 
only collecting costs at the highest levels, while others drive down to 
multiple lower levels, chargeable accounts. The project manager and 
the organization leadership generally make the decisions as to the 
appropriate level. Using the example of the windmill farm project from 
previous chapters, a simple example of a charging structure is shown 
in Figure 4.7.
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In this example, all of the activities sum to a total project amount. 
Several summary cost categories are captured, and many work pack-
ages are not uniquely charged to or tracked separately. For example, staff 
working on this project in the WBS 1.4 through 1.9 would charge their 
time directly to the project account, and staff working on 1.3.1.1 Magnets 
would charge their time to 1.3.1 Generator. And, 1.3.1 would capture in 
summary charges to both magnets and conductor work.

By distributing the authorized work scope and corresponding budget in 
this way, the time-phased baseline budget for the WP defines the PV for 
the WP at any given point in time. Then, as time progresses, assessments 
of the actual costs that have been applied to the project work packages are 
compared for variances.

1.0 Wind Farm Project (Chargeable Control Account)
1.1 Structure (Control account (summary costs))

1.1.1 Main shaft (Chargeable task code)
1.1.2 Main frame (Chargeable task code)
1.1.3 Tower (Chargeable task code)
1.1.4 Nacelle housing (Chargeable task code)

1.2. Rotor blades (Control account (summary costs))
1.2.1 Blades (Chargeable task code)
1.2.2 Rotor hub (Chargeable task code)
1.2.3 Rotor bearings (Chargeable task code)

1.3 Electronics (Control account (summary costs))
1.3.1 Generator (Chargeable task code)

1.3.1.1 Magnets (Work package)
1.3.1.2 Conductor (Work package)

1.3.2 Power converter (Work package)
1.3.3 Transformer (Work package)
1.3.4 Brake system (Work package)

1.4 Project management (Work package)
1.5 Systems engineering (Work package)
1.6 Systems test and evaluation (Work package)
1.7 Site activation and operations (Work package)
1.8 Support equipment (Work package)
1.9 Spares and repair parts (Work package)

FIGURE 4.7
Sample charging structure.
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The required information for managing the budget with EV is consis-
tent with managing the schedule with EV and includes:

• Planned value (PV): The baseline budget, decomposed to the allo-
cated amount for the specific work package. The budget is allocated 
across the baseline time frame of the project, and reflects the amount 
of work that should be accomplished at any point in time per the 
baseline schedule. The total planned value for the project is referred 
to as budget at completion (BAC).

• Earned value (EV): The value of work that has been performed at a 
given time. The EV over the course of the project will equal the PMB.

• Actual cost (AC): The cost that has actually been incurred for the work 
performed on the work package by a certain time. It is important that 
the calculation of actual costs includes the same components as the 
budget that defines the PMB. The AC calculation should include labor 
hours, indirect costs, and ME&S, consistent with the way that the 
PMB was set so there is a one-to-one comparison. The AC reflects the 
actual spending on the project. If the project overspends its total bud-
get, it will be reflected in the AC at the end of the project.

Figure 4.8 shows an example of a typical EV chart. In the example, the 
PV is shown as the straight line, the EV is shown as under commitment, 
and AC is showing a cost overrun. What this represents is a project that 
has not completed work as planned, and yet the actual costs are higher 
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FIGURE 4.8
Sample earned value chart.
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than anticipated. The analysis of the result is key in understanding if 
action must be taken. In this case, an early purchase of material could be 
the simple explanation for the variance.

The cost variance (CV) is the difference between the value of work 
accomplished (EV) and the actual cost incurred (AC) at any given point. 
At the end of the project, the CV is the difference between the BAC and the 
AC. The formula of CV = EV – AC is used to describe this valuable metric. 
Converting the SV and CV values to efficiency indicators is useful when 
calculating projected actual project cost and schedules. It also provides 
a way to perform a quantitative comparison of performance of cost and 
schedule variances across individual projects within a program. A cost 
performance index (CPI) is calculated for each project by dividing EV by 
AC. The formula used is: CPI = EV/AC. A value greater than 1.0 indicates 
efficient cost performance. In other words, for every hour spent on the 
work, more than an hour’s worth of work was accomplished. Likewise, a 
value less than 1.0 indicates that an hour’s worth of work required more 
than an hour to accomplish.

In any case, but in particular, if a project appears to be experiencing 
difficulty, a to-complete performance index (TCPI) can be calculated to 
identify the expected actual cost to finish the work. TCPI is calculated two 
ways. If the budget at completion is still viable, in other words, if it has not 
already been exceeded and a change request for the budget being pursued, 
then TCPI = (BAC – EV)/(BAC – AC). If the budget is not viable, then EAC 
(estimate at completion) is used, and TCPI = (BAC – EV)/(EAC – AC). 
Projecting if the budget is viable is a judgment call that can be bolstered 
by the use of some metrics. The nature of EVM tracking ensures that close 
attention is paid to performance of the activities of the project. It is reason-
able to expect that monitoring the project in this manner will help identify 
when a project will not meet its expected cost or schedule targets. A good 
rule of thumb is that at the 15 to 20 percent project completion point, the 
EAC should be reviewed because, by that point, if a project is over budget 
or behind schedule, it can be reasonably assumed that there is a high prob-
ability the project will not recover and a rebaseline should be considered.5

An EAC can be generated based on experiences to date, applied to what 
is known about the remaining work to be done and an expectation of the 
level of unknowns based on experience. Calculating an estimate to com-
plete (ETC) can appear to be somewhat of an art to those who will only be 
looking at the bottom line of the estimate, thus it is important to carefully 
document the assumptions that are made in the calculations.
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There are two situations where a bottom-up review and recalculation 
of the budget status is useful. One is for contingency recovery, or when 
it looks as if contingency will run out before all the risk is retired. It is 
necessary to do a bottom-up review to see where funds can be recovered 
without impacting the schedule or scope of the project. The other is when 
the overall project appears to be aiming for an over-budget EAC. A bot-
tom-up review can provide insight on where processes might be changed, 
or where contingency can be recovered from budgets that no longer need 
the buffer, in order to make the ETC support the BAC. Careful documen-
tation of these methods will allow for better forward pricing or estimat-
ing of the correct price to ensure a profitability margin of proposals in 
the future.

4.4.4 Risk Management

Risk exists in every project whether recognized or not. Identifying and 
measuring these risks is a critical step toward managing them. The evalu-
ation of risk includes both qualitative and quantitative measures as well as 
probabilities of occurrence. Qualitative measures identify the risk factors 
and types of risks, while quantitative measures characterize the magnitude 
of the risk. Such measures can be used to develop input to schedule and 
cost risk assessments, which help the project manager to appropriately 
deal with the project risks.

Technical risk generally manifests itself in an inability to meet speci-
fications. Technical risk increases the earlier the project falls within the 
life cycle. For R&D projects, it is generally acceptable to have a high level 
of risk, but documenting and managing the risk allows introspection 
and high-quality decision making about when to redirect or terminate 
an effort. Risk management is a valuable way to assess the level of risk 
and what the potential risk mitigation strategies might be. The impact and 
probability of that occurrence is assessed and a strategy to address the risk 
put in place. Risk management is discussed in chapter 6.

4.4.5 Resources Allocation

As discussed in Chapter 2, a project manager is focused on project success. 
A key element in achieving success is in resourcing the project correctly. 
However, the allocation of additional resources is seldom straightfor-
ward. Typically, individuals work on various projects at the same time, 
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which adds complexity and, therefore, requires tracking and management 
to ensure success. Critical skills are often spread thin. Planning the tim-
ing and allocation of work, dealing with conflicting work schedules and 
overbooking of critical skills, and appreciating the free energy to apply to 
new work is paramount. These activities require a clear understanding of 
resource allocation information, which is often difficult to do without a 
significant amount of effort to collect the data from systems, individual 
supervisors, or from individuals themselves.

In an organization where the resource information is not available elec-
tronically, this can be challenging. Data that display labor charging infor-
mation by name and by project must be compiled by hand across many 
divisions. A rollup of this information to a program level allows identifi-
cation of staff oversubscription that can then be resolved. At a lower level, 
project manager-to-project manager discussions can take place to secure 
the necessary staff skills to ensure success of the project. Regardless of 
how work-scheduling conflicts are identified, it often requires negotiation 
to resolve. Once the team is identified and put in place and the project is 
being worked, then the tracking of labor charging becomes the most chal-
lenging issue. Where projects are competing with staff that split their work 
effort between R&D and operations projects, it is common to find that 
allocated time is not being charged as individuals often gravitate toward 
performing operational duties, which are concrete and easy to measure 
success against. So, it is necessary to monitor charging against the R&D 
projects to ensure the staff is making progress per the plan. This is where 
accurate charging to the correct project codes is important, especially 
with the use of earned value, which requires an accurate assessment of 
progress made on tasks to date.

4.4.6 Outcomes

Ensuring that the outcomes of the project are met and that they meet or 
exceed the stakeholders’ needs is the objective of the project manager. In 
order to track performance trends and variances, the project outcomes 
should be clearly traceable back through the requirements. If they are 
clearly aligned, the successful performance of the project schedule, along 
with disciplined change management, will result in achievement of the 
outcomes. Communications along the way will ensure that stakeholders 
are satisfied both during and at the end of the project.
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The status of the progress can then be tracked using the methods out-
lined in schedule performance and at the program level through the use 
of stoplight charts, which list all projects and a red/yellow/green indica-
tion of the progress to cost, schedule, and scope parameters (Figure 4.9). 
Sometimes a foursquare summary chart (Figure 4.10) is used in combina-
tion with the stoplight chart. The foursquare chart shows the baseline and 
current status of each budget, schedule, scope, and risk in a single-page 
view for easy interpretation and discussion. These charts can be electroni-
cally generated by project management software or manually compiled. 
The tempo of compilation is dependent on the desires of the project man-
ager, the customer, and the organizational leadership.

4.5 TEST, VERIFICATION, AND VALIDATION

Test, verification, and validation fundamentally have complementary but 
different objectives.

• Test includes all activity that assesses the performance of any article, 
subcomponent, component, or system against specifications and 
verifies real or simulated capability within controlled conditions.

• Verification includes tasks involving inspection and/or demonstra-
tion to ensure that the system, product, or process meets the require-
ments and specifications exactly as written.

• Validation includes tasks at the system level, and generally includes 
supporting capabilities, such as maintenance, training, and docu-
mentation, meant to confirm that the end product or process meets 
the intent of the customer.

Test, verification, and validation were originally identified in Chapter 
2 as ways to ensure that a system, product, or process meets the speci-
fications, and to confirm that the end product or process is suitable to 
its intent. Tests verify real or simulated capability within controlled con-
ditions6 and includes all activity that assesses the performance of any 
article, subcomponent, component, or system against specifications. 
Where a physical examination cannot occur, say, for a proposed the-
ory or where the production version of the product, process, or service 
would be cost-prohibitive, the use of analysis and simulations can fulfill 
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the verification and validation needs. Verification tasks generally include 
inspection, which is the physical examination of the match of the require-
ments against the product, process, or service. The physical exam could 
be of a product, a qualitative demonstration of functionality, or a test. The 
ultimate objective of the verification activities is to reliably demonstrate 
that the project meets all the specifications. Validation confirms (either 
through testing conducted under real or simulated conditions) that the 
end product or process meets the intent of the customer and that it is suit-
able to its intent. As described in Chapter 2, validation tasks are typically 
done at the system level and usually include supporting capabilities, such 
as maintenance, training, and documentation.

Virtually anything can be tested, verified, and validated including pro-
cesses, software programs, all types of prototypes, services, systems, etc. 
The method that is used should be the most effective at demonstrating 
the conformance to the requirements and the intended use. In order to 
prepare for and complete verification activities, the use of a simple spread-
sheet can serve as the basis to develop a verification matrix.

Power Output 4/3 6/12

Power Output

FTE Allocation $250 k $243 k Power Output 7.0 KW 4.0 KW

$35 k

7/1

$25 k

Labor Planned

Planned Actual

Actual Specification ActualExpected

Blades

Schedule Risk

ME&S

Critical Path Scheduled Actual Risk Title Mitigation

Milestone Scheduled Revised

Insufficient Power
Output

Redesign; impact
to schedule

Cost

Project A: Windmill Project
Project Manager: Ms. Jones

Scope

Scope

Cost

Sched

FIGURE 4.10
Foursquare example.
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The matrix documents the full system and the component parts of the 
system, and includes:

• A list of requirements called out in the plan
• The exact specifications that must be met
• A listing of what will be tested: component testing, integration test-

ing, systems-level testing
• The methods that will be used to verify the specification

• Modeling and simulation, inspection, demonstration, or other 
specific testing

The matrix is completed as the verifications are performed. It is used 
during readiness reviews to confirm that the specifications are being rig-
orously reviewed and validated. This should be a document that provides 
information that will inspire confidence in the robustness of the system 
verification. Anyone reviewing the plan should be comfortable with the 
level and quality of verification and validation, and that the specifications 
that have been promised have been met, and would indeed be met again if 
the tests were repeated.

4.6 REVIEWS

Reviews fall into various levels of formality.

• Formal review: A planning stage usually defines the activities that 
will be reviewed and collects the materials that will be presented. 
Stakeholders and other participants are identified as well as review-
ers who are often external to the organization. A preplanned agenda 
is generally distributed, and a moderator assigned to facilitate the 
meeting. Preidentified materials are collected, formal presenta-
tions made, and formal documentation required after the review. 
Sometimes follow-up activities are necessary.

• Semiformal review: Typically has an agenda, includes a level of inter-
action among the participants, follows an agenda, and results are 
generally captured. Formal documentation usually is not required 
after the review.
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• Informal review: Generally called by an individual, does not follow 
an agenda and results are not captured or reported. Conducted for a 
particular purpose, or as needed.

One of the most important activities in managing a project, particularly 
an R&D project, is in setting up and then completing reviews. These can 
be informal, casual conversations, or they can be formal, large affairs with 
external reviewers and formal documentation requirements. Reviews 
facilitate thorough, probing discussion that leads to clarity, helps identify 
opportunities for change, level-sets stakeholders’ perceptions of progress, 
and helps decision making. Decision making throughout the project is 
essential to achieving expected outcomes. A project that is not actively 
managed, and not assessed regularly, will be less likely to achieve a suc-
cessful outcome.

In addition to the level of formality, there are different categories that 
can help clarify the objectives of the reviews. Some of the types of reviews 
that best facilitate the type of communication that is required at various 
stages of project life cycle and progress level are described next.

4.6.1 Management Reviews

Generally, a review requested by management is to understand the level of 
work performed, assess the quality of the processes, and determine status 
so as to make decisions about future activities or direction. Sometimes 
these reviews are called performance reviews or project health reviews. 
They are specific to assessing the project’s ongoing performance and prog-
ress toward its stated objectives. The number and formality of these types 
of reviews is project- and organization-dependent.

4.6.2 Audit Reviews

Audit reviews are typically performed by external project participants for 
the express intent to evaluate compliance to established processes, stan-
dards, specifications, contracts, etc. They are formal, highly structured 
events where the auditors have a responsibility for documenting excep-
tions against a defined set of criteria. The auditing person or team gener-
ates a formal report with findings. A response outlining corrective actions 
is required by the organization being audited.
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4.6.3 Information Reviews

Information reviews assess the available project information, determine 
where it is contained or archived, how it is accessed, and describe the 
details of the retention strategy. An information review can be informal 
or formal and typically results in a presentation and/or document that 
describes the current information structure for the project.

4.6.4 Peer Reviews

Peer reviews are structured to evaluate the quality of work. Typically, 
they are performed by individuals that hold a comparable position, 
have similar credentials, or are otherwise comparable in knowledge and 
expertise to those who originally performed the work that is undergoing 
review. There are different types of peer reviews including inspection, 
defect, design, and technical reviews that assess compliance to specifica-
tions. Although these technical reviews are essential for validating that 
the design will meet the specifications and requirements, the structure 
also can be used to validate the design of processes and services, which 
will be explored in Chapter 5. Figure 4.11 shows how different types of 
reviews occur at different times.

Although not an exhaustive list of all the potential reviews that can be 
undertaken, the following represents the most common reviews:

• Requirements reviews
• Systems requirement review (SRR)
• Alternative systems review (ASR)

• Design reviews
• System design review (SDR)
• System functional review (SFR)
• Preliminary design review (PDR)
• Critical design review (CDR)

• Verification reviews
• Test readiness review (TRR)
• Production readiness review (PRR)
• System verification reviews (SVR)
• System acceptance review (SAR)
• Operational readiness review (ORR)
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Reviews such as these are used to communicate the status of the proj-
ect, show alignment with the scope and requirements, and reduce the 
project risk by carefully assessing compliance to the expected technical 
progress of the project and to ensure that no project moves into a phase 
before it is ready to do so. They also serve as an independent verification 
that the design will meet the technical requirements and customer needs. 
As these reviews are typically interdisciplinary, they bring together all 
the associated stakeholders who can then ensure that integration and 
interdependencies are being addressed.

It is critical that these reviews are not used to bring up unresolved issues 
and problems. They are, by design, a validation point. Any issues or concerns 
should be surfaced and dealt with earlier, through technical interchanges 
with the affected stakeholders. Because of the desire to keep the review’s 
validation focused, only the stakeholders and those individuals who were 
personally involved in the work that is being reviewed should attend. Those 
are the individuals who can appropriately address questions from the panel.

4.6.4.1 Requirements Reviews

A systems requirement review (SRR) confirms that the operational 
requirements and design criteria have been converted to technical 
requirements and that they are understood well enough to establish an 
initial baseline. The performance specifications should be well under-
stood, and a functional architecture or top-level block diagrams are 
made available for inspection, along with any other system-level design 
documentation, such as conceptual design drawings. Any technical 
assessments, feasibility analysis, or trade studies that were performed 
during the initial functional architecture definition would be reviewed 
during the SRR. At this review, the requirements for test, verification, 
and validation should be identified, and a test plan and a compliance or 
specifications matrix would be included. A successful SRR will be the 

Verification Reviews
Design Reviews

Requirements Reviews

SRR/ASR SDR SFR PDR CDR TRR PRR SVR SAR ORR

FIGURE 4.11
Continuum of reviews.
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input to begin the development of the definition of the physical attri-
butes of the system and subsystems.

An alternative systems review (ASR) is a useful review for R&D projects 
in that its focus is on reviewing alternative systems concepts that have 
been investigated. Typical entrance criteria for this review are the require-
ments document, any analysis of alternative designs that might meet the 
defined requirements, concept and trade studies, and a preferred design. 
The review panel assesses the preferred system concept in relation to the 
alternatives and reviews associated feasibility and risks for each design, 
then makes a determination as to the appropriate system to proceed with 
for the remainder of the project.

4.6.4.2 Design Reviews

The system design review (SDR) is held to review the system definition as it 
relates to the system characteristics and configuration items. As in the pre-
vious type of reviews, participants in design reviews include the stakehold-
ers and individuals responsible for the activity under review. The output of 
this review is the formal functional baseline of the design. Instead of the 
SDR, a systems functional review (SFR) can be held once the well-defined, 
lower-level system design is in place. This review generally includes assess-
ment of analysis, trade studies, and modeling and simulation results 
that support the lower-level elements associated with the system. It must 
include verification that the system specifications meet the requirements. 
The output of this review is an acceptance of a final version of the systems 
performance specifications and draft performance specifications at the 
decomposed levels, as well as draft systems baselines. The SFR is respon-
sible for confirming that the system functional baseline is decomposed to 
the lower levels and is ready to move into preliminary design.

The preliminary design review (PDR) has the responsibility to approve 
the preliminary design, often referred to as the allocated baseline. The 
PDR assesses the requirements, functional baseline, and systems and 
material specifications for all levels of the system as designed. In addi-
tion, any supporting analysis, trade studies, design documentation, 
technical performance measures, models, prototypes, and other sup-
porting document that demonstrates the functions of the system will be 
reviewed. The PDR is responsible for confirming that the preliminary 
design of the system is consistent with the specifications, that the risks 
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have been formally addressed, and that the system can move forward in 
development.

The critical design review (CDR) is generally used in the preproduc-
tion phase of a project. It typically is not used for new process rollout. 
The intent of the CDR is to evaluate the system design documentation, 
known as the product baseline, and ensure that it is correctly represented 
in the draft production baseline and that what will be produced will meet 
the functional and performance requirements established at the PDR. A 
version of a CDR can be performed on process and service developments. 
The important elements of this review include the evaluation of the pro-
cess or service design prior to formal rollout to ensure that it will meet 
the requirements for which it was designed. The output of the CDR is the 
input for verification reviews that follow.

4.6.4.3 Verification Reviews

A test readiness review (TRR) has the objective of ensuring that test 
objectives and procedures are coordinated and ready to proceed and that 
they comply with the test plan. As in the previously discussed reviews, 
verification reviews, such as this, include stakeholders and individuals 
responsible for the activity being reviewed. The output of the TRR is 
approval to proceed with testing that will verify performance specifica-
tions have been met.

The production readiness review (PRR) is generally used in the manufac-
turing discipline. These incremental reviews have the express responsibil-
ity of ensuring that the design is ready for production and that production 
planning is complete and sufficient to produce the design. They are incre-
mental as they are held for each subsystem, as the design evolves and is 
successfully tested. On simple productions, a single PRR may be the only 
review needed and, at that point, a build-to-print design is released and 
built. On complex production efforts, there will be many PRRs, which 
release designs as they are ready.

System verification reviews (SVRs) look at the readiness of the design 
for production in terms of completion and performance during test plan-
ning, risks within the production plan, cost estimates for production, and 
general feasibility of completing the production as planned. It also verifies 
that metrics have been established for production. This review typically is 
completed in concurrence with the PRRs.
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The system acceptance review (SAR) is responsible for validating that 
the system as a whole is consistent with the stakeholders’ expectations. 
It reviews the end products of the previous phases of development and 
production and prepares the materials for the operational readiness 
review (ORR).

The ORR is an important review to ensure customer satisfaction. It 
not only establishes that the system is ready to be delivered, but that all 
documentation, training, and operating procedures are of the appropriate 
quality and that all are available.

4.6.5 Phase, Decision Point, or Gate Reviews7

These are specific reviews that assess progress toward a level of matu-
rity. The project is typically not allowed to go forward until certain cri-
teria are met that verify that it is at an appropriate state of readiness 
to progress. The project plan typically outlines the need for any phase-
gate reviews, and the decision criteria that must be achieved in order to 
move ahead. At each of these reviews, a review panel made up of internal 
and/or external participants reviews the materials that support the exit 
criteria and makes a determination if the project is ready to move for-
ward. The review panel is responsible for the decision to move forward. 
To obtain the best results from these reviews, the review panel must 
be empowered to make difficult go/no-go decisions. Decisions coming 
from these meetings should be clear and unambiguous—either pass and 
advance to the next phase or fail and either stop work or rework and try 
to pass the gate at a later date.
Each of the reviews described above can serve as a type of phase or gate 
review. However, there can be other types of reviews that also serve as a 
gate review, such as configuration control reviews, compliance, and pri-
oritization reviews. For R&D and innovation activities, review by an insti-
tutional board or a technology board can serve the same purposes. Section 
4.6.4 describes how the structure for gated reviews can be used to ensure 
the readiness of a project for the next phase of development.

4.6.6  After-Action, Retrospective, Reflective, 
and Postmortem Reviews

This type of review is typically an informal, professional discussion 
focusing on a particular event that occurred. The reviews are generally 
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conducted soon after an event while the details are still fresh in the 
minds of those involved. The focus is on what happened, why it hap-
pened, what was positive and negative about the experience, and what 
can be improved upon in the future. It is action-oriented in that there 
is an expectation that learning will be immediately applied to future 
activities. This is a feedback review and takes into consideration the per-
spectives of stakeholders. These types of reviews serve as an important 
repository of lessons learned and should serve as input during the devel-
opment of new projects.

For all reviews, there must be an understanding of who should be 
involved, what work tasks are being reviewed, how formal the review 
needs to be, what the entrance and exit criteria are, and the view category. 
During the actual review, presentations are made that describe the activi-
ties being reviewed, demonstrate capability, or review materials that dem-
onstrate progress. Reviewers typically ask questions that will lead to the 
reviewers’ assessment of the completeness, quality, and accuracy of the 
materials. In more formal meetings, the reviewers will facilitate a clos-
ing discussion, which allows the stakeholders to understand the review-
ers’ comments and recommendations. These will ultimately be written in 
formal documentation. In some cases, once the formal documentation is 
submitted to the organization, a response is required, which outlines the 
actions that will be taken in response to the recommendations made by 
the reviewers. The result of all reviews such as these should be captured in 
notes that can be made accessible through the documentation repository 
for the project (Figure 4.12).

4.7 QUALITY

Quality refers to:

• the conformance of the design to the requirements and specifica-
tions; and

• the value as seen by the stakeholders.

Quality should be built into the product, process, or service through-
out the project. Without that embedded quality, chances are low that the 
overall system will be perceived as having the required quality. It also is 
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possible that a system will be developed and implemented to exact speci-
fications and be perceived by the stakeholders as poor quality because it 
does not match the expectations or need at the point the deliverables are 
made available. In fact, quality is often associated with how well the cus-
tomers feel they have been listened to or how well their requests and sug-
gestions have been integrated into the project. The conflict, of course, is 
that customer input can often increase the requirements on the project 
and cause what is known as requirements or scope creep. This is the term 
used to refer to the addition of requirements after a project has begun. 
New requirements added to a project that were not calculated into the cost 
or schedule can immediately impact a project manager’s ability to main-
tain the integrity of the project baseline.

In order to mitigate this risk, quality “as perceived by the customer” 
must be identified clearly in the project plan and baseline and then 
validated throughout the project. A clear definition of what a complete 
requirement and/or outcome means is imperative. New requirements have 
to be factored in with care, through a process of change control, and pri-
oritized so that the cost, schedule, and technical parameters of the project 
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are intact. Change control is a governance technique described more fully 
in the next section. Which quality measures are relevant to the project and 
what outcomes should be continually tested during development to ensure 
satisfactory performance need to be documented in the baseline plan. The 
key is to ensure that the project measures the things that have the most 
impact to the value perceived by the customer.

Achieving the parameters included in the project plan is the primary way 
to determine if a project has been successful. However, it is not the only 
way. A customer will consider a project successful if the project provides 
the expected and anticipated results, if it reflects a favorable experience 
for the customer, and if the end result is perceived as useful. This descrip-
tion can apply to projects that use a traditional approach to project man-
agement. It also applies to projects that use flexible approaches. Products 
and process projects can use that same definition, and it certainly can be 
applied to R&D, innovation, and creative projects.

Figure  4.13 provides a chart that reflects a recipient’s, or customer’s, 
view of project success. Along each axis is a subjective assessment of the 
project. If the customer’s experience with the project was favorable, if the 
customer achieved a useful product or service and expectations of what 
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would be achieved during the project were met or exceeded, and if the 
project results were as expected, the customer would most likely claim 
that the project was a success. Contrary to that, if the customer had an 
unfavorable experience and the outcome of the project was deemed not 
useful, did not achieve expected outcomes, and if the achievement was 
seen as deficient in some way, the customer would consider the project 
unsuccessful. How the customer and other stakeholders perceive the proj-
ect is as important as the project manager’s assessment of the cost, sched-
ule, and scope performance of the project.

The American Society for Quality provides quality standards, including 
such well-known quality processes as Total Quality Management (TQM),8 
Lean and ISO 13053,9 and ISO 9000.10 TQM pushes the responsibility for 
quality through the entire organization. Lean and ISO 13054 or Six Sigma 
and Lean, attempt to address quality through process flow efficiencies and 
waste elimination. ISO 9000 is a set of standards that describe a quality 
management system. The ISO standards are compiled by the International 
Organization for Standardization.11

These well-established disciplines cover all aspects of the project life 
cycle. For traditional project management, there are quality standards for 
ensuring that specifications are met for quality control, parts traceability, 
and fault resolution; in change impact analysis; system coherence or the 
process of making sure all of the parts come together in a coherent way; 
to ensure requirements have been satisfied; and to ensure the customer is 
satisfied with the outcomes. For R&D, as well as innovation projects, qual-
ity standards cover topics that are outside the typical realm of projects, 
such as safety and security, environment, customer satisfaction, analysis 
techniques, and many others.

Quality measures should be chosen to reflect the type of deliverables the 
project will produce. Software deliverables will have different quality mea-
sures than hardware deliverables, and a process or service deliverable will 
use different quality measures as well. However, the standards of qual-
ity reflect an overall set of measures that focus on customer satisfaction, 
emphasize the necessity for quality to be included throughout the project, 
and should reflect continuous improvement. The most common qual-
ity process improvement models that can be used to drive performance 
and organizational improvement include the Capability Maturity Model 
Integration,12 the Organizational Project Management Maturity Model,13 
and the National Institute of Standards and Technology’s Baldrige 
Program.14 These are not discussed in depth, but should be recognized as 
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an important component of quality processes or best practices that should 
be implemented in some form within any project.

There are many methods to ensure quality is applied throughout the 
project to increase the potential for achieving successful project outcomes. 
Some typical examples of the quality metrics that can be used to ensure 
quality of a project’s deliverables include:

• Quality metrics
• Quality inspection and audits
• Benchmarking
• Statistical modeling and analysis

4.7.1 Quality Metrics

Quality metrics typically measure quantitative attributes and tolerance 
levels. An attribute can be a measurement on cost control, reliability, or 
other performance measure; number of defects; test measurements; etc. A 
tolerance level defines the range for which the attribute can move before 
it is deemed of insufficient quality. An example of a budget attribute and 
tolerance range is a $10,000 budget with a requirement to meet that budget 
by plus or minus 1 percent.

4.7.2 Quality Inspection and Audit

Simply examining the project work products is often enough to deter-
mine if it meets the requirements and conforms to quality standards. Any 
inspection that identifies shortcomings in quality should be documented 
and resolved before the end of the project or delivery of the product or 
service to the stakeholders. In the event that the project is complex, a 
quality audit is often performed; for example, a project manager will gen-
erally audit activities throughout all aspects of the project performance 
to ensure that the deliverables to the project are completed on time and 
within costs.

Audits generally focus on project finances; technical performance; qual-
ity of the product, service, or documentation; and management methods. 
Audits are generally independent events used to assess performance of the 
project against standard processes and procedures. They can be sched-
uled or random, requested or unsolicited. A written draft report of find-
ings and recommendations typically follows audits. These are presented to 



Measuring Success • 217

organizational leadership, and a formal response and mitigation to resolve 
the discrepancies is generally required for all draft reports. A final audit 
report is generally provided to close out the audit process.

4.7.3 Benchmarking

Another common method of ensuring quality in projects is to benchmark 
comparable projects, both internally and externally. Sometimes interdis-
ciplinary comparisons will be made. By reviewing other similar successful 
projects, comparisons can be made between how the project was man-
aged and how processes were applied. Best practices can be identified and 
targets set to try to attain similar levels of achievement. Internal bench-
marking assists in identifying and sharing experiences in a way that the 
organization can take advantage of to optimize its overall operations. 
External benchmarking provides an opportunity also to identify different 
ways of achieving favorable results.

4.7.4 Statistical Modeling and Analysis

In its simplest form, quality is verified through statistical sampling. This 
basically means that a sample is chosen as representative of the prod-
uct, service, process, etc., and is inspected for compliance to the defined 
requirements. A more complex analysis is available for making determi-
nations as to how much quality needs to be applied to the project. Cost-
benefit analysis, for example, can be applied to determine the impact of 
adding a quality step into a process, or to weigh various options to deter-
mine which activity would make the greatest positive difference to the 
outcomes of the project.

4.7.5 Quality Controls

Once the quality measures of success are identified for the project, then 
management of these activities must follow. This is where quality controls 
play a role. For example, if quality measures have been chosen to ensure a 
plus or minus 1 percent to the budget target, quality controls help ensure 
projects stay in alignment with that requirement, and help bring them 
back into alignment when they diverge or when they are out-of-tolerance. 
In this same example, if during the course of the project, overspending is 
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occurring, certain types of analysis can provide insight into why that is 
occurring so that it can be brought under control.

The closer the outcomes lean toward new concepts and ideas versus new 
products and services, the fewer levels of formal control will typically be 
used during the project, and, therefore, the fewer incremental measures of 
success will be utilized.

4.7.5.1 Quality Tools

The Project Management Institute considers the starred techniques as the 
seven basic tools of quality (denoted with a *),15 but includes many of the 
others in quality tools and techniques. However, they are all examples of 
methods that are used to understand the reasons for a project activity to 
be out-of-tolerance and to bring it back into an appropriate range. Quality 
tools can include:

 1. Flowcharts*, such as process mapping
 2. Cause-and-effect*, or interrelationship diagrams
 3. Activity and prioritization matrix diagrams and check sheets*
 4. Histograms*, Pareto*, scatter*, probability distributions, tree or par-

ent–child hierarchy, or other visualization diagrams
 5. Activity networks and affinity diagrams
 6. Control charts*, such as EVM, TPM, etc.

Process mapping is a common method to identify quality issues and 
to rectify them. Flowcharts or process maps are particularly helpful 
when many stakeholders are involved, if there is a communication 
breakdown involved, or if things seem to be “thrown over the wall” 
without visibility into where they are going and what is happening to 
them. These types of analyses are particularly useful in understand-
ing the cost of quality by applying estimated values to the various 
process paths.

Cause-and-effect diagrams, also known as fishbone diagrams or 
Ishawaka diagrams, assist in understanding when something has not 
worked as planned, and then tracing it back to its root cause. The idea 
is to fix the processes along the way that led to the failure. The process 
is simply to start at a problem statement and continue to ask defining 
questions until the source of the problem is identified, then to define 
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a plan to address the source so that it does not continue to cause qual-
ity problems. These diagrams can help identify problems in process, 
products, and services. An interrelationship diagram can assist in 
understanding how unintended consequences can ensue when pro-
cesses do not accurately take into account various stakeholders along 
the process path.

Data matrices and check sheets are common in collecting and display-
ing information that is multidimensional. They are generally spreadsheet-
based and use the rows and columns to identify issues that need to be 
resolved. Extremely easy to use to collect, verify, validate, and display 
data, the matrix or check sheet provides an uncomplicated way to confirm 
quality. Prioritization matrices typically are used for decision making 
with a defined list of alternatives. The full set of alternatives is weighted 
mathematically in order to obtain a prioritization.

Control charts have been reviewed earlier in this chapter in relation 
to the EVM tracking. Both the stoplight chart and the foursquare charts 
also are examples of control charts. These are charts that are used to 
interpret the health of the project and to make informed decisions on 
how to proceed. Histograms show statistical measures, such as averages 
and standard deviation, or distribution without consideration of the 
effect of time. A Pareto diagram is a bar chart that is used to identify 
cause and effect through the use of probability distributions. This type 
of bar diagram is typically used to highlight the significant contribu-
tors to an issue or problem by frequency of occurrence, and from largest 
to smallest. The diagram graphically demonstrates the Pareto principle 
(80–20 rule) and allows the project manager to focus on the highest 
impact issues.

Plot diagrams, such as scatter or probability distributions, are generally 
used to show correlation between variables along a trend line, while tree 
or parent–child hierarchy charts demonstrate direct superior and inferior 
relationships, and decompositions. Activity and affinity diagrams are use-
ful in demonstrating patterns and networks.

Many other diagrams can be used to assess quality issues and to 
resolve them. Whichever methods are used to identify and resolve 
quality issues depends on the nature of the project and the preference 
of the project manager.
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4.8 TECHNICAL READINESS

The use of technical readiness levels (TRLs)16 provides a construct that can 
assist in

• evaluating technological evolution;
• ensuring that movement along the life cycle, from basic research to 

production, is carefully managed;
• assuring that a development does not move forward until it is ready 

to do so.

Most of the previous descriptions have identified ways to manage and 
assess progress to a defined project plan. There is a method that can be 
applied to all projects within a program, as well as to specific technology 
development activity within a project. The use of TRLs provides a con-
struct that can assist in evaluating technological evolution and ensure that 
movement along the life cycle, from basic research to production, is care-
fully managed. It maps well to the peer review and phase review processes 
discussed in Sections 4.6.4 and 4.6.5. The concept of TRLs was originally 
developed by the National Aeronautics and Space Administration (NASA) 
in the early 1980s, and is now used internationally in a variety of R&D and 
innovation-related disciplines to systematically progress these activities 
along the life cycle. Regardless of which discipline TRLs are applied to, it 
is important to understand the distinction between a system’s readiness 
level and its fulfillment of a project’s requirements and specifications.

There are typically nine levels of readiness, although some industries use 
seven, which was the spread when the concept was originally instituted. 
The continuum of readiness flows from one, covering basic to applied 
research, through seven to nine, which represent production-readiness 
levels. Figure 4.14 demonstrates how TRLs fit to the project life cycle.

In order to progress from one phase to the next, a readiness review is 
generally held to ensure that all the criteria have been met. Each organiza-
tion needs to determine what the criteria will be to demonstrate readiness 
to move from one level to the next. Using TRLs is one of the best methods 
for carefully controlling the process life cycle for R&D and for ensuring 
that R&D does not migrate into a production environment without first 
being appropriately tested, verified, and validated.
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Following is a summary of the level and criteria that are generally 
expected:

Level 1: Sufficient level of publications and collaboration activities in 
the areas of basic and applied R&D.

Level 2: Sufficient analysis and level of publication and collaboration 
activities that clearly articulate the concept, and demonstrate that 
the applied R&D hypothesis or idea has credence.

Level 3: Active R&D phase with analytical studies, proof-of concept 
experiments, and tests in sufficient quantity and quality for valida-
tion of concept.

Level 4: Sufficient demonstration of how individual components fit 
together and work in an integrated system.

Level 5: Sufficient demonstration of how the integrated parts of the sys-
tem work together as a whole in a simulated operational environment.

Level 6: Sufficient demonstration of operational readiness of the designed 
system.

Level 7: Sufficient demonstration of a prototype system in the opera-
tional environment.

Level 8: Final configuration of the capability, including full interface or 
integration definitions, is in place and specification for the produc-
tion-level capability defined.

Level 9: Full capability, including all interfaces, demonstrated in the 
operational environment.

TRL Level 1Basic Research

Applied Research

Development

Production/construction

TRL Level 2
TRL Level 3

TRL Level 4
TRL Level 5

TRL Level 6
TRL Level 7

TRL Level 8
TRL Level 9

FIGURE 4.14
Life cycle and TRLs.
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4.9  CASE STUDY: TREKKING THE PLANET—
BRINGING GEOGRAPHY TO LIFE17

4.9.1 Background

Darren and Sandy Van Soye spent most of their careers working in the 
information technology industry and raising a family. Every chance they 
could, they traveled the world with their two children. Hiking was gen-
erally factored into the activities wherever they were. By the time their 
children were 10 and 13 years old, they had already traveled to over 30 
countries on 6 continents. They had seen first-hand how global travel 
impacted their own children. However, now they were up for a bigger 
adventure. They took a four-month, five-continent, around-the-world trip, 
mostly through Africa, India, and Australia. That trip changed the course 
of their lives and set their goals for this project.

As the Van Soyes traveled, they sent e-mail descriptions and photos 
back to their children’s teachers. What they did not know or expect 
was that those teachers were sharing the information with the entire 
school. Before they finished the journey, they started receiving e-mail 
questions from students about the food, how they were getting around, 
and what they were seeing. It was rewarding to see how curious the 
students were and drove a desire to foster that interest in the world in 
other young people.

Several years later, they read a CNN.com story published May 4, 
2006, titled “Study: Geography Greek to Young Americans.” The 
National Geographic–Roper Public Affairs 2006 Geographic Literacy 
Study described the state of geographic knowledge in the United 
States education system as “dismal.” In another poll taken in 2002, 
“Americans scored second to last on overall geographic knowledge, 
trailing Canada, France, Germany, Great Britain, Italy, Japan, and 
Sweden.” This inspired the Van Soyes to try to make a difference. 
They began planning an over a year-long world expedition that would 
start January of 2012 and finish by March of 2013. Their goal was to 
“seek ways to bring geography to life and instill a greater curiosity 
about the world—its people, culture, and fragile planet—in as many 
young people as possible.”

Their ambition was to visit over 50 countries in over 400+ days, or around 
60 weeks of exploration, and to include about 500 miles of treks. The six 
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continents to be visited included Australia, Asia, Europe, Africa, South 
America, and North America. They also wanted to travel as much as possible 
using transportation other than airlines, so that they could spend more time 
learning about the geography that they were passing through. Ultimately, 
they spent about three months on the oceans and travelled by ship to the 
following destinations: American Samoa, Fiji, New Zealand, Indonesia, 
Spain, Morocco, Gibraltar (U.K.), Madeira (Portugal), Bermuda (U.K.), St. 
Lucia, St. Maarten (The Netherlands), Trinidad and Tobago, French Guiana 
(France), Peru, Ecuador, Costa Rica, Nicaragua, and Mexico.

Their limited travel by air, and their ground travel by train or bus, 
went through the following countries: Australia, Singapore, Malaysia, 
Thailand, Laos, Nepal, China, Kyrgyzstan, Uzbekistan, Latvia, Estonia, 
Finland, Sweden, Norway, Denmark, Poland, Czech Republic, Germany, 
Austria, Hungary, Romania, Bulgaria, Serbia, Slovenia, Slovakia, Croatia, 
Vatican City, Italy, Kenya, Ethiopia, United Arab Emirates, Jordan, Brazil, 
Uruguay, Argentina, and Chile.

The Van Soyes wanted to incorporate 12 treks (hikes or backpacks), 
which would make up the ~500 miles through parks, wilderness, and 
remote areas. These would include the Overland Track in Tasmania, 
Australia; treks in Laos and Nepal; Sweden; Slovenia; Kyrgyzstan, Kenya, 
Ethiopia, Africa; Petra in Jordan; the Amazon Rain Forest in Brazil; the 
Torres del Paine and Patagonia in Argentina.

4.9.2 Life Cycle Perspective

In their careers, the Van Soyes were project managers. So, of course, they 
would manage this expedition with the same rigor as would be found 
in any of their professional projects. This project would have a life cycle 
(Figure 4.15) that would span from basic research through the closure of 
the project, with a continuing operations phase that would include speak-
ing engagements, webcasts, additional articles and publications. They 
began by developing their plan.

4.9.3 Project Management

Using standard project management methods and techniques, the Van 
Soyes laid out their plan.
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4.9.3.1 Defining the Scope

Using an iterative approach to planning, they started with the trekking 
theme and then added additional themes of education and geography. 
This helped focus and narrow down the destinations to be visited.

4.9.3.2 Develop the Objectives

Their primary objective was to increase student geo-awareness. They 
also chose as objectives focusing on treks in remote areas, in at least 50 
countries, on 6 continents, and with limited air travel to ensure the most 
“ground time.”

4.9.3.3 Identify the Requirements

Requirement #1: Limit Air Travel

As their goals had equal importance, they started by taking the one they 
felt would be the most challenging (limiting air travel) first. Deciding that 
cruise ships would provide a good way to stay close to the Earth, they 
coordinated the cruise schedules for each segment that required sea travel. 
These sections included:

• San Diego, California, to Sydney, Australia
• Sydney, Australia, to Singapore
• Rome, Italy, to Fort Lauderdale, Florida
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FIGURE 4.15
Trekking the planet life cycle. 
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• Fort Lauderdale, Florida, to Manaus, Brazil
• Santiago, Chile, to Los Angeles, California

Requirement #2: Trek in Remote Locations

The Van Soyes used the Internet and guidebooks to search for popular 
hikes around the world. They identified ones of interest and captured 
information about the hike, such as location, optimal visit times, trek dis-
tances, and rough costs for guided or unguided hikes, and then marked 
these locations with pushpins on a wall-size map of the world. Once this 
planning session was complete, they had an itinerary that now included 
ocean travel and a framework for the trekking they wanted to do.

Requirement #3: Increase Student Awareness of Geography

The Van Soyes developed a four-page template for the education modules 
they wanted to provide to educators. For each of the known locations that 
they would visit, based on the ocean and trekking schedule, they started 
filling out the template. As more destinations were identified, pushpins 
would be added to the wall map and details added to the spreadsheet, and 
modules developed.

4.9.3.4 Outline the Deliverables

The deliverables include preexpedition newsletters sent to all subscrib-
ers, free weekly education modules with information that would describe 
where they were, would cover the human and physical geography of that 
region, and would detail plans for the coming week. Modules would be 
made available near real time, which would correspond to their current 
location. The in-class instruction, therefore, could incorporate student 
questions. The educational modules included lesson plans, webcasts, 
newsletters, articles, short documentary videos, e-mails, photos–com-
puter background “wallpaper,” panoramic photos, other photos, addi-
tional updates available via social media, such as a Facebook fan page, 
YouTube channel, and a Twitter feed. They also made themselves available 
to speak at schools or other venues along the way. Also available on the 
website, would be geography quizzes and games to test student knowledge 
of the geography.
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4.9.3.5 Develop the Schedule

Now, the difficult part began. They had a general sense of where they 
wanted to go. They had their ocean travel scheduled and they knew which 
treks they wanted to take. When they started to try to string all of the des-
tinations together in some coherent manner, “even with all the previous 
work, the sheer numbers of possible combinations made our heads spin,” 
they remarked. Their approach was to break down the longer trip into a 
series of shorter sequential trips. They moved to a more flexible approach. 
“By focusing our attention on only one portion of the journey at a time, 
we found that it made it more manageable.” They divided up the plan-
ning responsibilities as well. Darren concentrated on Central Asia and 
Africa, and Sandy focused on Australia and Europe. They both also had to 
identify the pretrip planning activities, such as prepaying bills, arranging 
house-sitting, and preparing all the materials that would be needed dur-
ing the trip.

As the tasks required to plan the segments became more complex, they 
needed to find a way to retain their focus on the immediate tasks at hand, 
but not lose site of the greater set of tasks. They adopted a technique of 
writing tasks on sticky notes, then, at the beginning of the week, they 
stuck all the notes up that they wanted to complete that week. As each 
task was completed, it was moved to another location. “If we came up with 
a new task, we restrained ourselves from doing it right away, and instead 
wrote it down on a new sticky note.” They wrote the task on a note to be 
prioritized with the other remaining tasks at the beginning of the next 
week consistent with flexible methods of project management. Each week, 
the itinerary was better evolved, and a more complete set of remaining 
tasks was available to prioritize and work from for the next week. In addi-
tion to the schedule, they developed a “week-by-week plan” to capture all 
the detailed information for each destination; for example, transfers from 
train stations or directions to hotels.

After working through the entire itinerary for the trip, a full 424-day 
schedule was now available to start scheduling. Hotels had to be booked, 
and trekking guides for the remote trekking destinations had to be found. 
As they started working through the reservations tasks, they hit what they 
called the “planning horizon.” This is the point at which hotels and guides 
would not accept reservations, as they did not know their availability or 
prices. This turned out to be about six to nine months in the future. As a 
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work-around, they built their full schedule, including tasks to complete 
reservations further out whenever feasible.

Their final schedule included a day-by-day itinerary of the entire trip. 
The locations included:

• Africa: Kenya, Ethiopia, and Morocco
• Asia: Indonesia, Singapore, Malaysia, Thailand, Laos, Nepal, China, 

Kyrgyzstan, Uzbekistan, United Arab Emirates, and Jordan
• Europe: Latvia, Estonia, Finland, Sweden, Norway, Denmark, 

Poland, Slovakia, Czech Republic, Germany, Austria, Slovenia, 
Hungary, Romania, Bulgaria, Serbia, Croatia, Vatican City, Italy, 
Spain, Gibraltar, and Portugal.

• North America: Hawaii, Bermuda, Florida, St. Maarten, St. Lucia, 
and Trinidad and Tobago

• Oceania: Fiji, New Zealand, and Australia
• South America: French Guiana, Brazil, Uruguay, Argentina, Chile, 

Peru, and Ecuador

4.9.3.6 Develop the Budget

Once the final complete schedule was built up, they associated costs with 
each task. Then they took another look at it from beginning to end, vali-
dating the costs that had been booked and deposited, along with any out-
standing balances that would need to be paid. It was important that they 
were able to monitor the spending against a constrained budget; one that 
they had been saving for for seven years. It was difficult, and yet necessary, 
to balance all the available interesting activities that they could choose 
from against the budget that had to last the entire trip. Another complex-
ity was the shear number of currencies they would be dealing with in 
each country and the different flexible exchange rates. They tackled this 
by completing a bottom-up budget, constrained to the overall amount 
they had allocated to the expedition, and came up with an overall target 
of about $250/day for the entire trip. This amount would need to cover 
visas, transportation, guides, lodging, and food. They planned to carefully 
monitor their actual spending against their planned spending throughout 
the expedition.

It also was necessary to account for pretrip costs of the purchase of 
equipment that would be needed. In order to limit or exclude baggage-
handling fees, it was necessary to keep their overall gear weight to no more 
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than 20 kilograms (44 pounds) two each per person. The gear that was 
needed was (two each): roller bag big enough to hold backpacks and all 
other gear; backpack; tent; sleeping pad and bag; clothing, including rain 
gear; food; a water filtration system; cook stove and pot; trekking poles 
and headlamps; as well as electronics, such as high definition video cam-
era, laptop, and cell phones on two separate networks.

4.9.3.7 Develop Risks and Mitigation Plan

As experienced travelers, the Van Soyes understood the risks associated 
with international travel. Hence, they took the steps to carefully document 
the risks they knew about during the planning stage and then address new 
risks as they emerged during the trip. Originally, they identified what they 
thought the obvious risks were: the risks to safety or health, and the risk 
of not meeting their ambitious schedule. Risks in these particular areas, if 
they occurred, would certainly be impactful.

