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of project management in a wide variety of applications. A who’s-who

roster of expert authors present explanations and advice on all aspects
of project management. The book provides fundamental blueprints for suc-
cessful project planning and execution. A must-own volume for project
managers, product and service developers, team leaders, and executive per-
sonnel in all industries will find the information useful and pragmatic.

The primary change in this 2nd Edition is the updating of the chapters
in the original book. In addition, several new chapters have been added,
viz., Effective Project Information Systems; Project Management Software: A
Guideline for Project Selection and Use; Implementing Earned Value; Project
Leadership; Building the Project Statement of Work; Building High Perform-
ance Teams, and Project Management Maturity.

There are five major sections in this book. Section I sets the stage for
project management through chapters on the strategic management of or-
ganizations, the rationale for project management, what constitutes project
success, and the design and implementation of the project management
process.

Section II covers a range of different subjects related to planning tech-
niques such as project selection, life cycle choice, developing the work-
breakdown structure, project costs, achieving on-time performance,
developing winning proposals, and risk assessment.

Section III deals with the general topic of project leadership. Motivation
of stakeholders, the use of the matrix organization, political strategies, the
role of senior management, communications, negotiating skills, and devel-
oping project management skills for the future are all provided in this sec-
tion.

Section IV looks at project oversight through how to monitor projects,
use project software and information systems, quality management, project
evaluation, the timely termination of projects, and legal considerations in
the management of projects.

TThis Field Guide provides basic and useful guidance on the practice
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Section V, the last section in the book, extends the use of project man-
agement concepts and processes into non-traditional use of project teams
such as reengineering teams, product development teams, and self-managed
production teams.

I wish the users of this book the best of success in the management of
their projects!

David I. Cleland
Professor Emeritus
University of Pittsburgh
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Chapter

1

Strategic Planning

David I. Cleland
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Management and Engineering Management. His
current research interests are in the evolution of
project management and the strategic context of
projects in the management of enterprises.

for an organization. Projects provide an organizational focus for con-

ceptualizing, designing, and creating new or improved products, ser-
vices, and organizational processes. Failure to create and maintain a
portfolio of projects in the strategic management of an organization means
the decline and ultimate failure of that organization. The successful orga-
nization maintains a portfolio of projects centered around the operational
and strategic needs of the organization.

The changes organizations face today have no precedent. Companies
must keep up with legal, social, economic, and technological changes as well
as changes brought about by competitors’ advances and new needs of cus-
tomers. The organization must offer extraordinary modifications in products
and services to ensure survival in the competitive marketplace.

Senior managers, who have the most direct responsibility for the future
of the organization, must develop the ability to assess opportunities, eval-

Projects are the building blocks in the design and execution of strategies

Field Guide to Project Management, Second Edition. Edited by David I. Cleland 3
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4  Project Management

uate risk and uncertainty, and make informed decisions concerning which
strategies and projects best prepare the organization for its future.

In a successful organization, the portfolio of projects is under constant
change. Some projects are preliminary ideas, some are under development,
and some are nearing completion to join the inventory of products and
services maintained by the organization as well as to provide supporting
organizational processes such as manufacturing, engineering, and market-
ing. As the preliminary project ideas are evaluated, some will survive and
undergo development; others will fall by the wayside.

Why Projects Fail
A project may fail for reasons such as the following:

¢ Inadequate senior management oversight

¢ Ineffective planning

¢ Inappropriate organizational design

¢ Lack of well-defined and delegated authority and responsibility

¢ Inefficient system for monitoring, evaluating, and controlling the use
of resources on the project

¢ Ineffective contingency planning

¢ Limited team member participation in the making and execution of
decisions on the project

¢ Unrealistic cost and schedule objectives

¢ Lack of customer commitment to project

¢ Limited customer oversight

¢ Inadequate management information system

Senior managers must maintain surveillance over the portfolio of projects,
develop insight into the probable success or failure of individual projects,
and determine whether projects support the strategic and operational pur-
poses of the organization. Several considerations can guide such surveil-
lance.

Project Evaluation Considerations

As senior managers maintain surveillance over the adequacy of the project
portfolio, answers to the following questions need to be considered:

¢ Are the project results innovative and effective?

¢ Do the project results reflect state-of-the-art technology?

¢ Does the cost of the resources used on the project permit the company
to competitively price the results?

¢ Are there customers for the expected project results?
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¢ How do the project results compare with identified customer needs?

¢ What unique customer attributes and benefits will the project results
reinforce?

¢ How do these unique attributes and benefits compare to what the com-
petitor is likely to provide?

¢ Do the project results reflect the unique strengths and capabilities of
the organization?

¢ Does the organization have the resources—both human and nonhu-
man—to develop, produce, and market the project results?

e What is the probability that the project results can be successfully
achieved in time to support organizational strategic purposes?

¢ Will the project results provide a suitable return on investment for the
organization?

Senior managers can use this evaluation guide to gather data that will
sharpen their insight into which projects are the most promising, which are
likely to survive, and which might best be terminated. As senior managers
conduct their regular review of the ongoing projects and deal with the issues
likely to arise in seeking answers to questions in the guide, an important
message will be sent throughout the organization: Projects are important in
the design and execution of competitive strategies in this organization.

There are other performance standards by which to judge organizational
project management.

Performance Standards

An organization can also employ other performance standards to determine
how its project and other resources are being used.! Key strategic perform-
ance standards are listed in Figure 1-1.

Vision: A Picture of the Future

A vision for the organization sets the stage for performance standards and
all that follows. Vision, according to Jonathan Swift, is the art of seeing things
that are invisible to others. Senior managers with foresight, competence, and
discernment have the opportunity to develop a vision for the strategic di-
rection of the organization along with its supporting projects.

A vision is in a sense a dream of what the future should be for the
organization—the general direction in which the organization should travel
to be what the leaders want it to be. The expressions of vision by senior
managers offer a dream of what the future of the organization should be.
For example:
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An image of what the organization is to
be.

The business the organization is
in

Desired future
positions

Measurable
/ GOALS milestones
Use of critical
— / STRATEGY \ resources
Organizational
rganiz:
STRUCTURE design
S
desi
/ ROLES \ Job design
STYLE Leader and follower
manner

OBJECTIVES

SYSTEMS Supporting
capability

Human and
RESOURCES nonhuman

Figure 1-1 Key Strategic Performance Standards

e “A corporation that will look gigantic but have the dynamics of little
teams”’ (Motorola, Inc.).

e “PP&L will be he energy supplier of choice” (Pennsylvania Power &
Light Company).

¢ “A vision for growth based on critical mass in large product categories,
geographic diversity, brand leadership, and marketing nnovation” (H. J.
Heinz Company).

How important is it for an organization to have a vision? One study that
benchmarked the performance of business teams found compelling evi-
dence on the importance of a vision for high-performance project teams.
Team members stated that it was the most important factor for high per-
formance.?

Mission: The Strategic Purpose

The mission statement declares what business the organization is in. It is a
broad declaration of the overall strategic purpose toward which all organi-
zational resources are directed and committed. An organization’s mission is
the final strategic performance standard for the enterprise. All organizational
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activities have to be judged on how well individual activities ultimately con-
tribute to the mission.

Some examples of mission statements by contemporary organizations
include the following:

¢ “To be the number one aerospace company in the world and among
the premier industrial concerns in terms of quality, profitability, and
growth” (The Boeing Company).

¢ “Our mission is to develop, manufacture, market, and sell and distrib-
ute a broad line of high quality generic drug products at competitive
prices” (Marsam Pharmaceuticals Inc.).

Objectives: What Must Be Achieved

Organizational objectives pinpoint what must be achieved to ensure the ac-
complishment of the mission. These objectives are stated in quantitative or
qualitative terms, or in a combination of both. Examples of objectives follow:

¢ “Providing customers with quality goods, and making the goods avail-
able when and where customers want them” (Wal-Mart).

¢ “Meeting or exceeding the state-of-the-art of competitors in machining
capability” (Machine tool builder).

Attaining objectives provides strong evidence that progress is being made
toward accomplishing the organizational mission. An organization’s goals
provide milestones for evaluating whether that organization reached its ob-
jectives.

Goals: Measurable Milestones

Goals are milestones in meeting organizational objectives. Projects play an
inescapable role as the building blocks for accomplishing those goals. For
example, an auto-parts manufacturer established a goal for the enterprise
to “conceptualize, design, build, and put in operation an automated factory
on a green-field site by December 31, 2002.” Another example of a goal, by
an electronics company, includes “attaining financial performance capabil-
ity of fifteen percent return on investment by the end of 2001.”

An example of how a project team attained a goal is provided by Fiat in
Italy. In the agricultural region of Basilicata in southern Italy, this auto maker
used project teams to design, build, and open a $2.9 billion plant designed
to eliminate traditional, inefficient work practices. A major $64 million pro-
gram was launched to train workers and engineers to operate in indepen-
dent, multiskilled project teams. Factory workers and office staff worked
together under the same roof. Top-down decision-making was eliminated
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so that problems and opportunities were explored by teams actually working
on specific problems in areas such as manufacturing, purchasing, marketing,
and customer service.?

In the strategic management of an enterprise, executives find the concept
of objectives easy to accept. However, when dealing with a time-sensitive
goal, many executives are uncomfortable making a commitment. Failure to
reach a goal could be the basis for criticism as well as an unfavorable per-
formance rating. Nevertheless, goals can provide effective criteria to measure
progress in the strategic management of an enterprise. Goals evaluation also
tests whether the strategy for the organization is working.

If a project lags behind schedule, accumulates overrun costs, or is un-
likely to attain its expected results, then the goal of the enterprise will be
impaired.

Strategy: Use of Critical Resources

A strategy uses critical resources to reach goals and to accomplish the mis-
sion. The following are used in the design and execution of strategies: project
plans, policies, procedures, resource-allocation schemas, organizational de-
sign, motivational techniques, leadership processes, and evaluation and
control systems. To implement strategies, project teams use such things as
benchmarks, new product and service development, facilities and equip-
ment construction, enhanced procurement techniques, recapitalization, and
information systems.

Some examples of strategies used by organizations include the following:

¢ “Concentrating on improved earnings from Kodak’s core photography
business and building a future with digital technologies such as all-
electronic cameras, thermal printers, and image-storage devices” (Ko-
dak Company).

e “Develop an interlocking computer/information support system aug-
mented by a private satellite-communication system to video link con-
necting all stores, distribution centers, truck fleets, and corporate
headquarters” (Wal-Mart).

Survival and growth must be deliberate and planned, not serendipitous.
How human resources are aligned is critical.

Structure and Organizational Design

Corporate America is implementing many changes that affect the use of
human resources. These changes include reduction of staff, new boundaries
for individual jobs, employee empowerment, closer relationships with sup-
pliers and customers, improved information systems, better telecommuni-
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cations capabilities, new organizational structures, and globalization of
products and services.

Another innovation, organizing around project teams, has had a noted
impact on the access of companies. For example, Fortune magazine reports,
“The ability to organize employees in innovative and flexible ways and the
enthusiasm with which so many American companies have deployed self-
managing teams [are] why U.S. industry is looking so competitive.”*

As project teams evaluate new technologies and resources, they gain in-
sight into the need for making changes. Projects provide a central point
where new knowledge, skills, and attitudes can be developed. A revisit to
the definition of a project is required.

Project Defined

A project is any undertaking that has a defined objective, a cost parameter,
and a time element for its development. A project can be defined as a cluster
of activities that are pulled together to deliver something of value to a cus-
tomer. The use of a project to define the cluster of activities needed to de-
velop a new product or service has particular appeal, because a key
characteristic of a project is the creation of something that does not cur-
rently exist, but is needed to create something of value for the organiza-
tion—a new product, service, or organizational process.

A project is a miniature of the complete organization composed of team
members from different disciplines of the organization, including customer
representatives and suppliers. In some cases, representatives from unions,
the local community, and other interested and relevant stakeholders may be
team members. Project teams provide for the integration of the disciplines,
technologies, and resources needed to take a project from concept through
to delivery of the results to the customer. Through the workings of the proj-
ect team, the use of resources, management systems, strategies, values of
the whole enterprise, and so forth are studied and pulled together.