In order to mitigate the safety risk, they researched all the destinations 
they were planning on traveling to in order to ensure that they were not 
a high risk for travelers. Any instance of political or social unrest, known 
locations of crime, or areas that were specifically warned against by the 
U.S. government, was not included on the itinerary at the time of plan-
ning. Also, from a personal safety perspective, they brought only what 
they could carry and placed locks on everything. They also stayed in 
three-star hotels mostly for safety. During travel when they needed to rely 
on someone to place their bags on the vehicle, they tipped extra just as a 
precaution. They also documented their electronics model numbers and 
backed up their computer to a hard drive just in case those went missing.

In mitigating the health risks, the Van Soyes went to their doctors before 
the trip began and obtained prescriptions for antibiotics, as well as tak-
ing the health department recommended vaccinations for the countries 
they would be visiting. As a contingency, if one were to become ill, they 
planned to skip ahead to make up schedule even if that required a flight. 
That also would impact their schedule because they needed to be at a 
certain place at a certain time for their hotel and guide reservations. To 
mitigate that interrelated risk, they booked hotels that would refund their 
deposit if they needed to change or cancel the reservation. This provided 
the flexibility they needed to feel comfortable in addressing the health and 
security risks.
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The education component of the trip put more pressure on the schedule 
as they had committed to providing 60 modules to subscribers. So, they 
predrafted modules to mitigate their risk in the education area. However, 
that mitigation included a significant assumption that they would stick to 
the original schedule of destinations. If their destination had to change 
because of safety issues, as it did for West Africa when the political climate 
declined, they would need to research and write new modules. When the 
trip was changed, they needed to fill in the gaps.

There was a financial risk as well because many of the factors that 
drive cost throughout the world are unpredictable. To mitigate this risk, 
they wrote down day-by-day what they spent, and matched it against 
their established plan. Sometimes the exchange rates had changed sig-
nificantly over the months, or they ended up with more guided activities 
than expected. They used their spreadsheet to make sure that the overall 
spend plan was tracking and that they would not go significantly over 
their overall budget.

Risks that they added to their list during their expedition included:

• Food risk: Both the Van Soyes suffered with food poisoning at 
least once during the journey. Even though they were using highly 
regarded resource guides on where and what to eat, much of the food 
that they were able to access was made to order and not packaged 
under controlled conditions.

• Water risk: They followed a strict process of using only bottled water 
and a water filter, even in hotel rooms, to mitigate the risk of a water-
borne illness.

• Weather: Although they planned for rain, they were willing to sacrifice 
their plans whenever heavy rains increased the risk of injury if they 
slipped and fell, or if there were lightening storms in the area. They 
erred on the side of caution to ensure their safety from weather events.

• Wildlife risks: Trekking in foreign lands always exposes one to new 
wildlife. The risk is in not knowing what to expect and interacting 
with the wildlife in an inexperienced way. In Laos, for example, 
when it rained, leeches emerged and attached themselves quickly 
to any surface. Walking in Kenya required exposing themselves to 
wildebeest and zebras, among other typical wildlife. The only miti-
gation was to hire experienced professional guides that they trusted 
and follow their lead.
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4.9.3.8 Develop a Contingency Plan

To the Van Soyes, they felt “it would be naïve to think that we will be able 
to stick to our plan for the entire journey.” Replanning parts of the trip 
was expected. Their schedule was tight, and also based on static infor-
mation in a changing world. Delay or rerouting seemed inevitable. As a 
contingency plan, they maintained a “library” of their earlier itinerary 
versions, activities or locations thrown out because they would not fit in, 
which they could draw from if needed to fill emerging gaps. Indeed, they 
did have an itinerary change for their West Africa route; due to security 
concerns, they needed to reroute from Mali, Burkina Faso, and Ghana. 
As West Africa represented three weeks of activities, it took a significant 
amount of time to replan. Visas were a real factor, as was impact to other 
parts of the schedule. Ultimately, they chose to route through Kenya, 
visiting the Masai Mara in the south and the Samburu region north of 
Nairobi.

4.9.3.9 Critical Branch Points

The Van Soyes were in the Amazon rainforest in Brazil on a four-day 
walking tour with a native guide. Hundreds of miles from the city, 
they would stay in small villages, in basic accommodations. The win-
dows were open with no way to close them. Mosquito netting was used 
over bedding; however, one night a bat bit Sandy through the netting. 
This was a seriously distressing situation to her, but one that was not 
reflected in the locals who apparently experience this regularly. She 
was able to confirm with her personal physician via satellite link in the 
village that the risk from the bite was most likely low, and while they 
had lost some ground, they did not feel the need to cancel the remain-
der of the trip.

4.9.4 Outcomes

The expedition successfully met the objectives they had set for schedule 
and budget (within a reasonable percentage). They used 39 currencies, at 
an average cost of $259.14 USD per day, which put them over their plan of 
$250 USD per day. The Van Soyes had made decisions, particularly as the 
trip was concluding, that it was more important to them to participate in 
certain activities that would enhance their experiences at the locations 



Measuring Success • 231

they visited. Although these activities were not originally budgeted, many 
not even known about until they were actually in the country, the cost was 
certainly within their reserve and comfort level to cover.

In addition to meeting their schedule and budget targets, their deliver-
ables were provided on time and within the parameters that they set for 
technical performance. Their primary objective was to increase student 
geo-awareness. In measuring performance to the objective, they note that 
they successfully completed 60 free weekly education modules as planned, 
produced over 70 videos, and took over 13,000 photos. Access was pro-
vided to the lesson plans, webcasts, short documentary videos, geography 
quizzes and games, computer background “wallpaper,” and panoramic 
photos. They also continually updated their status and interacted with 
students via e-mail and social media during the expedition.

In addition, the Van Soyes made themselves available to speak at 
schools or other venues along the way. “Before we left on our trip, we 
spoke to thousands of students about our journey and the importance of 
geography. During our journey, we visited classrooms in eight countries: 
Ethiopia, Kenya, Serbia, Latvia, Nepal, Laos, Thailand, and American 
Samoa.” Over 900 students in those countries had the opportunity to 
meet them and discuss the expedition during those visits. Their expecta-
tions of obtaining a following of 1,000 students and 100 schools were far 
exceeded. By the end of the expedition, they had “850 subscriptions from 
educators located in 20 countries, representing 55,000 students. We also 
have a ‘Friends’ subscriber base of over 300 people.” The subscriber base 
ended up being predominantly elementary (45 percent) and junior high 
school (23 percent) age children, although 20 percent of the subscrib-
ers were of high school age. College and other categories made up the 
remaining subscribers.

They also chose as objectives to focus on treks in remote areas, in at 
least 50 countries on 6 continents, and with limited air travel to ensure the 
most “ground time.” They visited 53 countries on 6 continents, traveled 
77,354 miles in total, crossed the equator 8 times, and crossed time zones 
27 times. They traveled from Narvik, Norway (the farthest point north) to 
Sobenes Pass, Chile, (the farthest point south). They completed 12 treks, 
totaling 470 miles. The Van Soyes also mention that they “finished the trip 
in one piece” without losing anything during the trip. Laptops, phone, 
video cameras, and other equipment all returned home.
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4.9.5 Lessons Learned

There were some lessons learned during this expedition; however, the over-
all feeling was that it all worked well, and they would do things the same 
way if they did it again. Darren said that they hesitated to replan, often wait-
ing for the last possible moment “hoping things would work out.” The spe-
cific lessons learned that they would apply in the future is to take the time to 
identify specific regional contingency locations as backups and to do better 
analysis on the risk areas. The pace of the 424-day itinerary was demanding 
at times. They never stayed in one place more than five nights and this was 
only one time. In the future, they would allocate more four- and five-day 
blocks of time in one place. In light of what happened to Sandy in Brazil 
with the bat bite, it may have been prudent to have spent the extra money to 
get a rabies vaccine before they left the United States. In addition, the budget 
should have more of a cushion, or at least a budget contingency should be set 
aside to cover unexpected expenses.

One of the biggest unknowns was how they were going to develop and 
upload the educational modules, videos, and photos while on the expedi-
tion. The most significant challenge was finding Internet service, which was 
required for publishing educational materials and to answer questions from 
students. The Van Soyes approached this issue by staying in hotels or stopping 
at locations with free Wi-Fi whenever possible. They also purchased two cell 
phones on competing networks. They also had to purchase international data 
plans, which were expensive and did not work in all the countries they would 
be visiting. For countries that were not on the international plan, they pur-
chased local SIM cards (these are small circuit boards that identify the phone 
to the carrier). This allowed them to make phone calls, check e-mail, send 
photos, and send short textual updates, at a much-reduced international rate.

And, finally, it helps to have a good teaming arrangement. The Van 
Soyes had different perspectives on their approach to situations, reaction 
times to situations, and other aspects of the trip. Darren approached ideas 
more conceptually, while Sandy was more pragmatic. Therefore, “spir-
ited debates often ensued!” However, the ability to communicate well and 
come to a compromise helped them achieve their objectives.

4.9.6 Case Analysis

This case study is as a nontraditional representation of solid flexible 
project management implementation. The case study participants used 
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a flexible method of requirement generation planning and adaptation 
throughout the project. Their use of project management including the 
development of a scope, requirements, designated outcomes, sched-
ule, cost, technical (for recording equipment), and performance. They 
included careful schedule and budget controls and change manage-
ment. Risk was assessed and mitigated. Success for this project was well 
defined, and they met or exceeded their goals. Metrics included bank 
information, assessments of progress to schedule, and milestones of hav-
ing learning modules available in the time frames that were defined at 
the start of the project. When they experienced technical performance 
issues with obtaining data packages, for example, they mitigated their 
risk by purchasing plans that were affordable within their budget. They 
controlled quality all along the way. Communications was a key element 
of this project. Finally, they closed their project successfully by notify-
ing interested parties how to communicate with them after the project 
and completing final metrics and lessons learned. This case reflects well 
Chapter 4 lessons in that it demonstrates how the application of project 
management methods to nontraditional activities can provide a solid 
structure to achieve successful outcomes.

4.10 KEY POINT SUMMARY

This chapter explored the various ways to apply measures to projects in 
order to determine if they are progressing toward an outcome that will be 
considered successful, not only from the perspective of the project man-
ager, but also from the perspective of the customer. Each activity that has 
been explored is available for use in managing R&D projects. Chapter 5 
will discuss how and when to apply these methods to R&D to increase the 
probability of achieving successful outcomes. Following are key concepts 
and terms from this chapter.

4.10.1 Key Concepts

• In addition to having a strong project manager who can drive a team 
to success, communications are an integral underpinning activity. 
Effective communications need to occur within the project, with the 
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stakeholders, and with the formal customer. In R&D projects, the 
need for communications is particularly acute, because typical com-
munications methods that convey project health may not be in place.

• The overall project success measures for each activity are subjective 
and dependent on what the stakeholders desire as an outcome. It is 
up to the project manager to carefully define what will be seen as 
success in the eyes of the stakeholders.

• The first step in utilizing measures to ensure successful outcomes 
in any kind of a project, in any stage of life cycle, is to baseline the 
project plan. Without this documentation, any efforts to measure 
performance and outcomes are futile.

• KPIs can be defined and tracked to help minimize the distracting 
noise level in information that may be important, but is not essential 
to achieving successful outcomes. Trying to measure too much, or 
the wrong things, results in not measuring anything and will not 
lead to desired behavior or effective decision making.

• Documentation of all change requests, status, and actions is an 
imperative. Not managing change well results in confusion, lack 
of support and buy-in to changes, leads to poor implementation of 
modifications, and diminishes the probability of achieving success.

• Even on the smallest, informal project, management will typically 
require some sort of performance assessment unless time, money, 
and technical performance are of no consequence.

• Test, verification, and validation are critical activities that are used 
to confirm that the end product or process is suitable to its intent. 
Virtually anything can and should be verified and validated includ-
ing software programs, all types of prototypes, processes, services, 
systems, etc. The ultimate objective of these processes is to reliably 
demonstrate that the project meets all the specifications. The method 
that is used should be the most effective at demonstrating the con-
formance to the requirements and the intended use.

• Reviews provide a structure to assess a project’s readiness to progress 
in the life cycle. For all reviews, there must be an understanding of 
who should be involved, what work tasks are being reviewed, how 
formal the review needs to be, what the entrance and exit criteria are, 
and the review category.

• Quality refers to the conformance of the design to the requirements 
and specifications and to the value as seen by the stakeholders. 
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Quality should be built into the product, process, or service through-
out the project.

• The use of TRLs provides a construct that maps well to phase reviews 
for evaluating and controlling technological evolution through the 
life cycle.

4.10.2 Key Terms

• Actual cost (AC): In EVM, the cost that has been recorded for the 
work performed on the work activity during a certain time period.

• After-action review (AAR): Also referred to as retrospective, reflec-
tive, and postmortem reviews, these reviews are conducted soon 
after an event with a focus on what happened, why it happened, what 
was positive and negative about the experience, and what can be 
improved upon in the future.

• Alternative systems review (ASR): Focus is on reviewing alternative 
systems concepts that have been investigated.

• Audits: Performed by external project participants for the express 
intent to evaluate compliance to established processes, standards, 
specifications, contracts, etc.

• Basis of estimating (BOE): A complete background on how the project 
costs were estimated and budget was built available for future reference.

• Budget at completion (BAC): The total planned value (sum of the 
budgets) for the project at completion.

• Change management: The process of taking a structured approach 
to making sure that the change impacts are all accounted for and 
understood, and that the stakeholders understand the change rami-
fications and are positioned to accept the change.

• Configuration management: Refers to the process of maintaining 
careful records of the requirements, specifications, and change to 
the technical design.

• Contingency: Amount of project funding held aside to address items 
that would have a strong negative impact on a project and have a 
high probability of occurring.

• Cost performance index (CPI): In EVM, the ratio of earned value to 
actual cost for the project. The formula used is: CPI = EV/AC.

• Cost variance (CV): In EVM, the difference between the budget (EV) 
and the amount committed (AC) at any given point. At the end of the 
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project, the CV is the difference between the BAC and the AC. The 
formula of CV = EV – AC is used to calculate this metric.

• Critical design review (CDR): Evaluates the system design documen-
tation, known as the product baseline, and ensures that it is correctly 
represented in the draft production baseline and that what will be 
produced will meet the functional and performance requirements 
established at the PDR.

• Earned schedule (ES): A method that compares the work scheduled 
versus the actual work performed in time allocations rather than in 
currency and labor hours which are used in EVM.

• Earned value (EV): In EVM, the percentage of work that has been 
performed in relation to the allocated budget for that time period.

• Earned value management (EVM): A method that compares the 
work associated with the baselined project, allocated across the time 
frame of the project to the percentage of work that has been com-
pleted, the earned value (EV).

• Estimate at completion (EAC): In EVM, an estimate of the final cost 
at the end of a project, which includes actual costs, plus an estimate 
of the cost to complete.

• Estimate to complete (ETC): In EVM, an estimate of costs associated 
with completing a project, generated based on experiences to date, 
applied to what is known about the remaining work to be done and 
an expectation of the level of unknowns based on experience.

• Formal review: A planned event to review an activity by a group of 
independent, typically external to the organization, subject matter 
expert reviewers for the purpose of identifying risk.

• Full time equivalent (FTE): One FTE is the equivalent of one person 
working full time for the year, calculated by taking the total num-
ber of labor hours associated with the project and dividing it by the 
number of hours available for an employee to work in a year.

• Governance: Activities that help control the progress of the project 
to keep it on course.

• Informal review: Generally called by an individual with internal 
reviewers, does not follow an agenda, and results are not captured or 
reported. Conducted for specific purpose or as needed.

• Information reviews: Assessment of the available project informa-
tion, where it is contained or archived, how it is accessed, and details 
of the retention strategy.
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• Key performance indicators (KPIs): The key measures of success for 
the project.

• Management reserve: Amount of project funding held aside to address 
unanticipated needs that emerge during the course of the project.

• Management review: A review to determine status so as to make 
decisions about future activities or direction.

• Materials, equipment, and services (ME&S): Activities that are not 
labor related within a project. Generally include facilities, procure-
ments of hardware, software, and services.

• Measures: Usually refers to measurements that are quantitative and 
objective. Measures are used as an input to metrics.

• Measures of effectiveness (MOEs): Define how well the implemented 
technical requirements are expected to meet the intent of the stake-
holder for its use in an operational environment.

• Measures of performance (MOPs): Define how well the implemented 
technical requirements meet the intent of the specifications.

• Metrics: Qualitative and quantitative data compiled into informa-
tion that represents a measurement of progress made against an 
expected set of parameters.

• Operational readiness review (ORR): Establishes that the system is 
ready to be delivered and that all documentation, training, and oper-
ating procedures are of the appropriate quality and are available.

• Peer review: A review performed by individuals who hold a compa-
rable position, have similar credentials, or are otherwise comparable 
in knowledge and expertise to those who originally performed the 
work that is undergoing review.

• Performance measurement baseline (PMB): The aggregate of all the 
authorized budgets in the project control accounts (CAs) is the proj-
ect management baseline.

• Phase review: Also referred to as decision point or gate review, is a 
review completed by a panel of internal and/or external participants 
who review the project materials and make a determination if the 
project is ready to move forward to the next phase.

• Planned value (PV): In EVM, the budget authorized for scheduled work.
• Preliminary design review (PDR): Confirms that the preliminary 

design of the system is consistent with the specifications, that the 
risks have been formally addressed, and that the system can move 
forward in development.
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• Production readiness review (PRR): Incremental reviews, held for 
each subsystem, as the design evolves and is successfully tested, to 
ensure that the design is ready for production and that production 
planning is complete and sufficient to produce the design.

• Quality controls: Refers to the conformance of the design to the require-
ments and specifications and to the value as seen by the stakeholders.

• Schedule performance: A schedule is developed using a build-up 
from the tasks that will be performed, the start and finish dates, the 
critical path, and identification of the individuals assigned to per-
form the tasks.

• Schedule performance index (SPI): In EVM, the metric that reflects 
the measurement of all baselined project work against actual per-
formed work, calculated using a formula where SPI = EV/PV.

• Schedule variance (SV): In EVM, the difference between where 
schedule performance should be at a given time and where one actu-
ally is, calculated by the formula SV = EV – PV.

• Semiformal review: A planned event to review a project activity by a 
group of subject matter expert reviewers for the purpose of identify-
ing risk. Can be held with a group of internal reviewers, but typically 
would utilize a combination of internal and external reviewers.

• System acceptance review (SAR): Reviews the end products of the 
previous phases of development and production and validates that 
the system as a whole is consistent with the stakeholders expectations.

• System design review (SDR): A review of the system definition as 
relates to the system characteristics and configuration items.

• System functional review (SFR): An assessment of analysis, trade 
studies, and modeling and simulation results that support the lower-
level elements associated with the system.

• System verification reviews (SVR): Assesses readiness of the design 
for production in terms of completion and performance during test 
planning, risks within the production plan, cost estimates for produc-
tion, and general feasibility of completing the production as planned.

• Systems engineering management plan (SEMP): A standard docu-
ment that compiles information about the requirements and speci-
fications, outlines configuration control procedures and baseline 
management, interface control documents, and subsystem and com-
ponent information.
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• Systems engineering master schedule (SEMS): Document within 
the SEMP, which identifies actual milestones of demonstrations, 
reviews, or other important verification events.

• Systems requirement review (SRR): Confirms that the operational 
requirements and design criteria have been converted to technical 
requirements and that they are understood well enough to establish 
an initial baseline.

• Technical performance measures (TPM): The physical or functional 
attributes of the technology that ensure that the system, product, or 
process meets the requirements and specifications as written.

• Technical readiness levels (TRL): A sequential process to evaluate tech-
nological evolution and manage the movement through the life cycle.

• Test readiness review (TRR): Ensures that test objectives and pro-
cedures are coordinated and ready to proceed and that they comply 
with the test plan.

• To-complete performance index (TCPI): In EVM, calculated to iden-
tify the expected actual cost to finish the work. TCPI is calculated 
two ways: TCPI = (BAC – EV)/(BAC – AC) or TCPI = (BAC – EV)/
(EAC – AC).

• Trend analysis: The review of historical data and a forecast of future 
data, generally based on past performance.

• Variance analysis: A technique for assessing the degree of difference 
between what was baselined and what was actually performed.

4.11 APPLY NOW

The reader should continue to use his or her own personal example project 
plan from Chapters 1 through 3 when filling out Table 4.1 to ensure a clear 
understanding of the applications for each approach. For demonstration 
purposes, the example of producing windmills can be used to describe 
how to approach the table. For each row, describe the specific information 
related to your project. For the windmill project example, success could be 
a complete redesign meeting performance specifications, a working pro-
totype, and a complete design for production. The project plan is in place 
and is now considered baselined. Communications with the stakeholders 
is desired, and a communication matrix is developed outlining what types 
of information will go to each stakeholder, when, and in what format. A 
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TABLE 4.1

Activity Outline
Overarching Questions For All Projects

How do you de�ne success?

Is the project plan in place and 
baselined?

What information is needed 
and by whom?

When is the information 
needed?

Where will the information 
be located?

How will the information be 
accessed?

What is the change manage-
ment process that will be used?

Are the talents of the project 
team su�cient to bring the 
project to successful closure?

Which measures will be 
used to monitor the project 
progress?

Reviews Quality Controls Change 
Control

Con�guration 
Control

Trend Analysis Forecasting Audits

What are up to 7 KPIs for the 
project?

What are up to 7 MOEs for 
the project?

Which measures will be 
used to monitor the project 
progress?

Schedule
Performance

Budget
Performance

Technical 
Performance

Risk Mgmt Resource
Allocation

Outcomes Change 
Mgnt

Which performance trends and 
variances will be monitored?

What are up to 7 KPPs for the 
project?

What are up to 7 MOPs for 
the project?

What are up to 7 TPMs for 
the project?

Will a Stoplight and/or 
Foursquare be used for overall 
tracking of variances?

How will testing be performed?

How will veri�cation be 
performed?

How will validation be 
performed?

What type of reviews will be 
held? (formal, semi-formal, 
informal)

Which reviews will be held? Mgmt Audit Information Peer Phase Gate After-
Action

Other

Which peer reviews will 
be held?

SRR/ASR SDR/SFR PDR CDR TRR PRR/SVR/
SAR

ORR

What quality measures will be 
implemented?

What TRL will this project 
begin at?

What TRL will this project 
end at?

Has a communications matrix 
been developed? (attach)
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change management process is in place that includes the customer, two 
external reviewers from companies that provide components similar to the 
windmill components, and two internal reviewers from engineering and 
manufacturing. Meetings will occur monthly to review change requests. 
Similarly, all questions on the form would be filled out completely. This 
information will provide a solid starting point for the additional concepts 
described in Chapter 5, which will focus on the application of these con-
cepts for an R&D project.
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5
Building Blocks to Success

The building blocks to success that will be explored in this chapter 
include:

• Measurements that align to projects in different life cycle phases
• Essential measurements for R&D projects and how to imple-

ment them
• Ways to use project management measures to actively manage 

R&D projects

The combination of methods, process, and techniques explored in 
Chapters 1 through 4 provide the building blocks that can be used in 
various ways to increase the potential for achieving favorable outcomes 
for R&D projects. Applying measures of performance in a manner that 
optimizes the probability of success requires a well-thought-out strat-
egy. As discussed in Chapter 4, measurements can be applied in an infi-
nite variety of ways depending on the type of project and where it sits 
within the life cycle. The project manager will work with the stakehold-
ers to determine the most fitting measurements to use, ensuring that 
they facilitate rather than impede the project’s progress.

Chapter 4 outlined the most widely used measures to achieve opti-
mal outcomes. This chapter explores the decision space for determin-
ing the best combination of these techniques for project types within 
the R&D environment, outlining how to know which ones to use and 
when. When inappropriate measures are used or when measurements 
are made at too low a level, suboptimal outcomes can result. For R&D 
projects, the use of inappropriate measures may drive behavior that 
stifles the project’s progress. The chapter also describes how to use the 
measurements to actively manage the R&D project.
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Apply Now exercises allow application of the concepts in this chap-
ter to the reader’s own experiences to enhance learning. A case study 
demonstrating the use of measures on a creative project to ensure 
optimal outcomes will be explored. A checklist also is provided that 
allows the reader to use the project activities identified in the first four 
chapters to add value and increase the reader’s understanding of the 
material presented in this chapter.

Chapter Road Map

This chapter explores R&D project metrics and implementation strategies, 
and includes:

• Exploring the decision space for applying measurements to projects 
based on life cycle location

• Understanding the method for assessing the appropriateness of the 
measurements to the R&D project

• Describes specific methods for implementing the most fitting tech-
niques to the R&D project

• Provides Apply Now exercises that will allow immediate application 
of the fundamental concepts

• Uses a case study to demonstrate the use of measures on an cre-
ative project

• Summarizes key points of concepts and terms
• Provides a summary checklist to apply the ideas from the chapter to 

a real situation

5.1 KEY OBJECTIVES

The key objectives in choosing the correct measurements and managing 
to them are to

• create a situational awareness about the state of the project; and
• use that awareness to achieve a level of control that keeps forward 

momentum on a project.
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Which measurements are chosen and why they are chosen depends on a 
few factors that are consistent across different projects types as they evolve 
from phase to phase within the life cycle. The project size, the dollar amount 
associated with it, the complexity of the project, or where it falls in the 
life cycle are factors that can be taken into account. Only under the most 
unusual circumstances, such as unlimited resources or complete autonomy, 
would one be able to expect to achieve success in any activity without moni-
toring it and applying some level of controls to keep it on target.

This forward momentum must be guided so that any movement in a 
direction away from the formal trajectory is carefully managed, and 
that the measurements provide enough pertinent information so that 
well-informed decisions can be made at critical branch points. The key 
objectives will help determine when to stop an action because it is not pro-
gressing sufficiency or when to significantly change a direction to capture 
opportunity or reduce risk.

In the next section, each of the measures will be presented within the 
context of applying them to the life cycle phases. The identification and 
implementation of essential measurements for R&D and innovation will 
be discussed, as well as specific ways to use the measurements to actively 
manage the R&D project. An Apply Now exercise will assist in learning 
how to make choices among the options provided.

5.2 MEASUREMENTS FOR DIFFERENT PROJECT TYPES

Each type of project, wherever it falls within the life cycle, will require 
measurements to keep the project on track. For review are the measure-
ments for the following projects:

• Basic and applied research
• Development
• Innovation
• Production

This section describes a method that can be used to isolate the mea-
sures that are most appropriate at various stages of the project’s life cycle. 
Basic and applied research, development, and innovation are reviewed 
and then compared to production measures so that the distinction is 
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clear. The life cycle location of the project, along with other factors, 
such as the complexity, budget amounts, and formality of the project, 
also will affect the choices of measurements. Table 5.1 provides a matrix 
of the decision space options for which project measurements will be 
chosen. Along the left column are the types of measurements available. 
Along the top are the levels of control that can be applied. Within the 
matrix are potential activities that can be adopted for use on the project.

5.2.1 Basic and Applied Research Measures

Figure 5.1 presents a model for exploring the options that would most often 
lead to successful outcomes for basic and applied research. Along the left 
side of the model are the measurement types. The continuum moves from 
the least formal on the left side to the most formal on the right. Using the 
matrix from Table 5.1 to identify the types of activities that could occur 
in each measurement, the optimal choices are displayed that represent a 
set of measurements for a typical R&D project. Described in the next few 
paragraphs is the reasoning behind this particular alignment.

For each of the measures, the basic and applied research categories align 
predominantly on the left-hand side of the continuum. The optimal mea-
surements used for these types of projects include a small number of spe-
cific reviews, set up at points when the research has reached an important 
juncture, such as a paper that is ready for publication, a presentation that 
will be given at a symposium, or a major finding that needs to be confirmed. 
In addition to publications, presentations, and papers, measures also can 
include demonstrations, models, simulations, and prototypes. What is 
being measured is progression more than outcomes and deliverables.

As discussed in Chapters 2 and 4, change management refers to the 
orderly and coordinated process of implementing revisions. Configuration 
management processes ensure that design changes are tracked and imple-
mented methodically so the current configuration is always known. 
Change management in basic research usually focuses on version control 
for documentation and this type of research is theoretical only. Once the 
research moves into applied research, it also becomes necessary to track 
configuration changes as simulation, modeling, and prototyping of pro-
cesses and products are incorporated.

During R&D, often a research notebook will be kept. As this document 
is written in a sequential manner, it is easy to track what evolved and in 
what order. However, as documentation moves into an electronic format, it 
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TABLE 5.1

Project Measures Decision Space Matrix
Minimum Controls Medium Controls Maximum Controls

G
ov

er
na

nc
e

Metrics
Compilation

Small number of carefully chosen
metrics are reviewed at specific 
intervals.

Small number of measures against a 
single parameter, or a set of metrics 
that demonstrate performance 
along several measures are reviewed 
regularly.

Formal independent measures 
against a single parameter, or a 
set of metrics that demonstrate 
performance along several measures 
reviewed regularly and at specific 
intervals.

Change/Config 
Mgmt

Change control on documents. Change control on documents, 
configuration control on process and 
products in place and being used.

Formal change process, CCB, docu -
mentation of all change requests, 
status, and actions, configuration 
control.

Tr
en

d/
Va

ria
nc

e

Schedule WBS-aligned, resource-loaded 
project schedule with defined start, 
end dates, milestones, critical path. 
Progress assessed through qualitative 
reviews.

WBS aligned resource loaded 
project schedule with defined start, 
end dates, milestones, critical path. 
Progress assessed quantitatively 
(labor charging, materials and ser-
vices charges, etc.) through regular 
reviews.

Full formal WBS aligned resource 
loaded project schedule with defined 
start, end dates, milestones, critical 
path. Progress assessed quantitatively 
(labor charging by hours against 
allocated tasks and milestone 
achievement) through regular EVM 
reviews.

Budget WBS-aligned and controlled 
budget with visual displays, plots, or 
diagrams of the forecasted budget 
line and the expected allocation of 
costs against the actual charges for 
labor, ME&S at any moment in time. 
Reviews of spending patterns and 
anomalies occur at specific intervals.

WBS-aligned and controlled 
budget with visual displays, plots, or 
diagrams of the forecasted budget 
line and the expected allocation of 
costs against the actual charges for 
labor, materials, and services at any 
moment in time. Reviews of spend-
ing patterns and anomalies occur 
regularly.

Full WBS aligned and formally 
controlled resource-loaded budget 
with management reserve and con-
tingency. Progress assessed quan-
titatively (labor charging, materials 
and services charges, etc.) through 
regular EVM reviews.

Technical Target or defined specifications 
documented and monitored using 
visual displays, plots, diagrams, 
metrics at specific intervals reflecting 
qualitative or quantitative assessment 
of the subject matter expert.

KPPs, MOE, MOP, TPMs defined 
and measured against through regu-
lar quantitative reviews completed at 
specific intervals.

KPPs, MOE, MOP, TPMs defined 
and measured against through 
regular quantitative reviews.

Risk Risk has been identified and assessed, 
mitigation activities identified. Man-
aged at specific intervals through 
discussions with subject matter 
expert.

Risk management plan and review 
process in place, aligned to quantita-
tive estimates of impacts. Managed 
regularly through discussions with 
subject matter expert and contin-
gency draw-downs from budget on 
an as needed basis.

Risk management plan and review 
process in place, aligned to quantita-
tive estimates of impacts. Managed 
regularly through discussions with 
subject matter expert and contin-
gency draw-downs from budget on  a 
regular basis. Process to validate risk 
and recover contingency in place.

Resources A by-name, by-project identification 
of staff is in place. No matrixing is 
required for the project.

A by-name, by-project identifica-
tion of staff is in place. �e ability 
to identify and deal with critical 
skills oversubscription is in place. 
Processes for dealing with matrixing 
is in place and being managed.

A by-name, by-project identifica-
tion of staff is in place. �e ability 
to identify and deal with critical 
skills oversubscription is in place 
at the higher, organizational level. 
Processes for dealing with matrixing 
is in place and being managed at the 
higher level.

Outcomes Target or defined outcomes docu-
mented and monitored using visual 
displays, plots, diagrams, metrics at 
specific intervals reflecting qualita-
tive or quantitative assessment of the 
subject matter expert.

�e use of outcomes is reflected 
in stoplight charts, along with a 
foursquare summary chart. Reviewed 
at specific intervals and reflecting 
qualitative or quantitative assessment 
of the subject matter expert.

�e use of stoplight charts, along 
with a foursquare summary chart 
showing the baseline and current 
status of each budget, schedule, tech-
nical and risk in a single page view 
is in place, reflecting quantitative 
assessment and reviewed regularly.

(Continued)
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TABLE 5.1 (CONTINUED)

Project Measures Decision Space Matrix

T
V&

V

Tests Defined exercises that verify real 
or simulated capability within 
controlled conditions on an as- 
required basis.

A series of required exercises that 
verify real or simulated capability 
within controlled conditions are 
defined and measured against. 
Documentation provided on test 
structures and results.
Tests completed at specific intervals.

A series of required exercises that 
verify real or simulated capability 
within controlled conditions are 
defined and measured against. Tests 
completed at specific intervals. Full 
and formal documentation of the test 
structure and methods is provided 
along with the test results.

Verification Compliance matrix provides the 
structure to verify the results match 
the specifications or targets. Metrics 
at specific intervals reflecting qualita-
tive or quantitative assessment of the 
subject matter expert.

Compliance matrix reliably 
demonstrates that the project meets 
all the specifications, conforms to 
the requirements and the intended 
use. Metrics at specific the intervals 
reflecting quantitative assessment of 
the subject matter expert.

Compliance matrix reliably 
demonstrates that the project meets 
all the specifications, conforms to 
the requirements and the intended 
use. Metrics at  specific intervals 
reflecting quantitative assessment 
and concurrence by a independent 
review panel.

Validation Validation that the project results 
match the expectations of the 
customer and other stakeholders. 
Metrics at specific intervals (if flex-
ible) or at end (if traditional). Metrics 
at specific intervals
reflecting qualitative or quantitative 
assessment of the subject matter 
expert. 

Validation that the project results 
match the expectations of the 
customer and other stakeholders. 
Metrics at specific intervals (if 
flexible or at end (if traditional). 
Reflecting quantitative assessment of 
the subject matter expert.

Validation that the project results 
match the expectations of the 
customer and other stakeholders. 
Metrics at specific intervals (if 
flexible) or at end (if traditional). Re-
flecting quantitative assessment and 
concurrence by a independent review 
panel, as well as the customer.

Re
vi

ew
s

All variations Informal Review – Generally called 
by an individual, does not follow an 
agenda and results are not captured 
or reported. Conducted ad hoc, or 
as needed.

Semi-Formal Review - Typically have 
an agenda, includes a level of interac-
tion among the participants, follow 
an agenda, results are generally cap-
tured. Formal documentation usually 
not required after the review.

Formal Review – A pre-planned 
agenda is generally distributed and a 
moderator assigned to facilitate the 
meeting. Preidentified materials are 
collected, formal presentations made 
and formal documentation required 
after the review. Sometimes follow-
up activities are necessary.

Q
ua

lit
y

Measures Conformance of the design to the 
requirements and specifications is 
expected. Quality inspection, audits 
and reviews are used on a periodic 
basis to confirm compliance.

Conformance of the design to the 
requirements and specifications 
is built in to the product, process 
or service throughout the project. 
Quality inspection, audits and 
reviews are used on a periodic basis 
to confirm compliance and address 
shortcomings.

Conformance of the design to the re-
quirements and specifications is built 
in to the product, process or service 
throughout the project. TQM, Lean, 
ISO, CMMI, PMMM, or other formal 
measures of quality are used to assess 
quality performance. Quality inspec-
tion, audits and reviews are used to 
identify areas to review and address.

Control Informal implementation of one or 
more types of quality controls are 
used to address quality issues in the 
product, process or service on an ad 
hoc basis.

Informal implementation of one or 
more types of quality controls are 
used to address quality issues in the 
product, process or service.

Formal implementation of process 
mapping, cause-and-effect, or other 
quality controls are used to address 
quality issues in the product, process 
or service. 

Co
nt

ro
lle

d 
Pr

og
re

ss
io

n

Phase, Deci-
sions Point

A formal decision gate is required at 
major branch points only.

A formal decision gate is required at 
each phase and at any branch point.

A formal decision gate, along with 
an independent review panel assess-
ment of readiness is required at each 
phases and at any branch point.

TRLs In informal assessment of techno-
logical evolution based on subject 
matter expert qualitative assessment 
is used to move to next phase on an 
as-needed basis.

Assessment of technological evolu-
tion based on subject matter expert 
qualitative and quantitative assess-
ment is used to move to next phase. 
Reviews at specific intervals.

Formal methods of evaluating tech-
nological evolution and ensuring that 
movement along the life cycle is care-
fully managed. Mapped to the peer 
review and phase review processes. 
Reviews at regular intervals and at 
specific intervals.

Es
se

nt
ia

l U
nd

er
pi

nn
in

g

Leadership A strong, capable independent leader 
is in place and managing a fully 
engaged and energized team of quali-
fied non-matrixed team members.

A leader with management skills is in 
place. Matrix management arrange-
ments are mature. Has the support 
of a solid team, some of who may be 
matrixed.

A leader with strong management 
skills is in place. Matrix management 
arrangements are mature. Has the 
support of an engaged and energized 
team of qualified members.

Communica-
tions

Communication requirements are 
well understood. Performance is 
upon demand.

Communication requirements are 
well understood. Performance is
through established communications
channels on a regular basis, as well as
upon demand. 

A communications matrix is in place 
and being actively managed.
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becomes more difficult to maintain version control and order can become 
lost. In the research phase, document version control can be accomplished 
simply by applying unique identification numbers to the work efforts; a 
unique document number for a text being developed, for example. Or ver-
sion numbers can be applied to the end of the title, changed at every revi-
sion, as in titlename.v1.

Configuration control on parts, systems, components, and other items 
being developed requires the careful documentation of what was changed 
and how it was changed. Anytime a change is incorporated, version con-
trol in the form of unique numbering or other unique identification will 
help ensure that the current configuration is always known. This is vitally 
important in R&D where slight changes can modify experiment and test-
ing outcomes.

The choice for which trend and variance reporting would best suit the 
project depends on the customer and other stakeholders’ desires. If there 
is an external funding agency, the requirements for measurements in this 
area are often higher than if it is an internally funded project. Internal 
schedule, budget, and technical measures typically range from managing 
a baseline and providing reviews at specific intervals, after each quarter, 
for example. An external funding customer, however, may require a for-
mal budget with specific regular quantitative reviews, which demonstrate 
appropriate changing and schedule management.

In basic and applied research, managing to a full project schedule can be 
quite challenging, especially if a new technology is being developed. If the 
project scope and trajectory are well documented, and a clear set of tests, 
experiments, and anticipated outcomes have been established, then a set 
of subordinate schedules can be sequentially developed in three-month 
increments or less, depending on the tempo of the experiments. The sub-
ordinate schedule can lead directly to the test or experiment and go no 
farther, with a branch point or decision point at that time. Allowing the 
test or experiment set to be the terminator of the project schedule to that 
point, with a go/no-go decision adds a level of reality to the forecasting 
exercise, as there is generally no way to know what the next phase will 
look like until the test or experiment is complete. It is easier to apply this 
method for an internal project than an external one unless the customer is 
comfortable with the ambiguity that results.

Regardless of whether the schedule is incrementally developed to coin-
cide with the tests and experiments, or if it is completed and tracked for 
the entire project, a risk assessment needs to be included. For basic and 
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applied research, the risk assessment and mitigation strategy can appear 
to be quite difficult to compile because the mitigation is often to just stop 
and move in another direction. The experiment, if it does not produce 
the expected results, would lead to a decision to go in another direction. 
Risk assessment, therefore, is fundamentally different than it would be 
on a production project. Because of the importance and complexity of 
assessing risk in R&D, this topic is more fully covered in Chapter 6.

The assessment of resources is critical for basic and applied research. 
Predominantly for these types of projects, a key staff member serves as the 
project manager. The amount of time that the project manager allocates to 
the project, and the level of distraction that he or she has from other activi-
ties, often makes the difference between success and failure for the project. 
In addition, the amount of time allocated versus distraction for the other 
key staff members who have critical skills necessary to complete the tests 
and experiments for the project, will impact the probability of project suc-
cess as well. Finally, making sure that any materials, equipment, and ser-
vices are accessible when needed can be difficult if there is competition for 
those resources during that time frame. Even if a project has an allocation 
of two FTEs (full time equivalents) (as described in Chapter 4, one FTE is 
the equivalent of one person working full time for the year), a budget of 
$50,000, and a timeline of a year to complete a prototype of a new technol-
ogy, without knowing and being able to assess the availability of the two 
key staff members needed for the project diminishes the ability to reach 
the intended targets. This is an easy problem to fix. Setting up a baseline, 
resource-loaded schedule, and then measuring performance against it, is 
the way to address these considerations.

The areas of test, verification, and validation are essential to basic and 
applied research. Whether a hypothesis is being tested or a prototype is 
developed, the need to keep careful control of the steps and results cannot 
be overstated. It is imperative to be able to demonstrate how one arrived at 
a conclusion, to have the series of steps be repeatable, and to arrive at the 
same results. For the most part, controlled real or simulated exercises, with 
the ability to convey the method and results clearly, is all that is needed.

The necessity to have an independent review of those processes and 
results depends on the customer. For example, if the basic research 
leads to a dissertation or a peer-reviewed article, then an independent 
review is a necessity. If the project is internal, reviews for basic and 
applied research will most likely be informal, conversational, and hap-
pen often as tests and experiments are completed and results need to 
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drive follow-on activities. External projects often require less frequent, 
but more formalized, reviews that include presentations on the meth-
ods and results.

For basic and applied research projects, quality is the responsibility of 
the project manager. It must be instilled into the fabric of the project, but 
is often not a significant consideration. As long as the methods and the 
outcomes can be repeated, the level of quality can stop there. This is a dif-
ferent method from what one would find in a production or construction 
project, which is discussed later in the chapter.

For both basic and applied research projects, controlled progression 
can be a useful method of measurement. Again, the customer will drive 
the level of confirmation that is needed through independent review and 
provide approval to move from one phase to the next. Internal basic and 
applied research projects will typically defer to the assessment of the proj-
ect manager and/or subject matter expert on when the project is at a deci-
sion gate or major branch point, and in which direction to proceed.

Using the TRL (technical readiness level) progression outlined in 
Chapter 4, these types of projects can be assessed for readiness to move 
from Level 1 to Level 2, or from Level 2 to Level 3. Level 1 represents 
that a sufficient level of publications and collaboration activities have been 
achieved; Level 2 is the level where sufficient analysis and level of publica-
tion and collaboration activities have clearly articulated the concept and 
have demonstrated that the applied R&D hypothesis or idea has credence. 
Level 3 is the active R&D phase.

As previously described in Chapter 3, for R&D projects, the principal 
investigator is typically a scientist, researcher, technical expert, or other 
individual who is highly motivated and has some vested interest in evolv-
ing the area of R&D. These individuals are generally independent and 
used to acting autonomously. The skill set of the principal investigator is 
generally different from that of the project manager, but not always. When 
the principal investigator does not have the necessary skill set to manage 
the project, both positions need to be in place for the optimal chance of 
project success. This differentiation is made more clearly in Chapter 7.

In R&D, communications are a must. When information is not forth-
coming, there are two conclusions that people often make. The first is that 
nothing is being done and, therefore, there is nothing to communicate. 
The second is that something bad is happening that needs to be hidden. 
Even though these are generally misperceptions, it is easy enough to dis-
pel them with some fundamental communications. Indeed, for basic and 
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applied research, there is a vested interest in communicating progress. It 
keeps people interested and engaged and provides a level of confidence 
that resources are being applied to a worthwhile endeavor. Except in 
instances where there is a high level of competition or classification where 
communication needs to be carefully controlled, there should not be any 
hesitation in providing information about progress that is being made. In 
any case, there is no reason to ever keep progress from the management 
team of the organization. Each project should know well who needs what 
information and when. A simple way to do this is to document it in a 
matrix, as described in Chapter 4, and then ensure that the requirements 
for communications are actively pursued. Effective communications are 
generally essential for the continued support of the project.

5.2.2 Development Measures

Figure 5.2 explores the options that would most often lead to successful 
outcomes for development projects. For each of the measures, develop-
ment alignment starts to move more to the right, toward the more for-
mal. Additional discipline in the approach of applying measures becomes 
important because more resources are applied to the project.

The first challenge is in managing metrics and in both change and con-
figuration control. The decision on how much more discipline is required 
is again dependent upon several decision makers, including the project 
management, the customer, or other stakeholders. In general, once a proj-
ect moves into the realm of development, it becomes more important to 
have more definitive metrics requirements and regular reviews. A formal 
change process with a CCB (change control board) tends to become more 
common, and configuration control of the evolving process or product 
design becomes more important as well. Controlling component parts of 
the design is important as they evolve independently.

When the design becomes robust enough and it reaches the point when it 
is ready for implementation or production, the configuration of each com-
ponent part of the design will be locked down to whatever configuration 
it is at that time. It is imperative from that moment on that any changes 
to the overall process or product, or any changes to the component parts, 
go through a formal review, because changes at that point will have far-
reaching effects. It does not matter if the project is for a new product, ser-
vice, or process, the configuration of the design is critically important.
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Schedule and outcomes measurements typically require more formality, 
although there is still a clear need to align with the experiments and tests 
and continue the use of shorter subordinate schedules. As described in 
Chapter 1, development activities typically require outcomes that clearly 
demonstrate the value added and, thus, will need either semiformal or for-
mal discipline. Chapter 3 further illustrated that, in contrast to research 
activities however tightly interwoven with them, development is focused 
toward evolving a current state of something by either modification to 
or the creation of a product, process, system, or service. Applying more 
discipline into the schedule could include the requirement of qualitatively 
assessing performance to the plan. Reviewing individual performance to 
date, assessing the percentage complete, and mapping it against the antici-
pated percent complete can accomplish this objective.

The structure of reviews typically becomes more formal as results are 
presented to a wider audience during traditionally held sessions with the 
customer or management, such as quarterly reviews. This is not a hard 
and fast rule and, in actual practice, reviews can span from the informal 
to the formal. Again, this is highly dependent on the desires of the project 
manager and stakeholders.

Although the quality metrics may still be left largely unattended in a 
development project, it is anticipated that the project manager will con-
tinue to ensure that the methods and the outcomes can be repeated and 
validated. The requirement for quality control measures, however, may 
increase especially if root cause analysis is desired by the customer or man-
agement to explain the results of tests and experiments. This analysis can 
be particularly needed if certain outcomes were expected, but not achieved.

Controlled progression is an excellent method for evaluating the readi-
ness of the development to move from TRL Level 3 up through Level 6. As 
described in Chapter 4, Level 3 is the active R&D phase, which includes 
analytical studies, proof-of-concept experiments, and tests in sufficient 
quantity and quality for validation of the concept. Level 4 is achieved with 
the sufficient demonstration of how individual components fit together 
and work in an integrated system. Level 5 demonstrates how the integrated 
parts of the system work together as a whole in a simulated operations 
environment, while Level 6 demonstrates the system in the actual opera-
tions environment. Controlled progression can be applied in combina-
tion with reviews by establishing the specific gates that the organization is 
comfortable with identifying, for which the project must pass.
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Once the project is in the development phase, it becomes more impor-
tant that a qualified project manager is in place. This will be discussed 
more in Chapter 7. The reason these skills are important in this phase 
is that development generally has an end goal, objective, or outcome of 
becoming an implemented process, product, or service. Therefore, there 
must be an appreciation for when “good enough” is enough. It is com-
mon for researchers and scientists to want to continue exploring the edge 
of the envelope of capability. In the basic and applied research areas, this 
is desirable. Once a project is in the development area, though, forward 
momentum and focus are required to reach the end state. This is done by 
carefully defining specification parameters, the desired specification as 
well as the tolerance band around it. Ensuring that the project manager 
is experienced in making these tough decisions is important to achiev-
ing success.

5.2.3 Innovation Measures

As was discussed in Chapters 2 and 3, innovation is inclusive of process, 
research, application, design, and many other activities; where R&D is 
typically identified with basic and applied research and product devel-
opment. Innovation includes related activities that reach far into process 
areas. Innovation projects are generally complex in nature. The complexity 
comes from the interconnections between processes across and between 
organizations. The stakeholders will be every process owner who the new 
capability will touch.

Management of all the interdependencies during R&D needs to be 
robust, and communications become critically important. The level of 
engagement required to implement the new innovation could often be 
more difficult and a great deal of two-way communication is required. 
Innovation projects also are generally more complex, having more sig-
nificant amounts of inputs and outputs, interfaces, and have higher risk, 
which needs to be managed in a way that minimizes negative impact and 
optimizes the positives. Because of these factors, it is often the case that 
the more appropriate measures are more aligned to the right as shown in 
Figure 5.3.

Where test, verification, and validation (TV&V) are concerned, the 
innovation project can suffer without a clearly defined compliance matrix, 
which describes what each stakeholder will get from the project, and 
independently obtains confirmation that the capability is as planned. A 
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compliance matrix can be developed by using a spreadsheet and listing 
all the requirements down the rows, the information about the tests that 
will be performed along the columns, and then confirming the perfor-
mance within the corresponding boxes. It is easy for a project manager 
to fall into the trap of declaring that a capability has been delivered, but 
without validating that it is what the customer or stakeholder is expecting. 
Implementing a TV&V process on innovation projects is an imperative to 
ensure that every stakeholder is in agreement that the delivery is per the 
planned outcomes.

The quality processes also move to a greater level of importance. Different 
stakeholders have different perspectives on quality. In addition, it is easier 
to break an existing capability when implementing a complex innova-
tion project if careful review of the interdependencies is not methodi-
cally carried out prior to each change. Checks and balances both prior to 
implementation and after the change to ensure nothing was missed is an 
important part of the measurement process. Controlled progression can 
assist in ensuring that all component pieces of the implementation, both 
in process and in products, are ready to progress.

5.2.4 Production Measures

Once a project is ready for production or construction, the control and 
measurement requirements move far to the right. Figure 5.4 explores the 
options that, most often, would lead to successful outcomes for these types 
of projects. The reasons are evident. A project at this point in its life cycle 
should be well defined. The configuration should be complete. TV&V 
should have resolved any final issues or concerns from the customer or 
other stakeholders. Risks should have been retired. The process or product 
is ready to go into production or construction, which means the design 
has been validated and is robust and repeatable.

Now is the time to set up formal and regular reviews. They will ensure 
that the production or construction activities stay on plan and will be 
implemented per the schedule. Configuration control is critical. Any 
changes to a part, component, or system must be carefully evaluated and 
controlled to ensure no adverse impact to the expected design. Schedule, 
budget, and technical reviews may be more formal or less formal based on 
the desires of the customer and management. More formal implementa-
tion may include earned value management (EVM), earned schedule (ES), 
and technical performance measures (TPMs). This is where quantitative 
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reviews, with stoplight charts and four squares, as described in Chapter 4, 
really add value.

Risk management is important because at this point in the project, con-
tingency draws must be carefully managed to ensure that the final budget 
expenditures (budget + management reserve + contingency) do not exceed 
the budget amount. As discussed in Chapter 4, contingency is specifically 
held to address project risk. Management reserve, on the other hand, is held 
as a buffer against unknowns that emerge over the life of the project.

Although it is important to continue to monitor, based on impacts that 
staffing levels may have on the schedule, this phase of the project usu-
ally requires skill sets that are easier to obtain. Typically, the critical skills 
are not as heavily involved because the design has been transcribed into 
reproducible elements. Thus, the staff management requirements change 
from having to ensure critical skills are available and doing the work as 
planned to managing a workforce around standard issues, such as vaca-
tion time, sick time, etc.

TV&V plays a new, important role. The verification that the process or 
product coming out of the project meets the specification, or is within 
the tolerance band, must be completed. The validation that the end prod-
uct meets the customer’s expectations is critical. TV&V reviews typically 
become more formal, with presentations on performance provided during 
standard reporting periods. Application of measurements in these areas, 
such as a compliance matrix and verification review, concurrence that 
specifications are met by an independent panel, or other reviews over dif-
ferent elements of project management performance, would be based on 
the desires of the customer and management.

Use of both quality metrics and controls increases in these projects. 
Metrics can include the implementation of methods to optimize produc-
tion or construction processes, such as in the use of TQM (total quality 
management), Lean, etc. They often include audits or other reviews to 
assess the quality of the product, process, or service. These reviews lead to 
action lists to resolve any deficient areas. Quality controls become impor-
tant, not only to ensure the project outcomes are of sufficient quality, but 
also to investigate, analyze, and describe the background on situations 
where things did not go well. The controls are key to understanding the 
root cause of problems and, thereby, resolving these problems so that they 
do not happen in the future.

Depending on the requirements of the customer or management, TRLs 
can provide controlled progression measures. Level 8 is achieved in the 
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production or construction phase of the life cycle, once the final configu-
ration of the capability, with all the interfaces and integration points, are 
in place. Once that capability is demonstrated in the operational environ-
ment, Level 9, the final level, is achieved.

For a project in this phase, having a strong manager in place is more 
important than having a strong leader. This is a generalization, because 
there are some complex projects that require both skill sets to ensure the 
optimal chance of achieving successful outcomes. The manager must 
be able to control the progress from start to finish and ensure that the 
project outcomes are achieved, and the project is successfully completed. 
The completion of a project is often more difficult than anticipated and 
requires a strong manager who makes the difficult decisions that often 
come in the last 5 percent of the project, such as laying off or reallocating 
the project staff and dispositioning the final budget.

5.2.5 Apply Now Measures

Review the types of measurements that are available, and then choose the 
levels to use for various project types. Figure 5.5 provides the spectrum of 
measurement choices that can be made. The reader should take a personal 
example of several different projects along various parts of the life cycle 
and use the decision space template to determine what mix of measures 
would best be applied. There is no one right answer. Much depends on the 
desires of the project manager and the customer. For reference, Chapter 4 
describes each measure in detail.

5.3 MEASUREMENTS FOR R&D PROJECTS

When determining the appropriate measurements to be used on R&D 
projects, the following should be considered:

• Regardless of the life cycle, a project should apply all of the measures, 
albeit, at different levels of control and effort.

• Metrics need to be carefully chosen and then validated to make sure 
they are measuring useful information.

• Change and configuration control minimizes unintended 
con sequences.
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• The intent of trend and variance analysis is to actually manage to 
the plan.

• The anticipated benefit of carefully controlling TV&V is in quality 
and preservation of reputation.

• Reviews support a “trust but verify” approach, and they are only as 
good as the quality of the information that is presented.

• Communication has the most impact to project success.

To further elaborate, each of the categories of measures is used regard-
less of the life cycle the project is in, although at different levels of control 
and effort. The only valid reason for not applying any of these measures is 
if money and time are unlimited. The art of the application is in finding 
the level of measures that is deemed appropriate by the stakeholders, and 
then ensuring that the measures do not get in the way of successful project 
performance, but enhances the project manager’s ability to do the job.

Going through the motions of setting up a resource-loaded bud-
get and schedule, but not holding reviews to make sure performance is 
as expected, is as useless as not setting up a budget and schedule in the 
first place. Managing the budget and schedule through measurements 
mitigates a multitude of risks. For example, by careful review, the project 
manager can reduce the risk of undercharging. This happens when indi-
viduals who are allocated time on a project are not actually charging to 
the project. If a team member is not charging, it could mean he or she has 
accidentally charged to the incorrect account number, or, in the event they 
are matrixed to the project, that the team member is not being allocated 
enough time to actually work on the project. On a small effort, where criti-
cal skills are necessary for research to progress, this is a sure sign the proj-
ect is in trouble. With this small bit of knowledge, the project manager can 
quickly address the situation and get the project back on track.

Metrics can be a double-edged sword. They can provide a false sense of 
security and may also provide inaccurate information, wasting both time 
and effort in compiling them and possibly leading to a catastrophic failure 
in the future. In some cases, false results can lead to outcomes that are not 
needed nor desired. This is one reason why reviews are often held with 
individuals who are independent of the project and often the organization. 
These independent reviews are meant to bring a fresh view of the informa-
tion and, based on the reviewers’ extensive knowledge and experience, call 
out areas where processes, measures, and/or techniques may be leading 
an organization astray. The measurements that are used, therefore, need 
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to be carefully chosen and then validated to make sure they are provid-
ing useful information that will inform in ways that will highlight true 
risks within the project and can support informed decision making. Then 
if recommendations come from those reviews, they must be followed up 
and resolved.

Without adherence to processes, the impacts from uncontrolled change 
have far-reaching consequences. Without careful control, one will never 
know which version of the document, product, component, process, etc. is 
the most current version or the correct configuration. The goal of this type 
of control is to minimize unintended consequences. Using a document or 
component of a system that is not the current configuration means that 
updates have been lost. Often, updates are provided based on information 
from the customer or stakeholders. Sometimes they are safety-related, and 
sometimes they add a feature, capability, or function. There are many rea-
sons that a configuration can change.

How impactful a loss of configuration control is to the schedule is 
dependent on the product, process, or service, and the nature of the 
change. Most loss of configuration control has far reaching consequences 
that are not seen at the source. For example, if a company had a supplier 
that it relied on to provide software drawings, and the supplier decided 
to change versions of software, but did not manage the change correctly 
in notifying the customer, the software may no longer work as intended. 
In another example, a change on the production line of a part to elimi-
nate what seems like an unnecessary angle may seem appropriate. All the 
local company-specific information shows no impact. Only far down the 
assembly line does it become apparent that the angle was required to fit a 
supplier-provided part. Without configuration control, it can be difficult, 
if not impossible, to determine where changes were made and why.

The intent of trend and variance analysis is to actually manage to the 
plan. A project plan that is written and then put away, although useful in 
getting the stakeholders on the same page and clarifying the scope, deliv-
erables, etc., will not help achieve successful outcomes. The plan must be 
managed if the intent is to achieve the outcomes identified within it. Each 
trend and variance metric, by its application, needs to increase the prob-
ability that the outcomes will be achieved. Also, each metric that is put in 
place needs to be monitored and validated that it is driving the behavior 
and measuring the activities that will lead to success. Immediately upon 
discovering that the opposite is happening, the metrics should be revised 
or eliminated.
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All R&D activities can be tested either through modeling and simula-
tion or prototyping. The anticipated benefit of carefully controlling TV&V 
activities is in configuration control and the quality of the product, pro-
cess, or service. A methodical approach to testing builds confidence and 
confirms performance in concrete ways. R&D is typically tightly coupled 
to TV&V activities. As a success measurement, the commonality comes 
from the fact that all TV&V activities are in place to demonstrate irre-
futably the claims of the project manager. Most TV&V activity requires 
third-party verification of some type so it provides a level of performance 
review that otherwise might not have been done. It preserves the reputa-
tion of the team and the organization by ensuring delivery of what was 
promised. Most project managers would not hesitate to conduct TV&V as 
appropriate to their project. This is not often the case for the next category 
of activities.

Reviews, gates, quality checks, and controlled progression are all about 
verification as well. They require the project participants to present evi-
dence that they have completed what they said they did: a “trust, but 
verify” approach. Most often, pushback comes in these areas where stake-
holders may not see the value of the reviews or other associated activities. 
For the R&D project manager, these reviews can serve a useful purpose in 
providing a forum for discussing and disseminating results and gaining 
additional resources for further research.

The key goal of completing a review is to have the reviewers approve 
movement to the next phase if all the established criteria have been met. 
Thus, it is in the best interest of the project manager to prepare accord-
ingly. One issue with reviews is that they are only as good as the informa-
tion that is presented. If information is presented in a way that is clear, 
provides a full complement of options for a way forward, describes what 
the outcomes were, and what decisions need to be made, then there is a 
good chance that valid decisions will result. However, if a project manager 
has a vested interest in successfully completing a review, it becomes an 
imperative for the review team to ensure they have enough expertise on 
the project material to identify issues that may be subsumed or otherwise 
not brought forward into the spotlight of the review.

Even when all best effort is made to bring forward issues during a 
review, something can be inadvertently missed. The most effective way 
to approach these concerns is through an independent panel of subject 
matter experts, unaffiliated with the project or organization. Independent 
panel reviewers look for areas where there could be issues and ask probing 
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questions to ensure the information that is provided is the type of infor-
mation that should be presented in order to make the required decisions. 
Clarity and transparency in communications during these reviews can 
help ensure resolution for the underlying risks of hidden agendas, inac-
curate reporting, or other information gaps that can lead to a review being 
successful, and a gate being passed when it should not be. Unfortunately, 
most small R&D projects do not get the benefit of an independent review 
and rely entirely on internal reviews from individuals who are not subject 
matter experts. This increases the project risk to the organization.

Communication is probably the one most important activity that must 
be done, and is typically the least attended to informally or formally. It 
is simple to do as well and has the most impact. Throughout all of the 
areas previously discussed, communication is the underlying thread to 
all of them. Communicating what a project manager wants to do, what he 
or she thinks can be accomplished, and how testing and experimenting 
will be used to prove the concepts or theories, is an imperative. If com-
munications can get to the right people, at the right time, with the right 
information that informs in useful ways, then the project will be seen as 
successful. Any breakdown in that chain of communications will result in 
dissatisfaction, if not a negative impact to the project. These channels of 
communication do not need to be to a large population nor do they have 
to be cumbersome or burdensome. As was discussed in Chapter 4, com-
munications need to be appropriately scoped to the stakeholders that need 
the information, in the right form and with the  appropriate content.

5.3.1 Essential Measurements

Knowing that all of the measurements shown above can be used to ensure 
the highest probability of successful outcomes, the question for R&D proj-
ects becomes: What are the essential ones? In other words, which of all the 
measurements available provide the most useful information that will lead 
to the best decisions and ultimately to successful outcomes? All measure-
ments are important. However, a small number of carefully chosen and 
validated metrics can reflect progress and demonstrate results.

There must be a way to document the progress on an R&D project. This 
does not have to be a rigid methodology or one that is heavy in the use 
of technology. What must be done is that the project manager and team 
must always know where they are, and what they have tried and in what 
order. Also, it has to be somewhere other than in their heads. A common 
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approach is a research book, a shared board, or other common document 
that is prepared by the team. At any given time, any individual should be 
able to go to the location, understand the current configuration, and how 
the evolution occurred. There should be enough detail that one could re-
create the exact experiment and obtain the same results. Therefore, change 
management is essential.

One of the most important documents that an R&D project can have is 
a vision or strategy document. This document should identify the project’s 
guiding star, or the point far in the future where they are heading. With 
that in mind, a trajectory or trajectories that may ultimately lead to the 
vision needs to be documented in high-level broad terms, and it should be 
reasonably obvious what the outcomes of each trajectory would be at the 
point it touches the vision. This is not a document that is written in stone. 
It evolves over time as learning occurs.

With the vision in mind and the trajectories defined, a work breakdown 
structure (WBS) can be designed to capture the major activities that will 
be pursued along each trajectory. The optimal schedule for R&D projects 
should be between one to three months, similar to the flexible methods of 
project management that were discussed in Chapters 1 and 2. The project 
needs to have a defined project start and end date. It is highly probable that 
milestones and a critical path may not be distinguishable at the beginning 
of the project, especially for R&D in the beginning of the applied research 
life cycle, because it is not known which direction the research will take. 
Setting milestones at this early time adds no value. Indeed, in some cases, 
where breakthrough R&D and innovation are desired, it is imperative that 
defined milestones are not set because doing so will force a direction and 
could conceivably constrain thinking. Although milestones may not be 
chosen and set, major activities do need to be captured. Activities such 
as key experiments and tests that will be performed, as well as phase gate 
or decision points should be identified. This is an important difference in 
how project management is applied to R&D in order to ensure that they 
have the flexibility needed to be successful.

Although it is important to bind a project to a particular time period, 
and to identify the strategic goal and trajectories that will be taken in order 
to ensure that there is an understanding of the basic boundary conditions, 
the key reason for setting up a project schedule for an R&D project is so 
that resources can be identified and allocated to the tasks that will drive 
the R&D forward. Therefore, the tasks should be sequenced and resources 
allocated so that resource leveling can be used to see, from the start, if 
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resources are over- or underallocated. A quick review of actual charging 
at the close of each financial reporting period will confirm spending pat-
terns and anomalies. A project manager will want to check this to ensure 
employees are charging appropriately. This becomes more important if 
labor resources are shared. A strong capable leader and a fully engaged, 
nonmatrixed team are ideal, but seldom is realistic. Organizations often 
try to optimize the use of their staff by spreading them across many proj-
ects. Because of this, it becomes more important to ensure research time 
is given and taken by tracking expenditures to the project.

Also for each trajectory, MOEs (measures of effectiveness), MOPs 
(measures of performance), KPPs (key performance parameters), and 
TPMs can help clarify decision making at branch points. As discussed in 
Chapter 4, MOEs define what the intent of a successful implementation 
of the functionality along the trajectory looks like. From there, one can 
derive KPPs and MOPs. KPPs are helpful in R&D projects in that they can 
specify the functionality that if not met, would put the project at a branch 
point, and require a decision that would significantly affect the trajectory. 
MOPs take the MOEs’ intent of the functionality along the trajectory and 
turn it into TPMs or critical technical parameters of the project. If enough 
is known about the trajectory that is being followed, then TPMs can pro-
vide details as to predicted values and current estimates, tolerance levels 
and parameters for planned performance, and thresholds. These can be 
used to develop criteria for performing tests and experiments.

Tests and experiments need to be defined in a way that can be clearly 
assessed, and decisions can be made on go/no-go, change direction, or 
stop. The range of these test activities is broad, as well as project- and 
discipline-dependent. Metrics for tests and experiments need to reflect 
what the outcome was without making judgments as to whether or not 
they were successful or not. It is important not to associate a test that did 
not provide the results that were expected, as a failed test. The learning 
that occurs from a test that went differently than expected is sometimes 
more important than the test that performs as expected. The key is to 
measure forward momentum. Where a test performed unexpectedly, an 
analysis might lead to a conclusion to retest, modify, and retest, or change 
the direction completely. An environment where trial-and-error is accept-
able is optimal.

Generally, each test and experiment should be set up to add definition 
to the realm of what is possible within these measurements. However, 
there are many cases where the art of discovery is the goal. Through 
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experimentation, testing, discussions, etc., bold new ideas are pursued. 
The ability to have some free-form thinking time, to investigate spontane-
ously, to make connections between disparate or different ideas and dis-
ciplines, and to “think outside the box,” must be provided for some R&D 
projects. It isn’t possible to anticipate ahead of time the outcomes that will 
ensue, and, in some cases, the outcomes are insignificant by themselves, 
but lead to another test or experiment ultimately leading to the path that 
will ultimately be followed. This path of discovery for this type of R&D 
requires identifying the roaming range and time frame. The structure that 
is put in place to manage R&D tests and experiments needs to foster and 
facilitate both types of R&D experiments and testing based on the project 
objectives.

Risks should be defined, but typically R&D risks deal with resource risk 
(FTE and ME&S (materials/equipment/services) access, critical skills), 
and on risk associated with any interconnecting projects, e.g., if one proj-
ect is waiting for the results of another project, or if a person with a critical 
skill is working on two projects at once. Risks also can come from tests 
or experiments as planned, where there is a high impact to the project 
success if the activity is not successfully completed, or when results are 
dramatically different than what was forecasted, anticipated, expected, or 
hypothesized. It can seem difficult to determine the mitigation for R&D 
project risks, but it is important to do so. In general, properly defined risks 
and mitigation strategies can provide adequate phase-gate decision infor-
mation. For example, the result of a project risk that an experiment will 
fail leading to a dead end on one trajectory may actually lead to a mitiga-
tion strategy of following a different trajectory. The use of risk manage-
ment methods for R&D projects is described in Chapter 6.

Reviews should be as informal as possible. They should be of a format 
that asks questions and provides answers. The most appropriate stake-
holders should be involved, as should the project manager and the team. 
These should be strategic discussions without structure, completely open 
dialog. There should be no preconceived results to defend. Everyone has to 
feel unconstrained in their communications. These reviews validate meth-
odology and results only. No agenda should be prepared, results should 
not be captured or recorded. The only time a more formal review would be 
held, requiring documentation and recording, is for gate reviews.

For gate reviews, the best-case scenario is to use an independent panel 
of subject matter experts for the approval. Phase gates and TRLs should be 
used when transitioning from Level 1 (basic) to Level 2 (applied) to Level 3 
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(active R&D) phases. As described in Chapter 4, Level 3 includes analyti-
cal studies, proof-of concept experiments, and tests in sufficient quantity 
and quality for validation of the concept. Most projects will exist in only 
one of these levels and will not progress unless reproposed.

For R&D projects, quality can generally be left to the discretion of the 
project manager. The use of controls would only be for cause and effect 
or other analysis on an as-needed basis. There might be many cycles of 
test and experimentation before a significant result emerges and there is a 
desire to take a critical look at the outcome. Decision points are often hard 
to define, but are key. Often, one knows they are at a decision point only 
when the decision point occurs. However, whenever possible, thought 
should be given to what findings might point to the end of the line for a 
particular path. When the project manager finds the project at a branch 
point, when it is no longer useful to continue, the ability to make that deci-
sion has to be in place. This decision should not be needed once a project 
is in the production stage of the life cycle, but it is an imperative in the 
R&D phase.

In addition to knowing when to stop a project activity, it also is impor-
tant to be able to describe why one should continue. There are many exam-
ples of projects that went on for years without any significant progress 
being made. The question always seems to come up about why the project 
was not cut. It is often harder to stop a project activity than it is to let it 
continue. However, when that occurs, it ties up resources that could be 
used for other R&D. It is a fine balance and an art to make those decisions. 
Having a trajectory, experiments, tests, results, parameters, etc. will help 
explain the reasoning behind whichever decision is made.

Finally, a communication matrix must be put in place and actively 
managed. Putting together a communications matrix does not have to 
be a significant effort. For example, it can consist of two stakeholders 
plus the project manager. One stakeholder wants and will get, through 
mutual agreement, an informal e-mail whenever an experiment is com-
pleted. Another stakeholder may have a prescribed face-to-face meeting 
with the project manager every week to discuss actions that are being 
taken, any learning that is coming from the activities, the results of any 
tests or experiments, and any challenges in the team. Although many 
equate communications with oversight, open communications gen-
erally drive innovative and creative thinking and should be strongly 
encouraged. Most managers, once they become used to this method of 
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communications, quickly become comfortable in creative dialog and 
move away from a results-oriented mindset.

With this toolset of essential measures in place, the next step is outlin-
ing the steps needed to implement the techniques on an R&D project.

5.3.2 Implementing the Techniques

The interesting thing about measures is that they can be organization, 
situation, project, and people1 specific. In other words, how measures are 
interpreted and used is dependent on the individual, the culture, or the 
situation.

The techniques described below provide constructs that can be applied 
to any R&D project within any discipline. The context of what gets mea-
sured is the adjustable element. In order to make the best use of this model, 
each measurement type should be put in place in construct, and then the 
context of what gets measured for the project is explored to ensure that 
what will get measured will provide the correct indicators and drive the 
optimal behavior.

The major suggestions for implementing the techniques for R&D are 
reflected in these action-oriented statements and then described more 
fully in the following text.

• Choose a small number of carefully chosen and validated measures.
• Document the work so others may follow.
• Make sure it is known why the metric is being collected.
• Set up the overarching project schedule, and then use a three-month 

rolling wave approach for management of the project.
• Use the MOEs, MOPs, KPPs to align with strategy and trajectories.
• Utilize EV (earned value), ES, and TPMs within the rolling wave to 

help break through branch points.
• Use risk management to decide which tests and experiments to do 

first.
• Ensure reviews are as informal as possible, and do them as often 

as required.
• Make the hard decisions, move in a different direction, or stop work 

when appropriate.
• Communicate with interested stakeholders about what they want to 

know to keep them engaged.
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5.3.3 Metrics for R&D

Chapter 4 describes a metric as “data compiled into information that rep-
resents a measurement of progress made against an expected set of param-
eters.” Metrics are developed based on standard practices, and the use of 
these metrics is dependent upon the agreement between the project man-
ager and the stakeholders. This is where key performance indicators (KPIs) 
can add value. KPIs were introduced in Chapter 4. They should indicate 
either quantitative data (i.e., financial) or qualitative (i.e., quality or effi-
ciency), be predictive or leading, or be retrospective (backward-looking) 
or lagging. To define the KPIs for the project, the project manager should 
hold discussions with the stakeholders to focus on which measures are 
essential for the project. The metrics that can lead to effective decision 
making and drive desired behavior from a strategic perspective should be 
chosen. These can be listed on a spreadsheet and associated along the lines 
of the trajectories that will lead to the strategic goal.

The KPIs for an R&D project, where the goal is to create a crowdsourcing 
opportunity to bring in new thoughts about solving a previously unsolvable 
problem (such as time travel, for example), would want to focus on the num-
ber of viable new ideas generated during the established time period. They 
would not, on the other hand, want to focus on the number of ideas gener-
ated from internal staff versus external individuals because this measurement 
will not provide insight on how the crowdsourcing opportunity led to new 
thought on the topic. The information obtained from that type of calculation 
would only illustrate how many individuals were interested enough to submit 
an idea, but not the value of the ideas submitted. Gathering data on inside ver-
sus outside participation also might have unintended consequences of stifling 
collaborations if internal staff saw this as a competitive opportunity.

Once KPIs have been established at the strategic level, it becomes easier 
to identify pertinent metrics for R&D projects. R&D metrics have a pur-
pose, which is to accurately reflect the progress being made in evolving the 
process, product, or service along the trajectory. They should not measure 
milestones and completion dates. The fact is that R&D activities are highly 
risky and contain a great deal of unknowns. A more appropriate way to 
ensure forward progress over time is to set target dates for completing 
experiments and tests.

The words progress and evolution often conjure the image of forward 
motion. However, in R&D, these words refer to a methodical path from 
idea to test/experiment to modify. This path implies that an idea will be 
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formed, and from there, a test or experiment will determine if an idea has 
merit. This is branch point #1. If the idea has no merit, the progress stops. 
If the test determines the idea has merit, a path forward will be taken to 
test and experiment along the lines of the idea. The point of the experi-
ments is to see which way works best and eliminate some paths that are 
less than optimal. Every time an experiment is completed, a branch point 
becomes evident. This is true of tests as well. If a hypothesis is being pur-
sued and a test is performed, the test will either not validate, or provide 
evidence of validation. The evidence from the test acts as a branch point 
where a decision on how to progress is made. That decision can be stop, 
change direction, or go forward.

The measures that are used need to reflect that progress and demon-
strate results within a defined time frame, which can have a target date 
of completion. They need to report on the results without bias. An envi-
ronment where trial-and-error is acceptable is optimal. All planned tests 
and experiments associated with the trajectories should be written down. 
Next to each, the possible permutations that could result from the test or 
experiment are listed. This gives a starting point for the project and should 
reflect the timescale that it will take to move through the first set of tests 
and experiments. Next, a measure of performance is identified for each 
test and experiment that has been identified. This is the element that is 
wholly dependent on the agreement from the stakeholders on the metrics 
that will provide the most compelling information from which decisions 
can be made.

5.3.3.1 Apply Now

Imagine a hypothetical R&D project with two trajectories. For example, 
solve world hunger. The two trajectories would be identify the hungry and 
identify the food source available for redistribution. Identify two KPIs 
that would be essential for the project to ensure effective decision mak-
ing and drive desired behavior from a strategic perspective. In the above 
example, one could be the number of individuals identified with incomes 
below the poverty line by country and the other locations of surplus food 
resources. Without these two KPIs, it would be difficult to make progress 
along either trajectory and eventually solve world hunger. These KPIs can 
be used to ensure that the lower level metrics align correctly.

Finally, choose four metrics to measure the progress along the trajec-
tories. Using the example above, the two metrics that could be chosen for 
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identifying the hungry might be the percentage of income data that is con-
sistent among the countries evaluated and the percentage of dispersion on 
the perspective of poverty between the countries evaluated. This metric 
would support the KPI of identifying the number of individuals identified 
as having income below the poverty line by country because one would 
need to establish the level of differences in income data and dispersion in 
support of any statements about poverty. Both of these metrics are nonbi-
ased. They pose a question that is nonjudgmental. If the research provided 
information that the researcher was not expecting, the approach might 
change, but the trajectory and KPI would not.

Figure 5.6 provides a template for developing a set of KPIs and metrics 
for an R&D project. The reader should take a personal example of an 
R&D project and use the template to determine which KPIs and metrics 
are most appropriate. For reference, Chapter 4 describes each measure 
in detail.

5.4 MEASURING R&D PERFORMANCE

Measuring performance for R&D includes the use of these established 
components of project management:

• Documentation, including a baseline budget, schedule, and list 
of outcomes

Project title:
Strategic goal:
Trajectory #1

     KPI #1
        Metric #1
        Metric #2
Trajectory #2

     KPI #2
        Metric #1
        Metric #2

FIGURE 5.6
R&D measures template.
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• Change and configuration management
• Risk management
• Reviews, TV&V, and other quality assurance methods
• Leadership and communications

5.4.1 Documentation

Documentation of method and results is a required byproduct of R&D. 
Without those basic elements, it is impossible to describe what was done, 
how it was completed, and what the results were in a way that is repeat-
able. In addition, most funding organizations require a level of reporting 
on how allocations are spent, and what progress was made versus what 
was planned or anticipated. Without documentation, efforts to measure 
performance and outcomes are difficult, if not impossible. The documen-
tation process does not need to be cumbersome on an R&D project, and 
it does not need to be heavily reliant on technological controls, but can be 
process-driven. A light process, with a small set of documentation, may be 
sufficient. Of course, the stakeholders set the final determination of what 
the appropriate required documentation will be.

As described in Section 5.2.1, a project book, research book, a shared 
board, or other common document that is shared by the team can be 
used to document R&D activity. This shared resource needs to outline the 
vision and strategy, the trajectories, any KPIs, detailed notes that describe 
experiments and tests, and the results and decisions that followed. There 
should be enough detail that one could re-create the exact experiments 
and tests at that point and obtain the same results.

The types of information that should be included when document-
ing the tests and experiments include the options associated with the 
approach to the idea, problem, or hypothesis. It should list the theo-
ries and approaches that will be tested along the trajectory, and con-
firm that there is a reasonable probability that the test or experiment 
will provide further understanding of the theory or idea and thereby 
move farther along the trajectory. If there is not a reasonable prob-
ability, the test or experiment should be rewritten because continuing 
down a path of pursuing activities that do not advance the learning 
along the trajectory will just waste time and resources or impact the 
overall schedule.
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5.4.2 Budget and Schedule

The project budget needs to take into account the labor, ME&S, fees, 
and overheads that are associated with the project. A quick review of 
actual charging at the close of each financial reporting period will 
confirm spending patterns and anomalies. Tracking is best done if it 
accounts for commitments as well as actual booked charges. A simple 
way to do this is to keep a running log every time a commitment is 
made or an invoice is submitted. These will eventually be allocated 
against the budget, but in the interim, if they are not tracked, an over 
commitment of the budget could occur. Even if only estimates are 
known, the difference between the estimates and actuals is typically a 
few percentages different and not significant enough to cause budget 
issues. However, not tracking budget commitments can cause spikes 
in actual charges that can come as a surprise to the project manager. 
At the end of every financial reporting period, a quick check can 
confirm which charges have come through and which ones are still 
pending.

As mentioned previously, the optimal project schedule is a three-month 
or less rolling wave within an overarching defined schedule period. It needs 
to have a defined project start and end date, and it includes the trajecto-
ries and the known tests and experiments that support those trajectories. 
It does not specify milestones or a critical path, but it does identify target 
dates of completion for the research, tests, and experiments, and can use 
EV, SV (schedule variance), and TPMs to track performance, which will 
help decision making at the phase-gates. It identifies staffing and ME&S 
resources that are needed to complete those activities. A check at the closing 
of financial reporting periods as to which employees are charging against 
the account will allow the project manager to ensure the employees allo-
cated time on the project are charging to the project.

5.4.3 Outcomes

The management of R&D progress toward outcomes is important as 
it focuses on performance of activities that ultimately lead to the deliv-
erables of the project. All R&D projects have some type of deliverables. 
They may be progress in learning, papers, prototypes, etc. R&D projects 
across all disciplines undergo some level of research, development, design, 
experimentation, test, verification, validation, and implementation. The 
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purpose of assessing outcomes is to understand at any time the degree to 
which progress is being made.

The most important aspect of implementing this technique for R&D is 
in using the visibility to help drive decisions at branch points. Tests and 
experiments need to be defined clearly so that decisions on “go/no-go,” 
“change direction,” or “stop” can be made. Clarity facilitates decision 
making for tests and experiments that are adding definition to the realm 
of the possible within the context of a defined set of parameters as well as 
on projects where one is testing to see how far one can go.

For technical projects, this is straightforward. MOEs, MOPs, KPPs, and 
TPMs assist in clarification for decision making at branch points. TPMs 
can provide details as to predicted values and current estimates, tolerance 
levels, and parameters for planned performance, as well as thresholds. If 
an outcome is anticipated but not met, the decision to loop back, revise, 
and test again based on the knowledge gained may be an easy decision, 
for example.

For nontechnical projects, such as basic research, process, or service 
projects, the structure of MOEs can still play a role in providing a road 
map from which to assess performance. Although these are typically used 
to measure technical effectiveness, using the structure of MOEs to define 
how well an implemented outcome will meet the intent of the stakeholder 
in the operational environment, and then testing along those parameters, 
is a good way to assess nontechnical progress to outcomes.

To structure measures of outcomes for R&D projects, start with the tem-
plate that was developed in the metrics Section 5.3.3. Figure 5.7 shows how 
these additional measures can be inserted into the spreadsheet.

The same theme of solving world hunger was shown for demonstra-
tion purposes. The strategic goal of solving world hunger is the same. To 
demonstrate the differences in applying MOEs, KPPs, MOPs, and TPMs, 
the examples were split into process-focused and technical-focused 
trajectories. The first trajectory is now to develop a process to transfer 
available food to needy areas. The KPI is to validate that food is being 
redirected to needy areas. The MOE verifies if needy hungry people are 
being fed regularly. The metrics measure progress to those activities in 
precise ways.

Trajectory #2 represents a technical example—to develop a technol-
ogy that uses a learning algorithm to identify and flag food overstocks. 
The KPI validates that food overstocks are flagged. The MOE verifies if 
food overstocks are being redistributed. The KPP verifies that the learning 
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algorithm is behaving correctly, and the MOP verifies that the algorithm 
is effective in identifying and flagging only food overstocks. The TPM sets 
the specification target. The metrics measure the specific activities. This 
simple table can be used to clarify the intent of the applied research and 
development project.

5.4.3.1 Apply Now

For this exercise, two separate trajectories representing a process and 
technical implementation should be used. Figure 5.8 provides a template 
for developing this set of measures of outcomes for an R&D project. The 
reader should take a personal example of an R&D project and use the tem-
plate to understand the correct applications of these measures. Identify 
the KPIs associated with the trajectories, the MOEs, the MOPs, the KPPs, 
and the TPMs as appropriate. For reference, Chapter 4 describes each 
measure in detail.

Project title: Hunger Project
Strategic goal: Solve world hunger
Trajectory #1 Develop a process to transfer available food to needy 

areas
     KPI #1 Food is being redirected to needy areas

MOE Needy hungry people are fed regularly
Metric #1 Percentage of process that is developed and tested
Metric #2 Percentage of needy areas that are ready to accept food 

transfers
Trajectory #2 Develop a technology that uses a learning algorithm to 

identify and flag food overstocks
     KPI #2 Food overstocks are flagged

MOE Food overstocks are redistributed
KPP Learning algorithm is identifying and flagging food 

overstocks
MOP The algorithm is correctly identifying and flagging of 

food overstocks = 99% effective rate
TPM Specification = 30 overstocks per day

Metric #1 Number of overstocks per day that are flagged for 
redistribution

Metric #2 Actual number of redistributions that occur

FIGURE 5.7
R&D outcomes example.
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5.4.4 Change and Configuration Management

Using a structured approach to manage change on an R&D project is 
important in that the project manager and the team must always know 
where they are, what they have tried, and in what order. They also must 
be able to communicate that to stakeholders at any time. The information 
has to be accessible on an as-needed basis. To have that type of situational 
awareness on an R&D project, change management has to be something 
that is part of the everyday process of the project.

One of the most effective structures is a team project book. This can 
be a physical book or electronic file. All change impacts need to be 
accounted for and understood. All stakeholders have to understand the 
ramifications of the changes and agree to them. At any given time, a 
person should be able to go to the project book location, and under-
stand the current configuration and how the evolution occurred. There 
should be enough detail that one could re-create the exact experiment 
and obtain the same results.

Depending on the size and complexity of the R&D project, more sig-
nificant change control may be required by the customer or other stake-
holders up to and including highly formalized use of TPMs, EVM, etc. 
However, on the majority of R&D projects, the discipline in the change 
process is accomplished through a quick review with a few key individuals. 

Project title:
Strategic goal:
Trajectory #1 process

     KPI #1
MOE

Metric #1
Metric #2

Trajectory #2 technical
     KPI #2

MOE
KPP

MOP
TPM

Metric #1
Metric #2

FIGURE 5.8
R&D outcomes template.
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The only time it becomes a more significant exercise is if resources outside 
the boundary of the project are required, or if a test or experiment has 
resulted in the need to dramatically rethink the project. For these types of 
significant changes to a project plan, a more formal change review should 
take place prior to implementation.

5.4.5 Risk Management

Risk management on R&D and innovation projects is not the same as risk 
management on projects farther along in the life cycle. R&D risks gener-
ally deal with resource risk (FTE and ME&S) and on impacts from inter-
connecting projects. Risk assessments also can be performed on the list 
of tests and experiments that will be done for the project. As reviewed 
in Chapter 2 for flexible project management methods, R&D projects 
need to assess within each trajectory which unknowns they are trying to 
resolve have the highest impact to the overall project if the test or experi-
ment result is dramatically different than what is forecasted, anticipated, 
expected, or hypothesized. It is usually impossible to determine a prob-
ability of that occurring, but what is important is to try to set up an order 
to the testing and experiments that supports approaching the most poten-
tially impactful ones first.

The risk assessment needs to be done for the same time frame as the 
project schedule, one to three months. The risks that are being assessed 
are on the tests and experiments that will be done during that time frame. 
A simple spreadsheet can capture the risk items that are identified and 
assessed. Regularly reviewing it and making appropriate adjustments, 
such as when the next incremental schedule is being developed, can keep 
the spreadsheet up to date.

Another standard systems engineering tool that can be used to help 
ensure that more complex R&D projects, as well as those integrated inno-
vation projects, have fully addressed potential or real impacts is the use of 
a visual matrix. Technical projects with many interfaces use an approach 
called an N2 chart.2 This is a framework to identify and tabulate functional 
and physical interfaces. The concept can be used for analyzing many dif-
ferent relationships, such as complex workflows, product or process road 
mapping, etc. The approach works equally well in diagramming process 
flows to determine which departments are heavily involved in process 
activities and which are not. This exercise also helps define the stakeholder 
roles for the communications plan.
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To utilize the N2 chart for R&D and innovation projects, the project 
team would identify the functional or physical interfaces and place them 
on the chart diagonally. The squares are then filled in as interface inputs 
and outputs, leaving blank squares where no interface exists. By staying 
with the standard practice of flowing from function 1 to function 2 in a 
clockwise direction, and completing an analysis of every square so that 
all functions have been compared to all other functions, then the chart 
is complete, and a full set of interdependencies should be apparent. An 
example of a typical N2 chart is shown in Figure 5.9.

5.4.6 Reviews

For R&D projects, reviews should be as informal as appropriate for the proj-
ect. They should provide forums for discussion with a significant amount 
of time devoted to question and answer opportunities. The stakeholders, 
as well as interested persons, should attend, particularly those individuals 
who work in complementary areas. An interdisciplinary review is typi-
cally the optimal for generating interesting dialog about experiments and 
results, especially if subject matter experts from various disciplines that 
have overlapping requirements can be included.

If possible, the discussions should be without structure. The objec-
tive is to provide an update on what the tests and experiments were 
that have been done, what the findings or results were, and what that 
means for the future tests and experiments. Little to no time should be 
spent on programmatic information, such as schedules and budgets. 
The intent of the review is to provide an opportunity for interested 
stakeholders and persons to review the methodology and results and 
to help explore what they mean and where it could lead. It should be a 
strongly collegial dialog that helps drive understanding of the activi-
ties of the R&D project through the organization. No agenda should be 
prepared; results should not be captured or recorded. Project manag-
ers should arrange these reviews at the end of every schedule period, 
whether that is monthly or quarterly. The only time a more formal 
review would be held, requiring documentation and recording, is for 
gate reviews.

For a more disciplined approach used for larger, more complex R&D 
projects, TRLs and phase-gate reviews should be used. An independent 
panel of subject matter experts is chosen. This is typically done by senior 
management. An agenda is set, and notes are taken during the review. The 
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project manager is responsible for presenting the information in a cohe-
sive form, ensuring that the rollup of the information does not impede 
interpretation and analysis by the panel. The tests and experiments need 
to be explained, the risks associated with them discussed, and the results 
stated in clear terms.

5.4.7 Quality

Quality in R&D projects has to do with the work effort associated with 
the research, test, and experimentation. A project that goes on indefinitely 
without making significant progress ties up valuable resources. The proj-
ect manager also may be avoiding making the difficult decisions about 
outcomes that are different than those expected. A project that does not 
make progress has a lower probability of retaining support the longer time 
passes. Determining quality on these on-going, multiyear projects that are 
not independently reviewed is difficult.

There are some simple methods that can be employed to ensure that 
R&D project quality is maintained. As mentioned above, reviews help dra-
matically in both informing as to the progress and obtaining assessments 
of the validity of the claims regarding outcomes. As tests and experiments 
are completed, branch points emerge. These are the points when some-
thing results from a test or experiment that is dramatically different than 
anticipated, leading to a question on the path for the future. When a proj-
ect is at a branch point and it is clear that it is no longer useful to continue, 
the decision needs to be made. When this happens, it is often a strategic 
change for the organization and may actually require walking away from a 
significant prior investment. The project manager has to have the backing 
of management to make those difficult decisions. Some methods that can 
be used to support project managers who make these decisions, and who 
must deal with the aftermath of effects on the team, will be discussed in 
Chapter 7.

In addition to knowing when to stop a project activity, the project man-
ager also has to explain why the project should progress, particularly if the 
tests and experiments continue to show a lack of progress. As long as the 
project manager can clearly show that the quality of learning through the 
tests and experimentation is still aligning with the trajectory, continued 
pursuit of the project is generally acceptable. All efforts should be made 
to demonstrate that predictions are improving, outcomes, although not as 
expected, are still providing quality results, and the risks are being reduced.
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On occasion, the quality of R&D projects is negatively impacted by bias. 
Effort needs to be made to ensure the typical types of bias are eliminated 
and that this is confirmed through discussions and reviews. Even when all 
processes within the project are rigorous, overconfidence that the project 
is performing much better than anticipated, or that the project is much 
farther along, we become victims of bias. Bias includes forming conclu-
sions on an immediate result or just on one result, using simple or familiar 
explanations without verification.

Finally, for a quality project, the project book has to be a living document. 
The process of reviewing and managing all along the way has to be in place 
and adhered to. A frequent reassessment of the progress of R&D projects is 
essential. The rate that learning is occurring is the rate that the documenta-
tion and project activities should be reviewed and revised.

5.4.8 Leadership

Leadership is critical for R&D projects. The principal investigator is typi-
cally the champion of the project and has a strong vested interest in the 
progress and outcome. He/she will help shape the project and often is 
responsible for the science, technology, or other outcomes required by the 
project for its success. Project managers for R&D projects also must be 
strong leaders. They will be held accountable for their project’s outcomes. 
If they are lucky, they pick their team to bring in the key skills and per-
sonalities that will ensure the project’s success. If they are not so fortunate, 
they are assigned a team. They then must be able to identify and optimize 
the skills that are available and must be effective in leading a team that 
may be made up of a suboptimal skill set than is needed for the project.

R&D project managers are responsible for the progress, reaching the 
project’s objectives, and achieving the outcomes. They will be held respon-
sible and accountable for the hard decisions that must be made. An orga-
nization needs to choose the R&D project manager wisely, and then be 
willing to stand behind the difficult decisions they will need to make over 
the course of the project. A talented project manager can facilitate the 
project over multiple phases of the life cycle.

5.4.9 Communications

Implementing communications on an R&D project is not difficult, but 
it is an imperative. A communications matrix must be put in place and 
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building one is a simple exercise. As described in Chapter 4, a spreadsheet 
can be used to list all the stakeholders for the project. The project man-
ager identifies the level of support that the stakeholder appears to provide 
from advocate to neutral or negative. The interdependency with the stake-
holder’s area of responsibility should be noted, and then the stakeholder 
should be asked the method for which he/she prefers for communicating 
about the project, and the frequency with which he/she desires updates. 
It is up to the project manager to determine the correct communications 
and frequency for each stakeholder; however, if the project manager’s pref-
erence does not match the stakeholder’s preference, a dialog must occur, 
and they must be in agreement, or the stakeholder’s preference should take 
precedence unless he or she really has no significant stake in the project.

In addition to the basic communications plan for the project, the project 
manager is responsible for setting up and holding the appropriate reviews 
at the right time throughout the project. These should be held regularly, 
not just at significant events. Part of the reason that these communication 
events need to be held is to set expectations as to what the project will do, 
to set the record straight about what it is not doing, and to get buy-in and 
confirmation from interested stakeholders and other individuals that can 
support the project over time. The effect of clear communications should 
not be understated or underestimated.

5.5  CASE STUDY: FLOWER CIRCLES 
AND WATERCOLOURS3 PROJECT

5.5.1 Background

In 2008, lead artist Binita Walia completed an architectural glass project 
title “Flower Circles and Watercolours” for the Lanchester Road Hospital4 
in Durham, U.K. The hospital provides mental health and learning disabil-
ity services. It is at a carefully chosen location that overlooks the surround-
ing countryside. The building is specially designed to be environmentally 
friendly and includes a well-lit and spacious atrium that opens to a coffee 
shop and leads into a central courtyard. Each ward has its own enclosed 
garden, and all include a window seat where the service users can enjoy a 
relaxing view of the natural landscape surrounding the building.
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Emerging research suggests that art in various forms can have a sig-
nificant impact on the health and well being of individuals. Providing 
these artistic environments has been shown to reduce pain, affect emo-
tions, and promote healing. The hospital management supported this idea, 
and, because they believed that art creates an environment that is both 
therapeutic as well as pleasing for the staff, they made it an integral part 
of the building. They wanted to ensure that the selection of finishes and 
colors would have a positive effect on the qualitative environment of the 
building. They also were concerned that the art be carefully considered to 
support the clinical regimes in the areas of the hospital’s specialization. 
One of the specific requirements for the project was that the experts in 
the clinical treatments, the nurses, and the service users themselves be 
involved in the design process to ensure the optimal artworks were devel-
oped and implemented, which would enhance the treatments that were 
being provided by the hospital.

A lead artist was commissioned and involved from the outset of the build-
ing construction and landscaping through the design and implementation 
phases. There are five locations in the building that feature commissioned 
art. The main entrance features artworks with the themes of the circle of life 
and healing flower remedies. The ward and department entrances, as well as 
the directional signage around the building, were inspired from the collab-
orative discussions between the artist and the service users and staff from 
each ward. These are applied watercolors that carry the theme through the 
ward and are replicated on the nurses stations. In addition to these major 
building features, a faith center window would include an art theme of a tree 
of life, and the central garden would include a theme of a curved pathway.

Walia’s art was featured in the main entrance and in the ward and 
department entrances. The main entrance architectural glass and recep-
tion atrium wall designs consist of images of multiple outlines of heal-
ing flowers around a circle symbolizing harmony and piece. Architectural 
glass is typically a building material, such as plate or stained glass win-
dows. The ward entrances featured watercolor designs reflecting the col-
lective thoughts and feelings of the specific ward service users and staff, 
along with the Walia’s creative interpretations of the surroundings. She 
wanted to introduce a handmade element and a flash of color to define the 
individual corridor entrances. So, each department or ward received an 
individually painted watercolor.

According to Walia, “Designs were applied to the atrium glazing using 
a combination of dichroic glass and silk screen.” Dichroic glass5 contains 
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microlayers of metals and oxides that reflect and refract different colors 
depending on the light that flows through it. The design was applied to 
the main atrium architectural glass and carried on through the reception 
foyer of the building through the application of vinyl manifestations to the 
walls. Vinyl manifestations are hand- and computer-generated graphics 
transposed onto vinyl and used as an appliqué. The commissioned project 
included developing a design in collaboration with the staff and service 
users at the hospital and then implementing it in collaboration with an 
architect and building team.

Walia is an established artist with a long history of successful architec-
tural glass commissions, exhibits, lectures, publications, and collaborations. 
Her formal training includes a Masters of Art from the Royal College of Art 
in London. She has been creating concept-led and site-specific unique art-
work since 1995. She uses a holistic collaborative approach, which takes into 
consideration the site, the building, the client’s desires, and the viewer of the 
art within the creative process. For this project, she was chosen as the lead 
artist and brought onto the design team, which included the client, an archi-
tect, the builders, as well as her subcontractor who would make the glass 
product. Also employed was an art consultant who developed a scheme for 
the public art and acted in a liaison role between the artist and the client.

The inspiration for Walia’s art typically comes from the interrelationship 
between the physical surroundings of a site, the ambiance, the history, and 
social context in relation to nature. She keeps a strong focus on light and 
color, exploring the “constantly fascinating, sensory, and dynamic relation-
ship between glass and light” and in the “incidental light shows that take 
place in the reflected surfaces that surround us.” The artwork interacts with 
the natural surroundings of the ever-changing sky scene by reflecting or 
refracting light in ways that accentuate the changes with the weather and 
lighting conditions. In addition to the sky focus, the natural surroundings 
of the building, such as the landscape, flowers, and wildlife, as well as any 
sense of movement such as occurs with a flowing water source, are all taken 
into consideration. The inspiration for this project came partly from healing 
flowers that are used in flower remedies, and partly from the feelings and 
ideas expressed by the collaborators during the design phase.

Previous commissions, each unique, used combinations of digital pho-
tographic manipulation, text images, and hand drawn and painted images 
within her designs transferred onto glass and walls using various meth-
ods such as silk screen, printing, painting, positioned glass and mirror, 
and etchings. The results were color-rich, transparent, luminous, and 
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reflective. This project would use a combination of glass, silkscreen, etch-
ing, watercolors, and vinyl manifestations.

5.5.2 Life Cycle Perspective

This project’s life cycle spanned from research through operations 
(Figure 5.10). Project management methods were implemented through-
out all phases of the project—from defining and managing the scope, 
schedule, budget, risk, and quality to ensuring that essential underpin-
ning activities were strongly addressed.

5.5.3 Project Management

A flexible, user-facing approach to project management was used in this 
project. Collaborators were integral to the design of the project and provided 
input at the completion of each stage, thereby evolving the design over time.

5.5.3.1 Defining the Scope

The client set the scope of the project and identified requirements and 
expected outcomes. There were strong feelings from the client as to spe-
cific requirements that must be met. For example:

• Light: Used appropriately would lower the contrast with the external 
environment and, thereby, lower feelings of isolation.

Closure

Maintenance

Operations

Production/construction

Development

Applied Research

Basic Research Imagination

Art

Craft

Preproduction

Production

Control

Enhancement

Retirement

FIGURE 5.10
“Flower Circles and Watercolours” life cycle.
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• Stimulation: Department-appropriate colors required consideration; 
calming or soothing versus stimulation and energizing.