Why Projects Benefit the Organization

Some of the advantages projects provide in preparing the organization for
its future include the following:

¢ An organizational and stakeholder focal point for integrating the re-
sources required to bring to pass something for the organization that
does not currently exist

¢ A strategic pathway element for the commitment of people and re-
sources dedicated to creating value in future products and processes
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¢ A learning opportunity for the development of knowledge, skills, and
attitudes needed to support future organizational purposes

¢ A model through which progress can be measured in positioning the
organization for its future

Teams can reduce the number of management layers. Traditional manage-
ment levels, according to Peter Drucker, manage nothing. Instead, they
merely amplify faint signals coming from the top and the bottom of the
infrastructure. Drucker points out that every relay doubles the noise and
cuts the message in half. According to Drucker, most management levels
neither manage nor make decisions—they serve only as relays. In the future,
Drucker believes, few businesses will have more than two or three layers.®

Individual Roles

No longer can individuals perform their work without giving thought to how
they are expected to work with other people, many of whom can be outside
of their local organizational environment. Organizations fail or succeed be-
cause members of the organization fail or succeed in their work. If people
are unclear about what is expected of them, the chances for difficulties or
even failure exist. In cases where employees have control, authority, and
responsibility to do their jobs, employees’ roles must be specific. People will
do a good job if they know what is expected of them and receive feedback
on how well they are doing their jobs.

Management Style

The most important variable in the strategic management of an organization
is the leadership, which develops a vision, marshals resources, and provides
direction for the organization. Style has to do with the overall excellence,
appearance, skill, and grace in performing the leadership role. A manager’s
style can be autocratic, dictatorial, democratic, participative, empathetic,
caustic, friendly, or abusive. Followers tend to unknowingly emulate the
manager’s style. Some significant examples of leadership style follow:

¢ “People at Goodyear headquarters say that CEO Stanley Gault’s pres-
ence ‘permeates’ the corporate headquarters. . . . He is perceived as
seldom giving orders, but everyone knows what he wants done. . . . He
runs the company based on trust.”®

¢ At Siemens Company in Germany, “‘the management style is tailored
to Germany’s consensus-style corporate culture. . . . Rigid hierarchy is
out and an entrepreneurial drive is in.”””
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Systems and Resources

The systems and resources that support the organization, such as software,
hardware, accounting, information, marketing, production, and design, also
support ongoing projects. The technology offered by computer and infor-
mation systems has changed the traditional role of managers and other em-
ployees. Technicians are becoming core employees. According to the Bureau
of Labor Statistics forecasts, one of every four new jobs is going to a tech-
nical worker. Technicians are gaining new importance because of increas-
ingly powerful, versatile, and user-friendly technologies. As companies
become more dependent on these technicians, cultural support is required
to keep them productive and satisfied with their work environment.
Project management can be defined in a systems context.

Key Elements of a Project-Management System

Several important subsystems are found in a project-management system.
They include the following:

e Matrix. A matrix organization subsystem establishes the formal au-
thority and responsibility patterns and reporting relationships among
the general managers, the project manager, the project team members,
the functional managers, and other key stakeholders of the project. In
Chapter 16, the matrix organization is presented in detail.

¢ Project-planning subsystem. This begins with a work-breakdown
structure (WBS) that shows how the total project is broken down into
its component parts. In Chapter 8, the development of a WBS is pre-
sented, and in Section II, project-planning techniques and processes
are described.

¢ Information systems. These systems may be informal or may involve
the use of formal retrieval programs to determine the status of the
project. Information provides those involved with a project the ability
to plan, organize, and control the use of resources on the project. Proj-
ect managers—and other key stakeholders—need information to de-
termine the status of the project and to make informed decisions on
how to plan and implement the use of resources on the project. Chap-
ter 27 describes a project-management information system.

¢ Project-control system. The most basic standards for project evaluation
include project cost, schedule, and technical performance. By compar-
ing planned progess with actual performance,project managers can de-
termine the need for corrective action. Because projects are linked to
the goals of the organization, knowing the status of projects gives in-
sight into how well or how poorly progress is being made to attain
enterprise goals. Overall project monitoring, evaluation, and control
means are described in Section IV.
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¢ Cultural ambience. The emotional patterns of the social groups, their
perceptions, attitudes, prejudices, assumptions, experiences, and val-
ues, all go to develop the project and cultural ambience of the orga-
nization. This ambience influences how people act and react, how they
think and feel, and what they say and do concerning the project and
the organization. There are no organizations without people—and
project organizations are no exception. This field guide stresses the
need to be aware of people issues when managing projects, as stated
in Section III, Project Leadership, and in Section V, Team Management.

Summary

Throughout this book, the key topics involved in the mangement of projects
will be identified and described. These topics are presented in the spirit of
practical guides for those stakeholders associated with the management of
projects in the enterprise’s strategy. This chapter has set the stage for project
management in the context of strategic planning for the organization.

ENDNOTES

1 Material on the strategic performance standards is stated in a somewhat different
context in David I. Cleland and Lewis R. Ireland, Project Management: Strategic
Design and Implementation, 4th Edition. New York: McGraw-Hill, 2002. Also, I
have drawn additional material from my book, The Strategic Management of
Teams. New York, John Wiley & Sons, 1996

2 Larson, Carl and LaFasto., Frank. What Must Go Right/What Can Go Wrong. New-
bury Park, CA: Sage, 1989

3 Sasseen, Jane A., Neff, Robert, Hattangadi, Shekar, Sansoni, Silvia and bureau re-

ports. The winds of change blow everywhere. Business Week, Special Report, Oc-

tober 17, 1994, p. 92

Jacob, Rahul. Corporate reputations. Fortune, March 6, 1995, pp. 54-64

Drucker, Peter. Infoliteracy. ForbesASAP, August 29, 1994, pp. 105-109

Nulty, Peter. The bounce is back at Goodyear. Fortune, June 29, 1992, pp.76-79

Schares, Gail E., et al. The new generation at Siemens. Business Week, March 9,

1992, pp. 34-39

N O O

BIBLIOGRAPHY

Archibald, R. D. Projects: Vehicles for strategic growth. Project Management Journal,
September 1988, pp. 31-34

Cleland, David I. Defining a project management system. Project Management Quar-
terly 10:37-40, 1977

Cleland, David 1. The Strategic Management of Teams. New York: John Wiley & Sons,
1996

Cleland, David I. and Ireland, Lewis R., Project Management: Strategic Design and
Implementation, 4th Edition. New York: McGraw-Hill, 2002

Drucker, Peter. Infoliteracy. ForbesASAP , August 29, 1994, pp. 105-109

Freeman, R. E. Strategic Management—A Stakeholder Approach. Boston: Pitman,
1984



Strategic Planning 13

Gulliver, Frank R. Post-project appraisals pay. Harvard Business Review. March—April,
1987, pp. 128-132

Larson, Carl and LaFasto., Frank. What Must Go Right/What Can Go Wrong. Newbury
Park, CA: Sage, 1989

Nulty, Peter. The bounce is back at Goodyear. Fortune, June 29, 1992, pp. 76-79

Jacob, Rahul. Corporate reputations. Fortune, March 6, 1995, pp. 54-64

Sasseen, Jane A., Neff, Robert, Hattangadi, Shekar, Sansoni, Silvia and bureau reports.
The winds of change blow everywhere. Business Week, Special Report, October
17, 1994, p. 92

Schares, Gail E., et al. The new generation at Siemens. Business Week, March 9, 1992,
pp- 34-39

Thambhain, Hans J. Engineering Program Management: New York: John Wiley & Sons,
1984



Chapter

2

The Elements of
Project Success*

Biographical Sketch . . .

Jeffrey K. Pinto

Jeffrey K. Pinto, Ph.D., is the Samuel A. and Eliza-
beth B. Breene Professor of Management in the
Black School of Business at Pennsylvania State Uni-
versity, Erie. A two-time winner of the Project Man-
agement Institute’s Distinguished Contribution
Award, Dr. Pinto has served as Editor of the Project
Management Journal, the scholarly journal of the
Project Management Institute, the largest profes-
sional project-management organization in the
world. He has published 14 books and over 100 re-
search articles on a variety of topics, including
project management, information-systems intro-
duction, innovation and change, leadership, and
learning theory. His most recent book, Frontiers of
Project Management Research, coedited with D. I.
Cleland and D. P. Slevin, was published in 2002 by
the Project Management Institute.

primary characteristics and outcomes of three projects. Which of these

Iwould like to start this chapter with a quick quiz. Listed below are the

projects was considered a ‘“‘success?”’

Project A. This personal computer project, completed in the mid-1970s,
literally redefined the technical capabilities of an entire industry. Pro-
duced in record time, using the cream of IT scientific talent, the proj-
ect ultimately produced the technological innovations that have
become benchmarks in the microcomputer industry up through the

turn of the century.

*Portions of this chapter were adapted from Successful Information System Implementation:
The Human Side, by Jeffrey K. Pinto, PMI Publications (1994) and Successful Project Managers,
by Jeffrey K. Pinto and O. P. Kharbanda, Van Nostrand Reinhold (1995).

14 Field Guide to Project Management, Second Edition. Edited by David I. Cleland
Copyright © 2004 John Wiley & Sons, Inc.
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Project B. This large construction project was initiated with no clear de-
fining guidelines, poor or nonexistent schematic diagrams or other
engineering details, and uncertain technical features that had to be
reengineered several times over the course of the construction. A proj-
ect that was expected to take about 3 years to complete ended up
taking over 10; its initial budget of $7 million dollars eventually
topped $100 million. Bickering on the project among the developers
was so bad that when the building was finally finished and dedicated,
the architect refused to attend the grand opening.

Project C. A technologically sophisticated aircraft that was designed to
be Europe’s entry into the commercial airline business, this project
was completed within acceptable schedule parameters and received
tremendous press coverage and enough initial orders to encourage
the company that it had tapped into the wave of the future and been
first to market in doing so. By internal company measures, the project
seemed very positive, the future bright, and the organization poised
to reap huge financial benefits.

The three projects described above are: A) The Xerox Alto personal
computer—never introduced by Xerox because the technology was so
leading-edge they could not conceive of how to market and sell the product;
B) the Sydney Opera House—a project so bedeviled by cost and schedule
overruns and technical problems that Australia was finally forced to institute
a national lottery to pay for its completion; and C) the DeHavilland Comet—
the first commercial jet airplane, whose rush to market led the company to
cut quality corners and forgo adequate testing, only to discover that some
of their innovations were deadly, resulting in scores of deaths before the
aircraft was withdrawn from the market in 1955. Oddly enough, of the three
projects described above, only Project B could even be argued to be suc-
cessful. While it is true that the project was a technical and cost-control
disaster from the beginning, it was a “national prestige”’ project, and thus
many of these traditional metrics of project performance ultimately were
discounted. To this day, the Sydney Opera House remains one of the en-
during symbols of Australia.

As the above examples suggest, the process of developing a method for
analyzing and predicting the likelihood of success or failure of an ongoing
project is by no means a simple one. There are a number of reasons why
this process presents a challenge. One obvious reason is that words like
“success” and ‘“failure,” like beauty, are often in the eye of the beholder.
Put another way, until we can establish a set of criteria that have some
generally accepted basis for assessing projects, then at best we run the risk
of mislabeling as failures projects that may, in fact, be successes. A second
problem with accurately predicting project outcomes lies in the often in-
complete nature of the data itself. Many times a project’s development is
surrounded by a great deal of ambiguous and even contradictory data that
makes midstream assessments problematic. Project assessment may be in-
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fluenced by individuals having biases for or against the project. The subjec-
tive nature of project assessment makes it difficult to develop objective
measures that offer a reasonably reliable method for judging project out-
comes. To address some of these issues, this chapter provides a field ref-
erence for project managers to use in tracking the status of their projects.

The Unique Setting of Project Management

Almost all innovative new products developed within companies are created
by using project-management techniques. Because projects play such an
increasingly significant role in organizational profitability, it is vital to have
an understanding of their unique properties.

Project managers’ careers often hinge on their ability to deliver the goods
in the form of successfully completed projects. Consequently, in the absence
of disaster (e.g., structural collapse in construction or banned or abandoned
pharmaceutical development), it seems that for every detractor of a specific
completed project there is often a champion singing its praises.

As the examples that started this chapter demonstrate, project success is
not always as clear-cut as we sometimes believe. Any one of a number of
confounding issues can cloud our ability to view a project’s outcome in an
objective light. For example, the point in time when a project is evaluated
can make a very real difference in its evaluation. Likewise, egos and personal
agendas of top managers in a company can serve to obscure the true out-
come of a project, because these powerful individuals seek to protect them-
selves and their turf from the side effects of bumpy projects.

It is often the case that while successful projects are trumpeted through-
out the organization and publicized externally, the majority of project fail-
ures are quietly swept under the carpet. People naturally tend to promote
the positive. If this is not possible, they adopt a simple philosophy: out of
sight, out of mind. The irony, of course, is that all organizations experience
project failure far more often than rousing success. Consider, for example,
the results of a recent study by Peat Marwick of 300 large companies at-
tempting to implement computer software development projects. Fully 65
percent of the organizations reported experiences where their projects were
grossly over budget or far behind schedule, or the technology was nonper-
forming. In some cases, the companies experienced all these factors. Per-
haps more impressively, over half of these firms considered this state as
“normal” or “of no concern.”

A working definition of project success may help to clear up the confu-
sion about what success is. In the old days, project managers commonly
made use of a concept known as the “triple constraint” to evaluate a project
at completion. This triple constraint offered a three-legged stool as a met-
aphor for a project’s viability. The three constraints were:
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1. Time. The project had to come in on or under its initially scheduled
time frame.

2. Money. The project had to be completed within its budget limits.

3. Performance. The end result had to perform in the manner that was
intended.

Seen in this light, it was relatively easy to make some initial value judgments
about a project. Project control consisted of tracking these milestones of any
particular project. One had only to consult the project’s timeline to assess
schedule constancy, review the cost accountant’s report to determine budget
adherence, and see if the project worked.

Although simple, the triple constraint does not work in the modern busi-
ness world. In an era of tremendous competition and enhanced concern for
customers, the triple constraint has become a dangerously out-of-date con-
vention. In considering the three components of the triple constraint, it is
clear that the primary thrust of each of these measures is internal; that is,
each measure is intended to satisfy some interest group internal to the or-
ganization rather than in the outside environment. For example, satisfying
time and budget considerations is often the concern of cost accountants
who must keep costs down. Likewise, the performance criterion has often
been seen as primarily an engineering concern for making a product that
works.

Historically, what was lost in the confusion was any real concern for the
customer, that is, the desire to satisfy the concerns of the client for whom
the project was intended. Within many companies, a fundamental conceit
emerged in the assumption that once a project was completed, the public
would be offered a fait accompli that they would naturally buy or use. The
underlying theme of this position seemed to be an arrogant assertion: Don’t
tell us what you need. Trust us to know what you want. The result of such
attitudes was predictable: Customers went increasingly to companies whose
projects and products reflected a concern for the customer, as illustrated by
the phenomenal success of the Ford Taurus.

The new rules governing global business require that project manage-
ment adopt a new standard by which future success will be measured: the
so-called quadruple constraint. The additional feature of the quadruple con-
straint requires us to include customer satisfaction as one of the pillars of
project success. Customer satisfaction refers to the idea that a project is only
successful to the extent that it satisfies the needs of its intended user. This
addition has tremendous implications for the way companies manage proj-
ects and the manner in which the success or failure of both past and future
projects will be assessed. With the inclusion of customer satisfaction as a
fourth constraint, project managers must now devote additional time and
attention to maintaining close ties with and satisfying the demands of ex-
ternal clients. In effect, project managers must now become not only man-
agers of project activities, but sales representatives for the company to the
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client base. The product they have to sell is their project. Therefore, if they
are to facilitate acceptance of the project, and hence its success, they have
to learn how to engage in these marketing duties effectively.

ASSESSING INFORMATION TECHNOLOGY (IT) PROJECT SUCCESS
Information technology (IT) projects have a notoriously checkered history
when it comes to their successful implementation. Part of the problem has
been an inability to come to concrete terms in defining exactly what prop-
erties comprise successful IT projects. The criteria for IT project success
have been quite vague, leading to the obvious problem that without clear
guidelines for IT project success, it is hardly any wonder that multitudes of
these projects do not live up to their predevelopment advertising. In 1992,
DeLone and McLean' analyzed numerous previous studies of IT projects to
try and identify the key indicators of IT project success. Their findings, syn-
thesized from previous research, suggest that at a minimum, IT projects
should be evaluated on the basis of six criteria, including:

o System quality—the determination that the implemented system per-
forms as intended; that is, the system is easy to operate and
client-friendly.

¢ Information quality—the actual information generated from the im-
plemented IT must be that which is required by the users and of suf-
ficient quality that it is “actionable.” In other words, information
quality requires that generated information does not require additional
layers to sift or sort the data. System users can perceive quality in the
information they generate.

¢ Use—the IT must be used, once installed. Obviously, the reason for the
existence of any IT is that it be used as a problem-solving, decision-
aiding, and networking mechanism. “Use” assesses the actual utility of
a system by determining the degree to which it is employed, once im-
plemented.

e User satisfaction—following the creation of the IT, some effort must
be made to determine user satisfaction with the system. Simply using
“use” as a surrogate for satisfaction is dangerous. Many times, em-
ployees are forced to use outdated or poorly designed systems because
no reasonable alternative exists or use is in keeping with company pol-
icy. User satisfaction goes one step further: does using the imple-
mented system lead to greater satisfaction on the part of project
clients?

¢ Individual impact—is there a “bottom line”’ somewhere with regard
to how using the IT affects its customer base? That is, beyond the ques-
tions of system and information quality and usage, it is necessary to
ask some hard questions regarding the impact that using the IT makes
upon its clientele. Is decision-making faster or more accurate? Is in-



The Elements of Project Success 19

formation more retrievable, more affordable, or more easily assimi-
lated? In short, does the system benefit its users?

¢ Organizational impact—finally, at the end of the determination of an
IT project’s “success”’ there must come some attempt to see how the
overall organization is positively impacted through use of the system.
Beyond individual impact, is there a collective, or synergistic effect on
the overall corporation? Is it some amorphous sense of good feeling,
or are there measurable surrogates that demonstrate the effectiveness
or quality of the system?

DeLone and McLean’s work forms an important framework for establishing
a sense of IT project success. Companies that are designing and imple-
menting IT must begin to pay early attention to each of these criteria and
take necessary steps to ensure that they have considered ways that their IT
can positively measure up to each standard of system performance.

An alternative assessment of project success has recently been put forth
to suggest that project success is meaningless unless it also factors in the
promise of potential future possibilities a project can generate.? In this
scheme, project success takes on a time-dependent dimension that must be
factored into how we assess the effectiveness of a project. In other words, it
is not enough to look at the results of a project in the present day; we must
also evaluate it in terms of its commercial success as well as the future
potential it offers a firm in terms of generating new business and new op-
portunities. Figure 2-1 illustrates this alternative project success scheme, in
arguing that the four relevant dimensions of success should be:

Importance
A
4
Preparing for
the Future
3
Business
5 Success
1 Impact on
Project Customer
Efficiency
Project Time
Completion

Figure 2-1 Time Dependence and Importance of Project Success
Dimensions
Source: Shenhar, Levy, and Dvir, 1997
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¢ Project efficiency—meeting budget and schedule expectations

e Impact on the customer—meeting technical specifications, addressing
customer needs, and creating a project that is used by the client and
leads to enhanced satisfaction on the part of the customer

¢ Business success—asks whether the project achieved significant com-
mercial success or generated a large market share

e Future potential—the project opened new markets or new lines of
products or developed a new technology

The intriguing aspect of these findings is to solidify futher the notion that
the old image of successful projects being those that only satisfied the triple
constraint is becoming increasingly difficult to justify. Projects, as they gain
importance in business operations, are also gaining a higher level of expec-
tation from top management. The corporation expects its projects not only
to be run efficiently (at a minimum), but to have been developed in such a
manner that they meet customer needs, achieve commercial success, and
best of all, are the conduit by which the firm develops new business op-
portunities and future potential.

A final conceptualization of project success has recently been offered by
Atkinson,® who also argues against the use of the overly simplistic triple
constraint as a measure of success. In his model, success requires multiple
assessments by all affected groups (stakeholders) that the project impacts.
Further, the context, or type of project is relevant to specifying the criteria
that most clearly define its success or failure. Table 2-1 shows his model,
with the traditional “iron triangle” of cost, quality, and time viewed as
merely one element in an otherwise more comprehensive set of success
measures. How a project is to be measured is a decision that needs to be
addressed before the project is undertaken. As the old corporate axiom

Table 2-1 Understanding Success Criteria

Iron Triangle Information System Benefits (Organization) Benefits (Stakeholders)

Cost Maintainability Improved efficiency Satisfied users
Quality Reliability Improved effectiveness Social and
Time Validity Increased profits environmental
Information quality Strategic goals impact
Use Organization learning  Personal development
Reduced waste Professional learning,

contractors’ profits
Capital suppliers,
content project
team, economic
impact to
surrounding
community

Source: Atkinson, R. Project management: cost, time and quality, two best guesses and a
phenomenon, its time to accept other success criteria. International Journal of Project Man-
agement 17(6):337-342, 1999
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“What gets measured, gets managed’’ suggests, when project teams under-
stand the standards to which their projects are being held, it reinforces the
appropriate emphasis that gets placed on project performance. For example,
in an information system setting, if the criteria of improved efficiency and
effectiveness, satisfied users, and quality are clearly identified as key, the
project team will focus its efforts along these lines more exclusively, to the
benefit of the project’s outcome.

Assessing Success over Time

One of the truly difficult tasks confronting any project manager lies in mak-
ing reasonable and accurate assessments of a project’s viability early in its
development. Part of the problem lies in the fact that many projects do not
proceed in a perfectly linear fashion from start to finish. In other words, it
is an error to assume that a project’s progress can be tracked according to
a well-understood path, particularly if that project represents a unique tech-
nical challenge or employs features that company has never dealt with be-
fore. The perfect world follows a linear development path; that is, when 50
percent of the project’s resources are expended, one expects the project to
be 50 percent completed and so on.

The true project activity line often follows a far different path. For ex-
ample, it is not atypical to find that far into the project (from an expense
and time point of view), little actual progress has been made. In fact, when
50 percent of the resources have been spent or the schedule has elapsed, it
is not uncommon to find less than 20 percent of the activities completed.
Such a progress sequence presents a true test of nerves and savvy for many
project managers. The natural response to such a state is either to panic
and find scapegoats who can be removed from the team, or to throw ad-
ditional resources at the project in the hope of “buying” progress. Either
approach, though understandable, is almost always counterproductive.

In his landmark book, The Mythical Man-Month,* Frederick Brooks de-
scribes the sequence of events leading to the development of IBM’s 360
operating system in the mid-1960s, a project for which he was responsible.
He discovered a fascinating effect caused by belatedly adding additional re-
sources to ongoing, late activities. Additional personnel simply caused the
project to slip further behind schedule. Rather than make up for lost time,
the net effect was to delay the project even more.

According to Brooks, all project activities are subject to delays caused by
the learning curve. The rapid ramp-up in progress that occurs near the ac-
tivity’s completion date is a result of the initial learning that had to take
place prior to adequately performing the necessary tasks. Assume that the
team has just completed this activity, using the learning-curve model. If the
same personnel were then asked to immediately replicate the process with
a new project, in all likelihood their progress line would much more closely
match the linear, perfect-world path. Why? Because they have now charted
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this activity sequence and learned the appropriate lessons. Hence, any new
activities would simply involve replicating the old sequence, with the learn-
ing curve completed.