• Harmony: The color combinations needed to affect feelings of har-
mony by confirming expectations in the mind.

• Context: The context and the sequence of spaces needed consider-
ation to ensure the optimal harmony.

• Focus: The use of color intensity and contrast needed to be utilized to 
focus or remove attention to certain locations, such as service room 
or places that individuals would not typically venture.

• Orientation: Needed to assist way-finding, provide character, and 
support the feeling of being in control of the surroundings. This 
includes location of doors and edges of space, door handles, and light 
switches, which help present space in a way that an individual can 
navigate effectively.

The major element that had to be addressed was integration. Fixtures, 
fitting, color, light, focus, context, etc. needed to be part of an integrated 
design. It was considered vital that the art was not standalone and that it 
be fully integrated into the building design.

5.5.3.2 Develop the Objectives

The client hired the art consultant, who then pulled the art team together 
and worked as an intermediary or liaison between the client and the team. 
The first brief level set the team as to the expectations of the client. Once 
the artist understood the vision, the objectives, and the constraints, the 
next step was for the artist to develop and brief the concept to the client. 
During the objectives-setting process and brief, Walia presented her vision 
of producing artworks, which fulfilled the requirements of the brief, but 
went farther in providing an approachable, personal feeling to the space. 
She demonstrated how the workshops would be used to obtain a story or 
idea and to determine the colors that would be chosen for the artworks.

5.5.3.3 Identify the Requirements

Workshops were held for each of the departments where the participants 
could interact with the artist about the desired atmosphere and the inter-
play between their feelings on colors, context, shades of color and light, 
images, and words. The design team facilitated the workshop by producing 
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cards with images, words, and colors that would be used to create collages. 
They called these collages “mood boards.” These would help drive the 
artwork solution, which would be proposed and approved before moving 
into the next phase. The art consultant coordinated the workshops. Walia 
and the project architect prepared the workshop materials. They poured 
through magazines, clipping out words such as bold, passionate, relaxed, 
calm, happy, sad, and thoughtful. They pulled out hundreds of inspira-
tional images that represented a wide range of ideas and feelings.

They would spend a day with the staff, a day with the service users, 
and then visit the site. Once the research was complete, the design began. 
Walia placed all of the mood boards around her art studio and spent two 
weeks defining her initial design. “I needed to have big blocks of time to 
think through my approach,” she reflected. At this stage of the project, it 
was important to present one or two ideas, some basic models, and the text 
that explained the artworks. During this communication, she was con-
firming back to the stakeholders her understanding of the requirements 
and how they fit into the integrated artistic solution. The stakeholders were 
able to see that when they expressed their ideas for the feeling or percep-
tion they wanted the artwork to convey, it was reflected in the art that was 
presented. Once approval was provided, the full detailed design began.

5.5.3.4 Outline the Deliverables

This project’s deliverables included the artworks that would enhance 
the main entrance, the ward, and department entrances, as well as way-
pointing signage around the building. In particular, glass artwork, printed 
polycarbonate panels, wall vinyls, and glass etching were identified as 
deliverables. These would be considered “delivered” once the design and 
implementation were complete. Walia would need to develop a glazing 
concept that would build on the architect’s design for the interior and 
exterior of the building and would integrate within the internal space 
including the walls, furniture, and flooring. The delivered items would be 
placed in the main entrance, three acute wards, a learning disability unit, 
therapies area, physiotherapy, and the day center. She also had a goal to 
mentor the faith glass artist and the landscape artist. When the project 
was complete, she would finish an impact statement describing the project 
outcomes and lessons learned.
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5.5.3.5 Develop the Schedule

Careful attention was put on compiling an art development schedule that 
met both the construction schedule of the building and the production 
schedule of the art materials, such as the glass. The critical path was the 
production of the main entrance architectural glass. Walia’s manufacturer 
would always get priority of time, and she would adjust her design sched-
ule to ensure the entire project fit into the overall project schedule. These 
activities were strongly interconnected and interdependent. Walia has a 
reputation of always delivering on time and on budget, and, for this proj-
ect, it was no different.

5.5.3.6 Develop the Budget

A firm budget was developed that incorporated the design fee as well as 
the indirect costs, such as management, travel costs, rent, utilities, etc. The 
project budget took into account expected supplier costs.

5.5.3.7 Develop Risks and Mitigation Plan

Prior to and during the project, Walia felt that her most significant risks 
were in the unknown unknowns. She had a solid relationship with her 
suppliers, but there were “always hiccups,” she said. Those unforeseen sur-
prises would always appear. Perhaps an installation was not going cor-
rectly because there was a steel joist in the way that could not be drilled 
through, or an installation method just would not work. For her mitiga-
tion, she said, “Everyone understands the stakes, so you find the right peo-
ple and overcome the problem.” It is a matter of adding talent and effort 
to the problem.

5.5.3.8 Critical Branch Points

There were two critical events that occurred that could have derailed the 
project. The first involved the client who in the middle of the project sud-
denly developed significant concerns. They did not understand the etch 
technique and were worried about how the door manifestations would 
ultimately look. The art consultant was not available, and Walia found 
herself face-to-face with a dissatisfied client. After discussions, Walia 
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made some minor modification to the art, thereby resolving concerns, and 
the project was able to proceed.

The second branch point was upon inspection of a glass panel that con-
tained the glass circle. Even though the specifications were clear, farther 
down the manufacturing chain of command, interpretations and decisions 
were made, which changed the design significantly. They had decided to 
place the flowers directly into the circle instead of surrounding it. Walia 
had to refuse the piece and wait for a new correct version to be made. This 
was an incredibly tough decision to make. She recalls, “You must be very 
tough. You cannot be weak, and you have to be able to hold your nerve. 
This is your art and it has to be right.”

5.5.4 Outcomes

The project successfully met the objectives that were set in the time frame 
and within the budget. The client and the artist were satisfied with the 
results. Walia felt that one of the key elements of success was in creating 
works of the right scale for the project.

5.5.4.1 Defining Success

For Walia, success had one significant measure and that was client satisfac-
tion. Her dedication to staying on schedule, within budget, and within the 
quality parameters of the project drove the other measures of success. The 
service users and staff members were happy to contribute and satisfied with 
the results.

5.5.4.2 Types of Measures Used

For budget and schedule performance on a project, Walia typically used 
a spreadsheet, tracking where money was supposed to go, are when 
invoices where written and paid. She used spreadsheets and e-mail to 
both confirm and validate planned actions and completed actions. The 
suppliers all needed to be paid to their own schedule, so it was impor-
tant to make sure the budget was managed to meet these deadlines. 
Although she was not opposed to using specific project management 
tools for this project, it would require a financial obligation that she 
would not need to make for this project because the full budget was 
provided to the art consultant who then managed the overall budget. 
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The art consultant would then prepare and communicate the informa-
tion that was pertinent back to Walia. They discussed the budget regu-
larly throughout the project.

Walia managed her schedule by asking the suppliers for delivery dates 
and then keeping in touch regularly to verify they were still on target and 
planned to meet their deadlines. As the components of the artworks all 
needed to come together at one time, it took consistent supervision to 
make sure everything would arrive for installation at the right time. With 
the glass, for example, it was imperative that the artwork not be left sitting 
on the site once it was delivered. If it arrived in the morning, it needed 
to get installed immediately. However, in order to do the installation, a 
crane on wheels needed to be available, along with the staff qualified to do 
the installation. The dates for the construction project for which she was 
dependent upon constantly shifted and changed, and she had to perpetu-
ally watch them to make sure her schedule was aligned. The critical path 
remained the same throughout the project—the glass.

5.5.4.3 Governance

Walia needed to be tightly connected to the builders to ensure she under-
stood any delays on their side and to compel them to install the scaffolding 
in the right place at the right time. She also needed them to be available to 
move the scaffolding as work progressed. Once she had their commitment 
on the schedule, she contacted them regularly, often showing up in person 
at the site.

For technical performance and quality, her measures were the levels 
of readiness of the products being designed and manufactured for the 
project. She felt that she must personally oversee the work, to ensure they 
understood her vision.

During the course of the project, she could generally estimate the level 
of completion of the project, and this would compel her to add effort if 
necessary to ensure the activities were completed to the defined schedule. 
Percent completed could be estimated based on the total design minus the 
amount of work completed.

5.5.4.4 Trends and Variances

For budget trends and variances, Walia monitored the spending and com-
mitments for project labor and materials. Schedule trends and variances 
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were tracked by being in constant touch with the construction company 
and actually going onsite to observe preparations. On this project, she had 
to coordinate four days of work to install the vinyl wall artwork. Four-
story scaffolding had to be put up correctly, and she had to be trained in 
health and safety before she could use the scaffolding.

In order to make sure this all came together at the right time, she made 
friends with the builders. “You need them on your side,” she says. She also 
telephoned them every day before she arrived, never fully accepting their 
word, because the risks were just too high. And, finally, she just had to 
drop everything and be onsite to make sure everything was done to her 
satisfaction and ready for the implementation.

5.5.4.5 Test, Verification, and Validation

Tests were implemented throughout this project. Tests of concepts were 
held with stakeholders; tests of designs and materials were also held regu-
larly to ensure technical enforceability. When the understanding of the 
requirements was reflected back to the client, and when the final product 
was in place, validation took place when the individuals who crossed the 
path of the art appreciated it. Verification was achieved when Walia com-
pared the supplied components with her specifications to the builders.

5.5.4.6 Reviews

Meetings of significance at each phase in the project are called briefs. The 
brief was a meeting held to communicate between the art team and the 
departments and ward leads. During the brief, the historic perspective is 
presented, lessons learned from previous activities were brought forward, 
and decisions were made for the next phase.

5.5.4.7 Quality

Quality was an integral part of the project. Because it was artwork, the 
quality would reflect on the artist. Therefore, it had to be professional and 
reflect the qualities that were desired by the artist and the client. The high-
est compliments came when the department and ward staff and service 
users would exclaim how perfectly Walia had captured their mood boards 
and how wonderful they thought her art was.
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5.5.4.8 Controlled Progression

The movement from one phase of the design to the next phase, such as man-
ufacturing, was controlled. An initial design was approved before the full 
detailed design was initiated. The gate was sometimes a more formal event 
similar to a brief or more informal, such as an inspection of the product.

5.5.4.9 Leadership

Walia was a strong leader and remarked, “From the outset of a project, I 
nurture good working relationships with everyone I deal with, from the 
art consultant and client to architectural design teams and stakeholders.” 
She worked closely with a team of expert manufacturers who successfully 
brought her innovative ideas to life. Her trust in the one manufacturer 
that she used to produce the glass panels has evolved over time as com-
missions have been granted and projects successfully executed. This estab-
lished supplier relationship helps ensure future successes, as there is an 
understanding for what each brings to the table. The supplier understands 
the processes for working with builders and also understands how to com-
municate with her. The supplier also understands all the state-of-the-art 
techniques that can be applied to the designs that she provides.

Her skills both as an artist and as a project manager allow her to offer 
her creative thinking and design skills to the client, and then build confi-
dence based on experience in working to a schedule and playing her part 
well within the team.

5.5.4.10 Communications

From the start of the project when the brief was held to communicate 
between the client and the artist, through the end of the project when vali-
dation occurred that the artist had met the intent of the staff and service 
users, communication was of paramount importance. There was a good 
relationship between the artist and the client, and any significant decision 
was reviewed so that the client’s thoughts could be considered. The client 
also approved the artworks throughout the process so there were no sur-
prises. This reduced the risk of providing artworks that would not meet 
the objective. Each team member needed significant communications to 
ensure that all component parts of the project would come together at the 
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right time to achieve an overall success. When questions arose, they were 
resolved with communication. It was a key success factor for the project.

5.5.5 Lessons Learned

• Communications was immensely important. Walia used e-mail 
effectively to keep everyone in the know about what was happening, 
and to copy individuals who might have the ability to help ensure 
progress. She noted that it was often the person on the copy line that 
broke work logjams, not the people to whom the message was origi-
nally addressed.

• When multiple creative disciplines are working on an integrated 
piece, it is useful to have an intermediary to help resolve issues. On 
this project, there was a creative tension between the architect and 
the artist that made certain artistic decisions difficult. For example, 
the planned wall materials were not conducive to the artwork for 
the walls. Having the art consultant work as an intermediary helped 
remedy the conflicts when they arose. The artist’s vision was ulti-
mately supported.

• Samples, or prototypes, are useful for lowering the risk that the cli-
ent will not be satisfied with the work. Samples provided early on 
and regularly, for every aspect of the artworks, would have mitigated 
the risk early on and perhaps bypassed the critical branch point that 
occurred in the middle of the project.

5.5.6 Case Analysis

This case study was chosen as a nontraditional representation of apply-
ing project management to a highly creative activity and then measur-
ing the outcomes from the qualitative viewpoint of the client. The case 
study participant used all aspects of project management including the 
development of scope, requirements, designated outcomes, schedule, and 
cost performance. Technical performance also was set for glass and vinyl 
production as well as integration into the building. She included careful 
schedule and budget control, which she felt reflected on her professional-
ism and reputation. Change and risk were assessed and controlled, in one 
case that resulted in her refusal of a manufactured product. Success for 
this project was defined qualitatively. The client had to be “satisfied,” and 
preferably “thrilled” with the outcome of the project. The project met and 
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exceeded its goals as evidenced by the comments provided by the viewers 
of the art.

In addition, the project employed each of the measures to some degree 
throughout the project. Metrics were determined by the project manager 
and reviewed regularly. They included bank information, assessments of 
progress to schedule, and milestones of the construction company and sup-
plier manufacturers. In addition, the artist had to manage her own time to 
design, paint, and compile the component parts that were manufactured. 
She also needed to manage all the interfaces, not only to the building 
being constructed, but the qualitative interfaces with the staff and service 
users as well. Variances to schedule, budget, risk, resources, and outcomes 
were measured using informal qualitative reviews performed at specific 
internals during the project.

An informal, but disciplined process was in place to ensure configura-
tion control of the component parts, as well as the project documentation. 
TV&V required a careful assessment of the interfaces, and a confirmation 
that the entire set of component parts would come together as planned, 
which they did. A more formal review structure, including client and 
stakeholder participation, was put in place with explicit gate approvals 
required before the next phase could be initiated. Reviews were held, pre-
sentations given, and approvals received.

Production quality was built into the product all along the way. As this 
was an art project, the quality would track directly back to the artist, and 
her reputation was at stake. In order to ensure quality throughout all the 
component parts, communications with the builders and the suppliers 
were important. However, the most important communications was with 
the stakeholders. Their ideas had to be incorporated into the design, and 
they had to be satisfied with the final product. As evidenced by the prob-
lem in the middle of the project when commitment to the project waiv-
ered, direct communication was the only way to resolve the issue, and the 
project continued.

The project was closed successfully, and the stakeholders at the hospital 
are enjoying the art. This case reflects well Chapter 5 lessons in that it 
demonstrates how the application of project management methods and 
measurements can provide appropriate structure to ensure highly creative 
projects to achieve successful outcomes.
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5.6 KEY POINT SUMMARY

This chapter explored specific ways to apply measures to different project 
types in order to determine if they are progressing toward an outcome that 
will be considered successful. The commonality of R&D measures were 
explored, and then essential measures that will help ensure the highest 
probability of successful outcomes for R&D projects were extracted. In addi-
tion, key steps in implementing the techniques on the R&D projects were 
reviewed. Chapter 6 will further discuss risk and the mitigation techniques 
that can be used. Following are key concepts and terms from this chapter.

5.6.1 Key Concepts

• Measures can be applied in an infinite variety of ways depending on the 
desires of the customer, other stakeholders, and the project manager.

• Regardless of the life cycle, a project should apply all of the measures, 
albeit, at different levels of control and effort. The most fitting tech-
niques should be chosen and then implemented in a way to ensure 
they facilitate rather than impede the project progress.

• If the project scope and trajectory are well documented, and a clear 
set of tests, experiments, and anticipated outcomes have been estab-
lished, then a set of subordinate schedules can be sequentially devel-
oped in three-month increments or less depending on the tempo of 
the experiments. This method ensures R&D schedules are as valid as 
possible when put in place.

• The need to be able to demonstrate how one arrived at a conclu-
sion, to have the series of steps be repeatable, and to arrive at the 
same results is essential to basic and applied research. And, there is 
a vested interest in communicating that information. It keeps peo-
ple interested and engaged and provides a level of confidence that 
resources are being applied to a worthwhile endeavor.

• Metrics need to be carefully chosen and then validated to make sure 
they are measuring useful information. Reviews also are only as 
good as the quality of the information that is presented. Use a “trust 
but verify” approach to ensure the information that is being gath-
ered and presented is sound and valid, measuring the most impact-
ful activities for the project.



Building Blocks to Success • 299

• Going through the motions of setting up a resource-loaded budget 
and schedule, but not holding reviews to make sure performance is 
as expected, is as useless as not setting up a budget and schedule at 
all. Managing the budget and schedule through measures mitigates 
a multitude of risks.

5.6.2 Key Terms

• Compliance matrix: A matrix describes what each stakeholder will 
get from the project and independently obtains confirmation that 
the capability is as planned.

• Project book: Also called a research book or a shared board, it is 
a common document that is shared by the team used to document 
R&D activity containing enough detail that one could re-create the 
exact experiments and tests at that point and obtain the same results.

• N2 chart: A framework to identify and tabulate functional and physi-
cal interfaces.

5.7 APPLY NOW

The reader should continue to use his or her own personal example proj-
ect plan from Chapters 1 to 4 when filling out Table 5.2, to ensure a clear 
understanding of the applications for each approach. For demonstration 
purposes, the example of producing windmills can be used to describe 
how to approach the table. For each row, describe the specific information 
related to your project. For the windmill project example, the strategic 
goal would be to create a new windmill farm. The major trajectory might 
be to create a new blade system that increases efficiency. The KPI could be 
the size of the blade that must be within certain specifications in order to 
affect the efficiency of the system. The MOE could be the measure of addi-
tional electrical current that is generated with the efficiency improvement. 
The KPP might be the upper and lower limits of the new range of perfor-
mance, with the MOP the performance during a timed run of the new 
system versus the old system. Similarly, all questions on the form would be 
filled out completely. This information will provide a solid starting point 
for the additional concepts described in Chapter 6, which will focus on 
risk mitigation and implementation on R&D projects.
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6
Overcoming Obstacles

In project management, obstacles that might get in the way of success-
ful performance are carefully controlled using a technique called risk 
management. A risk is defined as something that might occur, where, if 
it did occur, would cause an impact on the planned activity

• that can be negative, causing increased cost, schedule slip, or an 
inability to meet the required scope

• that can be positive, in the sense that an opportunity can emerge 
from the risk that allows optimization through an unforeseen move 
forward of schedule, a lower cost solution, or a technical advancement

An obstacle is something that acts as a barrier to success. Overcoming 
obstacles on projects is about dealing with anything that could stand 
in the way of achieving successful outcomes. Former U.S. Secretary 
of Defense Donald Rumsfeld is most often credited for capturing this 
phenomenon in this widely published description of risk. He said:

As we know, there are known knowns. There are things we know we know. 
We also know there are known unknowns. That is to say, we know there are 
some things we do not know. But, there are also unknown unknowns, the 
ones we don’t know we don’t know.1

Fortunately, there is a project management method that provides the 
structure to minimize the impacts of potential obstacles. This method 
is risk management. Risk management focuses on dealing with the 
known knowns and the known unknowns. If potential future sce-
narios also are reviewed during the risk assessment process, some of 
the unknown unknowns might also be captured. However, most of 
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the risk that comes from unknown unknowns is not identifiable. The 
reason is that it is just not possible to think through all of the effects 
that the project activities will have on the surrounding environment or 
what the effect of change will have as the project progresses.

Chapter 2 explained that through risk management, the process of iden-
tifying and prioritizing these ideas allows the organization’s management 
to focus its resources toward eliminating negative risks or to capitalize 
on those positive opportunities that might be identified. As shown in 
Chapter 4, risk management also provides a systematic way to determine 
how much of the budget should be held aside for these potential risks, and 
how much management reserve should be held for the potential unknown 
unknowns. Chapter 5 explains that contingency draws (the amount of 
the budget explicitly held back to address known risks) must be carefully 
managed to ensure that the final budget expenditures (budget + manage-
ment reserve + contingency) do not exceed the budget amount.

This chapter focuses on risk management. All the project planning that 
can be done in preparation of starting a new activity, and all the care-
ful management of progress on that project, cannot guarantee successful 
outcomes. There is always something that seems to get in the way. The rea-
son is that the environment is not perfectly predictable. There are always 
unexpected things that come up that deflect or stymie progress along the 
planned route. Having some basic understanding of the concept of chaos 
theory2 helps put this effect of change risk into perspective. Chaos theory 
emerged from the field of mathematics, but then was adopted across a wide 
array of disciplines including physics, meteorology, business, economics, 
engineering, and many others. The basic premise of this theory is that 
even the minutest changes have far-reaching and unpredictable effects. In 
addition, the theory postulates that even if it appears that one could pre-
dict the behavior of something with confidence, as if it would evolve lin-
early from a current condition, the outcomes cannot be predicted. Indeed, 
the more change that is introduced, the more distorted and unpredictable 
the outcomes become.

The minute a project starts, even if that project scope is to re-create 
something that has been produced a hundred times, the natural tendency 
will be for the project to migrate away from its course in unexpected 
ways because of these forces of unpredictability. This is why applying risk 
management3 is critical for any project. Identifying inherent risk at the 
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beginning of a project, and then actively managing risk throughout the 
life of that project, will increase the probability of successful outcomes. 
However, nothing can guarantee success.

As difficult as it can be to manage risk on projects where techniques 
are well understood and processes are tried and true, managing risk on 
R&D projects provides even more challenges. For these projects that are 
naturally ambiguous, risk is higher at the beginning of the project and 
can take dramatic turns as the project progresses. Approaching an R&D 
project without consideration of risk, and then neglecting to manage risk 
throughout the project, often results in pursuing trajectories for much 
longer than would be appropriate based on incremental outcomes, result-
ing in wasted time and funding. Emerging opportunities also play a more 
significant role in R&D risk management. Both negative (risk) and posi-
tive (opportunities) actions fall under risk management and, for the pur-
poses of discussion, will be referred to as risk.

Decision analysis is extremely helpful in dealing with the assessment 
of risk at all levels. In particular, the systems engineering method of 
evaluating alternatives via trade studies4 provides a useful process that 
includes screening, weighting, scoring, and assessing impacts and con-
sequences. When making decisions on how to address risk, the best 
course of action may be unclear. Project managers must often base their 
decisions on experienced judgment about the viable options that are 
available. Those options are evaluated from information that is available 
about the risks, the opportunities, and the alternatives. The decisions are 
seldom straightforward or easy but often involve ambiguity, bias, and 
complexity. It also is difficult to determine the unintended consequences 
of the choices that are made. Thus, it is helpful to have an established 
structure to use. Addressing risk throughout the project requires flex-
ibility and the willingness to make significant, often difficult, decisions. 
Using tools, such as trade studies, can help refine the decision space and 
assist in that decision making.

The processes that are described in this chapter incorporate each of 
these methods in ways that help provide solid processes for risk identifica-
tion, assessment, and mitigation. The previous chapters provided a con-
struct for applying project management to R&D in robust, yet flexible, 
ways. Once an R&D project is structured in an optimal way for the activ-
ity within the organization and the ongoing management of the project is 
set up, then risk management must be addressed.
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As in the other chapters, risk management has some fundamental 
elements that are universally applied regardless of the project type or 
discipline. These basic elements must be adhered to in order to use the 
risk methodology in a sound way. However, there is also the option 
of using various approaches to clarify the risks both qualitatively 
and quantitatively. As described in Chapter 1, the word qualitative is 
used to refer to a collection of data in the form of words or images. 
Quantitative, on the other hand, refers to a collection of data in the 
form of numbers or statistics. This chapter describes the standard 
method for risk management while taking advantage of these methods 
and theories and then reviews how best to implement this important 
process within R&D projects.

Apply Now exercises allow continued application of the concepts in this 
chapter. A case study on a project that dealt with risk successfully will be 
explored. A checklist also is provided that allows the reader to use the 
project activities identified in the first five chapters to determine how best 
to apply this chapter’s learning to those personal project activities in order 
to add value and increase the reader’s understanding of the material pre-
sented in this chapter.

Chapter Road Map

This chapter reviews the elements of risk management and

• describes the standard risk management methods used for project, 
program, and portfolio management;

• outlines the key elements of risk management that must be used on 
R&D projects;

• describes a specific method for implementing risk management on 
R&D projects;

• explores mitigation options and the association with phase gates;
• provides Apply Now exercises, which allow immediate application of 

the fundamental concepts;
• uses a case study to demonstrate the use of risk management on an 

R&D integrated hardware and software project;
• summarizes key points of concepts and terms;
• provides a summary checklist to apply the ideas from the chapter to 

a real situation.
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6.1 RISK MANAGEMENT

Risk management is an important part of both project management and 
systems engineering methodologies. Risk management involves the pro-
cesses and tools that are used to

• identify;
• assess;
• mitigate;
• monitor;
• control.

The Project Management Body of Knowledge (PMBOK®) guide identi-
fies six standard project risk management processes, which will be dis-
cussed in the coming sections. These are the identification of risk, the 
performance of a qualitative risk analysis, the performance of a quan-
titative risk analysis, risk responses, and monitor and control.5 The 
International Council on Systems Engineering (INCOSE) sees risk man-
agement as part of its standard toolkit.6 Either of these disciplines can 
assume the responsibility for risk management activities, but it is the 
project manager who typically leads project-level risk assessments and 
will ultimately be held accountable for ensuring the project risks are cor-
rectly managed.

Anytime there is planned change there is risk. Planned change includes 
activities such as when a new idea is implemented, a new product is devel-
oped, or a revised service is put in place. Risk is typically described as 
potential events that would impact a project’s planned budget, schedule, 
or scope. The key in managing risk is to make conscious decisions on 
paths to be taken. Risk management cannot be seen as optional or sepa-
rate from project management. Where project management attempts to 
increase the overall probability of a project’s successful outcome through 
the use of controls and measurements, such as earned value management 
(EVM), budget management, reviews, etc., project risk management pro-
vides structure to identify, assess, and control the environment that is not 
part of the original plan and to balance and minimize the allocation of 
resources that are available for risk mitigation throughout the project. 
Risk mitigation is the action of methodically reducing the exposure to a 
risk and/or the reduction of the probability that the risk will occur.
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In order for project management to be effective, the environment that 
the project exists within and the risks and opportunities that emerge from 
that environment must be managed in tandem. These two processes are 
linked. If the external forces are not identified and addressed, unforeseen 
requirements will affect the parameters of the project, or opportunities 
will go unrealized. If risk is mitigated effectively at the project level, it 
should appear as if it is running smoothly and being properly controlled.

Risk management at the strategic level needs to address activities that 
limit this exposure and ensure that the optimal spending profile is in 
place. The individual pieces of the overall picture need to fit together like 
a puzzle. Risky projects and programs can be pursued as long as they sup-
port the strategic vision and are balanced by other less risky endeavors. 
An organization that does not evaluate and prioritize its work within the 
larger strategic context will find that it is spending its limited resources in 
suboptimal ways. If risk is mitigated at the portfolio and program level, 
the optimal set of activities and projects are being pursued within the con-
strained resource environment.

The management of risk is sometimes resisted in an organization. On 
the surface, it often seems more work than value added, and, if it is done 
correctly, showing the value after the fact is sometimes difficult. A visible 
example of this phenomenon is with the Y2K effort.7 In the 1980s, a prob-
lem surfaced in the computing world. Software and firmware had been 
developed in many cases with two decimal digits representing the year. 
It was anticipated that rolling into the year 2000 would cause negative 
impacts that would range from minor (data integrity), to catastrophic (air-
planes falling from the sky because the flight instruments would no longer 
work). The amount of money spent on resolving this risk was estimated 
to be between $100 and $600 billion.8 It was not long after the year 2000 
came and went that the conversations began as to the value of the risk 
mitigation. When an activity does not occur, the question of whether or 
not it was because of the mitigation will emerge. It is difficult to convince 
individuals who were not impacted that there was value added.

6.1.1 Risk Management Processes

Risk management processes are typically developed and managed by 
the project manager with support of a systems engineer. The individuals 
responsible for administering the risk management processes are the proj-
ect manager and the stakeholders, all of which are considered part of the 
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project risk team. Project risks usually affect the project’s ultimate success, 
so anyone with a vested interest in the project should be involved in risk 
management, including functional departments or divisions that interact 
and provide services to the project. Active participation is important. A 
common error that is made in assigning risk management responsibilities 
is to assign that responsibility to individuals who do not have the author-
ity to complete the necessary activities to resolve the risk.

On large and complex projects, there is often a risk manager who over-
sees the ongoing process of identifying risks, assessing impacts and proba-
bilities with the appropriate stakeholders, ensuring risks are appropriately 
mitigated, controlled, and retired, and updating the status of the tasks in 
a central data repository. The risk management activities for projects are 
ongoing throughout the project life cycle. The identification of risk can 
sometimes be a sensitive process and, on occasion, the individual that sur-
faces the risk faces undue criticism. It is important that individuals who 
bring risk items forward are not penalized for doing so, either by being 
assigned without authority to resolve the issue, or by being criticized for 
bringing the risk to light. This topic is discussed more in Chapter 7.

The following risk management processes are essential at the project level:

• A collection mechanism for capturing, documenting, and complet-
ing an initial assessment of risk items from all stakeholders

• A process to assess the risk tolerance, or degree of uncertainty, that 
stakeholders will accept—these directly translate into risk responses

• A process for prioritization, evaluation of alternatives, decision mak-
ing, and implementation

• Processes for obtaining approvals, monitoring progress, and holding 
individuals accountable for risk management activities

A review of the risks currently being managed and a call for new risks 
should be done periodically, either at key milestones or other meaningful 
times. However, there should be a way for stakeholders to bring forward 
new risks at any time. There also must be a process for incorporating new 
risks and retiring risks that are no longer valid. Figure  6.1 provides an 
example of the forces at work on a project and the various risks and oppor-
tunities that can result.

The budget, schedule, and specifications baseline will be under pressure 
from the moment the project is baselined, both from external and inter-
nal sources. If a specification is not met, it could conceivably affect the 
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performance of the schedule, especially if a redesign is required. If staff 
has to be hired to make up the difference, a consulting contract has to be 
negotiated, a product has to be purchased, or some other activity needs 
to occur to resolve the specification deficit, which could affect the budget 
as well. On the other hand, lack of meeting a specification may cause the 
project to reassess the specification and potentially choose an alternative 
that surpasses the original specification. There are both risks and oppor-
tunities to be addressed in assessing the effects of impacts. Figure 6.1 also 
shows that other external factors, such as reduced funding available for 
the project or staffing issues, such as an organization-wide strike, can neg-
atively impact the project. These are just a few of an almost infinite num-
ber of risks that could affect a project. The processes for managing project 
risk will be discussed fully in Section 6.2.

6.1.2 Risk Management Plan

The risk management plan is a complementary document to the proj-
ect management plan. It is a vital document used to ensure that risk is 
adequately addressed and managed on a project. Small, simple projects 
will need a basic risk management plan, while large and highly complex 

Procured item
does not meet
specification =
Inability to meet
schedule

Milestones
missed =
Inability to meet
schedule

�reshold not met =
Schedule Impact

Budget
Reduction =
Impacts
Schedule and
Specifications

Staffing Turnover =
Inability to meet
scheduleSchedule

recovery =
budget
impact

Schedule

Budget

Specifications

Development
does not
achieve plan =
Inability to meet
schedule

Funding
Reduction =
Project Budget
Reduction

Higher costs
(overhead,
salaries, etc.) =
reduced budget
available

FIGURE 6.1
Example of project impacts.
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projects will require a formal, more extensive risk management plan. 
Standard contents of a risk management plan include:

• Procedures and processes
• Roles and responsibilities
• Methods for identifying risks
• Methods for assessing risk and performing risk analysis

• Qualitative
• Quantitative

• Methods for response and mitigation
• Methods for monitoring and controlling change to the risk register
• Method for managing draws on contingency and management reserve

Regardless of the size and complexity of the project, it is important to 
have a plan in place that describes the risk strategy and the risk manage-
ment processes for the project and also provides templates and guidelines 
for use. A risk communications plan is generally included that outlines 
how risk communications will be accomplished over the life cycle of the 
project. Standard contents of a risk communications plan include the 
what, when, where, how, and why information that will be communicated.

The project manager uses the risk management plan to actively manage 
the project throughout its life cycle. Active management refers to the act 
of reviewing project and risk activity on an ongoing, repetitive basis, and 
to make thoughtful adjustments in an effort to optimize project outcomes. 
Although creating these plans is useful in assessing a snapshot view of 
risks and opportunities, for them to be instrumental in ensuring posi-
tive outcomes, these plans must be used to manage the project through 
its duration.

Once the risk processes and risk management plan are in place, then a 
risk register can be compiled typically using a standard spreadsheet. Each 
risk is given a unique identifier (a number that is used only for that risk), 
ideally linked to the work breakdown structure (WBS) identification 
number. A unique identifier makes it easier to track activities associated 
with that risk. As many risks as possible should be captured in the risk 
register at the beginning of a project, and then risk items are added and 
subtracted throughout the project as appropriate. Using lessons learned 
on previous projects, insight could be derived from past successes, fail-
ures, issues, solutions, etc. Lessons learned also help stimulate thinking 
about risks to the project that might not otherwise be contemplated. For 
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example, risks that might come from external sources, such as from the 
organization or a competitor, might be identified from a lessons learned 
review.

Risks captured in the risk register include potential impacts to the bud-
get, the schedule, or scope. Cost risk, or the risk of exceeding the available 
budget, emerges when more staff, materials, or services are needed than 
were planned for for the project. If more money is needed than has been 
planned, cost risk will be realized. Schedule risk occurs when scheduled 
milestones may be missed. As was discussed in Chapter 4, schedule risk 
can be addressed through a float in the schedule, and anytime technical 
accomplishments will not meet specifications that can lead to risk. In addi-
tion to risk from each area of project management, there is an interrela-
tionship between the three elements of cost, schedule, and technical. When 
risk is identified in one area, e.g., technical, it may add risk for other areas of 
the project, such as the schedule. For example, the need for more resources 
goes up when the schedule is slipping, and recovery includes either hiring 
additional staff or outsourcing. They also can go up when specifications are 
not being met and more time is needed to develop a new solution.

6.2 RISK AT THE PROJECT LEVEL

Risk at the project level is addressed through the risk management pro-
cess. The process consists of five steps:

• Identify risk issues and concerns.
• Identify the responsible risk owner and key stakeholders.
• Analyze the risks for impact and probability and then prioritize them.
• Decide on the risk treatment and mitigation strategy for each risk.
• Control risks by regular reviews to ensure performance of mitiga-

tion plans and actively retire risk from the risk register when they 
are closed.

All projects are susceptible to risks that jeopardize the achievement of 
the stated desired outcomes. Risk management is the process of identi-
fying and prioritizing these risks so that the project manager can focus 
resources toward eliminating those risks that are both high impact and 
highly likely to occur. Again, the amount of time and resources applied to 
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manage it should be scaled to the size and complexity of the project; how-
ever, every project should have a least the basic risk plan and management 
process put in place. Larger, more complex projects will need dedicated 
personnel, or tools that help in automating the process, and will rely heav-
ily on the risk management processes to inform the project manager.

6.2.1 Identification of Risk

Risks from the top project level through to the individual work package 
level should be included in the identification of risk. In addition, exter-
nal risks also should be captured. Methods for identifying risks include 
reviewing historical information about similar projects both internal and 
external, carefully reviewing the current plans to look for areas of concern 
based on stakeholder experience, and brainstorming about what could go 
wrong. The more inclusive one can be during this process, the better. The 
objective should be to capture all the known risks as well as many of the 
known unknowns, trying to capture as much of the uncertainty as pos-
sible. Having an issues register for those risks that are occurring or have 
occurred versus have the potential to occur, is a good practice. A process 
to move items from the risk register to the issues register should be estab-
lished as well. Each risk will be assessed, filtered, and prioritized so that 
a subset of those that are potentially most impactful can be addressed at 
the beginning of the project. Then, as progress on the project leads to the 
addition and subtraction of risks, the project manager must use the risk 
and issues management processes to actively manage reviews, and then 
dispose each item appropriately.

Too often the process of risk identification is not understood, and the 
definitions that are used are not meaningful. Risk statements must be care-
fully written, and they must cover risks to budget, schedule, and technical 
parts of the project as well as risks from external factors. As described 
in Chapter 4, documenting and managing risk allows introspection and 
high-quality decision making about when to redirect or terminate an 
effort. Risk management is a valuable way to assess the level of risk and 
what the potential risk mitigation strategies might be.

In order to get the most out of risk management processes, it is impor-
tant that the risks identified for tracking are defined in a meaningful way. 
They need to be straightforward, written without ambiguity, and easily 
understood. An example of a well-written risk statement would be “heavy 
employee turnover [risk], because of inadequate compensation [cause], 
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will lead to a delay [effect] in the project.” The risks need to be written 
with enough detail and clarity that they can be actionable and assignable 
to a single person. Risks that span multiple divisions need to be decom-
posed, because, generally, it will not be possible for an individual to be 
responsible or accountable for activity outside of his or her own realm of 
influence. The project team alone cannot be responsible for identifying 
risk. The process must include all of the stakeholders.

As risks are identified and brought forward, careful attention must 
be paid to ensuring that the risk that is identified is an actual risk to the 
project. All too often, an insufficient or distracting statement is suggested 
that focuses attention in the wrong direction. Each statement should use 
an “if/then” sequence to continue decomposing the statement until the 
risk is well defined. This is where some level of competency in the branch 
of philosophy known as logic9 is helpful in determining the correct risk 
title. Because most people are not practicing philosophers, the important 
points to take under consideration are that, when writing risk statements, 
the validity of arguments, premises, and inferences embedded in the state-
ments should be checked and validated for fallacies and not accepted at 
face value. This step can be easily done by simply reviewing and confirm-
ing that the identified risk statements actually describe the loss event, and 
that the threats or impacts seem reasonable. Validating the statement with 
several subject matter experts along with the stakeholders is highly rec-
ommended. Identifying any biases, either intentional or otherwise, and 
addressing them will help ensure that risks are not skewed. Not doing so 
may lead to arriving at false conclusions, overstating risk ratings, miss-
ing risks, and being unpleasantly surprised many times during the project 
implementation. A risk register that is not built with logic as a foundation 
will have many subtle flaws. If the risk register is seen as inaccurate, it will 
quickly be set aside or the proper attention not paid to the risk process. 
Use a risk validation process to capture and validate any and all risk items. 
These will be assessed and prioritized later in the process. An example of 
a risk validation matrix is shown in Figure 6.2.

Often, the use of a case study or established examples of the risk will 
help in defining the project’s risk environment. To obtain the clearest 
statements possible, interviewing techniques can be used to query stake-
holders on their understanding of the problem. Validation of the risk 
entry through review with various stakeholders adds both reliability and 
credibility to the risk and analysis. Assessing the usefulness of the risk 
statement involves a check to determine that the words describing the risk 
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are consistent and accurate. The two measurements of risk, the probability 
and impact projections, are particularly subjective and require as much 
independent, expert opinion validation as possible. Documentation of the 
considerations that went behind the rating will assist in discussions each 
time the risk register is reviewed.

It also is important to understand the relationships between and among 
the various risks rather than just looking at each risk as an entity unto 
itself. Many risks are not independent, but are interdependent or inter-
related. Understanding groups of risks can reveal impacts to teams or 
groups providing activities within the project, e.g., if the same resources 
need to be used to resolve those risks. Sometimes grouping risks can high-
light opportunities to resolve several at once, sometimes it can highlight 
issues within a particular group in being able to meet project outcomes, 
and, in some instances, it can highlight use of scarce resources in order 
to resolve the grouped risks. The more stakeholders and subject matter 
experts involved in the initial risk collection, the greater likelihood of 
highlighting these interdependencies within the risk profile.

As described in Chapter 2, a risk register is a uniquely identified list of 
risks on the project typically compiled in a spreadsheet. The contents of a 
risk register typically start with the following:

Identified Risk
Describes 
Loss Event Impact

Original 
statement

Failure to apply 
software patches 
in a timely matter

FALSE Unknown; could be no impact.

Rewritten 
statement

Compromise of 
sensitive data

TRUE The impact is the loss of sensitive data. 
How to mitigate the risk (via software 
patches) will be identified.

Original 
statement

Failure to secure 
commitment for 
project critical 
skills

FALSE Unknown; could be no impact if the key 
personnel work without obtaining 
commitment.

Rewritten 
statement

Project critical 
skills are 
unavailable

TRUE The impact is the inability to complete 
the project. How to mitigate the risk 
(via obtaining commitment for use of 
skills) will be identified.

FIGURE 6.2
Example of a risk validation matrix.
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• Category (generally a life cycle indicator, such as applied research or 
development)

• A risk title
• A unique identifier, preferably linked to the work package number
• The name of the owning organization
• The source of the risk
• A statement of what the threat or opportunity actually is from the risk
• The name of the person who has the authority and responsibility for 

the risk

At this point, one of the most important parts of the process is required. 
That is in assigning the risk to an owner. Each risk has an owner, a respon-
sible point of contact (POC), who is responsible and held accountable for 
implementing the corrective actions needed to minimize the impact or 
increase the likelihood of the opportunity of the risk (Figure 6.3). The risk 
POC is responsible for ensuring that the risk is correctly managed based 
on the assessment of the risk management team.

6.2.2 Risk Assessment

Once a full set of risks has been identified and verified, the next step in 
the process is to qualitatively assess the risks. Qualitative risk assessment 
involves the review of each risk to determine how much attention should 
be paid to resolving it and when that needs to be completed. It is done 
through a series of steps:

• Assess the probability of occurrence
• Assess the impact of the occurrence
• Calculate a composite risk index
• Rate the risks and opportunities

Risk Title
(risk or 

opportunity)

Risk Number 
(linked to work 

package)
Owning 

Organization

Source of 
Risk 

(cause)
Threat 
(effect)

Responsible 
POC

def 1.0000 ghi jkl mno name
def 2.0000 ghi jkl mno name

FIGURE 6.3
Sample risk identification.
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• Document other considerations
• Put the risks and opportunities in priority order
• Identify the contingency requirement

Using the project risk register, two numbers are chosen and captured 
on the spreadsheet. The first is the probability or likelihood that the risk 
or opportunity will occur, and the second is the impact or consequence of 
the risk or opportunity occurring. As risks are identified and validated, an 
estimate of the probability and impact can be determined from cost esti-
mates, quantity estimates, decision trees to depict complex interactions, 
and professional judgment. A number between 0 and 5 can be chosen for 
the impact, where these represent the minimum and maximum possible 
impact of the occurrence of the risk. Also, a number between 0 and 5 can 
be chosen for probability, where zero represents a 0 percent probability, 
while a five represents 100 percent probability of the risk occurring. These 
numbers are not static. Any changes in risk probability and impact can be 
made and recorded during the regular updates of the risk register.

It is often the case that decision analysis needs to be performed on dif-
ferent data input types, such as dates, numbers, currency, etc. These data 
types can be normalized for comparisons. In other words, the scale that is 
set up represents criteria that can be compared across data types. The low, 
medium, high rating in the composite risk index is an example of a nor-
malized scale. A key element that makes this method useful is the defini-
tions of the scale. Each of the rating ranges must be defined. For example, 
a risk rating of high refers to a high probability and high impact.

The composite risk index is a calculated risk number reflecting the mul-
tiplication of impact multiplied by probability. The risk priority, or rating, 
is determined by a composite index (CI = P ╳ I), which is the product of a 
probability index (P) and an impact index (I). The indices typically range 
from zero to five, with five being the highest probability, or impact. The 
CI, then, lies in the range 0–25.

After the composite risk is calculated, the next step is to prioritize, or 
rate, the highest risks so that they can be addressed first. All risks will 
be assessed and monitored, but the highest risks will be addressed first. 
A prioritization is completed through discussion with the stakeholders. 
Through sincere, open deliberation, the highest prioritization should 
reflect the optimal order in approaching the resolution of the risks. Because 
the compilation and ranking of risk has a significant subjective quality 
to the assessment, and approximations may lead to inconsistencies in the 
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data. This needs to be considered when making programmatic choices on 
resolving risk. If it is not clear what the risk impact could be or if a con-
sistent agreed-upon definition cannot be reached, then some funding may 
be applied to reduce the uncertainty. A high-ranked risk that is not well 
understood needs further analysis.

A risk rating of low, medium, or high is assigned to a risk based on 
its numerical value of CI. The results then can be subdivided into three 
subranges, e.g., high (17–25), medium (9–16), and low (0–8), and placed 
in a rating column. The combination of a low impact, low probability risk 
would give a low CI. A high impact, high probability risk would give a 
high CI.

The overall goal of reviewing the probability, impact, and composite 
index is to complete a defensible assessment of relative priority of some-
times like and sometimes unlike activities. Common sense and expert 
opinion have to be applied as well in order to make reasonable assess-
ments. For example, a risk assessed medium may require a more aggres-
sive response because there is a significant lead time to resolve if it does 
occur, or there may be an inability to detect changes in the risk that would 
trigger a response in resolving the situation if it does occur. A risk may 
truly be unmanageable and, therefore, would just waste resources if pur-
sued. Or a risk to the project may be less, but may impact another project 
or the organization and, therefore, needs to be addressed. These consider-
ations are documented in the spreadsheet as “Other Considerations.” See 
Figure 6.4 for a sample of the composite risk index.

The risks having both high probability and significant impact will have 
highest priority. For these items, active measures will be taken to prevent 
the risk from occurring, or detailed mitigation plans may be developed for 
dealing with the risk should it occur. A low priority risk may be researched 
further, monitored, transferred, or accepted.

Risk Assessment

Probability 
(P)

Impact 
(I)

Composite 
Index (P*I) Rating

Other 
Considerations

Priority 
(1–n) Contingency

3 2 6 LOW none 2 BUDG
5 5 25 HIGH none 1 SCHED

FIGURE 6.4
Sample composite risk index.
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Once the risk register is built with the most complete information pos-
sible, the individual risks can be categorized in many ways. The most use-
ful initial categorization is a prioritization of the ratings from high to low. 
Ultimately, those risks that are the higher on the list need to be addressed. 
Since project contingency is constrained, the amount of resources spent 
on addressing the risks needs to be carefully managed. Time, effort, and 
funding should not be spent on lower level priorities. As discussed in 
Chapter 2, flexible project management methods generally address the 
riskier items first. Risk management works in the same way for the overall 
project. On regular occasions, risk on the project must be assessed and 
reprioritized to ensure that the highest risk items are the ones that are 
being monitored carefully.

A matrix showing the intersections of the probabilities and impacts 
can be useful in grouping and visualizing risks in the various categories 
of high, medium, and low (Figure  6.5). Typically called an N ╳ N, risk 
matrices provide a visual diagram of the location of risks within the high, 
medium, and low categories. In general, the colors match a typical stop-
light. Green generally means that cost, schedule, or performance is not 
expected to be impacted. Yellow would signify that there may be some 
increase in cost, schedule, or specifications impact. How much and what 
this means is subject to the project manager’s and stakeholders’ deter-
mination and their risk tolerance for uncertainty, as well as their com-
mitment to meeting milestones, or their comfort level in pursuing new 
opportunities. Red is meant to signify that it is highly likely the risk will 
cause an increase in the cost, and affect the schedule or the scope.

The N ╳ N risk matrix provides a common communication method for 
the risks, which can be quickly assessed by the stakeholders. Everyone 
with a vested interest in the project should be in agreement as to what the 
various colors signify, and these definitions should be clearly marked on a 

Impact

Low (x < #) Medium (# > x > #) High (x > #)

Probability
High (> x%) 3 5 3
Medium (# > x% > #) 1 20 2
Low (# < x%) 45 2 1

FIGURE 6.5
Matrix risk diagram.
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legend. Different projects will have different ranges so it is imperative that 
all stakeholders are in agreement of the ranges. For example, one project 
may determine that a 2 percent increase in its cost to complete moves them 
into the red. Another project may choose 10 percent as its tipping point.

Risks also can be grouped for analysis by the WBS work packages to 
show the key areas of the project risks. They can be grouped by sources, 
project phase, common root causes, or other categories. Grouping pro-
vides visibility into trends and provides an opportunity to apply a risk 
response more universally across like-type of risks or more targeted to a 
common root cause.

The most common way to group the risk register is from the rating that 
is derived from the composite risk index. Those risks deemed high risk, 
and those that because of other considerations, would put them in the 
high-risk category, are the ones requiring decisions and mitigations. In 
many projects, this level of analysis is adequate for developing effective 
risk responses and mitigation.

The level of risk mitigation affects the level of contingency that is held 
for a project. Contingency is an important part of risk management and 
consists of three components: financial, schedule, and scope or technical 
contingency. Financial contingency is allocated from the available total 
budget. Schedule contingency comes from assuming the earliest possible 
start dates within the schedule. Scope or technical contingency may refer 
to quality or specifications.

A sufficient contingency would be developed using information com-
piled from the bottom of the project up, from the work package or lowest 
level, and would be typically held at the various levels of the WBS where 
the risk was identified. Basically, this was accomplished by estimating the 
additional costs that would be required to the base budget to resolve the 
anticipated risk if it were to occur. There is a significant margin of error 
in these estimates, and the method often leads to holding a significant 
amount of contingency at the project level and releasing it as required dur-
ing the project.