The underlying point that project managers need to understand is that
projects, which usually involve new or untried technologies or development
processes, require a natural learning curve as part of the implementation
process. As a result, when attempting to assess the viability of a project and
make a reasonably accurate determination of the likelihood of its successful
completion, project managers must first acknowledge that they are operat-
ing in uncharted territory filled with misleading and even contradictory in-
dicators. This point should be kept in mind when facing the decision of
whether to terminate a project that is over budget or behind schedule.

The decision whether to terminate a project is never easy. We may be
making such decisions on the basis of misleading indicators. A recent study
of research and development (R&D) projects sheds some important light on
the termination decision, arguing that many times the seeds of future dis-
aster are sown early in the project’s development. The difficulties do not
typically stem from technical problems, but from decisions and assumptions
of the top-management team. The study measured a number of factors that,
it could be argued, help or hinder a project’s development, including the
priority assigned to the project, the viability of its commercial objectives,
and the authority given to team members and the project manager. The
study findings are intriguing: Within the first six months of an R&D project’s
existence, there are often clear signs that the project may be a good candi-
date for termination. For example, the research suggests that terminated
projects ‘“were seen by their team members to have a low probability of
achieving commercial objectives, did not have team members with sufficient
authority, were targeted at fairly stable markets, were given low priority by
R&D management, but were managed efficiently and were receiving valua-
ble information from a business gatekeeper.”””

The final two points are particularly important: Unsuccessful projects
may end up that way regardless of the efficiency with which the actual de-
velopment process is managed. The best management in the world cannot
obviate the other determinants of project success or failure. Likewise, even
having someone in top management consistently providing valuable infor-
mation is not, in itself, sufficient to ensure that a project will succeed.

Another frequent error many organizations slip into when assessing the
performance of their project development is to make inadequate allowances
for the impact of time on a project’s viability.

EXAMPLE. A company was determining the success of a recently com-
pleted hardware computer-development project. Based on internal cost-
accounting data, the project looked good: It had come in on time and only
slightly over budget. Further, the hardware performed as it was intended to
perform. As a result, the project manager was given a performance bonus
and a reassignment as a reward for a job well done. Unfortunately, the story
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does not end there. The project, although internally efficient, was a disaster
in the marketplace from its first introduction. The technology that the com-
pany had assumed would be adequate turned out to be so user-unfriendly
that the product was withdrawn within nine months.

This story illustrates a number of the problems faced in making judg-
ments about projects as either successes or failures. First, it was clear that
from the company’s point of view, this project was not seen as a failure at
all; in fact, just the opposite was the case. The second problem had to do
with the incomplete picture of project expectations that top management
painted. Obviously, client satisfaction was never held up as a concern of the
project manager, who naturally devoted his time to the measures that did
matter for his performance appraisal: schedule, budget, and performance.
Third, the story demonstrates a subtler point: It is important, in the absence
of full information, to refrain from assuming that a project is a success or
failure too early in its life, before the final returns have had an opportunity
to come in.

This conclusion suggests that many projects deemed successes are, in
fact, failures. The reverse, however, is also true: Many projects that give every
evidence of being instant failures may actually demonstrate themselves to
be long-term successes.

EXAMPLE. One example that comes immediately to mind is the well-
known English Channel tunnel project, known simply as the Eurotunnel, or
“Chunnel.” Opening in 1994, nearly eighteen months behind schedule, the
Chunnel project was originally budgeted for £7.5 billion. The final bill, at
£15 billion, was twice the initial projection. From an internal auditing per-
spective, the Chunnel represented a financial nightmare, particularly in light
of news that it defaulted on the bond financing made by the initial investors
in the venture. Nevertheless, looking at the project’s long-term potential,
one must admit that its contribution to society may be significant. In effect,
the judgment of project success or failure is in the hands of future genera-
tions.

This case illustrates the importance of balancing immediate assessment
against long-term project viability, similar to Shenhar, Levy, and Dvir’s ar-
gument cited previously. Clearly, there are definite benefits involved in wait-
ing until after the project has been completed and has been introduced to
its intended clients before assessing the success and impact of the system.
On the other hand, one must be careful in not prolonging a project that
probably won’t be a success in the market.

Almost every researcher who has studied the impact of internal and ex-
ternal factors on project outcomes has concluded that it is the human, rather
than the technical, factors that are the primary determinant of whether a
project will succeed.® Although no one will deny that computers, scheduling,
and budget models are important elements in controlling a project, the re-
search suggests that the larger, managerial issues are typically the key de-
terminants of a project’s likelihood of success. Project management has
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always been and remains, a people-management challenge first and fore-
most.

A Ten-Factor Success Model

A study of critical success factors (CSFs) in the project implementation proc-
ess looked at over 400 projects varying greatly in terms of the basic char-
acteristics.” A wide range of representative samples included R&D projects,
construction projects, and information-system projects. Their study vali-
dated the following model of CSFs for project implementation.

PROJECT MISSION

Most people intuitively understand the importance of conducting a feasi-
bility study prior to project kickoff. Further, it is vital that project managers
answer some fundamental questions not only at the start of a new project,
but throughout its development. Two key questions are: Are the goals clear
to me and the rest of the organization? Are the goals of the project in line
with the general goal of the organization?

TOP-MANAGEMENT SUPPORT

Management support is extremely important for the success of any new
project. Project managers not only depend on top management for direction
and authority in running their projects, they rely on them as a safety valve
as well. That is, when the project is undergoing difficulties, it is vital that
top management be aware of the problems and be willing to offer necessary
additional aid or resources for the project manager and team. Top manage-
ment’s support of the project may also consist of the project manager’s
confidence in their support in the event of crisis.

PROJECT PLANS AND SCHEDULES

Project planning refers to the importance of creating a detailed outline of
the required stages in the implementation process, including work break-
down, resource scheduling, and activity sequencing. Scheduling, on the
other hand, is generally understood to refer to the tasks of creating specific
time and task-interdependent structures, such as critical path and Gantt
charts. The schedule should include a satisfactory measurement system as
a way of judging actual performance against budget and time allowances.
Project managers need to identify the important personnel skills required
for successful project completion and make contingency plans in case the
project is off schedule.

CLIENT CONSULTATION

The client is anyone who will ultimately use the final project, as either a
customer outside the company or a department within the organization. The
degree to which clients are personally involved in the implementation proc-
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ess will cause great variation in their support for that project. It is, therefore,
important to determine whether clients for the project have been identified.
Once project managers are aware of the major clients, they are better able
to determine accurately if their needs are being met.

PERSONNEL

In many situations, personnel for the project team are chosen with less than
full regard for the skills necessary to actively contribute to implementation
success. Project managers need to recruit, select, and train members of the
project team so they have the requisite skills and commitment to perform
their functions. Team members need to be committed to the project’s suc-
cess and understand the lines of authority.

TECHNICAL TASKS

Companies have to ask themselves if they have the necessary technology
and training to support project development. The decision to initiate a new
project must be predicated on the organization’s ability to staff the team
with competent individuals and to provide the technical means for the proj-
ect to succeed.

CLIENT ACCEPTANCE

This refers to the final stage in the implementation process, at which time
the overall efficacy of the project is to be determined. Too often, project
managers make the mistake of believing that if they handle the other stages
of the implementation process well, the client will simply accept the result-
ing system. In fact, client acceptance is a stage in project implementation
that must be managed like any other. Project managers must be prepared
to sell the project to clients.

MONITORING AND FEEDBACK

At each stage of project implementation, key personnel should receive feed-
back on how the project is comparing to initial projections. Within many
organizations experienced in running projects, there is little general agree-
ment on how to track projects, what features to track, and how to report
these data. However, making allowances for adequate monitoring and feed-
back mechanisms gives the project manager the ability to anticipate prob-
lems, oversee corrective measures, and ensure that no deficiencies are
overlooked.

COMMUNICATION

The need for adequate communication channels is extremely important in
creating an atmosphere for successful system implementation. Communi-
cation is essential within the project team, between the team and the rest
of the organization, and with the clients. Typical communication involves
issues such as the project’s capabilities, the goals of the implementation
process, changes in policies and procedures, and status reports.



26  Project Management

TROUBLESHOOTING

Problem areas exist in almost every project-implementation effort. The mea-
sure of a successful project-implementation effort is not how well problems
are avoided, but knowing the correct steps to take once problems develop.
Regardless of how carefully the implementation effort is initially planned, it
is impossible to foresee every problem that could possibly arise. As a result,
it is important that the project manager make adequate initial arrangements
for troubleshooting mechanisms to be included in the implementation plan.
Such mechanisms make it easier to react to problems and forestall potential
problem areas in the implementation process. Project managers should
spend a part of each day looking for problems that have just begun or that
have the potential to begin.

Finding a Balance

The client, not the project manager, is the ultimate arbiter of successful
project implementation. However, overemphasis on client concerns and sac-
rificing internal constraints such as budgets, schedules, and performance is
not the answer either. What is required is a balance that allows one to pri-
oritize activities correctly while ensuring that the project is not done in by
a factor that could have been controlled but was not addressed. If such a
balance is achieved, it will go far toward creating an atmosphere in which
project priorities are well understood and serve as guideposts to reduce the
manageable reasons for projects to fail.
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hy Project Management? Project management makes money.
WThat’s the heart of it. For all of the potential posturing and for all

of the arguments over the leverage that project management may
or may not afford an organization, project management makes money. Some
of the business best-sellers of the past decade make the case extremely well.
In Jim Collins’s Good to Great, he provides metric evidence that principles
of consistent leadership, excellent personnel selection, clear objectives, dis-
ciplined practices and staff, and consistency are the cornerstones of taking
businesses from good performance to long-term great financial per-
formance.! For anyone versed in best-practice project management, those
practices sound familiar. They are also practices common to project
management.

28 Field Guide to Project Management, Second Edition. Edited by David I. Cleland
Copyright © 2004 John Wiley & Sons, Inc.
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In another best-seller, Execution: The Discipline of Getting Things Done,
Bossidy and Charan look at the operations process and, in essence, spend
a chapter discussing the vital link between operations, strategy, and people.?
Again, without using the terminology, they describe many of the practices
of quality project management, ranging from project leadership to risk man-
agement.

Project management should be an easy sell because it enhances business
performance. Yet some organizations still only approach the practice half-
heartedly, or remain skeptical about its long-term value. Because of this
unenthusiastic approach, project management is not implemented fully or
is only implemented in extreme instances, minimizing the amount of help
that the practices and processes of project management could bring to bear
for the organization.

Project Management Enhances Business Performance

In conventional business and government organizations alike, project man-
agement is a proven means of improving business performance. The state
of Michigan (U.S.A.) learned this during its three-year excursion into build-
ing better practices in project management. The state was driven to try proj-
ect management improvement because of a series of failed technology
implementations. By institutionalizing its project management practices and
applying them consistently, the state saw a significant decline in the number
of technology projects that failed early in their implementation.> Now other
states are seeking Michigan’s advice and support to improve their technol-
ogy records.

In Michigan’s case, the effort was to improve the success rate of software
and information technology implementations. Other organizations have
other distinct goals they are trying to achieve. The case for project manage-
ment can only be made effectively if there are clear goals identified that
project management is to achieve. In the U.S federal government, some
sectors are now establishing project success criteria to establish the goals of
specific projects.* The value of project management will only effectively be
determined (and shared) where the organization can identify what the prac-
tice is supposed to accomplish.

In most organizations, the overarching goals of project management are
similar:

They want to apply a proven practice.
¢ They want to save time.

They want to save money.

They want to optimize their resources.
They want to serve customer needs.
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Over time, numerous organizations have recognized these qualities but have
been reluctant to implement modern project management because of the
perceived challenges and barriers associated with putting it to work.

Project Management Is a Proven Practice

Project management has been in practice for anywhere from 50 to 5,000
years. As a modern management practice, project management evolved out
of World War II and U.S. Department of Defense projects.> These projects
required organizations to break the existing functional boundaries and find
new ways to accomplish complex work. Resources from a variety of skill
areas had to be drawn together toward a common goal. Objectives were
carefully outlined, including performance criteria, schedules, and budgets.
The foundations were set for modern project management.

During the past 50 years, more public and private organizations have
embraced project management. The construction industry was among the
earliest to take on the trappings of modern project management, with net-
work diagrams, work-breakdown structures (WBS), and Gantt charts. Other
major sectors of commerce also came in the first wave, including the aero-
space and pharmaceuticals industries. As the technologies for project man-
agement became more refined, other types of business joined in the
practice, ranging from technology firms to the telecommunications industry.
With the ongoing refinement of project-management tools, few business
sectors are untouched by project management.

What makes project management progressively more attractive to such
a broad industrial and commercial base? In addition to claims that project
management saves time, money, and organizational effort, project manage-
ment is rapidly being recognized as a value-added profession from the cus-
tomer perspective. Customers recognize and want project management to
support their projects. Several organizations have taken the lead in pro-
moting project management around the world.

The International Organization for Standards (ISO)

The International Organization for Standards (ISO) is a thought leader in
determining how many types of business operate today. Originating in Eu-
rope, this group has developed ISO standards for a variety of industries and
practices, with a heavy emphasis on the need for consistent practice on an
ongoing basis. The ISO standards are recognized as assurance that a busi-
ness can perform effectively and consistently. Whenever an ISO standard
is developed, it is a signal that the business practice involved is signifi-
cant enough to warrant consistent practice. ISO-10006 is the project-
management guideline. While not a full-blown standard with auditors and
performance criteria, the project-management ISO does provide guidance
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on the essential processes of project management. And it also sends a clear
signal that project management warrants attention as a critical business
process.

Professional Associations

In the United States, the foremost organization is the Project Management
Institute (PMI), founded in 1969 to draw the industry together.® PMI faced
a unique challenge in building its professional association because the
members came from a variety of practices. Approaches to project manage-
ment varied widely, and industries were not ready to change those ap-
proaches readily. In 1981, PMI’s Ethics, Standards and Accreditation (ESA)
group took a major step forward, making an effort to create an umbrella of
practices that would lead to professional accreditation. By 1984, the first
certified Project Management Professionals were recognized. Since that
time, the PMP certification has become a standard worldwide, with more
than 50,000 PMPs certified through the early 2000s.

Just as project management professionalism was evolving in the United
States, project managers in the United Kingdom had similar aspirations. The
Association of Project Managers (APM) was founded in 1972 to promote
project management in the United Kingdom. Today, APM offers its own
multilevel certifications, with over 6,000 practitioners certified under their
APM Practitioner certification.

The International Project Management Association (IPMA) was founded
in 1965 and is based in Denmark. With a membership of over 20,000, the
organization provides leadership for national project-management associa-
tions in 30 countries.

These professional associations add value to organizations, allowing
them to speak a common project management language with their custom-
ers, whether internal or external. Such common understanding encourages
intelligent dialogue and improves overall customer relations. By providing
some measures of professional consistency, the various associations en-
courage project managers to carry similar skill sets and a consistent lexicon.
With those parallels across organizations and industries, project managers
enable and encourage clear communication and more effective overall man-
agement.

Project Management Today

Project management today is a far cry from where it was in the 1960s, when
only the best-financed organizations could afford to integrate project infor-
mation into software applications. Only massive projects could be evaluated
against heuristic measures. Only organizations supporting massive capital-
spending efforts could afford full-time project managers dedicated solely to
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the advancement of projects. Project management was the preserve of a
small cadre of individuals who alone possessed the dark secrets of network
diagrams, Monte Carlo analysis, and earned-value interpretation.

As the tools and practices slowly migrated away from huge capital proj-
ects, project-management software products became progressively more af-
fordable. Organizations began to test project management to see how well
it could function in their environments. Today, organizations of virtually
every description practice project management, and they are taking full ad-
vantage of certified professional project managers. Project-management
professions, who were once locked into their respective areas of expertise,
are now branching out and becoming more skilled as generalists.

Project Management as a Time- and Cost-Saver

One of the major reasons that project management has become increasingly
popular is its role as an organizational time-saver. In many modern projects,
time is a consideration equal to, or more important than, money. However,
with the attention to details required by project management, it can also
cost time and money for an organization. A 1994 study of electrical utilities
projects show that even with professional project management, schedule
targets were more consistently exceeded than not—from about 20 percent
under the projected duration to about 100 percent over.” Although the study
concluded that companies were less sensitive to schedule targets, the anal-
ysis may also be a tribute to organizations’ general optimism in setting
schedules. In many (if not most) organizations, however, project managers
do not even participate in the negotiation process when it comes to estab-
lishing budgets and schedules. Instead, project managers are assigned to
projects only after the initial time and cost budgets have been clearly estab-
lished.

EXAMPLE. A project manager at a telecommunications company tells of
her dismay at being assigned to a project with an unrealistic schedule. Un-
daunted, she went to her management, diligently reporting that the project
would take two weeks longer than the schedule allowed, unless significant
additional resources were provided. Management expressed confidence in
her capabilities but refused to grant the additional time or resources. They
told her that they were sure she would “figure out a way.” At project com-
pletion, the project was four days late, based on the original schedule. As
the project manager, she was ecstatic. She had been able to trim six days
off a very tight schedule. Management did not reward her, however, prefer-
ring to acknowledge only the fact that the customer’s schedule expectation
had been exceeded. Based on a realistic schedule, the project manager had
saved the organization time (and the associated cost of the resources for the
additional days). Based on the preordained schedule, the project manager—
and the application of project management—looked less than effective.
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EARLY INTERVENTION

Project management saves time and money most effectively when it is used
from the beginning of a project. At Sun Microsystems, Dr. William Scally
defends the need for early intervention of the project manager in their ed-
ucational project to ensure the success and effectiveness of testing and test
criteria.? Scally points out that early intervention is crucial in terms of es-
tablishing tests that will ultimately serve operational and organizational ob-
jectives. At the National Aeronautics and Space Administration (NASA), the
administration’s Continuous Risk Management policy is driven in some
measure by the need for early intervention and identification of risks.® The
policy adds a third dimension of “time frame” to the conventional perspec-
tive of risk as probability and impact. By emphasizing that some risks have
near-term implications (less than 30 days), the authors drive home the need
for timely application of project management practice if cost- and time-
consuming risks are to be avoided.

In other words, project managers need to be brought in at the very be-
ginning of projects because project managers are supposed to plan the proj-
ects on which they work. They’re supposed to outline the work to be done
and then work to that plan. For project managers to save time on projects,
they must have some measure of control at the outset.

AUTHORITY AND CONTROL

Control is a critical issue in developing project management as a time- and
cost-saving practice. The project manager who is simply assigned to monitor
tasks and oversee personnel performance will not have the opportunity to
maximize the project schedule. If the project manager is granted some mea-
sure of control early in the process, and allowed to monitor it (and take
action on it) over time, the odds for success increase greatly. In many cases,
it is the project manager who first identifies impending (costly) delays, as
well as the causes for those delays. Many are not the fault of the project
manager or the project, but instead rest with the organization, which dilutes
the resource pool or modifies the project approach in the middle of the
effort.!® Chapter 32 covers legal reasons for giving project managers author-
ity and control in contract agreements.

ORGANIZATIONAL SUPPORT

Project management as a time-saving practice involves a variety of organi-
zational support functions. In the proposal-analysis phase, the project
manager has the opportunity to contribute to the project approach, the
promotional methodology and the technical solution. In developing the
schedule, the project manager has the opportunity to establish what time-
saving workarounds will function and which time-saving approaches are
overly optimistic. Historically, many of these tasks have been taken on by
functional specialists or by proposal writers, neither of whom may under-
stand the intricacies of the work involved. The project manager can both
inject realism and facilitate their efforts.
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As the project evolves, the project manager saves time for the organiza-
tion by tracking which activities are ahead of or behind schedule. Although
that sounds like a simple task on the surface, it is the nuts and bolts of
project management. Project managers must take it upon themselves to re-
view failures and successes, taking home the lessons learned from each.
Prior to the evolution of project management, such activities were the prov-
ince of the functional managers. These activities, however, detracted from
what they perceived as their “real” job.

Project managers save time for upper management as well, serving as
buffers between the executive suite and members of the project team. In
any organization, team members sometimes feel the need to address issues
with the upper echelons of the organization. Although project managers
cannot universally resolve such concerns, they can shield upper manage-
ment from some of the day-to-day issues raised by the team members. Con-
versely, project managers may also serve as shields for team members
against executive intervention. Some higher-level managers like to intervene
in team member activities, providing insight and guidance. Although such
guidance may be helpful, it can also detract from team-member perform-
ance (and from the project manager’s authority). Project managers save
team members’ time by serving as communications conduits.

EXAMPLE. The classic proof of project management as a time-saver came
in 1992 in San Diego, California, where the local Building Industries Asso-
ciation set out to prove its effectiveness by constructing a home in world-
record time. Prior to the San Diego construction, the world record for
conventional home construction was just over four hours. After six months
of extensive project planning and analysis, the implementation phase was
ready to begin. For the San Diego project, the actual construction (including
pouring concrete, frame construction, roof-truss construction, heating,
plumbing, wiring, wall placement, and landscaping) lasted less than three
hours.!! Three hundred and fifty team members on-site were perfectly co-
ordinated. With each project phase detailed to the minute, the project ran
almost flawlessly. Project management can save time. But, as this example
points out, investments have to be made in planning and providing re-
sources for the project to ensure that the schedules can be met.

The old adage says time is money.'? But project management saves
money in other ways, in planning, resource deployment, tracking, use of
reserves, and project close-out. If the project manager is allowed to pursue
these basic practices, project management can be an effective money-saver.
By doing a project right the first time, an organization can avoid rework and
warranty service that can prove cost-prohibitive.

PLANNING

Planning costs are historically the lowest costs an organization faces during
the project life cycle. Virtually all project cost models begin with a low,
smooth, slow gradient during the planning phase (see Figure 3-1). Costs are
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CONCEPT PLANNING IMPLEMENTATION TERMINATION

Figure 3-1 Project Cost Utilization Curve

low because most of the costs in this phase are personnel, rather than ma-
terial.

Careful and extensive planning allows for intelligent use of resources later
in the project. It also allows for more thorough project reviews.

The project plan must be made early, but it must also be based on sound
business judgment.'® If the business plan is weak, it will lose integrity be-
cause the project will be evaluated against a false model through its life
cycle. If the plan is not realistic, it cannot be used as a barometer for project
success. A good business plan is not a guarantor of success. But if the plan
is sound and maps to reasoned business judgment, the chances of success
improve significantly.

Without a clear, well-defined plan, there can be no honest baseline. With-
out an honest baseline, there can be no objective evaluation of project suc-
cess. Without an objective evaluation of what constitutes project success,
success (or failure, for that matter) can never be achieved. Before project
management became an accepted practice, functional managers were, in
large part, responsible for establishing the baselines. Although they proved
highly skilled in their own areas, they lacked the cross-functional frame of
reference essential to building a valid baseline for a project as a whole. Proj-
ect management affords organizations that frame of reference.

RESOURCE DEPLOYMENT

Project management also saves organizations money by deploying resources
more effectively. In an era of downsizing and corporate efficiency, each in-
dividual must be encouraged to broaden his or her skills and knowledge by
participating in a broader portfolio of projects. Although training and on-
the-job development are still broadly applied, the project manager often
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takes on the responsibility of a mentor to foster personnel development.
Functional managers have the knowledge and skills to build insight within
their functional areas, but project managers encourage greater Cross-
functional understanding and capability.

The importance of the project manager’s role in resource deployment
can be seen in the range of commercially available software. Virtually every
project-management software package is built, in large part, around re-
source loading. With this level of attention given to employees’ tasks and
responsibilities, the organization is assured that individual team members
are being fully deployed. Project management allows for greater tracking and
understanding of employees’ roles and responsibilities both in the project
and in the organization as a whole.