Another significant shortfall of this method is in trying to measure 
overall project risk across the risk landscape as a whole. In certain proj-
ects where qualitative analysis does not seem to be characterizing the 
risk correctly or additional detail is desired, a quantitative risk analysis 
can be completed on the highest priority risks that have been identi-
fied. If the project is large enough, or complex enough, there most likely 
will be a requirement to quantitatively assess the probable impact to 
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project contingency. This additional level of analysis is used only when 
it makes sense to do so because the effort required may outweigh the 
value added. There has even been some debate over the utility of the 
quantitative analysis and the effectiveness on risk analysis and mitiga-
tion as the data that goes into the analysis are often estimate-rich; most 
models require all fields to be filled out in order to run the scenarios. 
Nevertheless, the project manager needs to determine if there is a need 
for this type of analysis and, if there is, there are several steps that can 
be used. A quantitative analysis can add value by providing a risk land-
scape or overall effect of the set of risks on the contingency.

Attaching cost estimates to risk analysis has a primary goal, which is 
to establish an adequate contingency so that risks and opportunities can 
be adequately addressed over the course of the project. Different analy-
sis models can be used to assess the risk landscape and proposed draws 
on contingency. Mathematical modeling techniques assist the project 
manager in decision analysis by providing a range of potential choices. 
However, it must be stressed that these models require the input of data 
that is often subjective, and quantified through judgment of experts and 
stakeholders. Quantitative risk analysis might include the use of decision 
matrices, trade studies, modeling and simulation, or, with sensitivity anal-
ysis, used to test which risks might have the most impact. It also might 
include statistical or decision tree analysis, to identify potential outcomes 
in a landscape of uncertainty. Although management science and quanti-
tative analysis are fields of study unto themselves, several decision analysis 
methods from these disciplines are typically used to assess the risk land-
scape and to assist in ranking the highest risk in an uncertain future:

• Probabilistic risk assessment: Scenario-based technique used to 
develop a comprehensive scenario set used to help identify key 
risks. Quantifies the uncertainties of probabilities and impacts. Can 
be used on technical performance measures (TPMs). Monte Carlo 
simulation is most often used. Monte Carlo simulation uses proba-
bilistic risk assessment (PRA) to estimate the overall project cost or 
schedule.

• Decision tree analysis: Used for evaluating the risk landscape in 
aggregate when future events are uncertain. The decision tree com-
bines effects and derives an overall assessment of risk. These look at 
which individual risks should be strongly considered when all risks 
are considered at once.
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• Deterministic risk assessment: Assumes that the future can be deter-
mined based on known factors. When used in decision analysis, non-
probabilistic approaches assume that cost and schedule estimates 
can be determined based on the established budget and schedule.

Where quantitative analysis is used for a risk register to identify the 
level of budget or schedule contingency that will actually get designated 
for mitigating a risk, although mathematically based, it is not transparent 
or straightforward. Often, defending the results of the final calculations 
of required project contingency is difficult because summing the reserve 
requirements from lower level WBS elements simply cannot duplicate 
results.10 If quantitative analysis is required, clear documentation of all 
assumptions and estimates and the method for calculating the reserve 
must be provided along with the results.

Project managers understand that the project may realize only a 
handful of the risks on the risk register, as well as a limited amount 
of new risks that are added to the risk register throughout the project. 
Sometimes they will use the quantitative analysis to estimate the finan-
cial and schedule impact of the risk and will then hold that budget or 
schedule as contingency. Quantitative analysis should be used with the 
additional scrutiny of expert evaluation of the findings and recom-
mendations. The model outputs, themselves, should not be taken at 
face value, because the results are only as good as the data that go into 
the analysis. However, the real key to successful risk management is in 
the continual interaction with the risk process and register throughout 
the life of the project. Figure 6.6 shows the summary view of the risk 
register up to this point including the identification and assessment of 
risk.

6.2.3 Responses

The response to the prioritized risks that have been identified and assessed 
is to determine the proper treatment and mitigation for the risks. The risk 
owner, with assistance from the risk management team, will determine the 
appropriate path to follow for the risks that have been identified. The pertinent 
stakeholders must agree to the risk response for each of the risks. It is not fea-
sible to eliminate all threats from a project or pursue all the opportunities that 
may present themselves. Addressing one risk may actually increase another 
risk or add a new one. Therefore, risk responses must be carefully evaluated to 



Overcoming Obstacles • 323

R
is

k 
Id

en
tifi

ca
tio

n
R

is
k 

A
ss

es
sm

en
t

C
at

eg
or

y
(L

ife
 C

yc
le

)

R
is

k 
Ti

de
 

(r
is

k 
or

 
op

po
rt

un
ity

)

R
is

k 
N

um
be

r 
(li

nk
ed

 to
 

w
or

k 
pa

ck
ag

e)
O

w
ni

ng
 

O
rg

an
iz

at
io

n

So
ur

ce
 

of
 R

is
k 

(c
au

se
)

Th
re

at
 

(e
ffe

ct
)

R
es

po
ns

ib
le

 
PO

C
Pr

ob
ab

ili
ty

 
(P

)
Im

pa
ct

 
(I

)

C
om

po
si

te
 

In
de

x 
(P

*I
)

R
at

in
g

O
th

er
 

C
on

si
de

ra
tio

ns
Pr

io
ri

ty
 

(1
–n

)
C

on
tin

ge
nc

y

e.g
., 

ap
pl

ie
d 

re
se

ar
ch

de
f

1.
00

00
gh

i
jk

l
m

no
na

m
e

3
2

6
LO

W
no

ne
2

BU
D

G

e.g
., de
ve

lo
pm

en
t

de
f

2.
00

00
gh

i
jk

l
m

no
na

m
e

5
5

25
H

IG
H

no
ne

1
SC

H
ED

FI
G

U
R

E 
6.

6
R

is
k 

as
se

ss
m

en
t.



324 • Project Management for Research and Development 

ensure the implementation of the optimal response at the appropriate time 
and to view the potential responses from a systemic perspective.

Typical risk strategies include the following:

• Taking action to reduce the risk or pursue the opportunity
• Avoidance to eliminate or withdraw from the activity
• Share the risk by transferring it out of the project
• Retain the risk by accepting it and monitoring for triggers

Taking action generally requires a plan that reduces or mitigates the risk 
while holding to the project’s defined cost, schedule, and scope parame-
ters. Typical mitigation actions can be activities such as revising processes, 
testing more rigorously, prototyping more heavily, etc. When pursu-
ing opportunities, taking action may mean using resources otherwise 
allocated to the project to move in a different direction. If taking action 
requires a change to any of the parameters or the established project, 
before the solution can be pursued, the proposal must first be evaluated 
and approved through the change management process. Once approved, 
the proposer can implement the appropriate changes.

The strategy of avoidance also may impact the project’s defined cost, 
schedule, and technical parameters if withdrawing from a risky activity 
modifies the project’s scope or requirements. In some cases, a redesign or 
some other significant change in the planned activity within a project is 
the only way to avoid the risk. In this case, again, a change request would 
be submitted and approved before the POC would be allowed to pursue 
the mitigation. The avoidance risk strategy for R&D projects will be dis-
cussed in Section 6.5 where it will define a hard stop or a shutdown of an 
R&D project or a trajectory that the project is following based on results 
of an experiment or test.

It is sometimes apparent that the risk or opportunity really should be 
handled outside of the project. In this case, both the proposer and the 
owner must agree to the transfer before it occurs. A formal handoff must 
occur for an opportunity to move to a part of the organization that can 
best benefit, or for the risk to be moved outside the project. Sometimes 
this scenario occurs when the project identifies a high risk, but it requires 
an organizational-level solution, one that cannot be designed or imple-
mented within the project, because the project does not have the authority 
to provide such a solution. For example, if the project has identified the 
ability to provide a new category of subcontractor data into the enterprise 
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contracts and procurement system as a high risk, and the recipient of that 
data is the organization’s finance department, then the risk needs to be 
transferred. The project will not suffer from the lack of a solution, but 
the organization will suffer. The right owner, therefore, is the finance 
department since this department has the responsibility for obtaining the 
appropriate information about the project from the enterprise contracts 
and procurement department.

Finally, the project can retain the risk. For low-level and some medium-
level risks, a wait and see attitude is often sufficient. Even though some of 
these risks could be reduced, the project manager may choose to hold onto 
the contingency funding to address higher-level risks. For high risks, it 
may be that the project manager cannot actually address the risk without 
a significant change in the scope of the project. Rather than change the 
scope, the risk is retained and monitored. High risks should be retained 
with caution, with careful observance of the triggers so that they can be 
addressed when appropriate. Even if there is a low risk, low probability 
item on the list that a project manager feels can be resolved with a small 
amount of resources, the tradeoffs need to be understood. There must be 
a clear reason that resources should be allocated to resolve that risk with 
project contingency.

6.2.4 Mitigation

After the assessment of risk is completed and responses have been identi-
fied for those risk items, and an agreed-upon set of high-priority risks is 
identified, a mitigation plan has to be put in place. The stakeholder agree-
ments on mitigation are an imperative when it comes to implementing the 
approach. Strong stakeholder support builds credibility within the organi-
zation leading to support in completing the mitigation steps.

Depending on what response is chosen, to take action, transfer, avoid, 
share, or retain the risk, the mitigation strategy must be developed to ade-
quately address the actions that will move the risk to be less impactful 
in the event it does occur, or to an action plan if there is an opportunity. 
There are several questions that must be answered to make sound deci-
sions on mitigation of a project’s high-risk items:

• What is the appropriate risk mitigation?
• For retention of the risk (retain the risk by accepting it and moni-

toring for triggers);
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• For sharing the risk (share the risk by transferring it out of 
the project);

• For avoiding the risk (avoidance to eliminate or withdraw from 
the activity); and

• For actively taking action to reduce the risk or pursuing the 
opportunity

• What is the trigger that identifies the time to act?
• What is the date when the mitigation must be complete or realized?

Because each project and organization is different, trying to define the 
exact meaning of these categories of risk mitigation would be unwise. The 
only one that is relatively straightforward is in retaining the risk. Retaining 
risk basically means accepting it and monitoring it for triggers. When and 
if the trigger occurs, perform the mitigation steps. However, the action that 
could be taken to share risk, avoid risks, or actively reduce risks requires 
an understanding of the tradeoffs and stakeholder agreement. In general, 
sharing risk means identifying that the risk rightfully belongs to another 
group, department, division, or team and then handing it to them for reso-
lution, with their full concurrence. This transfers the risk out of the project.

Avoiding the risk generally refers to eliminating the activity from the 
plan. This requires a change request and approval because scope cannot 
be decreased without stakeholder approval. Actively reducing the risk or 
pursuing an opportunity is dependent on the individual risk. All efforts 
should be made to ensure that risk reduction or the pursuit of an oppor-
tunity is completed within the contingency available and with the concur-
rence of the stakeholders. However, in the event that these activities add 
or reduce scope, add cost, or affect schedule, the change process must be 
employed to ensure stakeholder approval on the request.

Triggers are important in both qualitative and quantitative analysis. The 
trigger is the information or date that is required for the project manager 
to know when to initiate action on the high-priority items. They typically 
serve as the release for obligating contingency funding. In qualitative 
analysis, having an established trigger associated with an action is helpful 
in determining when to move forward. The project manager must under-
stand when it is appropriate or required to make a decision, why the deci-
sion is required at that point in time, or what the impact of the delay is. 
It also is important to understand any interdependencies associated with 
the decision, such as: Would delaying a decision affect the probability or 
impact of another risk? For example, if a risk is that a research project 
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will not fulfill its first experiment because of staff inattention, then a trig-
ger could be set to trip if, at a point one month prior to the experiment, 
the critical skills are not charging full time to the project. This example 
assumes that staff members with critical skills must charge at least full 
time to the project for one month prior to the experiment in order to have 
the experiment ready. Any less time allocated to that equates to underre-
sourcing, and the experiment will not commence on time. At that point, 
the project manager would want to make an effort to have the critical 
skills appropriately allocated in order to meet the objective of having the 
experiment start on time.

For quantitative analysis, triggers can take the form of a specific trigger 
date, a specification, or a financial cap used to serve as a go/no-go deci-
sion on a risk. Where the date is a trigger, if the date is reached and the 
contingency is not needed, then the risk is retired. An example of this 
type of trigger might be associated with a risk that a part does not arrive 
by the milestone date. If the part has arrived at the milestone date, then no 
contingency is required. If the part will not arrive, contingency must be 
committed for a day-for-day slip in retaining personnel, etc. Each project 
is different and has different risks, so the triggers are generally different 
as well. It is up to the project manager to make the determination as to 
the tipping point that triggers a response or action. Figure 6.7 shows the 
summary view of the risk register through the identification of the risk 
treatment (or analysis), mitigation strategy, and identification of triggers.

It is sometimes suggested to include a backup plan category as well 
within the risk register in the event the mitigation is not successful. 
However, keeping the risk mitigation as the prime focus and reporting 
only actions toward meeting that strategy will provide straighter lines of 
traceability. If it becomes obvious, and all stakeholders concur that a risk 
should move from active to one of the other strategies, then that should 
be reflected in the documentation. For example, if there was a risk in a 
software project that security software patches would fail to avert a loss of 
data, with a mitigation plan of patching by the third quarter, but the patch 
could not be applied by the third quarter, then a backup plan might be to 
monitor the access point until the patch could be applied. The mitigation 
strategy has not changed, and reporting on the now-late action would be 
reflected in the current status report. Therefore, a backup plan is reflected 
as a temporary measure to the mitigation, and the mitigation must still be 
completed, albeit, late.
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6.2.5 Monitoring and Change Control

An essential element of risk management now begins. If all the effort put 
into compiling and assessing the risks are not actively managed, then the 
risk process will not contribute to achieving successful outcomes for the 
project. Monitoring and controlling the process and maintaining the risk 
register must be disciplined and organized. However, many organizations 
do not do this well. Once the risk register is prepared, it cannot simply be 
put aside or a false sense of security will ultimately lead to poor outcomes. 
Projects and circumstances naturally change as they are being executed, 
and active management ensures that the most pressing risks are under-
stood and being mitigated. Stakeholders must understand the process that 
will be used to change risk priorities and to add or retire risks. As risks are 
retired or dropped lower in priority, they should be retained on the regis-
ter so a complete record is maintained for historical reference.

The risk register is a tool that must be regularly updated, elaborated, and 
controlled through regular reviews to ensure performance of mitigation 
plans and to actively retire risks from the risk register. The risk register 
should be reviewed at each project status meeting. This will ensure that 
there is integration between the project and risk management activities 
and that the entire risk landscape is factored into project management 
decisions. In addition, quarterly risk reviews should be held to assess new 
risks, to determine progress on existing risk mitigation strategies, and to 
assess the status of the budget and schedule contingency. Strong change 
management processes must be followed to control the information.

Communications is an ongoing critical supporting activity. Prior to each 
review, the responsible point of contact for the risk is asked to update the 
risk register with the current status. The risk register is then reviewed, and 
new information is discussed and incorporated. Stakeholder engagement in 
the process is essential, and each stakeholder must be able to access the data 
at any time, thus, it is important to ensure that the risk register is in a cen-
tral repository. Figure 6.8 now shows the complete risk register format with 
summary notes for each of the numbered assessments. Progress on each 
risk item is recorded in the notes and comments sections of the register.

6.2.6 Apply Now

Developing a competency in risk management takes practice. The reader 
should take an example from any activity that is familiar and fairly complex 
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and use the template to perform a simple project risk management activ-
ity. Figure 6.9 provides a template for developing a risk register based on 
the lessons from Sections 6.1 and 6.2. A corresponding spreadsheet can 
be filled out to practice identifying and assessing risks. Responses can be 
chosen and the mitigation planned.

6.3 RISK AT THE PROGRAM LEVEL

Risk at the program level includes:

• Individual project and program risks
• Interactions, interconnections, or interdependencies between all of 

the projects and other programs under its auspices

Program-level risk management requires risk management be active at the 
project level as well. The same risk process as described in Section 6.2 may be 
used at the program level to assess risks. The method is only slightly modi-
fied so that when the risks are collected from each project or subordinate 
program, a set of prioritized risks and opportunities then can be arranged 
so that all the top priorities are grouped together. This provides a cross-pro-
gram view of all the highest-level risks as assessed within the program.

6.4 RISK AT THE PORTFOLIO LEVEL

Risk at the portfolio level includes:

• Individual project and program risks
• Operations or other functional areas of the organization
• Within the interconnections between the portfolio’s overall activities

Risk at the portfolio level occurs when actions within projects, pro-
grams, or operations are identified as potentially having an unantici-
pated impact on the organization. Risks also can include activities related 
to the interconnections between the portfolio’s activities. These risks, if 
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not identified and mitigated, may affect the areas of strategy, finance, 
workforce, compliance, reputation, etc.

The same risk process as described in Section 6.2 also may be used at 
the portfolio level to assess cross-organization risks. As with program risk 
management, the method for portfolio risk management is only slightly 
modified so that when the risks are collected from each project, program, 
department, and division, a set of prioritized risks and opportunities can 
then be arranged so that all the top priorities are grouped together. This 
provides a cross-portfolio view of all the highest-level risks as assessed by 
the individual groups.

It is important to realize that risks to portfolios often begin much sooner 
than when the projects have been selected and are in work. In order to 
successfully mitigate future risks at the level of portfolios, the selection of 
activities must be the best choices for the organization as a whole. A care-
ful and methodical assessment of any new projects and programs prior to 
adding them to the portfolio is required. Lowering risk in this area gener-
ally relates to ensuring that any new activity, whether a program, project, 
or operational work, supports the strategy and that the resources needed 
to successfully complete them are available.

As discussed in Chapter 1, choosing the right projects generally starts 
with understanding what is being proposed and how these projects sup-
port the portfolio. This is where the distribution between incremental and 
radical R&D projects, production, and operations activities must be decided. 
Strategic alignment, return on investment analysis, the appropriate mix of 
long-term versus short-term projects, organizational-level resource planning, 
etc., are all considerations for what to add to the portfolio. A list of poten-
tial projects needs to be carefully assessed to determine which ones have the 
highest probability of leading to the desired outcomes at the organization 
level, and which ones can actually lead to the realization of the strategy. This 
often is somewhat challenging, because the content of projects at this level can 
be different. Finding a way to compare unlike projects, such as comparing the 
value of a hardware project with a software project, is essential.

This section describes a method for compiling, assessing, and prioritiz-
ing, and selecting a portfolio of projects and programs that may be widely 
different in content with the intent that carefully choosing the portfolio 
will reduce risk exposure. This method is especially well suited to evalua-
tion of the potential portfolio, but it does rely heavily on the existence of a 
well-documented and understood strategy and set of trajectories. If those 
exist, then the following key elements of risk management will not only 
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ensure the optimal alignment for the overall portfolio, but also will pro-
vide the best opportunity for choosing the most promising R&D projects.

The following steps should be included in the portfolio risk review:

• Compiling the potential projects and programs
• Assessing

• what mix of basic versus applied R&D is appropriate for the 
organization;

• the resource requirements;
• the priority that the proposer has assigned;
• how well they align to the organizational strategy;
• what the weighting criteria should be.

• Concatenating the results into a normalized, and prioritized set
• Downselecting to the optimal portfolio

6.4.1 Compiling

There must be a method and repository in place to collect the proposed 
projects and programs provided in a business case format. A business case 
describes the reasons for initiating the project or program. They can be 
presented in a document or through a presentation, either formally or 
informally. Either way, they should include enough information that a 
decision on whether or not to pursue the project/program can be made. 
Once collected, the business cases will be assessed against the organiza-
tion strategy, trajectories, and the existing projects and programs.

This method of collection and assessment can be continual or occasional. 
New ideas do not typically emerge only one time a year. The creative process 
is ongoing, and new ideas will continue to flow even when the formal review 
has been completed. Some organizations have an annual call for new project 
or program proposals or business cases to identify projects for the following 
fiscal year. Other organizations ask for submissions more often. Some have 
ongoing submission capabilities and then assess the new submissions on a 
regular, predefined time period. It is generally challenging to change course 
in the middle of a year by replacing one project with another; however, in 
the event that a particularly intriguing project was proposed midcycle, an 
organization may decide to do so, especially if the resources required to per-
form the new work were consistent with the funded project.

This is not a problem for a portfolio that is set up for regular quick reviews 
and redirections. However, for an organization that is more traditional and 
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sets its plan for the year, a midyear change could be entirely disruptive. For 
the R&D environment, the optimal solution is to allow submission and 
review of ideas on an ad hoc basis. This allows for the capture of ideas 
that can be incorporated into ongoing R&D projects, and might replace 
current projects at a phase-gate where progress is not going as planned. 
Having a pipeline of new project ideas, continually being refreshed, is 
desirable in an uncertain evolving environment, such as R&D. Regardless 
if the ideas are collected and assessed one time a year or continuously, a 
process needs to be established so that there is a place to store the ideas 
prior to the assessment and to integrate a new project or program into an 
existing portfolio at the appropriate time.

The tool for collection can be a simple spreadsheet. The objective is to 
have a clear understanding of the options that must be considered. The 
process of reviewing and assessing the information requires the compila-
tion of a standard set of data, but the data can come from all departments 
and disciplines. It is not necessary to compare and contrast like items, 
but it will be necessary to get to an ultimate prioritization so that choices 
can be made within constrained funding and time-frame parameters. An 
example of the questions that should be asked and that will form the basis 
of the compilation spreadsheet is shown in Figure 6.10.

As with the risk method, the business cases will be captured in the 
spreadsheet and each identified with a unique submission identifier. 
The department, division, or team submitting the proposal should be 
identified. The alignment with the strategy and trajectories needs to be 
explained, as many times, especially in technical fields, it will not be clear 
to the stakeholders how the proposed project or program aligns. If the 
proposal builds on existing work, that should be highlighted and be a fac-
tor in the selection. Each group that is submitting business cases should 
prioritize its own proposals. This also helps the selection committee make 
informed decisions and choose projects that are not too heavily weighed 
toward one department or division. In this way, a balanced portfolio with 
a mix of projects and programs of different types that meet the stakehold-
ers risk tolerance can be selected.

6.4.2 Assessing

In an organization that spans all R&D life cycles, multiple departments, 
divisions, or teams may submit ideas. Each item placed on the list that 
is being compiled has conceivably already had some level of scrutiny 
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to ensure that the scope is defined, the requirements and outcomes are 
understood, the stakeholders identified, the time frame that fits into the 
evaluation period (e.g., next fiscal year), the basic level of effort that would 
be required in budget and labor, ME&S (materials/equipment/services), 
and the risks associated with the implementation. In large organizations, 
this list can become quite significant, reflect small and large projects across 
multiple time frames, and reflect both incremental and radical proposals.

At the point when the compilation of activities is ready for review, an 
initial screening can occur to group the ideas or proposals into meaning-
ful categories, for example, basic versus applied research, and each sub-
mitting department, division, or group with multiple submissions must 
prioritize them. This can take the form of a simple 1–3 identifier, where 1 
equals the highest priority and 3 the lowest. Or, for more significant lists, 
an initial 1–3 identifier can determine the 1 equals must haves, 2 equals 
need, 3 equals nice to have, then each of those would also be prioritized 
1– n (20 items to be prioritized would have 1–20 priorities listed).

The initial prioritization has to be made at the department, division, 
or team level first for a few reasons. All ideas may be good. However, a 
proposed project might be able to be accommodated within a current year 
project, or a key staff member may not be available to work the new project 
if it were approved anyway—both factors that must be taken into con-
sideration. Chapter 7 will discuss the challenges for managing workforce 
time allocations across projects. The proposed project priorities also need 
to align to the department or division strategy, either through current tra-
jectories or through a new trajectory.

The next critical step is to determine the considerations that will be used 
to assess the proposed activities from the portfolio-level view. Columns 
on the spreadsheet identify the departments that are submitting propos-
als for new R&D projects. To balance the manner in which the projects 
are prioritized, there must be factors assigned to each department. The 
first step is to list all the departments and determine what weight each 
is to be given. The value of the weights should reflect the importance in 
the selection. This is important because it balances the projects across the 
departments in ways that would not happen naturally during prioritiza-
tion. A simple method for doing this is to list all the groups and assign a 
percentage to each that reflects the importance to achieving the strategic 
mission of the organization or in making progress along the trajectories. 
Then convert those percentages to a whole number: 10 percent becomes 1, 
20 percent becomes 2.
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For example, a manufacturing company may weigh engineering at 30 
percent, production at 50 percent, and administration at 20 percent. These 
weights will effectively raise or lower the overall priority of the proposed 
project in relation to the other projects. In other words, all things being 
equal, the no. 1 priorities for these four departments if prioritized only by 
the weights would mean that the top production project would get funded 
first, then engineering, and then administration. Without the weighting, a 
strong engineering lead could provide a strong case for funding the engi-
neering project even if strategically it would be better for the production 
project to be funded.

This step of establishing weights can cause tension. Where the organiza-
tion sees itself on various trajectories, where it is lacking in progressing 
toward its vision, where it has strong leaders or critical skills that can be 
put to good use are all useful considerations when determining assess-
ment weights. In most organizations, as a trajectory is followed, logically 
different parts of the life cycle should get heavier consideration. However, 
this sometimes can seem harsh as submitters would like to believe that 
their proposal is the most important, and the weights can sometimes 
appear to be arbitrary or purely subjective. It does help the process if all 
the stakeholders are part of the definition process and if the decisions on 
factors and rankings are done as objectively as possible, and preferably 
consensus is reached through group discussions and reviews. This process 
will ensure the organization does not fall victim to funding vocal groups 
in one phase of a life cycle, while ignoring another department that has 
the responsibility of performing another part of an upcoming phase of the 
life cycle.

Once a clear set of prioritized projects is available, and weights have 
been assigned to the assessment categories, then it is time to concatenate 
the results. At this point, it may add more business value to group some 
proposed projects into a program for greater benefits and then submit it 
as a program rather than as a project. Once the final set of projects and 
programs to be evaluated is complete, concatenating involves bringing 
together all of the level 1s from the initial group assessment of 1–3 identi-
fiers, and then placing them in 1 – n order, ignoring the groupings. Each 
grouping: highest priority (1), next priority (2), and lowest priority (3) 
should be assessed separately. Ultimately, how far down the list of pri-
orities an organization can go is dependent on its available funding. Most 
organizations focus on the level 1, highest priority category, and occasion-
ally address some of the top-level 2 proposals.
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The scores in each of the two columns are then multiplied, and then 
the concatenated column is multiplied with the factors to end with a final 
compilation numeric value. The final prioritization can be done quickly 
by identifying the highest number as the highest priority. An example of a 
concatenation is shown in Figure 6.11.

This final prioritization list should be reviewed with the selection com-
mittee made up of all the key stakeholders and senior leadership. An 
assessment of the final prioritization list may result in movement of items 
up or down the list. There may be valid reasons that one project, which is 
lower on the list, is moved, and the highest scores do not always make it 
to the funding table. For example, a priority 1 project that costs $100,000 
may be superseded by a priority 3 project that costs $25,000. Or a project 
that takes less time, or aligns better with a project that is ending, may be 
moved up in priority. This method provides a reasonable, defensible prior-
ity list that once the right amount of common sense is added will ensure 
that the most logical projects are selected.

6.4.3 Downselecting

Once the priority list has been prepared, two additional things should be 
considered. The first is to review the business cases to ensure that there are 
no interacting risks between existing projects or programs, or between 
other proposed projects or programs that might negatively impact the 
organization. The second is to review the proposals to ensure that they do 
not present a high risk in themselves to the organization.11 At that point, 
it should be relatively straightforward to determine which ones to pur-
sue. The ultimate goal is to use this method as part of an approach that 
identifies and uses the appropriate criteria in its choices to ensure that an 
optimal mix of R&D projects is selected and supported. The portfolio as 
a whole will have a diversified mix of low-risk/low-reward through high-
risk/high-reward projects.

Critical to the process of selecting the optimal portfolio of projects 
is to have a selection committee made up of the right stakeholders. All 
individuals who have a vested interest in the outcome need to be on 
the selection committee. This means that anyone with an entry from 
a department, division, project, or program needs to be represented 
at the selection meeting. Ideally, the individuals who are represent-
ing the various groups are at a comparable level within the organiza-
tion. Plus, there should always be one additional layer of management 
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above that set that can provide the strategic viewpoint as well as act as a 
tiebreaker among the peers. Ideally, this group should be at the highest 
level of the organization or business unit.

Figure 6.12 shows an example of some of the impacts to a program when 
a new project is incorporated. There are several potential scenarios that 
exist. The first is that the new project takes some of the resources away 
from the other two projects. The second is that the resources increase 
to accommodate the new work. Other options could be the complete or 
partial replacement of one project for another. Determining which of 
the right models to follow depends on the circumstances. Having a clear 
understanding of the new project’s priority in relation to existing projects, 
to the program strategy, and to new projects being assessed is important.

6.4.4 Apply Now

Developing a competency in using risk methodology to assist the organi-
zation in making choices between options requires practice. The reader 
may take an example from a set of proposed activities that is familiar and 

New Funding &/
or Staff Added

Project B

Funding &/or
Staffing Reallocated

Funding &/or
Staff Reallocated

Project CProject C

Project A

Project A

Project A

New Project C = priority #1

Project B

Project B

Project C

Project B

FIGURE 6.12
Example portfolio impacts.
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represents different types of projects. The template provided in Figure 6.13 
should be used to perform a simple project prioritization activity.

6.5 ESSENTIAL RISK MANAGEMENT FOR R&D

Risk management for R&D must include:

• Developing a risk plan and approach for the R&D project
• Providing decision support for assessing R&D project risks and 

opportunities
• Developing risk responses and mitigation strategies
• Monitoring and managing change
• Assessing and downselecting to an optimal R&D portfolio

At no time should risk management activities hinder the R&D activi-
ties; however, the processes should enhance the project manager’s ability to 
make decisions about what to pursue, how long to pursue it, and when to 
change trajectories. They also should enhance the organization’s ability to 
fund the optimal mix of projects most likely to achieve their strategic goals.

R&D projects are inherently risky as they typically push the limits of 
the state-of-the-art in process and products that are used. Technical risk 
can easily delay the schedule, and may also affect the budget if additional 
labor or ME&S is required to resolve the risk. Unless the project is uncon-
strained, impacts to any of these three areas increase risk for the R&D 
project. How much risk is acceptable and how many new opportunities 
can be pursued is based on the amount of budget that is available for the 
new work, how much contingency must be held, and what the stakehold-
ers’ risk/opportunity tolerance level will accept.

Because R&D is inherently risky, having a risk management process and 
plan can help reduce the risk and help achieve a disciplined progression 
along the strategic trajectory. One of the key elements of risk management 
for R&D is ensuring that the management of the risk is heavily integrated 
into the research rhythm. Identification, assessment, responses, and miti-
gation should coincide with the end of experiments or tests because the 
existing risks at that point will most likely have evolved. Since the R&D 
project will be set to no more than a three-month time period, risk reviews 
will occur multiple times within that period.
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As was discussed in Chapter 1, addressing risks and opportunities 
on R&D projects requires a situational awareness that is best achieved 
through application of processes. R&D activities of identifying an uncer-
tain area of interest, testing, or experimenting, and then determining the 
results are consistent with the processes used for project risk management. 
For the experiment or test, if performance was achieved as expected, then 
one can move on to the next activity. If the experiment or test does not 
match the stated desired outcomes, then it is necessary to take an action, 
such as ending the exercise, restating the outcome, or perhaps implement-
ing a redesign. The more important it is to formally convey information 
and obtain guidance on changes based on results from experiments and 
tests, the more important it becomes to follow a discipline, to set a base-
line, and to measure and review learning.

As reviewed in Chapter 2, R&D projects handled with f lexible project 
management methods can attempt to resolve the unknowns that have 
the highest impact to the overall project. This method of approaching 
R&D tasks is consistent with the method for resolving R&D risk. They 
are basically complementary. And, from Chapter 3, having an R&D 
risk management process in place helps determine how to move for-
ward along the trajectory. Identifying potential scenarios that might 
emerge, such as the results of a test that do not meet specifications or 
the loss of a team member who possesses critical skills essential to the 
completion of the project, are risks that should be identified and miti-
gated. Chapter 5 states that for basic and applied research, risk assess-
ment and mitigation strategy is fundamentally different than on a 
production project and may appear difficult to compile. The unknown 
unknowns far outweigh the known unknowns. A failure of a test may 
lead to a branch point that requires stopping work and moving in a 
completely different direction.

The R&D project risk management needs to address far more unfore-
seen impacts than a project proceeding along a more predictable path. 
And unlike more mature life cycle projects, an R&D project can stray far 
from the original baseline and still be seen as having successful outcomes 
if it leads to progress along the trajectory. Yet, it is still possible to identify 
the risks, assess impacts and probabilities, set up responses, and complete 
decision analysis while including defining gates that would signal the end 
of work on a potential trajectory.

Chapter 5 also describes the importance in tests and experiments in 
R&D projects to be defined in a way that can be clearly assessed, where 
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decisions can be made as to when a path should no longer be pursued 
or when a new opportunity is emerging that should be enabled. Risk 
management provides some of the process structure that can qualify and 
quantify R&D progress and provide a stronger stance for decision mak-
ing. Because it is not possible in R&D to anticipate ahead of time the 
outcomes that will emerge, the structure that is put in place to manage 
R&D tests and experiments can be complemented quite readily by using 
a risk register. The review processes typical of risk management also can 
be matched to the reviews after major experiments and tests. Again, in 
general, properly defined risks and mitigation strategies provide phase-
gate decision information.

6.5.1 R&D Risk Plan and Approach

The R&D risk plan should be developed following the standard processes 
described in Section 6.1. It should complement the project plan. These two 
documents can be simple and straightforward for R&D projects, focusing 
on the overall project management and risk approaches. The purpose of 
the R&D risk plan is to identify the risks as they emerge and to assist in 
decision making during the project.

The R&D activities for each time frame in the project schedule, 
typically one to three months, will include assessments to reduce the 
unknowns. The risk reduction for the same period will review risks to 
the planned activities versus the activities’ outcomes themselves. Risks 
to the planned activities will be items such as resource requirements, 
external competition, other external forces, etc. A separate spreadsheet 
will be maintained for the risk management of the R&D project, while 
the R&D experiment and test evaluations will typically be kept in a proj-
ect book or other documentation.

6.5.2 R&D Risk Decision Support

There are many different techniques that can assist the project manager in 
making decisions to address risk on R&D projects. Often, the decision to 
address a risk is not straightforward. There is a fine line between needing 
to evolve a capability more and making a decision to stop the development 
altogether. For example, if an R&D project scope is to develop a new drug, 
and it has in its project plan to complete an experiment before making the 
decision on the way to proceed, then risk can be evaluated for the various 
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potential outcomes of that experiment. If the drug performs as expected, it 
proceeds along its original path. If it does not perform as expected, but has 
no negative impact, then a decision might be to change the formula and 
retest or to increase the dosage. If the drug performs poorly with negative 
impacts, the options may be to stop, or to change the formula or dosage 
and retest. Each of these scenarios provides a different set of risks that can 
be captured and mitigated.

In addition, factors outside the project scope can add more complexity 
to the decision. Staffing changes, budget reductions, overhead increases, 
new legal requirements, a more strategically aligned project being pro-
posed, or any number of other externally driven risks to the project must 
be understood and assessed. Many of these techniques to assess risks are 
used regularly in systems engineering.

For example, trade studies can be used to help refine system designs. 
Trade studies can help clarify what the design alternatives are by collect-
ing estimates of anticipated performance of a design, and determining 
uncertainty ranges through sensitivity analysis, Monte Carlo simula-
tions, or other probability distributions or ranges. As risks are identified, 
trade study methods can be used to determine the options available to 
address various scenarios and the impacts and ranges that might be asso-
ciated with them. Quantitatively estimating impacts in this manner must 
be qualified by expert analysis and common sense assessments. This is a 
highly subjective method that is meant to provide potential insight, but 
cannot be relied on as the single right response.

Decision networks or decision trees can be used for evaluating the 
risk environment where future events are uncertain, such as in R&D 
environments. By extracting all the elements that impact a decision and 
what the expected consequences might be, calculating and weighing all 
potential consequences of alternatives, and then summing the outcomes 
at the end point, the most critical risks, from the total list of risks, are 
identified.

A multitude of other methods can assist in risk decision making; how-
ever, the basic construct is fundamentally similar. They each require a 
statement about the alternatives under consideration, an assessment of 
how important each selection criteria is to the final design (the weight or 
priority), the final results from analyzing the data, the independent expert 
input, and the final ranking. The decision on the way forward must be 
achieved by consensus from the stakeholders.
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6.5.3 R&D Risk Responses and Mitigation

For each risk on the project, a response and mitigation will be chosen. As 
with any project, these will be highly dependent on the actual risk and the 
stakeholders’ tolerance level for the risk. Risk responses for R&D projects 
also can assist with critical branch-point decisions. Assessing what actions 
might be taken after each experiment or test can help identify future risks 
and strategies including when a path is no longer worth pursuing and 
determining what triggers actions. The primary purpose of risk manage-
ment for R&D is to identify the highest risks and to position the proj-
ect well to move quickly into its next phase. Starting with an N ╳ N risk 
matrix to visualize the known risks at the start of an R&D project, identify 
the highest risks that should be mitigated. Any risks that would trigger a 
branch point should be identified as well. Each risk requires mitigation 
actions and could include revising processes, testing more rigorously, pro-
totyping more heavily, or other actions unique to the project.

6.5.4 R&D Risk Monitoring and Change Control

Depending on the size and complexity of the R&D project, risk monitor-
ing and control of change could be done simply by the project team and 
direct supervision or more formally using TPMs and earned value. The 
rigor of the processes depends upon the organization and the customer. 
However, every R&D project can benefit from the implementation of risk 
monitoring and change control. The standard processes for these activities 
are described in Section 6.1.

6.6 CASE STUDY: LEGO® MINDSTORMS®

Since the 1930s, the LEGO Group has succeeded in making its name leg-
endary and its products known around the world. Family-owned and 
operated from its headquarters in Billund, Denmark, the company’s 
LEGO products, both legacy and modern versions, exist concurrently and 
continue to grow in popularity even as the trend in toys has shifted toward 
electronics and software. This is primarily because of the forward think-
ing and ever-evolving mindset of the LEGO Group. In 1998 LEGO was 
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named “Toy of the Century” by Fortune magazine and then inducted into 
the British Association of Toy Retailers.

The LEGO brand is known for its focus on play as a “key element in 
children’s growth and development,” and one that “stimulates the imagi-
nation, the emergence of ideas, and creative expression.” Its vision is to 
“invent the future of play,” built on the core product platform, the LEGO 
brick. LEGO values include adherence to the “highest safety and quality” 
where “only the best is good enough” and to be socially and environmen-
tally responsible.12

Playing with LEGO products leads to

• developing interests in science and technology;
• discovery and idea formation;
• self-directed learning;
• hands-on/minds-on learning experiences;
• confidence and self expression;
• activity that creates enjoyment.

In 1998, Kurt Andersen joined the company as the director of LEGO 
Mindstorms. His previous experiences and education would help move 
LEGO into a more competitive position within the digital environment. 
LEGO management understood that the toy set market was changing 
and becoming more computer based and that the company needed to 
evolve in order to keep up with the competition. One of their responses 
was to bring in Andersen. He brought his knowledge and previous expe-
rience across wide technology product areas as director of electronics 
development, and as a project manager in the electronics and consumer-
facing software industry. His technical expertise included advanced 
wireless mobile solutions for analog and digital products, microwave 
antenna designs, inverter-integrated permanent magnet motor control 
platforms, operating systems, communications protocols, and other 
technology. His educational background included an MBA and an MS 
in electrical engineering.

6.6.1 Background

The LEGO Group introduces new play concepts every year, all of them 
relying on the core platform. The product development departments are 
tasked to stay in touch with trends in all social and technological areas 
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that may affect play. They focus on capturing the market as it evolves and 
blends into a combination physical/virtual world.

Following is a timeline demonstrating the evolution associated with the 
LEGO Mindstorms:

• 1950s: Classic physical interlocking bricks; introduction of “Play and 
Learn” concept.

• 1960s: Integrated motors (into LEGO trains).
• 1970s: Integrated LEGO figures and role-play.
• 1980s: Started partnering with science organizations:

• 1984: A long-term partnership with MIT (Massachusetts Institute 
of Technology) Media Lab was established.

• 1986: The first partnership outcome was the LEGO Technic 
Computer Control, a foundation to the first computer-controlled 
LEGO robots.

• 1990s: Focus on mainstream robot technology, computer games, 
and education.
• 1998: LEGO Mindstorms was launched, allowing youth to “cre-

ate and program intelligent LEGO models.”
• 1998: A collaboration between the American nonprofit organi-

zation FIRST® (For Inspiration and Recognition of Science and 
Technology) and the LEGO Group was established to increase 
youth participation in the topics.

• 1999: LEGO acquired Zowie Intertainment, a spin-off company 
from Paul Allen’s think tank, Interval Research.13 Zowie’s line of 
interactive toys, which did not require a mouse and keyboard, 
was a strong match for LEGO Mindstorms.

• 2000s: Continued focus on robot technology, computer games, 
and education.
• Continued partnership with MIT Media Labs led to “amaz-

ing results” in integrating “intelligence” and “behavior” into 
LEGO products.

• 2003: The FIRST® (For Inspiration and Recognition of Science 
and Technology) LEGO League14 robotics competition was held. 
Thereafter, this would be an annual competition. The theme was 
Mission Mars. Competitors were 9 to 16 years of age. In teams of 
5 to 10 members, they developed robots from LEGO Mindstorms 
and used them to carry out tasks on a specially designed obstacle 
course, demonstrating activities such as collecting mineral or 
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ice samples, building houses, or freeing a Mars Rover from a 
sand bank.15

• 2006: LEGO announced intentions to Open Source the 
Mindstorms NXT operating system.16 The intent was to transi-
tion into a customer-driven company. In continued collaboration 
with MIT, this initiative successfully led to an updated version of 
a LEGO Mindstorms robot this same year, offering customizable 
programming.

• 2006: The LEGO Group expands its research collaborations to 
include Cambridge, Westminster, and Edinburgh Universities in 
the United Kingdom.

• 2013: LEGO Mindstorms robotics platform celebrates its 15th 
anniversary by launching LEGO Mindstorms EV3.

6.6.2 Life Cycle Perspective

LEGO Mindstorms was considered an R&D project. The technology that 
would go into the instrument was going to be cutting edge. The project 
manager, Kurt Andersen, had a significant engineering and software 
background that provided a basis for estimating the level of true innova-
tion that would be needed on the project.

Although he was entering an established company with a solid track 
record, the external environment was evolving and putting pressure on 
LEGO to keep up with the evolution into the digital and virtual realm. Up 
to this point, the most sophisticated LEGO product was the train play set. 
LEGO trains used microsystem LEDs (light-emitting diodes) and track 
sensors. This was a successful product that was selling well.

The project for developing the Mindstorms product went through all 
phases of a life cycle starting in 1998, with concept studies and technology 
development. Additional life cycle phases included production and opera-
tions with entrance into the supply chain (Figure 6.14). Two significant 
contributing success factors for the project were the collaboration with 
MIT Media Lab, and the acquisition of Zowie Intertainment (San Mateo, 
California) in 1999.

An additional complementary activity that also directly supported 
the successful implementation phase was the collaboration with FIRST 
(Manchester, New Hampshire). This collaboration would ultimately 
increase the visibility of the product and create a recurring desire for the 
LEGO Mindstorms product.
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6.6.3 Project Management

Projects at the LEGO Group followed standard processes for project man-
agement. There was generally a product line manager responsible for the 
concept that had the ultimate responsibility to meet the project outcomes. 
A central Project Management Office (PMO) provided the processes, 
tools, and controls that supported the product launches. The PMO was 
responsible for the overall integrated schedule for all of the product devel-
opment activities and interfaced closely with all of the departments. The 
projects each had its own resource-loaded schedule as well, which fed the 
integrated schedule.

Andersen’s role on his project was to be the technical leader and tra-
ditional line manager. He reported to the senior vice president of new 
business development. Both he and the vice president played a significant 
role in the project, but Andersen was responsible for project management. 
“When you engage in a new project, there is no doubt you will have to men-
tor the participants in project management. However, as the project man-
ager, you have the responsibility to complete the project.” Since Andersen 
had significant experience in using project management processes and 
tools, he found his knowledge and experience to be a good match with the 
LEGO culture. He commented, “One of the most fantastic things about 
LEGO was that its processes were so structured.”

Andersen pursued two essential changes during the course of the proj-
ect. The first was associated with the collaboration with the MIT Media 
Lab and the second was the acquisition of Zowie Intertainment. Up to 
this time, there were three locations responsible for collaborating and 
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bringing forth new ideas. However, this distributed teaming arrangement 
for new idea generation was not working well. So Andersen took the dra-
matic action of consolidating the team and relocating them all together 
in Denmark. He then established a small team inside MIT Media Lab, 
funded it at the $1 million per year level, and challenged them to come up 
with concepts based on the work underway at Media Lab.

On the Zowie Intertainment acquisition, LEGO sent Andersen to the 
United States as part of a due diligence team to assess the company and 
come up with a business plan. Both of the companies’ values were consis-
tent, and he felt that they could integrate the fundamental technology into 
LEGO. The acquisition of Zowie brought 35 highly skilled American engi-
neers to the project. The fundamental base technology that the company 
had designed and built, although ultimately never commercialized, would 
help form the foundation of the Mindstorms product. “At the end of the 
day, we did not bring the technology forward into the integrated project,” 
Andersen said. An alternative technology was ultimately chosen.

6.6.3.1 Defining the Scope

Concept development groups were charged with coming up with new 
ideas that were presented to the attendees of the marketing review; how-
ever, concepts could come from any part of the organization. Individuals 
working in areas of hardware, mechanical development, software, design, 
etc., were encouraged to come up with concepts. Sometimes to further 
enhance or tweak existing products, technical “ingredients” were put into 
baskets and given to people to go work on to complete.

It was imperative to have a pipeline of new products in the queue at all times. 
Therefore, there was a defined and carefully adhered to process to bring new 
concepts in for review, assess these ideas from a marketing perspective, and 
downselect to the most promising ones. All ideas would be reviewed regu-
larly during carefully crafted three-day events designed and facilitated by the 
Marketing Department. These events occurred twice a year, consistent with 
the spring and fall launches in the toy industry. “These two waves of spring/
summer, fall/winter product launches are quite common,” Andersen says.

During the marketing events, product managers throughout the com-
pany would present information about their concepts. These ideas were 
built on trends in the marketplace. All lines of products were shown with 
a vast span of price tags. Andersen explained, “We would be exposed to an 
incredible amount of ideas, way too many, and some were just wild and 
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crazy. Many were not relevant. The first time I went through the review pro-
cess it was overwhelming. The sheer volume of new ideas was remarkable.”

Once all the ideas were reviewed, marketing would spend time review-
ing and downselecting the concepts for further development, and the 
individual or team responsible for the concept was given four weeks to 
develop the idea. This period of free thinking was an essential part of the 
process. This was the “fuzzy front end” as Andersen explains. However, 
at the end of the four weeks, it was back to the hard work of determining 
the financial impacts and the details of what it would take to implement 
the project. The projects themselves, once chosen for production, would 
follow traditional project management methods. The people that did the 
front part of this process often did not have the right skills to see the proj-
ect through the production phase. The product manager and product line 
manager together would run a boot camp for the product development 
team to make sure the right content was put into the plan, and the right 
messages were conveyed to the team.

For the Mindstorms product, the initial work had already been done 
prior to Andersen’s arrival at LEGO. However, he was responsible for 
bringing any new ideas for the product to the marketing reviews and 
incorporating the ones that were accepted into future development and 
production activity.

6.6.3.2 Develop the Objectives

The requirements for the Mindstorms project were to provide a kit that 
would be used to build a small, customizable, and programmable robot. 
An “inventor set” for the consumers and a “challenge set” for the educa-
tional customers were identical except for an additional touch sensor and 
more gearing options in the educational version. The Mindstorms prod-
uct had to be state-of-the-art, competitive with other digital and virtual 
products on the market, and conform to the stated vision and values of the 
LEGO Group.

6.6.3.3 Identify the Requirements

The Mindstorms product kits would require a programmable brick com-
puter that would control modular sensors, motors, and LEGO parts. The 
interaction of these parts would enable the building of structures that 
moved or performed tasks, such as turning lights on and off.
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6.6.3.4 Outline the Deliverables

The original Mindstorms product kit contains a programmable brick 
known as the Robotic Command eXplorers (RCX).17 Included were sen-
sor input ports, motor output ports, a manual-override stop-button, and 
a liquid crystal display (LCD) control panel used to show various statuses, 
such as which program was running. The original kit also came with two 
motors, one light sensor, and two touch sensors.

The RCX contains an 8-bit microprocessor and 32 K of RAM for stor-
ing the firmware, software, and user programs.18 A software program is 
written on a computer and then uploaded to the brick through an infrared 
interface port. Upon program upload and start, the RCX-enabled robot 
acts on the programmed instructions. RCX bricks also can communicate 
to one another through the infrared interface allowing cooperation and 
competition. Depending on the design version, the brick is equipped with 
either batteries or with power adapter jacks to allow for continuous opera-
tions, appropriate for stationary robotics.

6.6.3.5 Develop the Project Schedule

The LEGO PMO maintained the overarching schedule, which naturally 
cascaded to the individual project schedules. Andersen’s organization 
consisted of approximately 105 project team members who were divided 
into WBS groups. Each group was responsible for developing its sched-
ule, and then the schedules were incorporated into the next level in the 
organization and, ultimately, to the PMO. Standard critical path and 
resource-loading methods were used. For this project, the development of 
the microprocessors was on the critical path. “Testing and long lead times 
on microprocessors was critical,” Andersen said.

6.6.3.6 Develop the Budget

The product line managers worked closely with the financial department 
on the budget and cost numbers. There was close collaboration to deter-
mine the right estimates for labor and ME&S. Andersen remarked, “The 
initial launch included 100,000 units at a $200 price point. We needed 
to control the project costs to ensure we met that price point.” There was 
strong financial involvement and governance throughout the project. In 
retrospect, the project was able to generate “revenues far exceeding the 
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initial expectation, selling well above two million units before the product 
was updated.”