TRACKING

Project managers save money by tracking project progress. ‘“That which is
not documented does not exist”’ is a maxim long supported by project man-
agers. Early identification is often touted as the key to effective risk man-
agement, as well as effective cost management. Since project problems often
turn into small-scale projects on their own, early identification of those
problems allows for greater planning. Better planning means lower overall
costs for implementation. Tracking also encourages increased accountability
from all project participants.

USE OF RESERVES

One way in which project management can save money is through the de-
ployment of reserves. Project managers in the field rarely get access to a
contingency reserve account, even though such practice is acknowledged
and encouraged time and again in the project-management literature.'* Re-
serves allow project managers to reduce or eliminate the tendency to build
padding into the project budget at the work-package or control-account
level. Reserves allow project managers to manage problems by applying
funds as appropriate.'> Organizations that establish reserves provide project
managers with a valuable tool to identify specific problem areas and respond
accordingly.

PROJECT CLOSE-OUT

One other way project managers save organizations money is by ensuring a
thorough, effective close-out. Project termination is a key role for the project
manager and ensures that all parties involved are aware that the project has
drawn to a close. As simple as that may sound, it is actually a process that
is forgotten or lost on some projects, prompting them to linger beyond their
time and drain an organization’s resources.

Project Management Optimizes Resources

Project management drives organizational efficiency. As far back as 1959,
project managers were lauded for their ability to corral organizational re-
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sources from a task-oriented (rather than a function-oriented) perspective.'®
Project managers enable cross-functionality, team development, and em-
ployee growth while maximizing use of employees’ time.

CROSS-FUNCTIONALITY

Project management evolved out of a need to draw upon the resources and
insights of the entire organization. Throughout the early 1900s, the need for
functional organizations evolved, affording businesses a structure to bring
together the individuals capable of performing a single mission and doing
it effectively. Functional organizations allowed individuals to develop within
their areas of expertise and encouraged upward mobility through the ranks.
The mid-twentieth century brought new diversity, challenges, and possibil-
ities. To achieve these possibilities, it was essential to draw on the capabil-
ities of individuals from a variety of functions. Customers were demanding
more from their product providers. They began to expect service as well.
Integration became a buzzword.

In the past decade, the term mass customization has come into vogue,
sufficiently that there is now an international symposium on the topic, the
Interdisciplinary World Congress on Mass Customization and Personaliza-
tion, with a focus on how to integrate professionals and team members from
a host of disciplines into a customized, uniform solution specific to a single
customer need. Management guru Tom Peters has not been left out of the
mix, promoting the notion of “Wow! Projects” and the need for team inte-
gration and collaboration. Peters takes the notion of cross-functionality a
step further, contending that virtually all work can be reconfigured into proj-
ects."”

Modern project management is flourishing in this environment. For any
integration effort, it is essential that there be a focal point of responsibility,
insight, and oversight. Project management takes the pressures of cross-
functionality off the backs of functional managers. Project managers are re-
sponsible now as second bosses for many of the employees they oversee. In
this role, project managers become both blessing and curse to functional
managers. No longer must functional managers learn the business of the
other line organizations. But they must now cope with the project managers,
who make demands for resources and support.

As a result, project managers become versed in the policies, politics, and
protocols of each organization with which they deal. They become conduits
for both information and corporate attitude. They serve as the bellwethers
of conflict or calm between the factions within the organizational hierarchy.

TEAM DEVELOPMENT

On a much smaller scale, project managers also provide organizations with
opportunities for extensive employee development. In the functional orga-
nization, employees might spend their entire careers wedded to a single
function. With promotions built on a blend of politics, longevity, and ca-
pabilities, long-term stability within an organization bodes well for the in-
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dividual hoping for the executive suite. In today’s organizations, however,
that is changing. Careers are built in a series of organizations, rather than a
single employer. Organizations grow and shrink rapidly. Today’s opportunity
may become tomorrow’s reengineering project.

The project manager is compelled to create temporary oprganizations
and encourage team members to function as effectively as groups that have
worked together for years.'® In the video Four-Hour House,' the narrator
notes that this massive team was brought together for one purpose but
“they’re working together like they’'ve been doing this for years.” It is evident
that the clear sense of direction, the well-defined objective, and the potential
for significant accomplishment all worked together to motivate the 350 peo-
ple to function as a team. These lessons can be learned and applied outside
this context. Project managers have the opportunity to build teams using
the same approaches. The team members must have a clear understanding
of the project objective, a sense of responsibility, and a role in the process.
Each time the project manager succeeds in drawing together a team and
making it function effectively, a significant stride is taken toward making the
entire organization completely cross-functional.

EMPLOYEE GROWTH

Project managers take on a great deal of responsibility when it comes to
their team members. In addition to accounting for their time, the project
manager must prove that something has been accomplished through an
individual’s participation in the project. Without such proof, it will be far
more difficult to garner resources for the next project. But optimization goes
beyond whether the organization is being served. The individual team mem-
ber must be served as well. Team members must have a sense that they
contribute to and participate in the success (or failure) of the project.

To accomplish this, the project manager must ensure that the team
members are working in the same direction, that they have contributions to
make, and that they are implementing toward those goals. Working in the
same direction is an issue that relates closely to cross-functionality. In many
organizations, team members must serve two or more bosses. As such, the
project manager’s direction may be at odds with the functional manager’s
direction. Unifying that direction is the joint responsibility of the project
and functional managers, but in many cases it falls to the project manager.
Similarly, the project manager must ensure that all team members have
contributions to make to the project. Although functional managers may
determine which team members are assigned to the project, the project
manager must validate those determinations both before and during imple-
mentation.

During implementation, the lines of authority must be clear, and any-
thing the organization can do to support the project manager will serve both
the project and the organization well. Granting project managers tools of
influence, such as performance reviews, opens the door for project man-
agers to exercise increased authority during the project. This role is crucial
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to the organization that hopes to evolve with the times and meet specific
customer needs (through processes like ‘“mass customization’).

The project manager needs to be highly adaptive in building project
teams. As projects are unique, the team structures are unique for each proj-
ect.?’ That means the project manager needs to be able to create teams that
can function well together and can adapt to a new type of project or project
environment without the simple, clear templates that have evolved through
years of functional thinking. It is yet one more area where the project man-
ager adds value to the organization—by ensuring that team members have
a sense of team in a novel environment and by ensuring they understand
their roles and responsibilities (and have an opportunity to grow within
those roles).

PROJECT MANAGEMENT MEETS CUSTOMER NEEDS

Customer expectations are established from the very first contact with an
organization. Every meeting, every connection between the organization and
the customer helps to further establish those expectations.

EXAMPLE. A project manager walked into the client site wearing khaki
slacks and a polo shirt. Because the company had a dress code of ‘“business
casual,” no one said a word or thought anything of it. However, several
months later a new project manager took over. This project manager arrived
in a suit and tie. The new project manager was quickly assaulted with ques-
tions about his attire and whether it represented a shift in the relationship
with the project organization.

Every word, every appearance, every element of presentation works to-
gether to generate expectations. Customers have expectations, but in many
ways the project organization is responsible for establishing them. If the first
project manager had always worn a suit and tie, no one would have said
anything to the second. Similarly, had the second project manager come to
work dressed casually, there would have been no questions asked.

PROJECT MANAGERS BUILD CUSTOMER LOYALTY

Although sales and marketing teams are paid specifically to set the customer
expectations, many of the real-world, day-to-day expectations are estab-
lished by the project management and project manager team. It goes well
beyond attire. If a project manager shows a willingness to introduce minor
changes at no cost, that becomes a customer expectation. If a project man-
ager directs project team members always to leave the client facility at 5:00
p-m., that becomes an expectation as well. The project manager establishes
the major tenets of the relationship, and it is up to the project manager to
ensure that information is communicated across the organization.
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Introduction

uccessful organizations rely on a disciplined process to implement
project management and to prosecute work opportunities. Working in
a random fashion or through a haphazard set of procedures typically
results in random project product quality. A process is needed to ensure
that consistent and continual dedicated effort is applied in the right manner.
As more organizations adopt project management as the system of
choice to design, develop, and deliver products, services, and organizational
change, the need is recognized and emphasized to ensure growth and prof-
itability. Project management has emerged in many sectors as the primary
system of choice to use projects as building blocks to greater success. Many
companies are converting work effort to projects and developing their
project-management capability. Others are recognizing the power of project
management as the means of being competitive and are implementing a
project-management capability.

42 Field Guide to Project Management, Second Edition. Edited by David I. Cleland
Copyright © 2004 John Wiley & Sons, Inc.
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Whereas any new system implementation typically takes time and ded-
icated effort, organizations can start the implementation process by under-
standing the fundamental principles and models for a project-management
process. Designing the process that best fits an organization’s strategic di-
rection and provides for continuity of work during the transition can lead
to success. Immediate benefits can be realized and capitalized on during
the transition process.

What Is the Project-Management Process?

Project management was born in antiquity and has continued to evolve for
more than 5000 years. It can be traced through time by the artifacts gen-
erated, such as the Great Wall of China, the pyramids of Egypt, the cathe-
drals of Europe, the Suez Canal, the Panama Canal, the Pennsylvania
Turnpike, and the St. Lawrence Seaway.

The process that has evolved for project management today is a descrip-
tion of the actions needed to identify, select, plan, execute and control, and
close out project work. The growth of project-management tools has ma-
terially aided in the speed at which projects are planned, controlled, and
closed out. Still, the fundamental process has not changed.

The project-management process is widely accepted as the foundation
for projects, but there are many different applications of the components of
the process. Depending upon industry, project size, project complexity, proj-
ect duration, and other critical factors, organizations modify the process to
meet their need to deliver products and services to clients. The author’s
description of the project-management process will, therefore, vary from
other processes in use, but serves as a model for initiating a project-
management process.

The project-management process is defined here as: “a system of oper-
ations that guides a project from its inception to completion.” This defini-
tion does not include the use of tools to automate or accelerate the
components, but recognizes that certain functions are better accomplished
when the tools of the profession are applied.

Projects require structure in the form of a life cycle to
properly support an organization.

Project Life Cycle

Developing or adopting a project life cycle that meets the organization’s
needs, based on industry and products or services produced, is the first step
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in accepting project management as the system of choice. Projects have
lifespans that are divided into phases, each phase having a definite output
that represents completion of that phase. The phases are most often se-
quential, but may overlap for compressed project schedules. Phases are:

¢ Project-definition phase. The time period when an idea, need, or
desire is converted into a statement of project description. This typi-
cally will result in defining project goals, the general approach to the
project, and the product or service that results from the project, and
establishing the organization for the project. This phase results in a
Project Charter—the brief statement of who, what, where, when, why,
and how for the project. This document forms the basis for subsequent
planning documents.

¢ Project-planning phase. The time period when the project charter and
associated project documents are converted into detailed guidance for
the execution, control, and closeout of the project. The level of detail
for the project’s work is driven by: (1) the need for definition of the
work to ensure understanding by the project-approving authority; (2)
the need for guidance to the performing person, team, or organization;
and (3) the amount of information available for planning. Details for
control of the project are also included to identify frequency, location,
and collection of information with which the project’s progress will be
measured and reported. This phase results in a comprehensive project
plan that forms the baseline for actions and any subsequent changes
to the project’s objectives.

¢ Project-execution and control phase. The time period when the pro-
ject plan is implemented and actions are taken to converge on the
development and delivery of the project’s products and services. This
phase relies heavily on the project plan to guide the actions of the
project team and identification of actions that are not feasible. Small,
simple projects typically will not have the detailed guidance that is
required for a complex, large project. The result of this phase is the
delivery of the product or service and acceptance by the client.

¢ Project-closeout phase. The time period when actions are taken to
close contracts, reassign team members to new positions, transfer tools
and materials used in the project, and file any required reports. Project
closeout may or may not have a formal closeout plan or checklist, de-
pending upon the complexity of the project. The result of this phase is
a report to the approving authority for the project that all actions have
been completed and all resources accounted for.

Reasons and Uses for a Project Life Cycle

Project life-cycle models are tailored for an organization and its products or
services. The basic model should entail all functions for a large project and



Implementing the Project-Management Process 45

be scaleable to use only those functions needed for projects of a lesser size.
For example, a large project would require a life cycle that includes all areas
of project planning, to include risk management, procurement management,
and communications management. A small project, because of its low dollar
value, probably would not have these three functions fleshed out in formal
plans, but would be exercised through a less formal process.

A life-cycle approach to project management divides a project into dis-
tinct, sequential components. Some of the benefits of dividing the work into
smaller parts are:

e It ensures that one phase is completed before another is started.

¢ Project planning is improved with a focus on stages or phases.

¢ Phases can be control points where management reviews the progress
to determine if the project is meeting its goals.

¢ Different phases may require different resources, and this permits
scheduling and release of skills.

¢ Control is exercised more judiciously when each phase has a deliver-
able product or service that can be evaluated and approved and release
given for continuing the project.

Types of Project Life Cycles

Project life cycles vary by industry and the type of work that is being accom-
plished. Generally, the simplest life cycle would be used to meet planning
and execution requirements. Complexity, where not needed, only causes
additional work and makes the project more difficult to understand for those
performing the work.

When the product being built has a high degree of uncertainty, it may
be best to have many short phases or stages to control the flow and assess
progress as the project moves forward. It may also help to make termination
decisions early on when a project is not meeting intermediate goals.

An example of a life cycle might be a research project to develop an
electric car that must travel 500 miles at speeds between 50 and 75 miles
per hour. Weight is a key component of the storage batteries, and studies
show that the technical performance cannot be achieved when battery
weight exceeds 475 pounds. The phases for this project could be:

1. Product definition. Defining the performance specifications for a
prototype electric car

2. Planning. Preparing the project plan based on the performance spec-
ifications and project goals

3. Execution and control for battery
a. Conduct a study of battery alternatives.
b. Identify and test the top three battery alternatives.
c. Select the best alternative that meets the performance specifica-

tions or stop the project.
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4. Execution and control for the electric Car. Build the car with the
selected batteries from phase 3

5. Test, evaluation, and demonstration phase. Conduct a test and dem-
onstration of the car’s capability

6. Project closeout. Deliver the car and close out all paperwork

In this example, the project has six primary phases and one phase with
three subphases. The critical nature of the battery dictates that detailed con-
trol be exercised over the work. The project’s life cycle phase give a high
degree of control by dividing the execution and control phase into two dis-
tinct phases.

Keep the planning as simple as possible, but cover all
necessary items.

Whereas this example focuses on a special product, an industry example
is illustrative of the function and nature of the work. In the construction
industry, erecting buildings is a mature technology with some advances in
the methods and types of materials used. The life cycle could be as simple
as four phases:

1. Plan the project.

2. Construct and control.

3. Commission and transfer the building.
4. Close out the project.

This example assumes that the design of the building and the blueprints
are developed by another organization, such as an architectural engineering
firm. These design documents are provided to the performing contractor as
the technical specifications for the building. Any changes to the design of
the building must be made by the architectural engineering firm. The con-
tractor’s planning (phase 1) may be limited to the tasks of converting the
blueprints to a schedule and resource listing. Construct and control would,
in this example, be implementing the contractor’s plan according to the
specifications in the blueprints and following the planned sequential use of
resources. Commissioning and transfer would be putting the building into
service. Closeout of the project is the accounting for property and reassign-
ment of people.

Well-defined requirements give projects a good
starting direction.
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Product or Service Requirement Definition

One of the major weaknesses in planning today when definitive project re-
quirements are lacking or poorly communicated. A shortfall in developing
an accurate and precise statement of the requirement lets the project start
with ill-defined directions. The lack of solid direction for the project may
not be recognized until major work has been accomplished and significant
expenses incurred.

The customer is the one who defines the needs, either through state-
ments that specifically identify the product or service, or through statements
of a characteristics for the product or service. If the customer defines the
need in terms of a product or service description, the performing contractor
can then work toward that specification. If the customer defines the needs
in terms of characteristics, the contractor may need to design the product
or service to ensure the design meets the customer’s needs.

When uncertainty is associated with the requirement, one needs to pro-
ceed slowly until the customer’s needs are converted into something tan-
gible for which work can be productively applied. Randomly chasing the
requirements can only result in wasted effort.

Project-Planning Considerations

Planning is typically very difficult for individuals. One survey in 1977 showed
that less than 1 percent of the group was planning their individual lives. Out
of 535 individuals, only 5 had any plan beyond the immediate time frame,
which was defined as more than one week in the future. Those responding
that they had plans were able to identify specific goals such as vacations,
retirement, and family reunions.

Because planning is not second nature, one must leverage those
strengths available to focus on doing the planning as well as the performing.
Some considerations for planning are listed below:

¢ Have a planning model to work from that fits your organization.

¢ Use a disciplined approach to planning projects.

¢ Understand the end goals for the project and work toward accomplish-
ing the goals.

¢ Use a team approach to planning so everyone knows what is happen-
ing.

¢ Document the goals, objectives, mission, purpose, and other guiding
items.

¢ Focus on successfully planning the most likely course of actions.

¢ Plan as many items as needed in the appropriate level of detail and
anticipate changes to the plan during execution.
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Facts or assumptions—know the difference.

Planning often must be accomplished with less than perfect knowledge
of the future or even past events. This uncertainty gives rise to two areas of
special interest in any planning—facts and assumptions.

Facts are known events that have taken place and are not changed by
any action within the project. While accepted ‘““facts” are not changed by
events, they can sometime be misstated through less than good communi-
cations. The probability of misstated facts should not deter one from ac-
cepting facts and listing them as such. List only facts that relate to the
project’s success or failure.

Assumptions are assumed results of future actions. Assumptions can ei-
ther become facts after events take place or they can be erroneous. Events
that do not follow the assumptions can cause major problems for a project.
There is a need to monitor and validate that assumptions come true. List
only assumptions that relate to the project’s success or failure.

An example of the confusion between facts and assumptions was dem-
onstrated in a 1995 project in Chicago, Illinois. The planners of the project
and the performers were the same people. Planners were asked to generate
assumptions and incorporate them in the project plan, which resulted in
nearly 300 assumptions. Progress on the project had slowed to a crawl and
the project team held a review among themselves after the customer com-
plained about the lack of progress. One team member stated, “I know why
the project is not going well. One of our assumptions states that the cus-
tomer will continue to like us and he no longer likes us.”

An examination of the assumption in this example reveals several flaws
in planning. First, “like us” is a personal attribute and the result of the
performing contractor’s inability to perform at the planned rate. This as-
sumption focuses on the result of poor performance. Second, the number
and type of assumptions were often unrelated to the project’s success or
failure. Collection and incorporation of assumptions on a random basis were
not assumptions, but excuses that had no place in the plan.

Stable project requirements are easier to plan than
those that are changing.

Another planning consideration is the stability of the requirements for
the project. While there are often changes to the requirements—either be-
cause the work cannot be accomplished in the stated manner or because
the customer’s needs have changed—one must recognize the need for ad-
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justing the plan. This does not detract from complete planning of a project,
but suggests that more planning is needed to start the process.

Individuals who have not performed a lot of planning often ask, “Why
plan when it will change anyway?’ An example often quoted is from the
military. General Dwight Eisenhower reputedly stated, “Once the operation
starts, one can throw the plan out the window.” To counter these state-
ments, it should be recognized that planning includes both the guidance for
performing the project and the elimination of paths that are certain failures.
The planning process reveals both success and failure paths.

Valid, reliable, and accurate information is essential to
project success.

Planning requires that a lot of information be collected and validated.
The first consideration for use of information is its accuracy. Inaccurate
information can lead to the wrong approaches and give erroneous guidance
to performers. It is essential that the quality of information be validated,
especially when the information is critical to the success or failure of a proj-
ect.

Validating the accuracy of information relies on several factors, some
more important than others. These factors include the following:

e Age of the information—how current is the information and does cur-
rency matter?

¢ Source of information—who provided the information or from where
was it retrieved?

¢ Relevance of information—how relevant is the information to the proj-
ect, or is it “nice to know” information?

¢ Context of information—in what context was the information devel-
oped, and is it appropriate for the context of this project?

Project-planning considerations involve thinking through the process
and touching on essential elements of the project work. The plan should be
as simple as possible while covering all performance and procedure items
that support successful completion of the project. The simplest plan may be
a schedule with a list of resources for a small project, whereas the plan for
a major project may have volumes.

The planning sequence is critical to avoid errors and
confusion—scope of work or product description,
schedule development, and cost estimation.
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Project-Planning Sequence

The sequence of events for planning is often flawed when a schedule of work
is prepared before the full scope of the project is known. The first area to
cover in planning is describing the work to be accomplished. This may be
a statement of work or a scope statement that adequately addresses the work
to be accomplished—and, not to be forgotten, the work that is not a part of
the project. To have a workable plan, when there is a question of whether
the work is included in the project, this must be clarified to determine work
in scope and out of scope. Some areas that may be used in describing the
work are as follows:

¢ Product description. A physical and functional narrative of the prod-
uct. This may include pictures, diagrams, functionality, parametric
numbers, and performance criteria.

¢ Product features. A listing of features or attributes. These may be
physical, functional, aesthetic, or other descriptive qualities.

e Product quality. A statement of performance requirements or refer-
ence to a performance standard. Performance standard in this context
includes reliability, durability, functionality, and other features.

Project scheduling is perhaps the most mature function
of project management.

Second in the sequence of planning is preparing a schedule. Once the
scope of work in known, work elements can be laid out over time. Sched-
uling, perhaps the most mature aspect of project management, is typically
dictated by the delivery goal. One must fit the planned work accomplish-
ment within a given time frame to meet the project’s deliver date.

There are different levels of schedules, depending upon the need for con-
trol and work package assignment. The two typical types are as shown be-
low:

* Master schedule. A high-level summary of the work plan that depicts
work activities in logical groups and high-level milestones. This type of
schedule is to give the general picture of work accomplished and work
to be accomplished. Senior management will often review this on a
routine basis to track the progress.

¢ Detailed schedule. A complete work plan that depicts all work activi-
ties and all milestones. This complete work plan is used for the daily
assignment, tracking, and measuring of work progress. Although the
ideal schedule is a complete roadmap to the project, complex projects
may be scheduled by life-cycle phase.
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Cost-estimated sums become the project’s budget.

The third element in the planning sequence is developing a budget. The
budget is an estimate of what the project manager believes the project will
cost when completed. Developing the budget is accomplished by estimating
the cost of all resources at the lowest level of the decomposed work, typically
the detailed level of the schedule, and summing all the parts.

The budget, or estimated cost of the project, is the final of the prime
components because long-duration projects must factor in price escalations
for such items as labor, materials, and facilities. Future prices are typically
more than today’s prices, and changes in demand for a commodity may
make a significant difference. Of course, the project duration is derived from
the schedule and the resources are derived from the product description
with accompanying labor requirements.

Project control must be planned to ensure
successful implementation.

Planning for Control

Project planning includes those actions to be taken to collect, collate, format,
analyze, and disseminate information necessary to measure the rate of prog-
ress of the project. It is essential that the desired information for control
purposes be planned for collection at points in the project and at specified
times. Collection of information is costly and time-consuming. The collec-
tion plan should address only that information required to measure progress
and to satisfy the needs of senior managers.

Collating, formatting, and analyzing information is essential to under-
standing the significance of data, that is, information that has not been as-
sessed. This process places the resulting information in context with the
project environment and gives meaning to information that is viewed by
project participants. Random data must be organized to give the data the
proper context and promote understandability.

Dissemination of project information is typically prescribed in the com-
munication plan—the document that lists participants, stakeholders, senior
managers, and other concerned or involved individuals. Project information
may be disseminated by a routine report or a special briefing to senior man-
agement. To whom and how frequently the information is provided is a
decision that needs to be made early in the planning process.
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In-process project reviews give visibility to the
project’s achievements.