6.6.3.7 Develop Risks and Mitigation Plan

At LEGO, standard risk management was used. In the case of this project, 
there were several key performance risks that would dramatically impact 
the ability to achieve successful outcomes. Risks were reviewed, new risks 
incorporated, and mitigation progress assessed regularly throughout the 
project. The top risks that required aggressive mitigation throughout the 
project included software development, production capacity planning, 
and user interfaces, such as software downloads and help environments.

6.6.3.7.1 Software Development

The software development, in particular, the microprocessor code devel-
opment, was on the critical path and was foundational. Andersen recalled, 
“This software had to be perfect. You could not have a situation where a 
youngster was unable to install the software correctly to his computer on 
Christmas. If this piece of software did not install, it would be a disaster.” 
Since this was the LEGO Group’s first venture into the software and per-
sonal computing environment, it took aggressive mitigation steps includ-
ing early reviews of microprocessor codes, generally three months prior 
to planned tests, and constant testing in the broadest set of environments 
possible. As the number of permutations in computer platforms, video 
card, etc., was so large and the risk that the software must download cor-
rectly so high, LEGO signed an agreement with a software gaming com-
pany that would test the software installations on 250 different hardware 
and operating software combinations. Because a significant amount of 
issues were found on installers and the products, LEGO decided to develop 
an internal sophisticated test environment. It included 30 testers and a sig-
nificant amount of platforms to test the quality of each component as well 
as the full functional testing that would be required before the product 
was released to the public. It also required built-in, self-testing mecha-
nisms to ensure the highest level of product reliability.

6.6.3.7.2 Production Capacity Planning

Risk mitigation on production was a scaling issue. “Setting up a one-
month product run of 100,000 units was a ‘huge, high-speed capacity 
issue’ for LEGO,” Andersen said. Selling the company on the idea that a 
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run size this big was realistic was a challenge. In reality, the production 
run risk was significantly worse than originally planned as much of the 
original run was taken up by preorders and the original 100,000 units 
were depleted within a week. The company needed to continue to increase 
its production capacity planning as the orders continued to grow.

6.6.3.7.3 User Interfaces

Once the original software installation test results were completed, 
Andersen realized how serious this situation could be, and the company 
“reacted professionally.” A call center was set up in the United States to 
deal quickly and with the highest of quality with any issues that users 
might have. This center would be open to deal with any issues during the 
holiday seasons. This was meant as a contingency in the event that the 
attention to software development and quality and testing robustness was 
unsuccessful in providing a fault-proof software installation for the user 
or in the event that the customer had any other questions or concerns.

6.6.3.8 Critical Branch Points

The Mindstorms project experienced many critical branch points. 
Discussions were continually taking place about which way was the right 
way to go, and questions were raised regarding the viability of the designs, 
etc. The product manager was expected to facilitate these decisions, but 
there was a clear expectation that the owner of the company and the senior 
vice presidents would make final change decisions.

It was a common occurrence during the project for Andersen to take 
decisions on hardware, firmware, and software to senior leadership. He 
says, “When we were dealing with so many new technology concepts, 
especially associated with software and firmware, there was always this 
fight between what was the right way versus the fastest way, which would 
get taken to top management for a decision. With software especially, 
developers always want to add more capability and development can go 
on and on if it is not constrained.”

6.6.4 Outcomes

The LEGO Mindstorms project successfully entered the market and main-
tained its position over time. The product was high quality and provided a 
capability to the educational community and hobbyists that met the stated 
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requirements to provide a kit used to build a small, customizable, and pro-
grammable robot. The product was state-of-the-art and was competitive 
with other products on the market. It also clearly conformed to the stated 
vision and values of the LEGO Company. The product successfully stimu-
lated the imagination of more than just the youth that came in contact 
with it, either through educational programs or through their pursuit of 
a hobby. The product also successfully stimulated the imagination of an 
adult population that grew up with the LEGO product and now had a way 
to animate it and make it come alive.

On the business side, there was uncertainty as to what the outcome of 
this project would be. Andersen was told: “You are crazy to build 100,000 
of these. They will never sell.” In reality, “they were gone before they hit 
the shelf. That was a big surprise.” The product was also space qualified by 
NASA “without any changes being required to the hardware, which is a 
significant achievement in itself,” Andersen stated. The LEGO Mindstorms 
brick joined a flight in space with Explorer in 2011, and the bricks are part 
of an educational program on the International Space Station.19

6.6.4.1 Defining Success

If a product achieves its scope and objectives, provides the outcomes that 
are anticipated, and does so within the parameters set by the project man-
ager, then success has been achieved. When a product continues to evolve, 
and new versions of the product are sought after by a dedicated public, 
that is the best sense of achievement possible. For LEGO Mindstorms, the 
product has far surpassed the original project outcomes that were set. The 
tight collaboration with the educational community and a strong com-
munity of professionals and hobbyists of all ages who are interested and 
involved in citizen-robotics programs has gained strength over the years. 
These individuals share designs, software, and other associated compo-
nents. The capability of the Mindstorms product has increased as new 
innovations have been added and as more people are exposed to the vari-
ous contests and events. The move toward using open-source techniques 
to drive innovation has pushed the project far ahead of where it would be 
without bringing the passionate users of the product into the process of 
evolving the capability.
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6.6.4.2 Types of Measures Used

The LEGO Mindstorms project had strict technical parameters to achieve 
and track key performance indicators (KPIs). The product included sensors 
to measure distance, proximity, and contact, which had to perform cor-
rectly, and the project had to be highly ruggedized. Andersen explained, 
“Children can smash the product into the floor or run it along a radiator, 
there is tremendous exposure potential to environments that you would 
not anticipate.” Each component and the entire system were put to the test 
to see how they would hold up under severe stresses.

Another KPI was in the ability to meet the price points. Because the 
LEGO Group produces only plastic and electronic components, prices 
were many times higher, the bottom line profits would not be as high. As 
the marketing people were skeptical, this was a metric that was carefully 
monitored. Ultimately, this product’s SKU (stock keeping unit) has had 
the most turnover for LEGO and is highly successful.

6.6.4.3 Governance

Change and quality were two governance processes that were carefully 
controlled and continually monitored because this was an R&D advanced 
play set project that had to move quickly into a mass production environ-
ment, with an element of design (software) that was new to LEGO. “There 
were fundamental programming elements on the surface and software 
changes always seemed to be a moving target. Software was the thing that 
turned up at the late hour, up to the day of the launch,” Andersen said. 
For this product team, it was not a matter of controlling costs, but about 
making a usable product. On the graphical user interface, the question 
was really how children would use the product, without requiring them 
to understand the technology behind it. There were many discussions 
between the concept managers and the testers, but this is where MIT came 
in and provided the necessary expertise and testing to drive the design.

6.6.4.4 Trends and Variances

The use of trend and variance reporting processes were not mature at the 
LEGO Company during the project duration. In the mature hardware 
design area, the team had an execution plan and was following it in a dis-
ciplined manner. In the software area, the processes for evaluation and 
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variance analysis were immature. The software development itself was 
hard for management to understand because this was a new technical area 
for the company. The lack of a firm software baseline, along with the level 
and tempo of change being implemented, limited the usefulness of trend 
and variance assessment and monitoring.

6.6.4.5 Test, Verification, and Validation

Test plans were in place for hardware, software, interface, and systems 
TV&V. It was identified early that there needed to be separate firmware 
and software development and testing, so separate test plans were put in 
place for each one. Formal, disciplined testing was completed throughout 
the project. Wherever appropriate, concurrent development would occur 
so that integration testing could be performed on time. Virtual models, 
both hardware and software, were designed and provided to model the 
functionality. User testing was critical. Andersen explained, “We needed 
the brick to be tested with all the sensors, then the full system with the 
users. It is important to see if the children this is intended for are able to 
understand how to program.”

Tests were performed at an old brick house owned by the LEGO 
Company. This house was the test center for new concepts. When a test was 
ready, the Marketing Department would invite local community schools 
to the house, would describe briefly what they would be testing, and then 
let them play. Experts in play scenarios would evaluate the interactions 
and determine what was working and what was not. For the Mindstorms 
project, an entire school in Boston was invited to a robotic competition 
held in a football stadium. The competition was held over the course of 
a week and included several hundred participants. “Fantastic thing to 
observe,” Andersen reminisced. “It was fun because it was so challenging.”

6.6.4.6 Reviews

Standard reviews were part of the PMO plan that was in place. The skep-
ticism about the ability to meet the price point and scope creep in the 
software development area drove a significant number of additional 
reviews. “Project ambition was extremely high when the project was 
kicked off, but fitting all the desired capability into a $200 product just 
could not be done. We were simply forced to remove capability from the 
brick to meet the budget targets. These were tough meetings. Only a few 
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people really understood what the real issues were.” When a tough deci-
sion had to be made, the vice president was the one to do it. As is gener-
ally the case with technical R&D projects, the challenge was to constrain 
the development to the needs of the capability. In this situation, the tech-
nical staff could invent things, but if children could not easily use the 
technology, it had to go.

6.6.4.7 Quality

LEGO values include adherence to the “highest safety and quality” where 
“only the best is good enough.” These values are expressed not only through 
the processes, but the individuals who work at the LEGO company are 
firmly dedicated to achieving them. As Andersen says, “Your heart must 
be in it. Here, the product is very visible and you have an obligation because 
children will be playing with your product. You must translate the values 
into your work.” The quality and safety that were directly associated with 
LEGO Mindstorms were of paramount importance.

6.6.4.8 Controlled Progression

Because of the incredibly fast time to market that these new developments 
had to endure, the processes for moving from one stage of the project 
to the next, from R&D into production, into marketing and the supply 
chain, were exceedingly disciplined. As the product was also space quali-
fied by NASA, it followed the NASA technical readiness review process 
and “passed without any changes to hardware, which was a significant 
achievement,” Andersen said.

Prior to the approval of the LEGO Mindstorms project that Andersen 
would lead, product development was moving along the path of the pro-
grammable brick. An example of those progressions include:

• 1990: First programmable standalone LEGO product, the Technic 
Control Center, was able to store two linear, sequence-based pro-
grams and could loop indefinitely. Later additions to capability 
included Cybermaster, which attempted to integrate with computer 
gaming, and Codepilot, which integrated barcoded commands.
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• 1995: The precursor to the RCX, the Data Control Lab, was released 
for school use only. It was the first fully programmable LEGO capa-
bility for stationary robotic operations. Additional capability was 
added later to address mobile robots.

Ultimately, each new idea for the LEGO Mindstorms product required 
a marketing review and approval before it could be integrated into the 
product development. The LEGO Mindstorms product continued to pro-
gress technologically over the years long after the original project was 
completed. Each new edition, theme, revision, etc., was managed as a sep-
arate project and provided continued evolution for the novice through the 
advanced robot builder and gamer.

With the availability of the open source community involvement in the 
early 2000s, Mindstorms was provided to the user community and the 
response was significantly stronger than anticipated. By the second day, 
more than 40,000 users had downloaded the software. Many of those 
were outside the profile of the expected user. LEGO Group was unaware 
of the makeup of the user base for this product. This open-source activ-
ity demonstrated the depth, breadth, and passion of the Mindstorms 
user community.

This community then proceeded to provide solutions that resolved 
issues with the software as well as contributing innovative ideas about 
how to evolve the product. This process was seen as wildly successful and 
resulted in the development of the LEGO Mindstorms NXT products, 
released in 2006 and 2009 (2.0), which included significant technological 
upgrades, such as a GUI graphical programming environment, Bluetooth, 
and USB communications links, color sensors, and new LEGO elements 
(612 pieces). The NXT product provided more personalized robots, and, in 
2013, the LEGO Mindstorms EV3, the third generation product, provided 
the capability to program through a smart device. It is anticipated that the 
product will continue to evolve far into the future in step with technologi-
cal advances.

6.6.4.9 Leadership

Andersen was a strong leader who believed in the product and the com-
pany. His skills as a technologist, engineer, and project manager allowed 
him to provide guidance to his team of 105. He was given the freedom to do 
what he needed to do to make sure the project was successfully delivered.
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The most significant leadership challenges involved merging teams. 
Although the teams had similar values, they had significantly different 
cultures. The LEGO Group was used to putting solutions into launches. 
The technical company was made up of blue-sky thinkers with full flex-
ibility. Then the MIT team was brought back into the organization. There 
was a huge talent pool, but now they had to be focused and much more 
disciplined. Andersen remembered, “There were many battles between 
teams to get on the same wavelength and deliver to targets. Some of these 
blue-sky thinkers were disappointed in the new job.” It was necessary to 
create a new identity for the team.

6.6.4.10 Communications

To make it successful, the expression of the desire from the LEGO leader-
ship was required. The owner of the company “laid down the law about 
how important this project was, and for the necessity for everyone to be 
on the same page,” Anderson said. Weekly meetings with the owner and 
senior management continued throughout the project. “Management sup-
port was so high that no one could deny how important this was.” This 
continued level of support from the top was essential for the success of 
the project. Individual team members that could not, or would not, get on 
board left. Everyone else made the adjustment and achieved the desired 
results. The LEGO Group management structure was such that the prod-
uct managers were encouraged and required to work through the owner 
and the senior vice presidents on final decisions. Once those decisions 
were made, they would hold.

6.6.5 Lessons Learned

• Strong leadership was required. Having a clear purpose, strong 
values, and commitment to the product and the company was an 
imperative.

• Diversity is important, and one must be sufficiently open minded 
and take into account different perspectives.

• Having an extremely well-controlled platform, with strict “clock-
rhythm” type of processes, and a tight time-to-market, helped 
drive R&D to a quick closure. “You can’t move Christmas,” 
Andersen says.
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• It seemed as if the software components of the project were not as 
well defined and that it was more difficult to “finish” a development. 
There were many instances where a developer felt that the product 
could be enhanced. Determining what was within the project scope, 
and making sure the product was designed to that specification and 
no more, was a significant challenge.

• Effective development projects have a “fuzzy front end,” which is key 
to learning. It is important to protect that time frame, but it needs 
to be done in a rigid framework that is well protected. Four-week 
sprints, where the individual has that time for creative design, work 
well. Phase gates are critical. A solid plan is required, as well as being 
conscientious about meeting the plan. “No one is free to do what 
they want for six months or a year,” Andersen remarks. “Team mem-
bers want to come and present their ideas and get that dialog going.”

• Do not over-engineer. Issues came from costs increasing because of 
complexity, and they needed to move back to a more simplistic model.

• Any time there is software and firmware development involved, 
robust TV&V is a requirement and cannot be sidestepped without 
serious risk. Investing in external testing with a company where 
software is the core business is an excellent mitigation step.

• Embrace change. It was a major decision to open the software to the 
user community, and the move was highly debated. For Andersen, 
this was completely new. There was a huge discussion about the open 
source idea. When the decision was made, within a short time the 
positive impact was visible.

• Building a huge community before launch is a tremendous positive 
mitigation step. “Building relationships with potential users is abso-
lutely key,” says Andersen. “If you allow yourself to interface with 
your users very early, then you will open up some amazing oppor-
tunities.” The company was inspired to build relationships in many 
nonrelated areas (space explorations, Earth expeditions, robotics 
competitions, etc.). This is still something that the LEGO Group 
continues to focus on, and it shows in its growth and success.

6.6.6 Case Analysis

This case study demonstrates the application of project management to a 
highly creative R&D project. It uses all aspects of project management and 
systems engineering including the development of scope, requirements, 
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outcomes, schedule and cost performance, risk management, and change 
management. In this case, there was heavy product technical develop-
ment, including significant software and firmware development. There 
was also a signification amount of process development. Formal tracking, 
and regular and ad hoc reporting were part of the project routine.

A major cultural change had to be made at the LEGO Company in order 
for this project to be successful. This required strong leadership. A formal 
PMO organization, held at the executive leadership level, helped ensure 
standard processes and procedures were followed. Project management 
methods were followed for all R&D projects as well as production and 
other activities. A strong new project assessment process was in place, and 
all new projects were subjected to the rigor of project management. The 
project managers were given the authority and the responsibility to make 
their projects successful.

This project used meaningful measures, significant TV&V, and both for-
mal and ad hoc reviews to ensure scope was contained and that the budget 
and schedule were not exceeded. Technical measures were tracked using 
KPIs. Variances to schedule and budget were managed at the PMO and 
finance department levels. Outcomes were not only based on meeting the 
project plan deliverables, but achieving success in the marketplace as well.

Governance was a challenge, but extremely important. Without man-
agement change on the technical side, the software scope would expand, 
and the schedule would not be met, nor would the price point be met. 
Reviews were often tense and challenging, often requiring the final say 
by the vice president or owner. Some processes, such as quality, were 
more tightly controlled than others. Quality was something that everyone 
agreed would risk the company’s reputation if not maintained. This was 
difficult to do as the project was attempting something technologically 
advanced and never tried before at the LEGO Group.

TV&V was performed at the component, integration, and systems levels, 
with internal participation, outsourced to a company that had expertise 
in testing electronic games, and then insourced again when it was deter-
mined how much risk was actually involved. In addition, user testing was 
absolutely critical. The product had to be easy enough and tough enough 
that a child could use it. That took a dedicated effort to ensure ruggediza-
tion and ease of use in the product.

The project achieved its goals and moved into production. Upon rollout, 
the product far exceeded any goals that had been set or expected. Many 
upgrades have followed, particularly when the LEGO Group opened the 
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software to the users. The users made extensive positive changes in the soft-
ware and were instrumental in helping to move the LEGO Mindstorms 
into the next generation product. Because this product is deeply imbedded 
in many other products, it is expected to continue indefinitely. This case 
reflects the lessons from this chapter in that it demonstrates the application 
of project management and risk management to a highly creative, innovative 
project.

6.7 KEY POINT SUMMARY

This chapter has focused on standard risk methods as they are used in 
project management, systems engineering, and program and portfo-
lio management. Specific steps for collecting, assessing, mitigating, and 
controlling risk on projects were outlined. The key elements of risk man-
agement for R&D were provided, and an approach to applying risk man-
agement methods on R&D projects reviewed. Chapter 7 will now shift 
focus to the underlying process of workforce management, which is a crit-
ical component of R&D project management.

Following are key concepts and terms from this chapter.

6.7.1 Key Concepts

• A project management method that provides the structure to mini-
mize the impacts of potential obstacles is required. This method is 
risk management, which focuses on dealing with the known knowns 
and the known unknowns.

• Approaching an R&D project without consideration of risk and then 
neglecting to manage risk throughout the project often results in pur-
suing trajectories for much longer than would be appropriate based 
on incremental outcomes, resulting in wasted time and funding.

• The individuals responsible for administering the risk management 
processes are the project manager and the stakeholders, all of whom 
are considered part of the project risk team. Project risks usually 
affect the project’s ultimate success, so anyone with a vested interest 
in the project should be involved in risk management.

• As risks are identified and brought forward, careful attention must 
be paid to ensure that the risks identified are the actual risks to the 
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project. When writing risk statements, the validity of arguments, 
premises, and inferences embedded in the statements should be 
checked and validated for fallacies and not accepted at face value.

• Contingency is an important part of risk management and consists 
of three components: financial, schedule, and scope or technical. 
Financial contingency is allocated from the available total budget. 
Schedule contingency comes from assuming the earliest possible 
start dates within the schedule. Scope or technical contingency may 
refer to quality or specifications.

• Choosing the right projects generally starts with understanding what 
is being proposed and how these projects align with the development 
trajectories and strategy. A list of potential projects needs to be care-
fully assessed to determine which ones have the highest probability 
of leading to the realization of the vision.

6.7.2 Key Terms

• Active management: The act of reviewing project and risk activity 
on an ongoing, repetitive basis, in order to make thoughtful adjust-
ments in an effort to optimize project outcomes.

• Cost risk: The risk of exceeding the available budget.
• Risk management: The processes and tools that are used to identify, 

assess, mitigate, and monitor or control the overall environment 
from where the risks emerge and could potentially impact the proj-
ect throughout its life cycle.

• Risk management plan: A vital document used to describe how risk 
will be addressed and managed on a project.

• Risk mitigation: The action of methodically reducing the exposure to 
a risk and/or the reduction of the probability that the risk will occur.

• Schedule risk: A risk that scheduled milestones will be missed.
• Technical risk: A risk that technical specifications will not be met.

6.8 APPLY NOW

In filling out Table 6.1, the reader can expand on his or her own personal 
examples, or experiment with different scenarios, to ensure an understand-
ing of the approach for identifying and mitigating risk in R&D projects.



Overcoming Obstacles • 367

TA
B

LE
 6

.1

R&
D

 R
isk

 M
an

ag
em

en
t

O
ve

ra
rc

hi
ng

 Q
ue

st
io

ns
  F

or
 A

ll 
R&

D
 P

ro
je

ct
s

Fo
r R

&
D

 P
ro

je
ct

 R
is

k 
M

an
ag

em
en

t
A

re
 th

e S
ta

ke
ho

ld
er

s i
nv

ol
ve

d?
  

H
ow

 w
ill

 ri
sk

s b
e c

ap
tu

re
d?

W
ha

t m
et

ho
d 

w
ill

 b
e u

se
d 

to
 a

ss
es

s p
ro

je
ct

 ri
sk

? 
W

ha
t m

et
ho

d 
w

ill
 b

e u
se

d 
to

 d
et

er
m

in
e t

he
ap

pr
op

ria
te

 re
sp

on
se

s t
o 

pr
oj

ec
t r

isk
?

W
ha

t m
et

ho
d 

w
ill

 b
e u

se
d 

to
 d

et
er

m
in

e a
n 

ac
ce

pt
ab

le
 

m
iti

ga
tio

n 
st

ra
te

gy
?

W
ha

t m
et

ho
d 

w
ill

 b
e u

se
d 

to
 m

on
ito

r r
isk

 st
at

us
?

W
ha

t m
et

ho
d 

w
ill

 b
e u

se
d 

to
 co

nt
ro

l c
ha

ng
e

as
so

ci
at

ed
 w

ith
 ri

sk
?

Re
qu

ire
d 

Pr
od

uc
ts

 an
d 

Pr
oc

es
se

s i
n 

pl
ac

e?
Ri

sk
 P

la
n

Ri
sk

 
Pr

oc
es

s
Ri

sk
 

Re
gi

st
er

D
ec

isi
on

 S
up

po
rt

Pr
oc

es
se

s
Ri

sk
 R

es
po

ns
es

an
d 

M
iti

ga
tio

n
M

on
ito

r P
ro

ce
ss

 
Ch

an
ge

M
an

ag
em

en
t

Fo
r R

&
D

 P
or

tfo
lio

 R
is

k 
M

an
ag

em
en

t

W
ho

 w
ill

 b
e o

n 
th

e s
el

ec
tio

n 
te

am
?

H
ow

 w
ill

 n
ew

 id
ea

s b
e c

om
pi

le
d?

H
ow

 o
fte

n 
w

ill
 n

ew
 id

ea
s b

e r
ev

ie
w

ed
?

W
ha

t m
et

ho
d 

w
ill

 b
e u

se
d 

in
 a

ss
es

sin
g 

ne
w

 id
ea

s?
W

ha
t m

et
ho

d 
w

ill
 b

e u
se

d 
in

 d
ow

ns
el

ec
tin

g?
W

ha
t m

et
ho

d 
w

ill
 b

e u
se

d 
in

 ch
oo

sin
g 

am
on

g 
ne

w
 

id
ea

s  a
nd

 ex
ist

in
g 

 p
ro

je
ct

s?
H

ow
 w

ill
 co

m
m

un
ic

at
io

ns
 b

e m
an

ag
ed

? 



368 • Project Management for Research and Development 

To demonstrate the use of the table, the example of producing windmills 
can be used to describe how to approach the top part of the table. For 
each row, describe the specific information related to your project. For the 
windmill project example, confirm who the stakeholders would be, such 
as the project manager, the production lead, etc. The methods used for the 
next five questions on the form are from the standard method described in 
this chapter. A check of the required products and processes for the proj-
ect will confirm if the methodology is in place and ready to be employed. 
For the R&D Portfolio Risk Management section, the outline is in place 
to conceptualize or take a real example from the reader’s current experi-
ences, and fill in the sections.
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7
Facilitating the Creative Team

Creative teams will be facilitated through

• establishing the project using the methods found in Chapters 1 
through 6;

• choosing the right project manager;
• identifying and building the best team;
• setting up the project structure to facilitate learning; and
• holding the project manager and team accountable for outcomes.

Chapters 1 through 6 described methods for implementing R&D 
and innovative projects within a project management framework. 
The application of that framework increases the probability that 
these projects will achieve favorable outcomes. This chapter shifts 
the focus from the application of processes to enhancing how 
humans interact within these processes. The individuals who fill 
roles on R&D projects as principal investigators, project managers, 
and project team members often bring unique skills and talents; 
they often make up small teams; and they typically operate with a 
high level of autonomy. Often, the future of the organization rests 
in the ability of these individuals to achieve successful outcomes. 
Therefore, it is important that those chosen to participate on these 
teams are carefully selected and provided an environment that 
supports the mission and rewards them in the right ways. When 
project teams have been chosen and facilitated suitably, the perfor-
mance will speak for itself.

The project manager’s role in R&D projects is more important than 
for other projects within different stages of the life cycle. They are 
often the driving force for success, and having a strong team with the 
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right skills is often critical for achieving project success. An example 
demonstrating the importance of having the right team in place can 
be found in the NASA Apollo 13 mission to the moon in 1970.1 After 
an oxygen tank exploded, the mission to land on the moon became 
a mission of survival for the astronauts. Although a spaceflight is 
designed to be a highly structured activity, when something goes 
wrong, as this example demonstrates, the importance of having a 
strong person leading, and a highly competent, adaptable team in 
place to do what is necessary, is paramount in reaching a successful 
conclusion.

NASA uses a rigorous mission control construct2 to independently 
monitor each subsystem from the moment of liftoff through touch-
down. Its design is relatively synonymous with an R&D project man-
ager and his or her product team leaders in that it incorporates teams 
of highly skilled subject matter experts, responsible for each subsys-
tem, and a flight director acting as the single voice of authority during 
the actual flight. Trained to operate in structured, orderly sequences, 
in this case, this team was suddenly required to formulate and imple-
ment innovative solutions in record time to save the lives of the crew-
men and bring them back safely to Earth.

Once the crisis was acknowledged, and the challenges that were 
being faced understood, there was extreme pressure to come up with 
solutions to problems that were inconceivable just moments before, 
within unprecedented time frames, and with outcomes that would 
mean the difference between life and death for the astronauts. New 
procedures had to be creatively designed, tested, and validated. 
Interdisciplinary teams solved issues related to electrical power 
consumption, shut down, and power up. They also addressed issues 
with consumables, such as oxygen and water. The dropping inter-
nal temperature of the spacecraft, increasing water condensation 
and carbon dioxide buildup were high-risk situations that had not 
been anticipated, but were now real-life threats. Through the creative 
genius of the teams involved, as well as the vision and firm convic-
tion of the flight director, the Apollo 13 mission met its new mission 
of researching and developing new processes, procedures, and tools 
with only the materials on the spaceship, and returning the crew 
safely to Earth. This example, although extreme, shows what can be 
done with the right manager and the right team.
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This chapter focuses on the type of leadership and teaming arrange-
ments that most often achieve great things in R&D and innovation. 
It also describes methods that can be used to identify and choose great 
project managers and to build strong teams. Organizational struc-
tures and incentives that provide an optimal environment for R&D 
and innovation are reviewed. Apply Now exercises allow continued 
application of the concepts in this chapter. A case study on a lead-
ership-focused and team-dependent project will be explored. Also, a 
checklist is provided that allows the reader to use the project activities 
identified in the first six chapters to determine how best to apply this 
chapter’s learning to those personal project activities, adding value 
and increasing the reader’s understanding of the material presented 
in this chapter.

Chapter Road Map

This chapter reviews the elements of R&D workforce management and

• outlines ways to identify the most creative and active R&D proj-
ect leadership;

• identifies ways to recruit and motivate team members;
• describes the type of organizational structure that optimizes the 

team;
• identifies ways to incentivize and motivate leaders and team 

members;
• explores ways to ensure successful collaborations with support-

ing organizations;
• identifies key elements associated with a learning environment;
• outlines specific processes that will support R&D project manage-

ment accountability;
• provides Apply Now exercises that will allow immediate application 

of the fundamental concepts;
• uses a case study to demonstrate workforce management on a cre-

ative project;
• summarizes key points of concepts and terms; and
• provides a summary checklist to apply the ideas from the chapter to 

a real situation.
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7.1 LEADING THE R&D TEAM

Leading an R&D team includes:

• Demonstrating strong leadership skills
• Managing the workforce effectively
• Providing a learning environment

Throughout this book are descriptions of the processes and procedures 
used to manage R&D and innovative projects. The use of these processes 
and procedures can help ensure the highest probability of reaching suc-
cessful outcomes. However, regardless of how disciplined the implemen-
tation of project management methods is to the project, the impact of the 
project manager and the team members will heavily impact the success 
or failure of any R&D project. In this section, the elements of leadership, 
workforce management, and organizational design are reviewed. These 
three elements are powerful force multipliers, or enhancers, for produc-
tive R&D and innovation.

7.1.1 R&D Project Management

Generally R&D is an area that is undefined, complex, and often ambigu-
ous. Not everyone has the right set of temperament, knowledge, and expe-
rience to do well managing in that environment. The project manager 
who will excel is naturally curious, self-confident, open to change, and 
generally has a stronger than average tolerance for ambiguity and risk tak-
ing. The R&D project manager must have a collaborative nature and be 
comfortable managing highly creative team members, including princi-
pal investigators who are often singularly focused on those activities for 
which they have a vested interest. In many cases, the project manager acts 
as the project facilitator, allowing the principal investigator and other sub-
ject matter experts to focus on the R&D, rather than on the management 
activities of budget, schedule, and scope control; workforce management; 
and other necessary project tasks.

In order to effectively lead R&D projects, project managers will need 
to employ a combination of leadership, organizational management, and 
project management techniques. Chapters 1 through 6 described the 
project management skills that are needed to be effective. This chapter’s 
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section provides information about the leadership and organizational 
management elements that are required to lead an R&D team.

It is important when choosing a project manager for an R&D project to 
identify where the project is within its life cycle and what the strategy and 
trajectories of the project are so that the skills of the individual are aligned 
with the goals of the project. Where radical R&D is needed, for example, 
one almost always needs a strong leader to break down barriers and chal-
lenge the status quo. Where incremental R&D is being pursued, a strong 
project manager with a talented team may be all that is needed.

It is common in organizations to clearly phase projects and change 
project managers from one phase to the next. A visionary project man-
ager with the most talent in the up-front planning may be positioned 
in the early R&D phases of the project. Then, when the project is ready 
to move to development, a project manager who has competencies in 
executing may be brought in. An organization that understands its 
workforce’s skills set will utilize that knowledge to best position them. 
This allows the project manager, the project, and the organization to be 
successful.

7.1.1.1 The Leadership Role

There is a significant published knowledge base on the topic of leader-
ship, and stories of great leaders are everywhere. They are often identi-
fied as the driving force that led an organization to success, or one that 
personally achieved greatness in science, technology, or the arts. These 
stories drive organizations to try to find a perfect formula for leadership 
that will increase the probability of project success. Indeed, as its leader-
ship influences R&D projects so heavily, it becomes an imperative to find 
and retain talented leadership. There is no single attribute that makes 
a great leader. However, there are certain traits that successful leaders 
generally demonstrate.

Leaders are typically referred to as dedicated and driven; they have a 
solid grasp of the organization’s strategy, and often have a strong vision 
on how to achieve that strategy. They are willing and able to embrace and 
exploit strategic opportunities as they emerge. They are known to influ-
ence and inspire rather than manage, are strong decision makers, and can 
compel actions without direct authority. Leaders think “outside the box” 
and come up with creative ideas to solve complex problems. They gener-
ally have refined communications skills, a key success factor for leaders 
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responsible for R&D projects. Leaders are typically comfortable commu-
nicating up and down the chain of command, with peers, to the customer, 
and to other supporting organizations. In addition, their soft skills are 
usually strong. They often rely on intuition and creativity and have posi-
tive energy. They truly lead the team, often by charisma and influence 
rather than through direct reporting relationships.

As is shown in Figure 7.1, if there is a high need to break down existing 
barriers, change the paradigm, or make radical changes, a project man-
ager with strong leadership skills should be selected. If there is a high need 
to meet predefined targets, achieve incremental changes, or to implement 
existing processes well, a project manager with strong implementation 
skills would be a more logical choice.

There is a long-standing debate as to whether good leaders are born, 
not made. Leaders of successful R&D teams guide with openness, respect 
and trust, communicate well, and appreciate the value each team member 
brings. These types of traits are often deemed innate, or not necessarily 
“teachable,” and are commonly cited as those belonging to leaders. There 
is also a significant body of knowledge that proposes that leaders can be 
trained and offer courses to do so, hence, the debate. That being said, 
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Project manager skills’ alignment to objectives.
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individuals who demonstrate an ability to adapt and successfully apply 
learning have a better than average chance to become a successful leader 
through the application of focused training.

All potential R&D project managers should undergo assessments that 
will highlight an alignment with these traits, and if they are not dem-
onstrated, further consideration should be given as to whether addi-
tional training and experience will make enough of a favorable change 
that it should be implemented or whether that candidate should be 
provided a different opportunity. Leadership training generally places 
a heavy emphasis on both self-evaluation and honest evaluation by 
stakeholders, such as an individual’s supervisor, direct subordinates, 
and peers. Strong self-ref lection evolves the individual’s self-aware-
ness and the application of the knowledge learned, as well as demon-
strated changed personal behavior, is expected to occur as a result of 
the training. These assessments and training should, at a minimum, 
include a focus on (1) understanding what drives an individual, (2) an 
individual’s strengths and opportunities for improvement, (3) hon-
ing the accuracy of their perceptions and intuition, (4) their ability to 
make judgments and decisions on limited amounts of information, (5) 
how effective they are in decision-making, communicating, and in 
guiding others who are responsible for lower-level outcomes. The best 
training opportunities provide implementation and accountability 
checks to determine if the lessons have been applied in meaningful 
ways. Leadership training is challenging. Therefore, individuals open 
to change and cognizant of their impact on others are the best candi-
dates and should be the ones who are provided training opportunities. 
These are also the individuals who should be considered for future 
R&D project management leadership positions.

An R&D project manager will need to understand the strategic vision, 
influence the project objectives, and must be able to drive change, inno-
vate, inspire, and achieve more than what is planned. He or she also will 
generally have creative license to dramatically alter processes and pro-
cedures to achieve the desired results. The experienced project manager, 
who is knowledgeable and comfortable with project management stan-
dard processes and practices, will be able to apply them to his or her R&D 
project in meaningful ways and will feel comfortable with the account-
ability that follows. The project manager must be confident and com-
fortable in facilitating the role of people who are principal investigators, 
technical leaders, or subject matter experts and for clearing the path of 
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obstacles to achieve the highest level of performance. Following the dis-
cipline, he or she will ensure communication with key stakeholders who 
have bought in and support the R&D in both words and actions through-
out the life cycle.

An R&D project manager who understands and supports the strategy 
and trajectories of the organization and is in alignment with organiza-
tion’s senior leadership will be more able to obtain the resources that are 
needed for the research. In addition, this alignment will result in a trust 
relationship between key stakeholders, which will ultimately lead to prog-
ress along the research trajectory. Then the organization will gain the ben-
efit of knowing that the R&D project is progressing along a reasonable life 
cycle. The project manager’s role is to achieve the outcomes of the project 
and to achieve the strategic goals with which the project aligns. In com-
parison, the scientific or technical lead is responsible for influencing the 
project’s objectives and for progressing along the R&D trajectories. These 
are shown in Figure 7.2.
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7.1.1.2 Apply Now

Leading a team requires skills to drive change and influence teams. 
Readers may use the chart in Figure 7.3 to document how their own expe-
riences align with the most common leadership traits.

7.1.1.3 The Management Role

Any individual in a role that manages subordinate staff, also will be 
required to perform management activities. These activities include set-
ting objectives for the team that align to the organizational objectives, 
organizing the work, developing the workforce, and confirming that the 
work is being completed on time, on schedule, and within the appropriate 
scope.3 General supervision activities include organizing tasks, recruit-
ment and hiring, addressing employee relations, merit evaluations, moti-
vation, delegation, communications, and staff training and development. 
An organization may have requirements for additional supervision tasks, 
such as information systems processes to grant employees access to its sys-
tems, labor charging approvals, benefits, communications, etc.

When appropriate, management training generally focuses on the 
specifics of building teams, managing projects, managing change, 

R&D Project Management Leadership Attribute
Demonstrates the Attribute

(Yes, Somewhat, No)
Understands the organization’s overall strategy
Has vision for trajectories that can facilitate the 
strategy

Tolerance for ambiguity
Embraces change
Exploits strategic opportunities
Willingness to take risks
Strong decision maker
Committed to strong communications
Ability to influence
Actively pursues diversity in the team
Follows PM standard processes and practices
Follows life cycle progression
Accountable, disciplined, and responsible

FIGURE 7.3
Leadership attributes template.
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understanding the finances and accounting, negotiations, ethics, work-
force planning, performance measurements, coaching and conflict man-
agement, and communications. In addition, the specific organization may 
require management training that addresses the organization’s culture 
and/or risks.

7.2 MANAGING THE WORKFORCE

Managing an R&D workforce includes:

• Ensuring a well-diversified and highly capable team is in place
• Providing activities that unite and motivate the team
• Aligning the objectives of the individual with the objectives of the project
• Obtaining commitments for the use of shared resources
• Evolving the team

As important as it is to choose the right type of project leadership for 
the team, it is not the only consideration. It is exceedingly rare for an 
individual to achieve great things in isolation from others. As the world 
becomes more integrated, complex, and interconnected, a project man-
ager’s ability to build and influence an effective team gains more and more 
importance. The project manager often acts as an orchestra conductor, 
providing instruction, opening up opportunities for greatness, and moti-
vating his or her team to high performance. Most books or articles that 
describes amazing feat of science, engineering, or other creative outcomes 
eventually refer to the team behind the effort. Teams can achieve many 
things, much greater than the sum of the talents of the individuals on 
the team. In the right number and combination, the team can reach a 
status known as a “high-performance” team, able to achieve great things, 
far exceeding expectations. Most project managers understand the impact 
a high-performance team can have on an R&D project and populate the 
team with that intent in mind.

For R&D projects, the “right” team is critical. They are generally small 
teams made up of individuals who have the knowledge, expertise, and a 
passion for the craft. Bringing on subject matter experts with skills that 
are complementary, to enhance or fill in skill sets that are less pronounced 
and, thereby, round out the team, can have profound effects. This is 
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especially true if the team is made up of a highly motivated staff that is 
excited about the project and about the prospect of being a part of the 
team. This type of team is generally confident in each person’s abilities, is 
aligned well to the project objectives, and feels comfortable in their own 
purpose.

7.2.1 Staff Selection and Diversity

The best scenario that can occur is that the project manager has the ability 
to recruit and hire the team of his or her choice. The most challenging is 
to have a team assigned to a project with no option of adding staff. This 
is because having the ability to choose a team gives the project manager 
an opportunity to choose team members who first and foremost want to 
be on the team and are personally committed to the mission. The project 
manager who is allowed to build the team can do so by assessing and care-
fully choosing a strongly diversified team, assessing the needs of the proj-
ect, and adding skills that are complementary to other team members and 
critical to project success. By bringing in knowledge and experiences from 
different disciplines, cultures, and organization types, the R&D project 
manager can overlap skills, fill in gaps, and create a team that has the opti-
mal chance of bringing new thoughts and ideas to the project.

Leading an existing team requires a careful assessment of skills, and an 
understanding of how the assigned staff feels about being on the project. 
An understanding of the team’s strengths and weaknesses, aspirations, 
and commitment to the team and the project is an important assessment 
and should be undertaken as soon as possible. As difficult as it might be, 
decisions need to be made regarding existing staff who are unwilling or 
unable to perform at the level needed by the team. All efforts should be 
made to assist any staff members who are not suited to the work to be 
done in finding a suitable position external to the team so that the team 
position can be filled with a member who will help ensure the success of 
the project.

For those individuals who did not choose to be on the team, but who 
believe in the mission and want to be a part of the project, efforts should 
be made to assess their overall skills capability and to align them with 
project activities that optimize the use of their talents. This may mean 
that they utilize skills that have previously been untapped, or they take 
on new challenges that they have not been provided opportunities for in 
the past. The goal is to make sure that each individual on the team is fully 
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committed to the project and brings unique perspectives with the least 
amount of overlapping skills with the other team members. Some overlap-
ping skills allow for cross training and backup, but on small R&D projects, 
the best solution is generally to ensure that the broadest range of comple-
mentary skill sets is in place.

7.2.2 Team Building Activities

An R&D project is often exciting and engaging. Made up of a small core 
of highly talented individuals who are separated from the mainstream 
operations or production business, it is easy to feel part of a special group. 
It does not take much to unite a tight team around an R&D project. For 
newly formed teams of unique and diverse individuals, it is imperative to 
take action in order to bond and focus the group. The objective is to set up 
an environment where the individual team members have a sense of pride 
in belonging to the team and feel a special bond with the other members 
of the team. Each team member should feel personally responsible for the 
outcomes of the project and be willing to step in, defend, and protect other 
team members. Personal bonds are acceptable and lead to higher perfor-
mance than when team members distance themselves from other team 
members.

Other than the initial recruitment or building of the team, unifying 
the team through team building is the next most important activity for 
the project manager. This activity bonds the team and provides a solid 
basis on which to build all other work. The team-building activity should 
ensure that everyone on the team understands what the project is about 
and what is expected of them. The specific objectives of the project should 
be reviewed, and all questions answered. Putting the team through a 
series of highly stressful exercises where they must help one another is 
a typical team-building activity. It works because performing uncom-
fortable activities as a team helps drive camaraderie and builds trust 
and relationships faster than any other type of activity. Incorporating 
these exercises regularly into team gatherings will enhance the team’s 
interactions and often leads to life-long friendships. These exercises can 
take the form of a small work activity, such as dividing the group into 
competing teams to complete a complex task in a short time. Or, they 
can be something informal and outside the workplace, such as a team 
luncheon at an ethnic or regional restaurant that puts the team in an 
uncertain environment. The most important effect is that the situation 
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is stress-inducing for the team, and that by banding together they help 
one another to cope with the stress.

Although there are many techniques that can be used to develop 
teams, what primarily must be accomplished when the team is in 
place is that everyone must have the same understanding of the proj-
ect objectives and be committed to achieving the desired outcomes. 
Everyone’s unique talents and skills should be known, and each one’s 
anticipated contributions to the project acknowledged. It should be 
made clear the unique talents that each individual team member 
brings and what the expectations are for how those talents will ulti-
mately affect the project objectives. Each team member needs to see 
how everyone fits into the project team.

7.2.3 Objectives Alignment

One of the easiest ways to ensure project success is by making sure indi-
viduals have an interest in the work they are doing and have the skills 
and experience to perform the work. Individuals will exceed expectations 
when they work on something they are genuinely interested in and that 
provides learning opportunities. They also should be provided the oppor-
tunity to enhance their skills and learn something new. To ensure the best 
alignment, the project manager must have a good sense of the skills of the 
team, and the team members must have reasonable self awareness of his or 
her own strengths, weaknesses, and career objectives.

The most effective way to ensure this alignment is to bring the 
team together to review the objectives of the project and to provide 
an opportunity for them to self-select their roles and responsibilities 
on the project. This style of ensuring team members choose the work 
they are most interested in performing is consistent with the f lexible 
methods of project development where team members select devel-
opment tasks from a bundled set of requirements being worked on 
during a set time frame. The concept can be used effectively on R&D 
projects as well. Not only can team members choose tasks in which 
they can excel, they can choose tasks in which they are interested in 
gaining additional experience.

Some level of care needs to be taken to ensure that redundancy does 
not occur, and that individuals with the skill and talent to perform the 
tasks, and who want to perform the task, are allowed to take on that role. 
Allowing self-selection often results in a dedicated team member, as well 
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as the opportunity for cross training, mentoring, and succession planning. 
Once the team members are aligned with the project objectives, if they are 
taking on roles outside their normal skills set, they should be paired with 
a subject matter expert to ensure appropriate mentoring.

7.2.4 Workforce Sharing

Within R&D projects, the optimal staffing situation is when labor 
resources and critical skills are firmly embedded in the project and are 
not shared with other projects. However, this is not often a reality. Critical 
skills are often shared between R&D projects, and sometimes with opera-
tions as well. It is imperative that shared resources are carefully negotiated 
between the project managers. The worse scenario for sharing time is a 
split where each project is allocated some time during a day. The best sce-
nario for sharing time is in significant time blocks, either a week or month 
at a time, for example.

There is a tendency in these arrangements for the work at hand to over-
whelm the time allocated for the task. Therefore, once the agreed-upon 
amount of shared time is established, and the team member is comfort-
able with the shared arrangement, careful monitoring of the performance 
of work is required to ensure that the obligations are being fulfilled.

7.2.5 Team Evolution

As described in Chapters 5 and 6, workforce management is an impor-
tant responsibility for a project manager. As projects move through the 
life cycle (from basic to applied to R&D to production), they require rebal-
ancing, reduction of some skills, and increase of other skills. Individual 
team members also will want to evolve. Some may want to take on addi-
tional responsibility, learn new skill sets, or move onto another part of the 
project.

The R&D project manager’s responsibility is to manage the workflow 
effectively and provide opportunities for team members to progress in 
their careers. In order to be effective, the project manager must have a 
firm grasp of the team members’ skills, unique abilities, special talents, 
and career aspirations. Team members with skills that are deemed criti-
cal to the project are not easy to replace and are often in high demand. 
Developing a workforce plan will help identify the critical skills and estab-
lish a method to manage transitions. A workforce management plan may 
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include descriptions of workforce capability or needs, critical skills iden-
tification and retention methods, career progression, performance man-
agement, professional development, and other areas deemed important to 
the project. It should address, in particular, the issue of employees with 
critical skills being spread too thin across projects or leaving the project at 
a critical juncture.

An effective approach for evolving the project staff is to first ensure 
that they are appropriately aligned with the project tasks at which 
they can exceed. By providing mentoring and training on those tasks, 
and then providing opportunities for additional growth experiences, 
and finally revisiting and revising the objectives alignment at regular 
intervals, team members will remain actively engaged in the project 
through to the end. The staff management requirements change over 
the course of the project life cycle from having to ensure critical skills 
are available to addressing how to move them onto other projects. 
Although each R&D project is different, a project manager who man-
ages the team well and is able to move individuals on and off the project 
in sync with transitions from one life cycle to the next will be seen as 
a talented manager. This takes skills, such as negotiation with other 
internal organizations, and a firm understanding of the strategic vision 
and trajectories of the organization.

As part of the team evolution, the project manager also must evaluate 
the team to determine which individuals have the right skills set and expe-
rience to lead future R&D projects. Many different evaluation techniques 
can be used, but the purpose is to determine how the individual has per-
formed previously as a deterministic measure for how he or she will per-
form in the future. Individuals who show a propensity for R&D leadership 
should be provided opportunities for additional training and experience. 
Where learning can improve performance, it should be offered, and the 
implementation of those learned skills required to be demonstrated as 
part of a project manager’s performance evaluation.

7.2.6 Apply Now

The reader may use the chart in Figure 7.4 to compare the development of 
a current R&D team against the processes used to develop a high-perfor-
mance team.
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High-Performance Team Development Responses

Staff Selection & Diversity
Is the project manager allowed to recruit his/her own 
team?

Does the project manager draw from a diverse pool of 
applicants?

Are the skills of the team complementary?
Are the team members highly motivated and personally 
committed to the mission?

Are the team members excited about the project and 
being a part of the team?

Team Building
Is the project manager focused on workforce 
engagement?

Do individual team members feel a special bond with 
the other members of the team?

Are team members willing to step in, defend, and 
protect other team members?

Does the team member have a sense of pride in 
belonging to the team?

Objectives Alignment
Do the team members have an active interest in the 
work they are doing?

Do the team members have the skills and experience to 
perform the work?

Do the team members have reasonable self-awareness of 
strengths, weaknesses, and career objectives?

Team Training
Are team members provided opportunities for 
additional growth experiences?

Are the team members allowed to self-select the areas 
they choose to work?

Are team members provided assessments and other 
performance evaluations?

Are team members provided leadership training?
Are the team members provided mentoring?

FIGURE 7.4
High-performance team development template.
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7.3 OPTIMIZING THE R&D OUTPUT

Optimizing the R&D project output includes ensuring that the

• R&D project is properly aligned within the organization
• organization and the project provide a learning environment
• team members are given responsibility and held accountable

If the processes and procedures used to manage R&D are in place; the 
project manager is effective; and the team is dedicated, qualified, and 
appropriately diversified, the probability of the R&D project reaching suc-
cessful outcomes is high. However, there are still some critical founda-
tional elements that need to be implemented both at the project and the 
organizational level. These are so overarching and powerful that if they 
are neglected, the impact can dramatically reduce the potential for project 
success. In this section, we will review the impact of an optimal organi-
zational alignment, of a well-structured learning environment, and of an 
environment that provides appropriate levels of responsibility and then 
holds individuals accountable.

7.3.1 Organizational Alignment

In order to assure the highest probability of success, R&D projects must 
be correctly aligned organizationally. There are many different models 
for operating an R&D project within a larger organizational structure. 
Depending on the specific goals of the project and where it is within its 
life cycle, the organizational alignment may be dramatically different. For 
example, R&D projects that focus on implementing incremental change 
may be situated within the operations of the organization and share 
resources between the two activities. This alignment ensures both a close 
collaboration between the R&D project team and the team that is respon-
sible for day-to-day operations, and a clear understanding of the impacts 
of design decisions on the operational model. Ideas that are generated 
from this close collaboration more effectively drive incremental change 
because the ideas are based on real challenges that are experienced.

R&D projects that are focused on radical innovation often do bet-
ter when they are sequestered from the operations activities. By pull-
ing together teams of individuals who are unconstrained by the current 
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operational environment, new ideas that can be paradigm shifting, and 
even might be replacement products or services for existing operations, 
may be developed. In this case, it is better for the team to be isolated from 
the operations so that they are free to explore all options. Ideally, this type 
of R&D project would be more closely aligned with external collaborators 
who would help generate new thought. Being closely located to a major 
interdisciplinary innovation center can help to drive creative thought and 
provide opportunities to interact with collaborative external partners at 
a higher rate than if the team is isolated from the larger community. So, 
although this type of team would benefit from being free from the pres-
sures of the day-to-day operations, impact of external collaborations can 
be expected to drive higher performance.

For both radical and incremental development, a recent trend within 
organizations is to incorporate crowdsourcing. This is a transparent 
method of collaboration where an organization provides information, 
typically held as company confidential, to an interested group of vol-
unteer contributors. The “crowd” becomes the willing individual con-
tributors who offer free services for a greater good. They have a vested 
interest in doing so. Crowdsourcing provides them the opportunity to 
share their ideas, services, or content to enhance and evolve the product 
or service to achieve an overarching goal. Any individual contributor 
may add value to the initiative, adding on to others’ work and building 
a capability that is greater than the sum of its parts. For organizations 
that have a product or service that is in the public domain, this can be a 
powerful organizational structure for which to achieve both incremental 
and radical development.

Regardless of where the R&D project is located within the physical orga-
nization, it must be seen as part of the key functions that report to the high-
est level of the organization. It is imperative for the organization as a whole 
to see R&D as an essential component of the organization. The R&D orga-
nization must have the highest level of unwavering support from executive 
leadership. Because R&D is often seen as discretionary, activities are often 
cut first if there are any organizational financial constraints. However, 
R&D projects are generally the future of an organization. If investments 
in R&D are not made, then the organization will eventually stagnate and 
be overcome by new capabilities in the external environment. Executive 
leadership must understand and appreciate that and be committed to the 
R&D activities that it approves. As fiscal challenges emerge, which they 
always do, then it is the executive leadership’s responsibility to protect the 
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R&D activities from reductions that will affect the long-term viability of 
the organization.

In reality, the project manager often has little influence as to where the 
project is aligned or how much support it receives from the organizational 
leadership Although the actual alignment may be out of the hands of the 
project manager, he or she should recognize the optimal configuration 
and then, if not physically or organization implemented, should develop 
the appropriate stakeholder relationships to achieve the same results. If 
the project manager also realizes that certain changes, if implemented, 
could increase the probability of the project’s success, then he or she can 
request that certain changes be implemented by the owning department 
or division. In addition, the project manager can apply changes directly 
on the project and under his or her control as long as it does not overstep 
organizational constraints.

7.3.2 Learning Environment

For R&D projects, the optimal environment is one that is focused on 
and supports learning rather than one that tracks and rewards milestone 
achievement. A learning environment provides the following elements:

• Free time
• Free speech
• Focus on outcomes
• Creative physical environment
• Performance incentives

7.3.2.1 Free Time

One of the most treasured and important aspects of R&D is that of free 
time. Having time to consider, contemplate, and discuss ideas without a 
goal in mind is often seen as a luxury. A learning environment that sup-
ports free time provides opportunities for individuals to get together and 
talk, without an agenda. Free discussion time to explore ideas and brain-
storm with individuals internal and external to the organization is a criti-
cal component of R&D, innovation, and the creative process. The most 
radical developments typically span disciplines, thus there must be ample 
opportunities for cross-disciplinary collaborating.
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Project managers sometimes represent unconstrained free time 
as an overarching requirement of R&D projects and claim that R&D 
should be the ad hoc pursuit of ideas. As we have seen in Chapter 3, 
only a small subset of R&D projects, typically in the basic and applied 
research areas, can effectively use blocks of free time to pursue ad hoc 
and opportunistic ideas. In these situations where a goal is not under-
stood, free time allows opportunities to explore the unknown, poten-
tially leading to the pursuit down a completely different path. Free time 
needs to be structured at the beginning for these types of projects. 
Free time allocations at strategic locations within the schedule should 
be accommodated where the goal is understood, but the methods for 
achieving it are not. Where that free time occurs within the project is 
an important consideration. Once a project moves into a more formal 
R&D process, then established development activities replace free time 
in the schedule.

Without some structure and focused attention, maintaining a course to 
reach a goal would be difficult if not impossible. Certainly the probability of 
achieving successful outcomes would be lower. The reason the R&D project 
needs a goal is to generally keep focused on a future and the overarching 
path to achieve that future goal. As the path to achieve the goal may be 
nebulous and can evolve based on results from experiments and tests, tra-
jectories are used to track progress rather than a single, long-term project 
path. There needs to be a level of flexibility in progressing along the trajec-
tory, which again points back to the need for one- to three-month schedul-
ing blocks. It is critical to be open to new knowledge that is gained and to 
pursue opportunities as they present themselves. The methods described 
in Chapter 4 provide an ability to clearly identify when a full stop on a 
trajectory should occur and to realign resources in another direction. With 
that established method, and the allocation of free time at the appropriate 
time(s) in the schedule, the learning environment can be supported.

Losing interest in activities when they get more difficult, following a 
path of least resistance, or dropping activities when they are less interest-
ing and exciting seems to be human nature. This can lead to roaming in 
the R&D realm, where immediate interests lead the way. Roaming can 
waste valuable resources that otherwise could be applied to the most dif-
ficult problems along the trajectory. Having this goal/trajectory in place 
helps mitigate the roaming risk, and providing free time within the appro-
priate part of the schedule can accommodate the need for exploration with 
the least risk to the R&D trajectory.
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7.3.2.2 Free Speech

An organization that wants to stay competitive must leverage its core 
competencies and continue to evolve. That evolution requires a creative 
R&D environment built on new thought, sometimes radically new and 
different. The concept of free speech is that individuals have ample oppor-
tunity and the ability to participate in interdisciplinary forward-thinking 
dialog with their peers, that their ideas are not hindered by intolerance 
within the organization, and that communication about the R&D activity 
regularly flows to the stakeholders.

The concept of cross-disciplinary collaboration is not new. Many of 
the top R&D organizations specifically locate in innovation parks for 
the anticipated benefits of close collaboration with other researchers for 
increased opportunities for ad hoc conversations, which may lead to new 
thinking, as well as access to an R&D focused workforce.4 Although there 
is some debate on the actual benefits derived by this type of arrangement 
from an organizational perspective, the basic concept of ensuring regu-
lar spontaneous and informal dialog with one’s peers is not debatable. 
Significant successful collaborations throughout time reflect a relation-
ship between this type of communication and research successes. Each 
R&D project manager should be encouraged to regularly participate in 
cross-disciplinary seminars, colloquiums, lectures, discussions, or other 
information-sharing forums.

The ability to discuss research across divisions and outside of the nor-
mal communication chains can often run counter to the cultural envi-
ronment, where individuals are expected to keep R&D work confidential. 
In some cases, strict confidentiality is required to reduce the risk of los-
ing a patent or when competition is strong and the product or service is 
compelling. Each situation should be evaluated to determine the level 
of collaboration that can be tolerated and then the R&D staff notified of 
any limitations boundaries they must follow. Within the confines of any 
boundaries, individuals must be made to feel comfortable in taking time 
to develop relationships, collaborate, and exchange ideas. Creativity is 
enhanced from diverse interactions, and opportunities for those interac-
tions must be supported.

A learning environment will be transparent, open, and free from 
perceived constraints or hostility. Of course, the work standards and 
controls to ensure a harassment- and discrimination-free workplace 
must be followed. In addition, having the ability to express dissenting 
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or radical ideas has to be protected. In many established organiza-
tions, there is an intolerance of new ideas. Sometimes, employees who 
were responsible for building the existing successful organization may 
feel threatened by the implementation of new ideas, which they fear 
might destabilize their success or might set aside their past achieve-
ments. If the intolerance is allowed to influence behavior, free infor-
mation exchange will cease. Therefore, it is important that any actions 
that suppress new ideas or attempt to channel them into activities that 
support the status quo must be identified, and punitive action taken 
to assure that free speech and the flow of new ideas is uninhibited and 
unhindered. One way to ensure that happens is to hold reviews for new 
R&D projects at the most strategic level of the organization rather than 
at lower levels.

Communicating the intent and progress of R&D work is essential. Open 
and honest communications about the progress and status of the R&D 
activities to all of the stakeholders helps set expectations, develop rela-
tionships, and increase respect. Discussing the risks involved in follow-
ing a trajectory, understanding the potential outcomes of experiments 
and where they might require full stops, acceptance of loss of sunk costs 
(already incurred and unrecoverable), and revised paths forward are 
essential for achieving optimal outcomes in R&D. If personnel engaged 
in R&D are penalized for bringing forward information that in a typi-
cal project would be seen as failure, they will not be forthcoming. Efforts 
to provide impact-free communications channels should be encouraged 
so that any R&D project manager can bring forward information about 
results that are less than favorable, without penalty.

7.3.2.3 Focus on Outcomes

For a typical project, a successful outcome is one that meets cost, schedule, 
and scope parameters. A successful outcome for an R&D project would be 
the progress it makes toward the strategic goals. Creative thought without 
a path to closure provides an environment where achievements are dif-
ficult to come by, so it is important to focus on outcomes that will lead 
to strategic goals. During the performance of the project, it is quite prob-
able that the project will start down a path, stop, change direction, pick 
up another forward path, etc. Where this would not be desired in a stan-
dard project, it is expected in an R&D project. Therefore, focusing on the 
R&D outcomes rather than on meeting a set of predefined milestones is 
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a much-preferred method and reflects a commitment to learning and to 
achieving outcomes.

The implementation of an outcomes-based project relies heavily on 
informal communications after each experiment or test, reviewing the 
outcomes of those experiments and tests, and holding discussions with the 
stakeholders on the way forward. Where an experiment or test provides 
unexpected results that do not favor forward movement along the same 
path, this must not be seen as a failure, but must be perceived positively. 
The action of experimenting and confirming the results is the outcome 
that is important because it allows the project manager to understand 
what will or will not work and to continue moving forward, even though 
it will occur differently than anticipated.

Many R&D project managers feel that these preliminary outcomes will 
not be viewed as critical parts of the process and prefer to report on prog-
ress only when they have made a significant achievement. Communication 
about progress that is made on R&D projects can sometimes be difficult. 
This can be because of the challenges of communicating the technical 
nature of the work to a nontechnical staff. Sometimes it is due to the dif-
ficultly in communicating progress along a path that is not milestone-
driven. Sometimes it is because the project manager is not comfortable 
with the outcome and wants to revisit it before it is relayed to interested 
parties. Regardless of the reasons for not communicating, though, it is 
important nonetheless to convey the progress along the R&D path to the 
stakeholders so that they continue to support the project. A lack of com-
munication on progress and outcomes leads to a belief by the stakeholders 
that progress is not being made or that everything on the project is pro-
ceeding as planned, either which may be true.

It is often the case that people will think that nothing is being done, 
purely because of the lack of information. In other words, if they do 
not know and have not seen that something has been done, they may 
believe that nothing has been done. That could be farthest from the 
truth; however, how would they know if there was not active and regu-
lar communications? The project manager for R&D projects needs to 
include informal discussions with the stakeholders at the culmina-
tion of every experiment or test and involve the stakeholders in deci-
sion making at each of the gates. These two simple steps will positively 
increase the awareness and engagement of the impacted stakeholders in 
the R&D project.
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7.3.2.4 Creative Physical Environment

Part of creating a learning environment has to involve the physical archi-
tecture of where people work. With creative endeavors, there are two basic 
conflicting needs that must be facilitated. The first is to have an environ-
ment that provides a significant amount of interdisciplinary interactions. 
The second is to have spaces for uninterrupted focused reflection and cre-
ation. Both of these needs must be met to optimize R&D project potential.

Interdisciplinary interactions can be made physically possible by choos-
ing to be in closely aligned buildings with jointly shared public spaces. 
The use of the shared public spaces opens up collaborative opportunities 
for the employees if they utilize them for that purpose. Physically open 
spaces within buildings can be designed for collaboration, and, if appeal-
ing enough, will draw individuals to them and encourage them to interact 
in ways that enhance creativity and learning. In addition, open locations 
that provide tools and materials for learning, access to online databases, 
machine shops, and large spaces and tools for process redesign provide 
interesting options for exploring ideas on an ad hoc basis.

Uninterrupted focused reflection and creative spaces are needed as well. 
People commonly come together to discuss ideas, and then, when the 
thoughts must be put down, there must be a place to work privately and 
without interruption. This can be accommodated through the use of office 
space either assigned permanently or that can be borrowed for periods of 
time as needed. The physical appeal of these spaces must meet the needs of 
the individuals who work there. Most individuals who have been allocated 
full-time private offices or studios decorate them to match their styles, to 
reflect their personality, and to demonstrate who they are as a person. The 
borrowed office space has the distinct disadvantage of not providing that 
creative outlet and can actually impede an individual’s ability to create 
within that atmosphere.

Understanding the needs and desires of the R&D project staff for their 
physical spaces, and then creating the environment that will optimize 
these preferred approaches to learning is easy in concept, but difficult 
in execution. Organizations are often locked in to leases, committed to 
workspace configurations based on organization culture and historical 
preferences, and unwilling to incorporate more ingenious workspace con-
figurations. It often takes a strong leader to overcome cultural resistance 
and implement design changes to workspaces that will foster the learning 
environment needed for the R&D project success.
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7.3.2.5 Performance Incentives

It is exhilirating to work on new concepts and ideas, set up experiments 
and tests, and create new processes, products, or services. Being part of 
an effective R&D project team, or working on projects that are directly 
related to one’s area of interest, can often be incentive enough. However, 
there are certain incentives that can energize an R&D team, potentially 
leading to even better results.

Many of these ideas have been touched on in previous sections, such 
as providing blocks of free time either at the beginning of a project or 
after significant events during the course of the project. However, in 
addition to just providing free time, resources, such as engineering 
time, machine shop access, or travel funding for idea exploration in the 
area of applied research, can be a significant incentive. Most organiza-
tions also have established agreements for full or partial ownerships 
rights and public acknowledgement, such as patents, copyrights, rev-
enues, etc. It may be possible to provide some incentives by splitting 
the ownership of the patents in particular, or by providing a percentage 
to the inventor from any proceeds that are made using the patented 
product or process. Offerings such as these will incentivize in various 
degrees depending on the interests of the project manager and team. As 
R&D is often at risk during financially stressful times, providing solid 
senior leadership support and protected funding also is often seen as an 
impactful incentive.

7.3.2.6 Apply Now

The reader may use the chart in Figure 7.5 to assess how well his or her 
organization provides a learning environment.

7.3.3 Accountability and Responsibility

Being accountable and responsible includes:

• Commitment to following a project path
• Acknowledging responsibility
• Being willing to undergo the scrutiny and assessment of perfor-

mance and outcomes
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R&D Learning Environment Responses

Free Time
Does the individual have free discussion time to explore ideas 

and brainstorm with individuals internal to the organization?
Does the individual have free discussion time to explore ideas 

and brainstorm with individuals external to the organization?
Does the individual have free discussion time to explore ideas 

and brainstorm with individuals across disciplines?
Is the R&D project scheduled with free time?
Is the R&D project scheduled with free time at the right 

locations along the development path?

Free Speech
Does the individual regularly participate in cross-disciplinary 

seminars, colloquiums, lectures, discussions, or other 
information sharing forums?

Does the individual understand the boundaries for information 
sharing?

Is free speech and the flow of new ideas uninhibited and 
unhindered?

Are new ideas allowed to flow up to the strategic level of the 
organization for evaluation?

Are there impact-free communications channels in place to 
discuss R&D outcomes?

Focus on Outcomes
Is the progress the R&D project makes toward the strategic goal 

what is measured?
Are informal discussions with the stakeholders held at the 

culmination of every experiment or test?
Are the stakeholders involved in decision making at the each of 

the gates?

Collaborative Physical Environment
Does the physical environment provide for a significant amount 

of interdisciplinary interactions?
Are there private spaces that allow for uninterrupted focused 

reflection and creation?

Incentives Offered
Are resources, such as engineering time, machine shop access, 

or travel funding, available for basic or applied research?
Are full or partial ownership rights and public 

acknowledgment, such as patents, copyrights, revenues, etc., 
available?

Is solid senior leadership support demonstrated?
Is R&D funding protected from casual down-selects?

FIGURE 7.5
Learning environment template.
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7.3.3.1 Commitment

One of the most important traits of an R&D project manager is in the will-
ingness to commit to following a project path and to accept accountabil-
ity for its performance. The project manager also must be accountable to 
ensure that the R&D follows a reasonable life cycle progression and that it 
is ready to move into the next phase. The project team, including the prin-
cipal investigator and subject matter experts, is responsible for the R&D 
progress. If the team is dedicated to the success of the project, the project 
has a significantly greater chance of reaching a successful conclusion.

7.3.3.2 Responsibility

For the project manager, stepping up and acknowledging responsibility 
for actions, decisions, and progress, and then communicating that infor-
mation well to the stakeholders leads to a relationship of trust. The stake-
holders feel comfortable that the project manager will implement the steps 
that will lead to the highest probability of success for the R&D project. 
When a project manager is transparent about the actions that are being 
planned and the progress that is being made throughout the project, trust 
and respect continues to build. That transparency can be put into effect by 
having the project manager document a set of objectives that will be per-
formed over the course of the project. These objectives should be specific 
and measureable, realistic and time-bounded. Both the project manager 
and his or her direct supervisor should be in agreement to what is included.

The responsibilities of the R&D project manager should include the 
following:

• Developing the appropriate plans in a timely manner
• Using a disciplined and rigorous approach throughout the project to 

ensure repeatable, defensible results
• Completing the planned activities and identifying the outcome in 

the expected time frames
• Communication of results of experiments and tests in a fair and bal-

anced manner
• Providing transparency of decisions made based on results and com-

municating the need for any full stop actions
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• Ensuring that key stakeholders are receiving regular information 
about the project and are bought in and support the R&D project in 
words and actions throughout the life cycle

• Identifying new ideas that could impact the research trajectory 
or strategy

7.3.3.3 Fortitude

Just having a responsible, well-trained, and experienced R&D project 
manager, respected and trusted, and accountable for his or her actions 
is not sufficient, however. Part of being accountable is being willing to 
undergo the scrutiny and assessment of performance and outcomes. 
Reviews with external subject matter experts in the field of R&D are a 
valid way to confirm that the project is indeed performing as expected. 
Focus group discussions are another way to validate that the processes 
and outcomes are as portrayed. These types of reviews and discussions are 
particularly important when the project is particularly technical or diffi-
cult for the stakeholders to verify. Even if the project manager is obtaining 
the anticipated project results, it is useful to confirm how others interpret 
the team’s progress. Although it is generally well known what the cus-
tomer’s perspective on the team’s performance is, it is not always appar-
ent as to how well the project manager is interacting with all of the other 
stakeholders involved in the project.

Multirater assessments are one method used to capture a variety of opin-
ions about the project manager’s ability to supervise, manage, and lead 
project team members. They also can capture information as to whether 
the project manager is appropriately influencing supporting organiza-
tions and whether he or she is meeting the needs of the customer. For 
the team members, these assessments uncover their ability to influence 
the environment and interact with their peers. These assessments provide 
a window into how the team members and the project manager interact 
with the broader environment. The assessments provide an outlet for the 
individuals on the team, as well as individuals associated with the team 
members, to report on their perceptions.

Multirater reviews are just one of many tools that can be used to determine 
how effective the R&D team is, above and beyond the actual progress being 
demonstrated on the project. However, these reviews can be meaningless 
unless there is a carefully outlined path to address and resolve any identi-
fied performance issues. Resolution should include a sequence of remedial 
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actions over time, such as training, that either resolves the issue or leads to 
removal from the team. Each organization will have its own processes and 
procedures associated with reviews and resulting actions.

7.4  PROJECT MANAGEMENT FOR SPECIFIC DISCIPLINES

Optimizing the chances of an R&D project reaching successful outcomes 
requires the project manager to consider

• implementing specific techniques for different disciplines; and
• how best to facilitate principal investigators and other subject mat-

ter experts.

Project managers facilitate R&D projects within all disciplines by imple-
menting the project management processes and procedures described in 
Chapters 1 through 6. In addition, a project manager can apply an increased 
focus on the project management processes relating to knowledge of out-
comes and process steps for various R&D disciplines. For example, a sci-
entist and an artist may have different levels of understanding of what 
they want the final product to look like, or the knowledge of their out-
come is either an unknown, or an envisioned end result. A scientist may 
have a vague sense of a broad goal, whereas an artist may have a vision of 
what will be created, but not the path to create the vision. Some disciplines 
are more apt to use iterative design, while others are more inclined to use 
sequential design.

If the R&D principal investigator has only a vague idea of the end goal, 
the project manager can develop the schedule that ensures adequate time 
frames for exploration and structure, and short time frames for develop-
ing and executing experiments and tests, and timely decision gate reviews. 
The project manager then can assist with documenting the way forward. 
A sequential approach such as this provides additional insight, which can 
then help define the vision and goal.

On the other hand, if an R&D principal investigator has a strong idea of 
the end goal, but is unsure about how he or she would like to approach the 
development, an iterative approach might work best. The project manager 
can develop the schedule to focus on short design iterations with strong 
collaboration activities, and inserts of time blocks to think freely and 
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contemplate the results. For example, an artist may be able to conceptual-
ize the final result, but will try a variety of new ideas before the preferred 
method of development is discovered. The schedule can be built in a way 
that is most appropriate to ensure the principal investigator has adequate 
time and resources to develop the processes needed to achieve the end 
result, and the project manager can monitor progress to retain forward 
momentum. The overall time frame will be known, and the project man-
ager can actively monitor the schedule components and the critical path 
to ensure the project is not derailed or stalled.

The number of ways these scenarios could play out is infinite, and 
there will always be exceptions to the rules. However, in general, differ-
ent disciplines can benefit through focused attention to certain project 
management methods, and these should be considered and applied when 
appropriate. Figure 7.6 (Principal Investigator Support Model) provides an 
example of a distribution representing the different focused approaches.

7.4.1 Researcher or Scientist R&D

Additional focus should be placed on

• identification on where the research will fall in the life cycle;
• developing project plans to focus on discovery and learning;
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Principal Investigator Support Model.
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• implementing a flexible project management method;
• facilitating reviews after each experiment; and
• communicating the results to the stakeholders.

Researchers or scientists generally are objective-driven and have a 
desire to push science or technology limits. If they have followed a tra-
ditional educational route, they have been provided a robust apprecia-
tion for processes in developing hypotheses, structuring experiments 
and tests, documenting discoveries, and collaborating with their peers. 
They exist in an environment where they have to follow processes to 
submit journals articles, symposium talks, publish books, etc., but they 
may resist or balk at processes that do not seem to be directly related to 
the success of their research. They generally operate autonomously, con-
centrating on their science or research activities. The project manager 
should ensure that the development of project plans focuses on discov-
ery and learning, with short sprint time frames and experiments or tests 
as end points. Reviews should be scheduled after each test, and commu-
nication should be a high priority.

7.4.2 Artistic R&D

Additional focus should be placed on

• identifying and capturing the vision
• developing standard project management project plans
• implementing a flexible project management method
• identifying any interdependencies

If an artist is not working on a commissioned project, a piece of sculp-
ture, or a painting, then that artist can conceivably be completely left 
to his or her own timetable and resources. During that time, he or she 
will probably be unpaid for the effort. During a commissioned job, the 
timetable is in place, and there is an expectation that the work will be 
completed in the agreed-upon time. The creative element is still there, 
and a design, activity, or other creative outcome must be achieved, but 
now there are constraints.

The category of artist is so broad and encompassing that it would be 
impossible to state one specific optimal way to supplement standard proj-
ect management processes to facilitate the artist. The range of training, 
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education, and experience across artistic disciplines also is extremely 
broad. However, in general, a project manager can assist the artist in iden-
tifying and capturing the vision, the deadlines, the budget and schedule, 
and the risks that will need to be addressed. The project manager can 
assist as well in identifying any interdependencies that might exist. There 
may not be a specific requirement for a documented plan or the customer 
may require formal project management. Either way, artists that follow 
standard or flexible project management methods will find that it helps 
them achieve the best possible outcomes.

7.4.3 Engineer R&D

Additional focus should be placed on

• identification on where the engineering activities are in the life cycle
• describing where the activities are in relation to the overall system
• identifying any interdependencies

Engineers are generally educated in processes and procedures and 
understand how the technology or systems they are involved in are inte-
grated. Depending on the area of focus, they may or may not have a com-
plete view or appreciation of the overarching system. They may also have 
an appreciation of the overall desired outcomes and design, or they may 
be focused on their subcomponent of the design. The project management 
processes that quickly add value include putting the work the engineer is 
engaged in into the broader perspective, identifying the location in the 
life cycle and where it is in relation to the overall system, and identifying, 
capturing, and addressing interdependencies.

7.4.4 Software R&D

Additional focus should be placed on

• documenting the vision
• categorizing the project into a traditional or a flexible project man-

agement structure
• identifying the level of customer interaction
• identifying any interdependencies
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As project management methods are wide ranging for software develop-
ment, a project manager can add significant value quickly by assisting the 
developer in categorizing his or her project into a traditional or a flexible 
project management structure, and then identifying the level of customer 
interaction, understanding of the anticipated deliverable, and recognizing 
the interconnected relationship with the hardware, firmware, and other 
software modules.

7.5  CASE STUDY: ADVENTURE DAY CAMPS 
ON THE SHORES OF LAKE GRAPEVINE

7.5.1 Background

In 2003, Travis and Jennifer Patterson started thinking about a design 
for a new camp for young children at Grapevine Lake, in Grapevine, 
Texas. This husband and wife team originally became interested in put-
ting together this camp based on Travis’s prior successes leading adults on 
adventures and expeditions. It seemed natural to transfer that success into 
a similar experience for children. According to Jennifer, “We wanted to 
get the kids away from television, computers, and video games, and offer 
them exciting options that would challenge them to fully explore what 
nature and the outdoors has to offer.” Based on their original investigation 
into existing opportunities, there did not appear to be anything compa-
rable. The Pattersons were natural leaders, which would help them develop 
and implement this unique concept for the area. They also would have to 
build a team that would need to be creative and highly effective, while also 
meeting a tightly held set of safety and security performance criteria. They 
would offer progressive responsibility and authority to the counselors as 
they gained experience.

Travis was an accomplished adventure athlete and outdoorsman. He 
founded Adventure Team in 1995, and had been leading and facilitating 
adventures as Adventure Team, Inc.’s chief adventure officer since 1996. 
According to Travis, “The Adventure Team Outdoor Sports Association 
was originally developed in 1996, to bring together extreme outdoor 
adventure enthusiasts in the Dallas–Fort Worth area. At its peak, the 
Adventure Team organization confirmed more than 3,000 monthly pay-
ing website members, and provided 25 to 30 outdoor/adventure events per 
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month for the club members.” Travis led over 500 events between 1996 
and 2007, spanning a wide range of activities including:

• Adventure racing
• Hiking, camping, backpacking
• Cycling and mountain biking
• Boating, canoeing, kayaking
• Geocaching, orienteering, and GPS challenges
• Horseback riding
• Paintball and laser tag
• Rappelling, rock climbing
• 4x4 off-roading

By early 2002, Travis was thinking about how to evolve the experience 
to be more family-friendly and children focused. Jennifer brought her life-
long experiences in the outdoors, which included camping, hunting, and 
fishing, into the possible activity offering. Along with their outdoor exper-
tise, the Pattersons had extensive experience in marketing and enjoyed 
organizing social events. This combined skill set made for a powerful team 
to develop the concept for an adventure children’s camp, and Adventure 
Team became the parent company of Adventure Day Camps.5

With the Pattersons’ prior successes in managing their own businesses, 
they had the experience and inspiration needed to set up this venture. The 
focus for this children’s camp was on outdoor adventure. There were no 
other camps such as this available in the local area. Jennifer explained, “We 
wanted to offer a guilt-free place for parents to drop off their kids for the day, 
and a great opportunity for the campers to experience activities they might 
not have had the chance to try before.” And, so they did. Travis explained 
further, “We challenge kids to fully explore what nature and the outdoors 
has to offer, as well as provide an opportunity to develop strong self-esteem, 
meet new friends, and have amazing fun in the great outdoors.”

Adventure Day Camps offers 12 individual weeks of “action-packed 
adventure” for children (campers) aged 4 to 13. Each week of camp runs 
Monday through Friday, 9 a.m. through 4:30 p.m., with extended hours 
available from 7 a.m. through 6 p.m. Parents can sign their children up for 
camp by the ½ day, the day, a week, or for multiple weeks. Discounts are 
provided for multiple weeks’ attendance. Camp tuition includes all activi-
ties, a camp T-shirt, cup, and photographs taken throughout the week’s 
activities.
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Activities include:

• Individual activities:
• Archery
• Air gun/BB gun target shooting
• Orienteering
• Geocaching
• Arts and crafts

• Water sports:
• Recreational swimming
• Canoeing
• Kayaking
• Fishing

• Outdoor exploration:
• Nature walks

• Team sports:
• Disc golf
• Volleyball
• Football
• Baseball
• Softball
• Tetherball
• Soccer

• Team building
• Environmental awareness
• Leadership skills

A typical day at camp includes free activities, or those of interest to the 
camper, until 10 a.m., then a morning snack. The counselors decide the 
best group activities for their campers until lunchtime. Choices are based 
on the desires of the counselor and the campers and may change from day 
to day, making a highly fluid and changeable environment. Then, after 
lunch, “it is back to the sunscreen, bathing suits, and life jackets,” Jennifer 
says. Heading to the beach for swimming, kayaking, and fishing is an 
exciting adventure for the campers.

The afternoon group activities rotate so that variations in weather can 
be accommodated. For example, Monday may be tentatively planned to 
include activities on the waterslide inflatable; Tuesday would be a nature 
walk; Wednesday, an obstacle course and outdoor games; Thursday, water 
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balloons and water guns; and Friday, a game of capture the flag. If weather 
did not cooperate, the activities will be switched around. By late after-
noon, it would be time to head back to the tent, have a snack, and partici-
pate in more free time until the end of the day. Parents pick up happy and 
exhausted children full of stories of adventure.

7.5.2 Life Cycle Perspective

This project’s life cycle spans from research through maintenance 
(Figure  7.7). As this is an ongoing operations and maintenance activity, 
most of the original definition of the project was done in the formative years, 
one through three. However, continuing evolution of the project continues. 
Project management methods were implemented throughout all phases of 
the project: from defining and managing the scope, schedule, budget, risk, 
and quality to ensuring that essential underpinning activities, such as com-
munications and leadership, were strongly addressed. Processes get refined 
and activities get replaced, renewed, added, or subtracted based on requests 
from parents, campers, and counselors. It is an ongoing evolution.

7.5.3 Project Management

This project required research, development, implementation, opera-
tions, and maintenance. From a project management perspective, this 
project was developed with a life cycle view because it was anticipated 
to become an ongoing operation. During the course of development and 
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FIGURE 7.7
Adventure Day Camps life cycle.
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implementation, standard project management methods were used. Once 
operations commenced, modifications to the project where solicited and 
implemented using a flexible, user-facing approach to project manage-
ment with from campers, parents, and counselors providing input, thereby 
evolving the design over time.

7.5.3.1 Defining the Scope

In defining the scope, the Pattersons wanted to build on the experiences 
from managing adult adventures to creating a child-appropriate day camp 
version. “Adventure Day Camps represented a unique business oppor-
tunity that is family-oriented, has proven income potential fueled by a 
booming demand for quality child enrichment and development pro-
grams,” Travis said.

As part of the scope, they wanted Adventure Day Camps to

• provide 12 individual weeks of activities
• accommodate children aged 4 to 13
• run Monday through Friday 9 a.m. through 4:30 p.m.
• provide extended hours from 7 a.m. through 6 p.m.
• provide full flexibility for participation: ½ day, day, week, multiweek 

attendance; complete flexibility in drop off/pick up times
• provide discounts for multiple weeks’ attendance
• offer activities that would challenge children in each age group
• provide all-inclusive cost for activities
• provide as part of the included cost a camp T-shirt, cup, and photo-

graphs taken throughout the week’s activities
• ensure each child was attended to by ensuring things such as

• required medicines were taken on time
• food and drink sent by the parent was consumed
• the appropriate level of sunscreen was applied

• accommodate children with special needs, such as those struggling 
with attention deficit disorder, asthma, cancer, diabetes, behavior 
disorders, learning disabilities, and physical disabilities

• provide an opportunity for summer employment to the local com-
munity through camp counselor positions

• ensure all camp counselors were background checked, CPR and first 
aid trained, and had completed several hours of onsite volunteer 
camp counselor training
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7.5.3.2 Develop the Objectives

The Pattersons’ ultimate objective was to make sure when the campers left 
at the end of the day, they would be exclaiming how much fun they had, 
and that hopefully they also would have been exposed to new outdoor 
activities. “This is the kids’ fun time, it is summer time, so the major objec-
tive is to make sure they enjoy the experience,” Jennifer said. Obviously, 
a big part of that is making sure the campers were kept safe. If they also 
obtained some life-long appreciation of outdoor activities, or gained con-
fidence along the way, that was a bonus.

7.5.3.3 Identify the Requirements

This project required:

• Location
• Equipment
• Processes for marketing, sign-ups, hiring and firing, managing staff, 

completing individual and group activities, etc.
• An endless supply of imagination and creativity to provide new 

activities and to inspire the campers to try the new activities

A key requirement for this camp was that it was in a central location 
and within a park large enough to hold all the campers comfortably. The 
venue would provide or limit what they would ultimately be able to do. 
They definitely wanted the camp to be based on a lake, so they set out 
to find a lakeside park that would have sufficient space and facilities to 
accommodate them. A park at Grapevine Lake fit the requirements. They 
approached the city with the proposal, and it was accepted.

The Pattersons knew that they did not want to include motorized activi-
ties, such as boats or wave runners. The liability was just too high. They 
also could not offer transportation to and from the camp for the same 
reasons. What they would offer began with what they could gather, and 
they would add as they proceeded with the camp.

Initial equipment requirements included:

• Six kayaks
• Two nonmotorized boats
• Two BB guns
• Miscellaneous arts and crafts materials
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They also needed a large tent. Because they did not want to start out 
spending $10,000 on a new one, they attempted to purchase a used or 
donated tent. They ultimately ended up with a used tent, which would 
serve as the gathering place for all activities including registration, group 
activities, etc.

Once they had decided on the needed equipment, they shifted their 
focus to processes. How the camp would run required a lot of fore-
thought and planning. Paperwork needed to be collected, communi-
cations established, and the actions required gathering the campers 
together and assigning them to a counselor, and assigning each coun-
selor to an activity every day.

In addition, processes needed to be developed for identifying and 
interviewing potential counselors, observing their required volunteer-
ing time to determine their suitability to the position, completing back-
ground checks, and then managing them as they completed their work 
assignments. Jennifer explains, “We must see how they work with kids 
and how they work in the outdoors. Sometimes they think it is a fun job, 
but in 100-degree weather, sometimes it is more challenging than they 
anticipated. We must see how they adapt and also help set expectations. 
In particular, we are looking for the ones that actively engage and want 
to be out there.”

And, of course, the processes for how to run the activities each had to be 
developed. How many campers would be allowed in the water at a time, 
would all campers be required to wear life vests? And, if so, when? And 
where would they be required to gather to put them on? Each activity had 
to have a set of processes outlined so there was no ambiguity for the coun-
selors and they knew exactly what was expected of them.

7.5.3.4 Outline the Deliverables

A simple list of the deliverables of Adventure Day Camps includes:

• Well-maintained equipment
• Fully developed processes for all parts of the program
• Adequately trained and managed volunteer and paid staff
• Camp T-shirt, cup, and weekly photographs
• Check sheet: Daily notes associated to each camper, maintained by 

the assigned counselor
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7.5.3.5 Develop the Project Schedule

When the Pattersons started developing the project, they knew they had 
one major schedule constraint. They wanted to be up and running in 
time for the 2003 summer session. It took approximately a year to make 
everything come together in time. Although not formally structured, they 
understood all the pieces that had to come together and when they needed 
to be in place. They each took responsibility for areas they were interested 
in and felt they could be successful in completing.

7.5.3.6 Develop the Budget

In developing the budget for the Adventure Day Camps, the Pattersons 
researched other camps. They identified the ranges and offerings being 
provided. To be competitive with the other camps, their original offering 
included a meal plan and sports drinks. Starting with existing equipment 
they both owned and supplementing it with some donations and some 
small purchases, they were able to minimize the initial startup costs. It 
was clear that they could not overcharge if they wanted to attract campers, 
but, if they undercharged, they would not be able to continue the camps 
because they had payroll to make and also needed to make enough profit 
to continue to add equipment. They set their price and a budget. Their 
processes included collecting payments from parents in the form of cash, 
check, or credit card. Then they tracked their budget on a spreadsheet.

They initially started off as a nonprofit business because they felt they 
could reach a larger part of the population that way. It also is easier to 
obtain donations that can support the operations, thereby increasing the 
amount of activities that can be offered to the campers. However, after 
three consecutive summers, they decided to move to a for-profit model. 
“There was just so much paperwork involved that it was slowing things 
down,” Jennifer explained. They still approach businesses for donations 
because many will voluntarily donate when children are the beneficiaries. 
However, soliciting donations takes a lot of research and reaching out to 
the community.

7.5.3.7 Develop Risks and Mitigation Plan

The Pattersons identified many risks with this project. Their biggest, most 
impactful immediate risk was in filling up the camps with children. First, 
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they felt that attracting campers away from other venues without offer-
ing transportation would be difficult. They opted to mitigate this risk by 
allowing parents complete flexibility in drop-off and pick-up of campers. 
As appealing as this was to the parents, it added an additional layer of 
complexity to the camp processes. They did not want parents wandering 
in and out of the area trying to locate their children, or pulling them out of 
an activity and distracting the counselor during an activity that required 
their full attention, such as archery.

Their next biggest risk was in safety. An obvious imperative, their first 
mitigation was to take out a $1 million liability insurance policy along 
with a separate accident policy. “This is a must-have around a lake. There 
is just no way around that; you cannot cut corners in the insurance,” 
Jennifer says. They also set their processes so that there were limits to the 
maximum number of campers allowed on the more dangerous activities, 
such as in the archery range or in the boat. Typically, the ratio would be 
10:1, preferably 6 or 7:1, of older campers to counselors, with the younger 
ones at a 5:1 ratio. These ratios were based on the number of paid staff, not 
including volunteers. In mitigating the safety risks, they also limited the 
number of campers participating in any event that was dangerous. This 
included activities such as kayaking and archery. Jennifer emphasizes, 
“You just don’t want 20 kids at an archery range at the same time or more 
than 5 kids in the water.” All campers were required to wear life jackets in 
the water regardless of their level of proficiency in swimming or boating. 
First aid kits were always available, and all counselors were trained in CPR 
and first aid.

Another risk was in mixing ages together in ways that would put the 
smaller campers into a risk situation. Age differences are important in 
all day camp activities. Clearly 6-year-olds cannot play flag football with 
13-year-olds, and 11-year-olds have little interest in doing arts and crafts 
set up for a 4-year-old. To mitigate this risk, smaller age-appropriate 
groups are formed; typically ages 4–6, 7–8, 9–10, and 11–13.

There was also a risk that involved changing the perceptions of the 
campers who had never before been exposed to the outdoors. Their con-
cerns and fears needed to be addressed to ensure they enjoyed the experi-
ence. Jennifer explains, “Some kids would just come to the lake and jump 
right in, while others that had never swam in a lake before would look at 
the water and say, ‘Oh, it’s so dirty! Where’s the pool?’ We would explain 
that we don’t have a pool, but that swimming in the lake would be just 
fine and wouldn’t hurt them.” These were the stakeholders upon which the 
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success of the outcomes would be judged, so it was important that their 
concerns were adequately addressed.

7.5.3.8 Critical Branch Points

The critical branch point for the Pattersons happened when the first sea-
son was over; they wondered if it was all worth it. This critical branch 
point seems to appear yearly at the end of each summer. Because of how 
hectic the season is, when all is complete and only the stack of paperwork 
remains, the Pattersons work their way through the aftermath of book-
keeping, taxes, equipment maintenance and storage, etc. Relying on their 
notes, they have to backtrack and make sure all the money was collected. 
Regardless of the frenzy and challenges that they experience during the 
season, however, they determined that every year they have achieved what 
they had wanted and ultimately have successfully built up a new type of 
camp with an outdoor focus. They had so much fun watching the camp-
ers grow, learn, and enjoy the outdoors that it really does seem worth it in 
the end. So, they cleaned and stored the gear, and started planning for the 
next season.

7.5.4 Outcomes

During the first season, only three campers signed up. The Pattersons had to 
give away eight camp spots to fill the camp and ensure the campers enjoyed 
themselves. It was bare bones, and they gave a lot away to get the word out 
about the camp. During the first couple of years, the participation slowly 
increased. First, they aimed for 20 campers a week, and then the number 
increased to 40. After they hit 40, it seemed to exponentially increase and 
jumped around from 40 to 75, depending on the week. A few weeks they 
would get 100 or more, typically the first week or two after school ended 
and the weather was still comfortable.

7.5.4.1 Defining Success

The first measure of success is in the diversity of the activities that are 
provided. With an objective of providing an adaptable set of safe and 
fun outdoor adventures, the Pattersons felt that they had accomplished 
what they envisioned. The second measure of success was their ability to 
make the Adventure Day Camps a sustainable organization. Sustained 
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participation at a consistent 100 campers per week range is desired and 
cannot be achieved without successfully meeting their objectives. They 
also feel that if they could duplicate the Adventure Day Camps experience 
through either opening another location themselves, or through franchis-
ing or licensing, that would expand the definition of success for them. 
However, they do understand that in order to move in that direction, they 
would need well-defined processes and procedures. They have not yet 
decided which direction they want to follow.

7.5.4.2 Types of Measures Used

In determining whether or not they are meeting their objectives and 
achieving success, a count of the total number of campers is used. In addi-
tion, the comparison between amount spent versus budgeted also is cal-
culated and used to modify the program in meaningful ways that affect 
bottom-line operations. The Pattersons try hard to keep the costs of the 
camp down so that parents of all financial means can send their children. 
In order to minimize costs, they needed to solicit donations. For exam-
ple, although the initial camp offering included a meal plan with lunch 
included, it was so difficult to arrange (within the budget and through 
donations) that it was dropped from the program. It was reintroduced 
after demands increased to bring it back, however this required an adjust-
ment to the cost per camper.

Something as simple as providing drinks for the campers can really 
increase costs. They started the program by providing f lavored sports 
drinks, but it became a significant expense and was not the healthi-
est choice. They did not want the campers to consume all the sugar. 
For both costs and health reasons, they moved to water. In addition 
to drinks, ice is needed. In Grapevine, average summer temperatures 
are typically in the 90s, with record heats reaching the 100s. Ice is a 
significant expense. The cost can end up consuming a large portion 
of the budget. They have been fortunate to obtain ice donations from 
local businesses.

Other measures they track are staff CPR and first aid certifications, 
equipment types and amounts, and camper check sheets. Paperwork was 
important. It contained all the information required to ensure the campers 
were kept safe and that the parents’ desires were met. Each camper filled 
out an application, including a medical history. The Pattersons searched 
the Internet for existing forms that would meet their needs or created 
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their own. They created a check sheet for each child, outlining the par-
ent’s preferences for their child’s sun protection, medical, food and drink, 
etc. Each day, the check sheet for the campers would be provided to the 
counselor that would be overseeing their activities. The counselor would 
review the check sheet for each camper and document the actions they 
took. Sometimes a camper would require medicine at a particular time. 
Sometimes they would need extra sunscreen applied if they had fair skin.

At the end of the day, the completed forms were collected so that if par-
ents had specific questions about their child, the documentation could be 
referenced. “When you have 100 kids, you have to make sure all those 
things are taken care of. A mother might want to know why her child 
didn’t eat his/her lunch, or what steps were taken to keep him/her from 
getting sunburned,” Jennifer explained.

Quality is measured in the form of satisfaction of the campers and 
their parents. Generally, when this happens, the Pattersons would know 
quickly. Ultimately, they would like to perform a more formal survey at 
the end of the camp session to determine if the campers’ experiences met 
their expectations. For now they rely on returning campers as the bench-
mark for the camper’s satisfaction.

7.5.4.3 Governance

The Pattersons performed some level of governance on their processes, 
paperwork, budget, and project content change. Some processes, such as 
safety, are primary and critical so they are tightly controlled. Other pro-
cesses, such as cleaning the equipment, were at first left more to the discre-
tion of the individual counselors. After it became clear that there needed 
to be more structure put in place to ensure proper care and maintenance 
of costly equipment, a more robust process was instituted, and training 
was provided to the counselors.

The budget was controlled by carefully reviewing any potential new cost 
to determine if it could either be handled through a donation or if they could 
do without it. New costs that could not be addressed in either of these ways 
would require an increase in the cost to the parent. This was to be avoided 
as much as possible, because the Pattersons were sensitive to the financial 
situations of the participating families. In addition, they felt increases to the 
overall cost of the camp would directly affect their competitiveness.

The desire to control costs also translated into careful control over 
changes to the camp activities as well. If a proposal to include a new 
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activity could not be supported within the current budget, it could not be 
incorporated. They were careful as well to only buy new equipment that 
would be supported by the number of campers.

7.5.4.4 Trends and Variances

The most significant review of trends and variances was in the number of 
campers each week and over time. Variations drive food and equipment 
purchases as well as staffing levels. Because of the fluctuation in the num-
ber of campers, counselors have to come in knowing there is no guaran-
teed employment. Whether they work or not is based on enrollment.

7.5.4.5 Test, Verification, and Validation

Before new activities are incorporated, the equipment is purchased and 
tested and processes developed. The counselors are then trained in safe 
handling and proper use. After the first set of campers goes through the 
activity, the counselors have a discussion to ensure that everything went 
as planned. Revisions are incorporated as needed.

7.5.4.6 Reviews

The Pattersons review the performance of the counselors regularly. There 
is ongoing informal feedback from campers and parents. Counselors 
who perform well are generally brought back from season to season and 
given more responsibility. Counselors who do not perform well are first 
retrained, and then, if it is determined that they are not a good fit for the 
position, they are released.

7.5.4.7 Quality

The most important activity in addressing quality is with the selection of 
the counselors. It is imperative that the counselors are responsible, engaged, 
interested, competent, trained, and creative. They are assessed initially 
through a volunteer program. If they are chosen as a staff member, they 
gradually assume more responsibility through mentoring and assessment.

If processes are not flowing well, quality issues will be reflected in the 
outcomes. Missing paperwork or payments are an unacceptable outcome 
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with far-reaching effects. They try to address these issues and resolve them 
as quickly and painlessly as possible.

Finally, the availability of clean and safe equipment is an important qual-
ity issue. Jennifer says, “You have to keep up with where all the equipment 
is. Counselors need to be taught that it is their responsibility to use the 
equipment correctly. Kids are not apt to go look for equipment that is lost, 
and maintenance is key. Each sand toy, for example, needs to be rinsed off 
before it is put back in the bucket, the kayak and bounce house needs to 
be rinsed off and drained to keep the equipment in good form.” Replacing 
and repairing worn equipment is an essential quality control process.

7.5.4.8 Controlled Progression

In order to control costs for both the parent and the management, new 
ideas that are brought forward by parents, campers, or counselors are 
reviewed and carefully considered. Ideas that have been investigated and 
left behind are soccer and football tutoring because the cost would be an 
additive to the base camp costs. If it seems like an intriguing idea that 
would not increase costs, the idea is provided to the parents for an infor-
mal vote. If it is a good fit, they will try it out and see how it goes. As activi-
ties fall out of favor, they are eliminated.

7.5.4.9 Leadership

Leadership is a foundational element of success for Adventure Day Camps. 
Jennifer explains, “There are so many moving pieces, the camp itself, the 
activities, equipment, structure, processes, the only way to be successful 
is to have strong leadership.” Indeed, once you add in the responsibili-
ties of advertising, marketing, dealing with paperwork, collections, filing 
taxes, hiring, etc., the only way to survive is for someone to be respon-
sible for each major area, and there is no escaping the accountability. The 
Pattersons bring all of their experience and leadership abilities to making 
this work and know that they are ultimately responsible and accountable 
for the experience and safety of each camper.

They also try to choose counselors with strong leadership abilities. 
Everyone has to pull together to make the camp a success. As they bring 
new counselors into the organization, they look for individuals who 
have knowledge and experiences from different adventures disciplines, 
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because they know they will bring fresh ideas on new activities that can 
be implemented.

7.5.4.10 Communications

Parents, campers, volunteers, and paid counselors all need to be commu-
nicated with closely, but in different ways. All employees are responsible 
and accountable for the campers and so need to have a clear understand-
ing of their expectations and responsibilities. Staff meetings and training 
are held regularly. If things are not being addressed, the Pattersons will 
call them together for a meeting at the end of the day. E-mail and text mes-
saging are used regularly to send out reminders. At the end of the season, 
they host a staff party to thank everyone for their hard work.

The kids communicate primarily with the counselors. Although each 
counselor is assigned a camper check sheet and has the responsibility to 
attend to the needs of each child, in actuality, the campers communicate 
with any counselor that is running the activity. The lead counselors are 
always available to answer any questions or address any issues the camp-
ers bring to their attention. This placed a significant amount of responsi-
bility for the campers onto the counselors, which they had to prove they 
were ready to handle.

Every week prior to the beginning of camp, Jennifer sends an introduc-
tion e-mail message, or make calls if e-mail is not available to the parents 
of the campers who will be attending the following week. This introduc-
tion is used to set expectations, provide information on what to bring, pro-
vide links to maps and paperwork, and to provide as well a list of things 
not to send (e.g., the child’s favorite toy, which if lost, would be irreplace-
able). She also provides some guidance as to the best transition for their 
child into the camp setting. Of course, parents are always free to come 
when they want and stay as long as they want, but experience shows that 
the easiest transitions occur when the child moves into the free activities 
and integrates with the other children as soon as possible after the parent 
drops him or her off at the camp.

7.5.5 Lessons Learned

• When designing something new, it is important to be flexible, lis-
ten to the customers, and adapt. Imagination and adaptability are 
critical in this business. For example, the second half of the day is 
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the best for group activities. Because of the highly flexible schedule 
that is allowed, Adventure Day Camps moved away from morning 
rituals, such as starting the days’ activities as a group, participat-
ing in morning exercise, and reciting the Pledge of Allegiance before 
starting free time. When the camps had just been started and there 
were just a few campers, it was easier to organize the group events. 
However, over the years, the campers were arriving in the morning 
at different times, and it made it more difficult. Although flexibility 
is a real draw for parents, it made it difficult to start group activi-
ties together. Now, the second half of the day is reserved for group 
activities. All campers and their assigned counselors stay together 
for these activities.

• Standardized processes are easier to monitor and ensure compli-
ance. Having standardized processes allows for consistent appli-
cation and results. It is easier to train staff on these processes, and 
standard processes are easier to reproduce in the event they decide to 
duplicate the business model. An example of this was how important 
it was to have a separate supply tent with the equipment kept out of 
view until the counselors decided which activity they wanted to have 
the campers involved with. They learned early on that if equipment 
tubs are kept in plain view and readily available, it is too much of an 
attractant to the average camper. They cannot help but dig into the 
bin to find something fun to play with during the day. This makes it 
challenging to control the return and maintenance of the equipment. 
The campers and counselors just did not have the vested interest in 
collecting the equipment, cleaning and repairing it, and placing it 
back into its appropriate bin at the end of the day. So, they moved 
to a model where the counselor would bring out the equipment only 
when needed, which provided the counselors the opportunity to 
determine what activities they wanted to engage the campers in.

• Measures and metrics are critical for ensuring they meet their objec-
tives. They needed a stronger mechanism for collecting registration 
payments. The Adventure Day Camps are a business. They realize the 
importance of putting in place better controls to ensure the full real-
ization of the funding potential from the opportunities. Realizing 
the full funding potential also gives them the opportunity to set 
funding aside to offer scholarships and invest in new equipment.
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• Communications is an imperative. Any urgent business with par-
ents is done via telephone or text messaging. Other business, such as 
reminders for expected weather events, would be communicated via 
e-mail messages.

7.5.6 Case Analysis

This case study demonstrates the application of project management to 
a highly creative activity that might not typically be thought of as a proj-
ect. It uses all aspects of project management including the development 
of scope, requirements, outcomes, schedule and cost performance, risk 
management, and change management. In this case, there was no product 
technical development; however, there was a significant amount of pro-
cess development. In projects where process or service development is the 
deliverable, it can be tracked using the same techniques as product-related 
technical development. This would ensure that all processes are sufficiently 
developed, tested, and implemented prior to operations. In this case, each 
process and activity was designed and tested before implementation.

The Pattersons managed their schedule in a way that allowed them to 
be operational in time for the summer camp. The budget also was care-
fully controlled. Change and risk were assessed and controlled, sometimes 
resulting in their refusal to add new activities, which would add cost. 
Success for this project was defined qualitatively. The clients, or individual 
campers, had to have “had fun,” and the parents would have to be satisfied 
that their children were kept safe and happy. The project met and exceeded 
its goals as evidenced by the growth in sign-ups over the years.

This project employed meaningful measures throughout the project. 
These included the numbers of campers over time, budget spent against 
the plan, materials purchases, staff training, documentation completion, 
and equipment status (location, cleanliness, repairs needed). Variances 
to schedule, budget, risk, resources, and outcomes were measured using 
informal qualitative reviews in the form of ad hoc queries and nonsolic-
ited reports from campers and parents.

An informal, but disciplined, process of governance was performed on 
their processes, paperwork, budget, and project content change. Some 
processes, such as safety, were more tightly controlled than others. Trends 
and variances were monitored for each of these areas; however, the main 
trend that they focused on was the number of campers as this drove food 
and equipment purchases as well as staffing levels.
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Test, verification, and validation (TV&V) activities were loosely per-
formed to ensure that the equipment and processes were ready for opera-
tions. Reviews and quality were focused on the satisfaction of the customer. 
Potential impacts from proposed changes were carefully evaluated to ensure 
that the customer would not be negatively impacted by implementing the 
change, particularly as related to the cost of the camp to the parents. The 
Pattersons may implement a more formal review structure in the form of a 
survey at the end of the camp session. This survey would provide additional 
insight into how they could improve the camp experience.

This project was highly dependent on strong leadership and communi-
cations. Each person involved in the camp had to bring some unique set of 
skills to the team and had to be proactive in using those skills to achieve 
the broad scope of the project. As a process development project, poor 
performance in any one area would reflect badly on the team as a whole 
and could jeopardize future business in a direct way.

The project is in the operations and maintenance phase, and it is expected 
to continue indefinitely. This case reflects the lessons from Chapter 7 in 
that it demonstrates the application of project management and risk man-
agement to a highly creative, process-focused project with both research 
and process development components.

7.6 KEY POINT SUMMARY

Chapter 7 focused on managing the R&D workforce, specifically, high-
performance teams, both leaders and the team members. Differences 
between supervising, managing, and leading the team were discussed. 
Processes for choosing a diversified staff, building a team, and aligning 
their objectives so that each individual is involved in interesting work, and 
evolving that team were described. In addition, an effective organizational 
model that focuses on learning, incentives, accountability, and responsi-
bility was outlined. This is the final substantive chapter for applying proj-
ect management to R&D projects. Chapter 8 provides a summary review 
of the key elements from each chapter.

Following are key concepts and terms from this chapter.
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7.6.1 Key Concepts

• The potential success of highly creative activities can be increased by 
following closely established processes and procedures.

• Individuals who are highly creative can achieve successful outcomes 
in spite of “perceived” constraints of process and discipline.

• Project management is an optimized support system that allows the 
R&D project manager and team to focus their attention on the new 
development. By relying on a solid project management base, the 
greater levels of achievement can occur.

• Regardless of how disciplined the implementation of the project 
management methods is to the project, the impact of the leader and 
the team members will affect any project.

• The experienced project manager who is knowledgeable and com-
fortable with project management standard processes and practices 
will be able to apply them to their R&D project in meaningful ways 
and will feel comfortable with the accountability that follows.

• By bringing in knowledge and experiences from different disciplines, 
cultures, and organization types, the project manager can overlap 
skills, fill in gaps, and create a team that has the optimal chance of 
bringing new thought and ideas to the project.

• The project manager’s responsibility is to manage the workflow 
effectively and provide opportunities for team members to progress 
in their careers.

• One of the most important traits of an R&D project manager is in 
the willingness to commit to following a project path and to accept 
accountability for its performance.

7.6.2 Key Terms

• Force multiplier: Refers to something that dramatically betters the 
effectiveness of something else, more than the sum of the activities.

• High-performance team: Teams that achieve superior results.
• Incentives: Something used to motivate an individual.
• Individual contributor: An individual who does not have manage-

rial responsibilities.
• Leadership: The act of inspiring the achievement of project outcomes.
• Organizational structure: The hierarchical arraignment of an orga-

nization that describes reporting relationships.
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• Team dynamics: How team members interact with each other.
• Technical leader: An individual who typically does not lead team 

members, but focuses instead on driving technology initiatives.

7.7 APPLY NOW

In filling out Table 7.1, the reader can expand on his or her own personal 
examples, or experiment with different scenarios, to obtain a better under-
standing of the leadership and teaming culture that is most familiar. In 
this example, the most straightforward application of the table is to think 
of a current organization that the reader is familiar with and complete 
each question. Then use the table to document the way the organization 
could be changed and what would be required to implement the learning 
from this chapter to the same organization.
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  TABLE 7.1

  Workforce Management
Overarching Questions  For All R&D Projects

R&D Leadership Attribute Demonstrates the Attribute (Yes, Somewhat, No)

Understands the organization’s overall strategy
Has vision for trajectories that can facilitate the strategy
Tolerance for ambiguity
Embraces change
Exploits strategic opportunities
Willingness to take risks
Strong decision maker

Committed to strong communications
Ability to in�uence
Actively pursues diversity in the team
Follows PM standard processes and practices
Follows life cycle progression
Accountable, disciplined, and responsible

R&D Teambuilding Requirements If Yes-1 If Sometimes-2 If No-3

Sta� Selection & Diversity

Is the project manager allowed to recruit own team?

Does the project manager draw from a diverse pool of applicants?

Are the skills of the team complementary?

Are the team members highly motivated and personally committed to the 
mission?

Are the team members excited about the project and about being a part of 
the team?

Team Building

Is the project manager focused on workforce engagement?

Do individual team members feel a special bond with the other members of 
the team?

Are team members willing to step in, defend, and protect other team
members?

Does the team member have a sense of pride in belonging to the team?

Objectives Alignment

Do the team members have an active interest in the work they are doing?

Do the team members have the skills and experience to perform the work?

Do the team members have reasonable self awareness of strengths,
weaknesses, and career objectives?

Team Training

Are team members provided opportunities for additional growth experiences?

Are the team members allowed to self-select the areas they choose to work?

Are the team members provided assessments and other performance
evaluations?

Are team members provided leadership training?

Are the team members provided mentoring?

R&D Learning Environment Responses

Free Time
Does the individual have free discussion time to explore ideas and brainstorm 

with individuals internal to the organization?
Does the individual have free discussion time to explore ideas and brainstorm 

with individuals external to the organization?

                              (Continued)
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  TABLE 7.1 (CONTINUED)

  Workforce Management
Does the individual have free discussion time to explore ideas and brainstorm 

with individuals across disciplines?
Is the R&D project scheduled with free time?

Is the R&D project scheduled with free time at the right locations along the 
development path?

Free Speech

Does the individual regularly participate in cross-disciplinary seminars, col-
loquiums, lectures, discussions, or other information-sharing forums?

Does the individual understand the boundaries for information sharing?

Is free speech and the �ow of new ideas is uninhibited and unhindered?

Are new ideas allowed to �ow up to the strategic level of the organization for 
evaluation?

Are there impact-free communications channels in place to discuss R&D 
outcomes?

Focus on Outcomes

Is the progress the R&D project makes toward the strategic goal what is 
measured?

Are informal discussions with the stakeholders held at the culmination of 
every experiment or test?

Are the stakeholders involved in decision making at the each of the gate?

Collaborative Physical Environment

Does the physical environment provide for a signi�cant amount of
interdisciplinary interactions?

Are there private spaces that allow for uninterrupted focused re�ection and 
creation?

Incentives O�ered

Are resources such as engineering time, machine shop access, or travel funding 
available for basic or applied research?

Are full or partial ownerships rights and public acknowledgement such as 
patents, copyrights, revenues, etc. available?

Is solid senior leadership support demonstrated?

Is R&D funding protected from casual downselects?

Accountability
Does the leader step up and acknowledge responsibility for actions, decisions, 

and progress?
Does the leader adequately communicate information well to the stakeholders?

Is the leader transparent about that the actions that are being planned and the 
progress that is being made throughout the project?
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8
Process Steps for the R&D Project

Project management for R&D will help optimize outcomes if the fol-
lowing steps are taken:

 1. Identify the project’s fit and alignment with overarching strategy.
 2. Decide on and apply the project management approach: tradi-

tional or flexible.
 3. Identify and implement the elements of complementary 

disciplines.
 4. Correctly classify and set up the project to facilitate the type of 

R&D project.
 5. Develop the foundational project management documents: proj-

ect plan, which includes scope, resource-loaded schedule, bud-
get, communications plan, risk management plans, OBS, WBS, 
and associated work packages.

 6. Develop the foundational systems engineering documents: 
SEMP, which includes ICDs, KPIs, MOEs, MOPs, SEMS, TPMs, 
TRLs, change and configuration control processes, and a com-
pliance matrix.

 7. Set the project baseline and implement the measurements to be 
used.

 8. Actively manage the R&D project using measures and metrics.
 9. Systematically review and take action to mitigate risks and 

seize opportunities.
 10. Facilitate and support the project manager and team throughout 

steps 1 through 9.

Chapters 1 through 7 described the methods for implementing proj-
ect management on an R&D project. These methods are summarized 
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in the list of 10 essential actions shown above. These essential actions 
provide a framework that, when applied, will increase the probabil-
ity that the R&D project will achieve favorable outcomes. This chap-
ter provides a summary of all essential steps as originally described 
within the chapters, and then refer back to the detailed information. 
A final template is provided that will allow the reader to use the list of 
essential steps whenever implementing project management on R&D 
projects, adding value and increasing the reader’s understanding of 
the material presented in this chapter.

Chapter Road Map

This chapter review provides

• a summary of each of the essential steps, referenced back to the orig-
inating chapter

• summary templates, which allows immediate application of the 
framework

8.1  PROJECT FIT, ALIGNMENT, AND 
APPROACH (STEPS 1 AND 2)

Chapter 1 provides guidance on how to establish where a new project 
fits into an organization, how it aligns with the strategy, and how project 
management methods can be applied. The chapter differentiates between 
project, program, and portfolio management. A program refers to the 
compilation of multiple “related” activities, whereas a portfolio refers to 
the compilation of multiple “related and unrelated” activities. A proj-
ect manager should confirm the alignment of the R&D project with the 
organizational strategy and determine if the project would fit into an 
existing program or should be treated as a unique project. This is par-
ticularly important when building a business case for a new R&D project. 
Understanding where it fits and ensuring that it is aligned with the orga-
nization’s strategy will increase its chance of becoming a funded project.

A project manager also needs to assess the project in relation to the life 
cycle. The life cycle is the end-to-end look, or systemic view, of how an 
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activity evolves over time. Each phase within the life cycle has structure 
and a focus. This view is used to make decisions as to what level of project 
management will optimize the performance of the activity. For example, 
project management for a basic research project will be fundamentally dif-
ferent than that for a development project.

Once a project’s placement within the organization and life cycle is 
understood, the project management approach can be determined. A 
project’s goal is to successfully achieve the delivery of the requirements 
and outcomes defined by the project plan. Regardless of the project’s 
industry or discipline, standard project management processes can be 
applied. Certain questions must be answered, though, such as the level 
of formality to apply to the project. The amount of project management 
formality is derived through careful review of customer expectations and 
requirements, and the analysis of risk level, scale, complexity, and scope. 
A large and complex project will require implementation of all standard 
project management processes and require extensive reviews to verify 
performance to the established plan. For small and/or less complex proj-
ects, the project manager would put all the proper documentation in place 
and then use a less formal or even informal oversight of the progress of 
the project.

Chapter 1 also provides information on which project management 
methods are available. Based on the information that has been collected 
and analyzed, a decision must be made on which project management 
method will optimize results. Traditional project management uses a 
methodical, sequential approach to reach a defined target or outcome. 
Flexible project management uses a methodical, cyclical, and iterative 
approach to reach a succession of uniquely defined targets or outcomes. 
Flexible project management methods, Spiral and Agile, support activities 
that have a quicker cycle and a less defined final outcome.

8.2  ELEMENTS OF COMPLEMENTARY 
DISCIPLINES (STEP 3)

Chapter 2 introduces complementary disciplines that can be used to 
enhance project management methods for R&D projects. In applying 
project management to R&D, it is necessary to minimize the dividing line 
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and strict categorization as to what constitutes a project. By constraining 
the typical R&D activities into a time frame, identifying the basic out-
comes that are desired, and focusing on the trajectories to be pursued, 
one can treat R&D as a project. R&D success is measured in the ability to 
evolve, rather than on meeting established milestones.

The standard approach to managing a project is to define the scope, the 
deliverables, and ensure performance to the scope, schedule, and bud-
get. This method is best at controlling projects that have a low level of 
risk and have stable and unambiguous, clearly defined requirements. In 
comparison, an effective approach for applying project management to an 
R&D project incorporates techniques from the disciplines of flexible proj-
ect management and systems engineering. The commonality across these 
methods includes the development of a strategic vision that guides the 
research trajectories and repetitive cycles and iterations. Sets of experi-
ments and tests, prototyping, samples, models, and simulations are all 
used as opportunities to reduce risk and further the R&D. The R&D proj-
ect manager must decide which complementary methods should be incor-
porated based on the needs of the R&D project.

8.3 FACILITATE THE TYPE OF R&D PROJECT (STEP 4)

The nature of R&D—how it is defined, what it encompasses, and what 
its life cycle looks like across various types of activities—is explored in 
Chapter 3. The project manager will be able to identify the most effec-
tive way to use project management and the complementary methods 
by making a determination as to the type of R&D that is included in 
the project.

R&D can be categorized as basic research, applied research, and devel-
opment. Basic research focuses on the acquisition of new knowledge with-
out a defined goal or expected application of the knowledge. A project 
at this stage must support curiosity-driven investigation and intellectual 
inquiry, whereas an applied research project is goal-focused and requires 
heavy research, publishing, peer reviews, dialog, or other defining activi-
ties. Development is generally directed toward evolving a current state of 
something by either modification to, or the creation of, a product, process, 
system, or service.
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8.4  PROJECT MANAGEMENT AND SYSTEMS 
ENGINEERING DOCUMENTS (STEPS 5 AND 6)

Throughout Chapters 1 through 6 are descriptions of project documenta-
tion that is needed to manage a project effectively. The development of 
these documents compels stakeholders to come to agreement on what 
will be accomplished, how it will be accomplished, and under what time 
frame. The documents themselves are important, as they will serve as the 
baseline for which progress will be assessed.

The essential project management documents include a project plan, a 
communications plan, and a risk management plan. For the R&D project, 
the project plan must include in its scope the trajectory or trajectories that 
will be followed toward the strategy. This plan will be the overarching 
document for the project and will include the information on the organi-
zational breakdown structure (OBS), work breakdown structure (WBS) 
and associated work packages, descriptions of the overall budget alloca-
tion, management reserve, and contingency. For R&D projects, the opti-
mal strategy is to develop a one- to three-month resource-loaded schedule, 
anticipated budget allocations, planned experiments and tests that will 
be performed, as well as risk reduction and mitigation strategies for that 
time period. If the project scope and trajectory are well documented, and 
a clear set of tests, experiments, and anticipated outcomes has been estab-
lished, then a set of subordinate schedules can be sequentially developed 
in three-month increments or less depending on the tempo of the experi-
ments. This method ensures R&D schedules are as valid as possible when 
put in place. The schedule, scope, and budget for follow-on phases will 
depend on the results and outcomes of the first phase. In this way, the 
project manager can maintain the flexibility needed to manage the R&D 
project effectively. More detail can be found in Chapters 1, 3, and 5.

The systems engineering documents that will be required include the 
systems engineering management plan (SEMP), systems engineering mas-
ter schedule (SEMS), technical performance measures (TPMs), measure-
ment of effectiveness (MOEs), measurement of performance (MOPs), and 
key performance indicators (KPIs). KPIs can be defined and tracked to help 
minimize the distracting noise level in information that may be important 
but is not essential to achieving successful outcomes. Any interface con-
trol documents (ICDs) that are identified also should be documented to 
minimize the impact on interconnected activities.
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The use of technical readiness levels (TRLs) provides a construct 
that maps well to phase reviews for evaluating and controlling tech-
nological evolution through the life cycle and should be used for R&D 
projects whenever possible. If the project follows a TRL process, there 
will be additional reviews and documentation to ensure that move-
ment along the life cycle, from basic research to production, is care-
fully managed, and that development does not move forward until it is 
ready to do so.

Complementing the project management documents and processes, the 
R&D project manager will incorporate the systems engineering compo-
nents of change and configuration control that are pertinent and applica-
ble, and a compliance matrix will be developed to confirm that the scope 
and requirements have been met. More detail can be found in Chapters 2 
through 5.

Table  8.1 provides a template for use in R&D project initiation and 
planning.

8.5 PROJECT BASELINE AND MEASUREMENTS (STEP 7)

The cornerstone of the way the project management discipline works is 
in establishing a baseline or final agreed-upon version of the project and 
then managing against that baseline. Without this documentation, any 
efforts to measure performance and outcomes are futile. The documents 
described in Section 8.4 form the baseline for the R&D project. Chapters 4 
and 5 provide additional detail on measures and metrics.

Each type of project, wherever it falls within the life cycle, will require 
measurements to keep the project on track. The key objectives in choos-
ing the correct measurements and managing them are to create a situ-
ational awareness about the state of the project and to use that awareness 
to achieve a level of control that keeps forward momentum on a project. 
Measuring what is important during the course of a project increases the 
probability that the outcomes will be what are expected or anticipated.

Measurements can be applied in an infinite variety of ways depending 
on the desires of the customer, the stakeholders, and the project manager. 
For R&D projects, the essential measurements require original base-
lined progress documentation, such as a project plan, a project book, a 
shared progress board, and a risk plan, to be in place. The project plan 
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needs to include information on trajectories and associated MOEs, MOPs, 
KPPs, and TPMs that lead to the project strategy. A one- to three-month 
resource-loaded schedule should be in place. Each one- to three-month 
schedule should conclude at a test or experiment, and the tests, experi-
ments, and gate reviews should be set up to provide clear go/no-go posi-
tions. Finally, a communications matrix should be initially set up and then 
reviewed regularly to keep a high priority on conveying progress along the 
trajectories.

Whichever measurements are chosen must support effective decision 
making throughout the project. Metrics that are chosen must be validated 
to confirm that they are drawing from quality data and are providing use-
ful information.

8.6 ACTIVE MANAGEMENT (STEP 8)

Chapters 4 and 5 describe the methods used to actively manage the R&D 
project using measures and metrics. The project manager must manage 
changes against the baseline. Documentation of all change requests, sta-
tus, and actions is an imperative. Not managing change leads to confusion 
and poor implementation of modifications.

The project manager also must compile and review measurements peri-
odically and establish analysis of performance to the baseline. Going 
through the motions of putting in place all the proper documentation 
provides a solid understanding of what is planned. However, it is the act of 
monitoring, assessing, and making adaptive changes in order to address 
variances that will increase the probability of success. All aspects of the 
project are monitored at some level including performance to schedule, 
budget, and scope, and risk, resources, and outcomes. These are moni-
tored through the use of variance analysis tools, quality and readiness 
reviews, test, verification, and validation (TV&V), etc.

Reviews provide a structure to assess a project’s success in complying 
with the requirements described in the project plan and to determine its 
readiness to progress in the life cycle. The project manager or any of the 
stakeholders can call for reviews. The project manager may either select the 
participants, determine the level of formality required, identify the work 
tasks that are being reviewed, define the entrance and exit criteria, or may 
facilitate the review requirements if the review is called by a stakeholder. 
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These reviews typically include an assessment of the conformance of the 
design to the specifications in the project plan and may also include an 
evaluation on the status of the technological evolution. For R&D projects, 
the project manager, in collaboration with the stakeholders, identifies the 
types of reviews to be included. These can include management, informa-
tion, peer, phase gate, after-action, or other types of information reviews. 
Peer reviews also are an important verification check for R&D projects 
to ensure that the project team is interpreting the results of the test and 
experiment outcomes appropriately. These reviews can include systems 
requirement reviews (SRRs), preliminary design reviews (PDRs), critical 
design reviews (CDRs), test readiness reviews (TRRs), and many others. 
The project manager in collaboration with the stakeholders must deter-
mine the appropriateness, formality, and necessity for these reviews.

Supporting the reviews are the results of TV&V. Tests assess the per-
formance of any article, subcomponent, component, or system against 
specifications, and verify real or simulated capability within controlled 
conditions. Verification ensures that the system, product, or process meets 
the requirements and specifications exactly as written, where validation 
confirms that the end product or process meets the intent of the customer. 
The method that is used should be the most effective at demonstrating 
the conformance to the requirements and its intended use. These results 
should confirm that the end product or process is suitable to its intent and 
meets all the specifications.

Communications-related activities are a significant responsibility of the 
project manager. In R&D projects, the need for communications is partic-
ularly acute, because typical communications methods that convey proj-
ect health may not be in place. Effective communications need to occur 
within the project, with the stakeholders, and with the formal customer. 
For R&D projects, implementing the communications plan described in 
Chapter 5 will keep people interested and engaged and will provide a level 
of confidence that resources are being applied to a worthwhile endeavor.

8.7  MITIGATE RISKS AND SEIZE 
OPPORTUNITIES (STEP 9)

All the project planning that can be done in preparation of starting a 
new activity, and all the careful management of progress on that project, 
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cannot guarantee successful outcomes. The environment is not perfectly 
predictable, and there are always unexpected things that emerge that may 
impact the project plan. This is why applying risk management is critical 
for any project. Identifying inherent risk at the beginning of a project, and 
then actively managing risk throughout the life of a project will increase 
the probability of successful outcomes.

A risk is defined as something that might occur, where if it did occur, 
would cause an impact on the planned activity. The impact might be 
negative, causing increased cost, schedule slip, or an inability to meet 
the required scope. Or the impact might be positive, in the sense that an 
opportunity can emerge from the risk that allows optimization through 
an unforeseen move forward of schedule, a lower cost solution, or a tech-
nical advancement.

When making decisions on how to address risk for the R&D proj-
ect, the best course of action may be unclear. The decisions are seldom 
straightforward or easy, and often involve ambiguity, bias, and com-
plexity. Addressing risk and opportunities throughout the R&D project 
requires flexibility and the willingness to make significant, often dif-
ficult decisions. Project managers must often base their decisions about 
the available viable options on experienced judgment. Those options are 
evaluated from information that is available about the risks, the oppor-
tunities, and the alternatives. Changes that come from these choices may 
directly impact the trajectories that are being pursued, either resulting 
in a new trajectory, or resulting in a revision or work stoppage along an 
existing trajectory.

The R&D project manager, in collaboration with the stakeholders, is 
responsible for developing the risk plan and approach for the project. He 
or she also will administer the risk management processes, document 
risks, and opportunities that are brought forward and ensure that each 
one is understood, assessed, and addressed appropriately.

Chapters 2, 4, 5, and 6 provide details on how to mitigate risks and seize 
opportunities. Chapter 4 also provides a systematic way to develop a risk 
register and to determine how much of the budget should be held aside for 
these potential risks and how much management reserve should be held 
for the potential unknown unknowns.

Table 8.2 provides a template for use in R&D execution, monitor and 
control, and evolution.
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8.8  FACILITATE AND SUPPORT THE R&D TEAM (STEP 10)

Regardless of how disciplined the implementation of the project man-
agement methods are on the project, the probability of R&D project 
success will be increased by the choice of an experienced R&D project 
manager and a well-diversified and dedicated team, and it will be fur-
ther enhanced if that team has a well-structured learning environment. 
For R&D projects, the optimal environment is one that is focused on 
and supports learning rather than one that tracks and rewards milestone 
achievement.

The project manager is responsible for building, retaining, and develop-
ing the team. This team can be one that is already in place, or, optimally, 
is one that he or she can bring together. By bringing in knowledge and 
experiences from different disciplines, cultures, and organization types, 
the R&D project manager can bring new thought and ideas to the project. 
Once the team is in place, the project manager will need to align the objec-
tives of the individual with the objectives of the project. He or she also 
will need to provide activities that unite and motivate the team, manage 
the workflow effectively, and provide opportunities for team members to 
progress in their careers.

To assist in team management, a workforce management plan can 
be developed. This plan will help the R&D project manager to identify 
the critical skills, describe retention methods, establish training and 
career progression paths, and provide other workforce-related informa-
tion important to the project. Methods to reward and incentivize team 
members should be included, possibly incorporating some combination 
of providing protected free time and access to resources, such as engi-
neering time, machine shop access, or travel funding for idea exploration. 
Depending on the organization, incentives also could include full or par-
tial ownerships rights and public acknowledgment, such as patents, copy-
rights, or revenues.

One of the most important traits of the R&D project manager is in the 
willingness to commit to follow a project path and to accept accountabil-
ity for its performance. Stepping up and acknowledging responsibility for 
actions, decisions, and progress, and then communicating that informa-
tion well to the stakeholders leads to a relationship of trust. The stakehold-
ers feel comfortable that the project manager will implement the steps that 
will lead to the highest probability of success for the R&D project. When 
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he or she is transparent about the actions that are being planned and the 
progress that is being made throughout the project, trust and respect con-
tinue to build. Reviews and focus group discussions with external subject 
matter experts are a valid way to confirm that the project is performing 
as expected.

Finally, by physically creating an environment of trust, inclusion, and 
creativity, an R&D project team has the greatest chance of reaching its full 
potential. This can be accomplished by ensuring the team has ample free 
time to consider, contemplate, and discuss ideas without a goal in mind. 
They also should be provided opportunities to participate in interdisciplin-
ary, forward-thinking dialog with their peers, and protected so that their 
ideas are not hindered by intolerance within the organization. Whenever 
possible, a creative physical environment should be made available that 
provides a significant amount of interdisciplinary interactions, but also 
provides spaces for uninterrupted focused reflection and creation. Both 
of these needs must be met to optimize R&D project potential. Chapter 7 
describes the details for facilitating and supporting the R&D team.

Table  8.3 provides a template for use in R&D project support and 
facilitation.
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Appendix A

KEY TERMS

This section provides a compilation of the key terms from each of the 
chapters for ease of reference.

Chapter 1

• Agile: An approach and method of structuring work in an iterative 
way that incorporates the voice of the customer and achieves out-
comes quickly.

• Applied research: Aims to gain knowledge to address a known need, 
technical, or scientific goal.

• Approach: Specific actions that will be taken to develop and imple-
ment requirements and achieve the overall project outcomes.

• Basic research: Sometimes referred to as theoretical or fundamental 
research, its objective is the acquisition of new knowledge without a 
defined goal or expected application of the knowledge.

• Baseline: A version of a budget, a schedule, or technical specifica-
tions that is used to compare actual performance over time.

• Budget: An allocation of funds to a particular activity over a certain 
period of time.

• Critical path: The scheduled tasks in a project that take the longest 
to accomplish.

• Hypothesis: A statement that proposes an explanation for why, when, 
where, or how something occurs. It is a prediction against which 
testing can be used to substantiate the statement.

• Innovation: The use of a new product, process, organization, or 
method that is completely new or vastly improved to the organiza-
tion or entity.

• Life cycle: The end-to-end look, or systemic view, of how an activity 
evolves over time and is typically used to make decisions on when 
to invest in new technology that will either replace or rejuvenate the 
existing capability.
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• Organization chart: A relationship chart that shows the hierarchy 
and reporting relationships between various individuals or groups.

• Organizational breakdown structure (OBS): A hierarchical descrip-
tion of how the project tasks are aligned with the organization 
departments that perform the work.

• Outcome: Written description of what is expected once a project is 
completed. It does not include activities that will be done within 
the project to complete it, but is entirely made up of results from 
those activities.

• Portfolio: All of the work of the organization to support its strategic goals 
and objectives, including operational activities, programs, and projects.

• Program: The compilation of multiple “related” activities under a 
common umbrella.

• Project: Typically defined as an activity with a defined scope or goal, 
to be accomplished within a specific time frame or schedule, and 
with a dedicated budget element.

• Project management: A defined set of steps that are used to facilitate 
performance, measure actions, and control the parameters of cost, 
schedule, and technical performance for a defined activity.

• Prototype: A prototype is the physical or software form of an object 
or capability that is used to test and demonstrate that an idea should 
be pursued or will work.

• Qualitative: Collection of data in the form of words or images.
• Quantitative: Collection of data in the form of numbers or statistics.
• Requirements: Written definition of the exact functionality or capa-

bility that is needed. It can be a feature or a process.
• Research and Development (R&D): Research is the activity of iden-

tifying an idea worthy of additional study, investigating what is 
known, hypothesizing on what is not known, and then testing the 
hypothesis with experimentation to prove or disprove the theories. 
It can include computer modeling, prototype development, or other 
proving activities. Development is the activity of taking an idea and 
evolving it until it is a workable solution or product. Development 
can include processes as well as products.

• Risk: A risk is defined as something that might occur, where if 
it did occur would cause an impact on the “as defined” budget, 
schedule, or technical performance. Occasionally risks can be 
opportunities, although generally they are seen as having a nega-
tive impact.
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• Schedule: An outline of all the steps and subordinate steps that must 
be done in the order in which they must be performed, and including 
an estimation of the time it will take to complete each activity.

• Scope: The scope defines in plain language “what” will be done and 
what is not being done. It does not define how it will be done.

• Spiral: An iterative process of software development that incorpo-
rated the major tenets of project management and systems engineer-
ing, and formal stages with well-defined exit criteria that had to be 
met before an activity moved on to the next phase.

• Stakeholders: Individuals that have a vested interest or influence 
over the outcomes of the project. Stakeholders include team mem-
bers, customers, executive leaders, and other departments.

• Systems engineering: As a discipline, it provides structure and meth-
ods to define and organize projects, to integrate activities and ensure 
that interfaces are correctly identified and addressed, ensures test-
ing of components and systems are completed, manages risks and 
reviews, and performs configuration management to ensure that 
design changes are tracked and implemented methodically so the 
current configuration is always known.

• Waterfall approach: Is a traditional approach to development activi-
ties, both hardware and software, that uses a series of phases, aligned 
in a downward-flowing diagram where one step leads directly into 
the next step, and there is no iteration.

• Work breakdown structure (WBS): A construct that describes the 
elements of the overall project; anything that is not in the work 
breakdown structure is not part of the project.

• Work package: The work that is associated with the lowest level of the 
WBS that is tracked.

Chapter 2

• Adaptive Software Development (ASD): A flexible method that is 
loosely based on complex adaptive systems and chaos theory where 
the norm is continuous adaptation.

• Change Control Board (CCB): A committee made up of stakehold-
ers who have the responsibility of making change request decisions.

• Client: A term typically used to refer to the recipient of professional ser-
vices (such as legal, accounting, artistic ventures, etc.). The term client 
is sometimes used interchangeably with the term customer. However, 
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customer is generally used when referring to products or services that 
have been obtained from a business rather than a service professional.

• Configuration Status Accounting (CSA): Responsible for recording 
and reporting on information needed to manage the configuration 
control process.

• Crystal methods: The focus of this methodology is in people, com-
munications, personal attributes, and talents of the team members 
and puts process in the secondary role.

• Customer: A term typically used to refer to the recipient of products 
or services, generally used in the context of short-term, buy–sell rela-
tionships, such as purchases from a business versus from a service 
professional. This term is often used interchangeably with the term 
client, although they have slightly different meanings.

• Dynamic Systems Development Method (DSDM): This framework 
attempts to bring in the best from all the methodologies and mitigate 
the risks inherent in some.

• Evolutionary Project Management (EVO): The approach is for a 
scope to be developed with the user based on their experience and 
compartmentalized into a series of small development deliveries to 
be delivered in one- to six-week cycles.

• Extreme Programming (XP): The method is heavily customer 
focused, and emerging requirements are immediately put into the 
queue. Quick cycles, called iterations, are completed every one to 
three weeks.

• Feature-Driven Development (FDD): This model is a top-down, 
architectural-driven method, with subelements of that architecture 
heavily decomposed into functional views.

• Flexible methods: The use of nontraditional approaches to manage a 
project in a methodical and somewhat structured manner.

• Industrial engineering: Quantitative optimization of complex inte-
grated systems.

• Interface Control Document (ICD): Documents that define in words 
how capabilities are to be connected.

• Product Lifecycle Management (PLM): An integrated systems devel-
opment model that is similar to the traditional Waterfall method.

• Rapid Application Development (RAD): This method focuses on the 
quick and iterative prototype development cycles. It is typically asso-
ciated with object-oriented software development.
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• Risk register: A uniquely identified list of risks, typically compiled 
in a spreadsheet.

• Scrum: Uses stories to capture requirements that are then priori-
tized and held as a backlog to be worked off during short iterations 
of development called sprints.

• Unified process: The key phases in this framework include the devel-
opment of use cases and scenarios to develop requirements, archi-
tecture, schedule, and cost estimates, and to complete risk analysis.

• Use case: A written story that describes the operating environment 
in a way that helps define user requirements.

Chapter 3

• Constructive research: Aims to propose solutions to a question that 
has been asked.

• Diffusion: The act of dispersing or propagating something across a 
wide population.

• Empirical research: Aims to test proposed solutions for feasibility.
• Experimental development: Systematic approach to using existing 

knowledge and experience to improve or invent something new.
• Explanatory research: Searches for and attempts to explain an exist-

ing hypothesis or phenomenon without changing any of the variables.
• Exploratory research: Follows the pattern of probing around in order 

to formulate hypotheses or questions the researcher wants to answer.
• Formative research: Gives form, molds, or shapes an idea or thought.
• Free-form research time: Unstructured time to conceptualize and think 

through various ideas, which often leads to breakthrough thinking.
• Mixed methods: Combines quantitative and qualitative data collec-

tion and analysis in various ways that fit the research needs.
• Objectivity: Unbiased result that is not influenced by the researcher’s 

personal interpretations.
• Oriented basic research: Directed research that is expected to pro-

duce knowledge that will serve as background material for future 
applied research and eventual development activities.

• Qualitative research: Frames a broad thematic question, answered 
through the collection of data in the form of words or images.

• Quantitative research: Frames a narrow question, answered through 
the collection of data in the form of numbers or statistics.
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• Random sampling: A method of sampling where each element in a 
population has an equal chance of being selected.

• Scientific method: A quantitative, exploratory method of research 
that evaluates the results of tests through the collection of mathe-
matical or statistical measures.

• Socratic method: A qualitative, explanatory, and exploratory method 
that includes both classical and modern approaches to questioning 
and uses deconstruction or hypothesis.

• Stratified sampling: A method of sampling that layers the population 
and then obtains samples from within the stratifications.

• Subjectivity: Reflects a perspective not bound in concrete evidence.
• Systematic sampling: A method of sampling, which takes a popula-

tion and puts it in some order, then selects at regular intervals.

Chapter 4

• Actual cost (AC): In earned value management, the cost that has 
actually been recorded for the work performed on the work activity 
during a certain time period.

• After-action review (AAR): Also referred to as retrospective, reflec-
tive, and postmortem reviews, these reviews are conducted soon 
after an event with a focus on what happened, why it happened, what 
was positive and negative about the experience, and what can be 
improved upon in the future.

• Alternative systems review (ASR): Focus is on reviewing alternative 
systems concepts that have been investigated.

• Audits: Performed by external project participants for the express 
intent to evaluate compliance to established processes, standards, 
specifications, contracts, etc.

• Basis of estimating (BOE): A complete background on how the project 
costs were estimated and budget was built available for future reference.

• Budget at completion (BAC): The total planned value (sum of the 
budgets) for the project at completion.

• Change management: The process of taking a structured approach 
to making sure that the change impacts are all accounted for and 
understood and that the stakeholders understand the change ramifi-
cations and are positioned to accept the change.
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• Configuration management: Refers to the process of maintaining 
careful records of the requirements, specifications, and change to 
the technical design.

• Contingency: Amount of project funding held aside to address items 
that would have a strong negative impact on a project and have a 
high probability of occurring.

• Cost performance indicator (CPI): In EVM, the ratio of earned value 
to actual cost for the project. The formula used is: CPI = EV/AC.

• Cost variance (CV): In EVM, the difference between the budget (EV) 
and the amount committed (AC) at any given point. At the end of the 
project, the CV is the difference between the BAC and the AC. The 
formula of CV = EV – AC is used to calculate this metric.

• Critical design review (CDR): Evaluates the system design documen-
tation, known as the product baseline, and ensures that it is correctly 
represented in the draft production baseline and that what will be 
produced will meet the functional and performance requirements 
established at the preliminary design review (PDR).

• Earned schedule (ES): A method that compares the work scheduled 
versus the actual work performed in time allocations, rather than in 
currency and labor hours, which are used in EV.

• Earned value (EV): In EVM, the percentage of work that has been 
performed in relation to the allocated budget for that time period.

• Earned value management (EVM): A method that compares the 
work associated with the baselined project, allocated across the time 
frame of the project to the percentage of work that has been com-
pleted, the earned value (EV).

• Estimate at completion (EAC): In EVM, an estimate of the final cost 
at the end of a project, which includes actual costs, plus an estimate 
of the cost to complete.

• Estimate to complete (ETC): In EVM, an estimate of costs associated 
with completing a project, generated based on experiences to date, 
applied to what is known about the remaining work to be done and 
an expectation of the level of unknowns based on experience.

• Formal review: A planned event to review an activity by a group of 
independent, typically external to the organization, subject matter 
expert reviewers for the purpose of identifying risk.

• Full time equivalent (FTE): One FTE is the equivalent of one person 
working full time for the year, calculated by taking the total num-
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ber of labor hours associated with the project and dividing it by the 
number of hours available for an employee to work in a year.

• Governance: Activities that help control the progress of the project 
to keep it on course.

• Informal review: Generally called by an individual with internal 
reviewers, does not follow an agenda and results are not captured or 
reported. Conducted for specific purpose or as needed.

• Information reviews: Assessment of the available project informa-
tion, where it is contained or archived, how it is accessed, and details 
of the retention strategy.

• Key performance indicators (KPIs): The key measures of success for 
the project.

• Management reserve: Amount of project funding held aside to address 
unanticipated needs that emerge during the course of the project.

• Management review: A review to determine status so as to make 
decisions about future activities or direction.

• Materials, equipment, and services (ME&S): Activities that are not 
labor related within a project. Generally include facilities, procure-
ments of hardware, software, and services.

• Measures: Usually refers to measurements that are quantitative and 
objective. Measures are used as an input to metrics.

• Measures of effectiveness (MOEs): Define how well the implemented 
technical requirements are expected to meet the intent of the stake-
holder for its use in an operational environment.

• Measures of performance (MOPs): Define how well the implemented 
technical requirements meet the intent of the specifications.

• Metrics: Qualitative and quantitative data compiled into informa-
tion that represents a measurement of progress made against an 
expected set of parameters.

• Operational readiness review (ORR): Establishes that the system is 
ready to be delivered and that all documentation, training, and oper-
ating procedures are of the appropriate quality and are available.

• Peer review: A review performed by individuals who hold a compa-
rable position, have similar credentials, or are otherwise comparable 
in knowledge and expertise to those who originally performed the 
work that is undergoing review.

• Performance measurement baseline (PMB): The aggregate of all the 
authorized budgets in the project control accounts (CAs) is the proj-
ect management baseline.
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• Phase review: Also referred to as decision point, or gate review, is a 
review completed by a panel of internal and/or external participants 
who review the project materials and make a determination if the 
project is ready to move forward to the next phase.

• Planned value (PV): In EVM, the budget authorized for scheduled work.
• Preliminary design review (PDR): Confirms that the preliminary 

design of the system is consistent with the specifications, that the 
risks have been formally addressed, and that the system can move 
forward in development.

• Production readiness review (PRR): Incremental reviews, held for 
each subsystem, as the design evolves and is successfully tested, to 
ensure that the design is ready for production and that production 
planning is complete and sufficient to produce the design.

• Quality controls: Refers to the conformance of the design to the require-
ments and specifications and to the value as seen by the stakeholders.

• Schedule performance: A schedule is developed using a buildup from 
the tasks that will be performed, the start and finish dates, and the 
critical path, and identification of the individuals assigned to per-
form the tasks.

• Schedule performance index (SPI): In EVM, the metric that reflects 
the measurement of all baselined project work against actual per-
formed work, calculated using a formula where SPI = EV/PV.

• Schedule variance (SV): In EVM, the difference between where 
schedule performance should be at a given time and where one actu-
ally is, calculated by the formula SV = EV – PV.

• Semiformal review: A planned event to review a project activity by a 
group of subject matter expert reviewers for the purpose of identify-
ing risk. Can be held with a group of internal reviewers, but typically 
would utilize a combination of internal and external reviewers.

• System acceptance review (SAR): Reviews the end products of the pre-
vious phases of development and production and validates that the 
system as a whole is consistent with the stakeholders’ expectations.

• System design review (SDR): A review of the system definition as 
relates to the system characteristics and configuration items.

• System functional review (SFR): An assessment of analysis, trade 
studies, and modeling and simulation results that support the lower-
level elements associated with the system.

• System verification review (SVR): Assesses readiness of the design 
for production in terms of completion and performance during 
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test planning, risks within the production plan, cost estimates for 
production, and general feasibility of completing the production 
as planned.

• Systems engineering management plan (SEMP): A standard docu-
ment that compiles information about the requirements and speci-
fications, outlines configuration control procedures and baseline 
management, interface control documents, and subsystem and com-
ponent information.

• Systems engineering master schedule (SEMS): Document within 
the SEMP, which identifies actual milestones of demonstrations, 
reviews, or other important verification events.

• Systems requirement review (SRR): Confirms that the operational 
requirements and design criteria have been converted to technical 
requirements and that they are understood well enough to establish 
an initial baseline.

• Technical performance measures (TPM): The physical or functional 
attributes of the technology that ensure that the system, product, or 
process meets the requirements and specifications as written.

• Technical readiness levels (TRL): A sequential process to evaluate tech-
nological evolution and manage the movement through the life cycle.

• Test readiness review (TRR): Ensures that test objectives and pro-
cedures are coordinated and ready to proceed and that they comply 
with the test plan.

• To-complete performance index (TCPI): In EVM, calculated to iden-
tify the expected actual cost to finish the work. TCPI is calculated 
two ways: TCPI = (BAC – EV)/(BAC – AC) or TCPI = (BAC – EV)/
(EAC – AC).

• Trend analysis: The review of historical data and a forecast of future 
data, generally based on past performance.

• Variance analysis: A technique for assessing the degree of difference 
between what was baselined and what was actually performed.

Chapter 5

• Compliance matrix: A matrix that describes what each stakeholder 
will get from the project and independently obtains confirmation 
that the capability is as planned.

• Project book: Also called a research book or a shared board, it is 
a common document that is shared by the team used to document 
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R&D activity containing enough detail that one could recreate the 
exact experiments and tests at that point and obtain the same results.

• N2 chart: A framework to identify and tabulate functional and physi-
cal interfaces.

Chapter 6

• Active management: The act of reviewing project and risk activity on 
an ongoing, repetitive basis in order to make thoughtful adjustments 
in an effort to optimize project outcomes.

• Cost risk: The risk of exceeding the available budget.
• Risk management: The processes and tools that are used to identify, 

assess, mitigate, and monitor or control the overall environment 
from where the risks emerge and could potentially impact the proj-
ect throughout its life cycle.

• Risk management plan: A vital document used to describe how risk 
will be addressed and managed on a project.

• Risk mitigation: Risk mitigation is the action of methodically reduc-
ing the exposure to a risk and/or the reduction of the probability that 
the risk will occur.

• Schedule risk: A risk that scheduled milestones will be missed.
• Technical risk: A risk that technical specifications will not be met.

Chapter 7

• Force multiplier: Refers to something that dramatically betters the 
effectiveness of something else, more than the sum of the activities.

• High-performance team: Teams that achieve superior results.
• Incentives: Something used to motivate an individual.
• Individual contributor: An individual who does not have manage-

rial responsibilities.
• Leadership: The act of inspiring the achievement of project outcomes.
• Organizational structure: The hierarchical arraignment of an orga-

nization that describes reporting relationships.
• Team dynamics: How team members interact with each other.
• Technical leader: An individual who typically does not lead team 

members, but focuses instead on driving technology initiatives.
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ABBREVIATIONS/ACRONYMS

AAR: After-action review
AC: Actual cost
ASD: Adaptive software development
ASR: Alternative systems review
BAC: Budget at completion
BOE: Basis-of-estimate
CCB: Change Control Board
CDR: Critical design review
CI: Composite index
CPI: Cost performance indicator
CSA: Configuration status accounting
CV: Cost variance
DSDM: Dynamic Systems Development Method
EAC: Estimate at completion
ES: Earned schedule
ETC: Estimate to complete
EV: Earned value
EVM: Earned value management
EVO: Evolutionary project management
FDD: Feature-driven development
FIRST®: For Inspiration and Recognition of Science and Technology
FTE: Full-time equivalent
ICD: Interface control documents
I: Impact index
INCOSE: International Council on Systems Engineering
ISO1: International Organization for Standardization
JPL: Jet Propulsion Laboratory
KPI: Key performance indicators
KPP: Key performance parameters
LCD: Liquid crystal display
ME&S: Materials, equipment, and services
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MECA: Mars Environmental Capability Assessment
MIT: Massachusetts Institute of Technology
MOE: Measures of effectiveness
MOP: Measures of performance
MR: Management reserve
MSP’01: Mars Surveyor Program 2001
NASA: National Aeronautics and Space Administration
ORR: Operational readiness review
PDR: Preliminary design review
PDSA2: Plan-Do-Study-Act
PI: Probability index
PLM: Product life cycle management
PMB: Performance measurement baseline
PMBOK®: Project Management Body of Knowledge
PMO: Project management office
POC: Point of contact
PRR: Production readiness review
PSP: Personal software process
PV: Planned value
RAD: Rapid application development
RCX3: Robotic Command eXplorers
RTF: Ready-to-fly
RUP: Rational unified process
R&D: Research and development
SAR: System acceptance review
SDR: System design review
SEMP: Systems engineering management plan
SEMS: Systems engineering master schedule
SFR: System functional review
SPI: Schedule performance index
SRR: Systems requirement review
SV: Schedule variance
SVR: System verification review
SWOT: Strengths, weaknesses, opportunities, and threats
TCPI: To-complete performance index
TPM: Technical performance measurements
TQM4: Total quality management
TRL5: Technical readiness levels
TRR: Test readiness review
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TSP: Team software process
UK: United Kingdom
VP: Vice president
WBS: Work breakdown structure
XP: Extreme programming
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