In-Process Project Progress Reviews

In-process project progress reviews are periodically held for the project team
and at prescribed times for senior managers. The purpose of the reviews is
to ensure that progress is being made according to the project plan’s de-
tailed roadmap. Special reviews may be held when dictated by circum-
stances such as the project’s progress lagging, the need for the project in its
currently planned configuration being questionable, and senior manage-
ment wanting to emphasize or redirect the efforts of the project team.
In-process reviews may be scheduled based on the rate of progress of
the project, or they may be periodic, such as monthly or quarterly. The need
for visibility into the project may be dictated by its importance to the or-
ganization or uncertainty as to whether the project remains viable. In-
process project progress reviews are important to assess the following:

¢ Progress made toward technical solution and whether it matches the
planned progress

¢ Resolution of issues that may negatively impact the project, such as
technical performance shortfall, resources/skill unavailability, stability
of the project’s requirements, and continuing requirement for the proj-
ect’s product

¢ Progress achieved on completing scheduled work and the degree of
difficulty associated with meeting the schedule

¢ Rate of expenditure of funds as compared to the budget, to include use
of the contingency reserve and management reserve against unantici-
pated work or work inefficiencies

¢ Ability of the project manager to resolve major issues that jeopardize
the project’s successful completion

e The project manager’s plans for the future and whether they are
success-oriented

Project reviews are often conducted by the project team on a weekly
basis, although the depth of the reviews is limited to current situations.
Monthly, quarterly, and special project reviews are attended by senior man-
agers such as the project director, vice president of projects, the project
steering committee, and the customer. Each has a required role to play in
the review, even though the roles may overlap. The project-management
process recognizes the needs of all stakeholders to ensure that all these
needs are met.
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Cultural Aspects of Implementing Project Management

Cultural aspects of an organization bring strength and stability to the people.
During times of change, the culture may oppose doing things differently
unless the reasons for change are explained and demonstrated. Implement-
ing a project-management process is a kind of change, and it changes the
way people respond to work situations. It is no longer work as usual, but
following a new set of procedures to achieve benefits for the organization.

Changes to an organization must consider the historical development of
a culture, and the people and their individual and collective expectations
must be recognized and dealt with.

An example of an organization establishing a project-management proc-
ess highlights the challenges encountered. Ten engineers were appointed as
project managers for projects ranging in cost from $1,000 to more than
$15,000,000. Each was a working project manager and a fully qualified en-
gineer. No one had training in project management or fully understood proj-
ect management. A consultant was brought into the organization to support
the development of the project-management process.

The consultant first identified the types of projects being pursued and
the limitations on project work imposed by environmental considerations.
Three generic models of a project schedule were developed for use for draft-
ing the duration of each project. Fortunately, all projects were similar in
content, but varied by size. While the project managers worked on projects,
the consultant developed parts of the project-management process and im-
plemented them as soon as the parts were completed. This allowed the proj-
ect managers to benefit from components of the system while it was being
constructed.

The results of this implementation provided a framework for the project
managers to use and involve senior managers to ensure the process was
being used. Within a year, the organization was able to achieve 17 percent
gain in the amount of work being accomplished without additional expen-
ditures. This direct increase in productivity was dramatic; the expectations
of senior managers had been to realize a 10 percent increase in productivity.

Summary

The project-management process and its successful overlay on an organi-
zation will often determine whether the organization is competitive with
similar deliverers of products and services. The project-management process
is a disciplined process that needs to be tailored for an organization to fit
its products, services, project sizes, and environmental context. Successful
organizations will typically have the process either fully implemented or be
making a concerted effort to improve the existing process.

This project-management process has fundamental tools that are essen-
tial to project work and define the process for conducting work. The project
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life cycle is one primary tool that must be defined and improved over time
to best match an organization’s business

An organization must have a planning process in place as part of the
project-management process. Planning is not intuitive for many individuals.
Planning is a major part of project management, and the project partici-
pants, especially the project manager, must know how to design the road-
map to project success. Considerations include knowing the difference
between facts and assumptions, as well as knowing when to use them.

Another aspect of project planning is knowing and following the proper
sequence for the various components. Defining the requirement for the proj-
ect first means scoping the technical aspects. Business processes, such as
scheduling and budgeting, follow and use the technical definition to guide
projects to the right solution.

Project control relies on accurate, reliable, and timely information. Plan-
ning for the collection, formatting, and analysis of project data contributes
to the successful implementation of a project.

Periodic project reviews on major projects are essential to determine the
progress achieved at a given point in time as compared to the project plan.
Reviews are also an opportunity to assess the value of the benefits of the
projects to determine whether they should be continued. Special reviews
may also be appropriate when either projects do not meet expectations or
there is a need to review the potential benefits.
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Introduction

ganizational strategies. Because of this strategic importance and the
significant resources that may be dedicated to a project, project man-
agers should ensure that all potential projects should undergo a formal eval-
uation process. This evaluation process should identify promising projects
while rejecting those that are inferior with respect to the organization’s mis-

r I Yhe selection of appropriate projects is critical to the execution of or-
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sion, objectives, goals, and strategies. This chapter presents a number of
practical tools and examples to assist users in this process.

Projects are a primary means of executing organizational strategies. For
this reason, project-management practitioners should have a working
knowledge of practical project-selection techniques. This knowledge should
include how to identify individual project-selection factors, choose among
a variety of project-selection models, and implement the chosen model.

The objective of this chapter is to provide project-management practi-
tioners with this working knowledge. This chapter will first show how to
generate a list of project-selection factors that support the organization’s
mission, objectives, goals, and strategies. It will then discuss the advantages
and disadvantages of a range of both nonnumeric and numeric project se-
lection models. Next, it will illustrate, with the use of extensive examples,
how to use each of these project-selection models. Lastly, the chapter will
discuss advances in information technology to assist the project manager in
more effectively executing the project-selection process.

Determining Project-Selection Factors

The first step in the project-selection process is to identify a set of factors
against which the project manager must evaluate potential projects. These
factors will differ according to each organization’s mission, objective, goals,
and strategies. Though selection factors are unique to each organization, the
following list of factors may serve as a preliminary starting point:!

Alignment with core business

Top management support

Positive impact on various stakeholders

Stage of technology development

Adequate organizational technological knowledge
Existing facility and equipment

Availability of raw materials

Potential market for output

Probability of adequate share of potential market
Able to reach market in a timely manner
Adequate return on investment

Adequate payback period

While these project-selection factors may serve as a starting point,
project-management practitioners should direct significant effort towards
identifying an organization-specific set of factors. Though many methods
are available to identify these factors, we recommend the simple but effec-
tive technique of brainstorming.

BRAINSTORMING
Brainstorming is the process of generating new ideas by a group of people
in an organization. In a brainstorming session, five to twelve qualified peo-
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ple gather together to discuss alternative ways of handling a situation or
solving a problem. The idea is to generate a spontaneous expression of new
ideas regardless of evaluation. The process requires that there should be no
criticism or evaluation of any suggestion during the initial phases of the
session. There should be no limit on the number of ideas generated, and
participants may suggest new ideas based on other participants’ ideas. A
brainstorming session generally consists of the following three-step proce-
dure.

Step 1: Problem statement. The process of brainstorming starts with the
statement and a small introduction of the problem. For the purposes
of this chapter, the problem would be the identification of project-
selection factors for a particular organization.

Step 2: Brainstorm. In this stage, participants are asked to submit their
own suggestions for the selection factors. Participants offer sugges-
tions in a sequential manner. All the suggestions are recorded on an
overhead or chart. Being able to viewing the growing list of selection
factors may help the participants generate new ideas for selection
factors. Ideas are recorded until all participants pass. There can then
be free discussion and clarification of the recorded ideas. Once this
discussion is completed, the nominal group technique can be used
to retain the most important ideas for project selection factors.

Step 3: Nominal group technique. In this stage, each participant is given
a certain number of votes to cast in favor of the listed ideas. The votes
in favor of each idea are totaled and a certain number of the most
popular ideas are retained as project-selection factors.

Project-Selection Methods

The next step in the project-selection process is to choose one or more
project-selection models. The choice of model is dependent on the amount
of information and time available to the project-management practitioner.
The two basic categories of project-selection models are nonnumeric and
numeric methods.

Nonnumeric Methods

Nonnumeric methods are generally used when there is only a limited
amount of information available on each project or when the selection pro-
cess must be completed quickly. These methods are characterized by the
use of expert opinion, graphical, and “go/no go”’ means to select projects.
Nonnumeric methods include comparative benefit, decision tree, and profile
models.
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COMPARATIVE BENEFIT MODEL

Project-management practitioners can use the comparative benefit model
when a number of dissimilar projects are under consideration. This allows
a ranking to be obtained even though the projects may not be able to be
evaluated against each and every individual project-selection factors. One
variation of the comparative benefit model utilizes the Q-sort technique.

Q-sort

Q-sorting is used in rank-ordering projects in the process of project selec-
tion.? The process can be carried out by an individual or by a committee of
people. It involves the evaluators sorting a deck of cards containing the proj-
ect titles from the most preferred to the least preferred projects. The sorting
is based on an overall subjective evaluation of the projects based on a set
of predefined guidelines. These guidelines may include one or more of the
organization’s project-selection factors.

The steps in Q-sorting are as follows:

1. Each participant is given a set of cards, bearing the name or title of a
project.

2. The participant is asked to sort the cards into two categories, one of
high priority and the other of low priority, according to an overall
knowledge of the selection guidelines. There is no requirement that
there be an equal number of cards in each category.

3. Both the high- and low-priority cards are resorted to identify medium-
priority projects. These projects are extracted and placed in a new pile.
There should now be high-, medium-, and low-priority piles.

4. The high-level pile is then sorted into two groups, one group of high-
level projects and a second group of very high-level projects. Similarly,
the low-level pile is sorted to form a new low-level group of projects
and a very low-level group of projects.

5. There should now be very high, high, medium, low, and very low piles
of projects. The selections should now be further surveyed by the in-
dividuals to adjust any card that seems to be out of place.

After the completion of the Q-sorting, the individual decisions are tallied
for presentation to the entire committee. This tally shows the degree of
agreement within the group. The group then discusses the result to modify
it or reach a general consensus. The projects in the very high category, for
example, would be further considered for funding.

DECISION TREE MODEL

The decision tree model uses a series of branches to determine which proj-
ects best meet the needs of the organization.® In simple decision tree mod-
els, the project is evaluated on a go/no go basis at each branch, according
to the requirements of the selection factors. Projects that meet the require-
ments proceed to the next branch. Projects that fail any requirements are
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considered as having zero value to the organization and are removed from
further consideration.

EXAMPLE. For the decision tree method and all other subsequent tech-
niques, we will utilize two projects, A and B, as examples to illustrate the
application of various project-selection models. The following paragraphs
summarize these projects with respect to the starting point project-selection
factors previously identified.

Project A will produce a project that is aligned with the core business of
the organization. The project has the support of top management and is
favorably viewed by the organization’s stockholders. However, it is early in
the stage of technology development and the organization does not have a
great deal of specific technological knowledge about the manufacturing
process. As would be expected, the organization also does not currently pos-
sess facilities to manufacture the product. If the organization decides to go
ahead with the project, raw materials are readily available. The organization
believes that there is a potential market and that they can reach the market
in a timely manner, as well as gain a share of the market. Unfortunately, the
investment in the manufacturing process is not likely to provide an initial
adequate return on investment. Similarly, it may take a longer than accept-
able payback period.

Project B will produce a product that is not specifically associated with
other products that the organization has manufactured in the past. The proj-
ect is well received by top management, but the organization’s stockholders
are concerned about entering a market that is already close to saturation.
Because the organization has not previously been in this business, little or-
ganizational technological knowhow is present. However, the technology re-
quired to manufacture the product is well developed and the organization
can easily modify existing facilities and equipment to manufacture the prod-
uct with readily available raw materials. The market already exists and the
organization can rapidly enter the market, but there is some question as to
the probability of gaining a significant market share. Because little research
and development is necessary, the organization is confident that there
would be an adequate return on investment and a reasonable payback pe-
riod.

Application of the decision tree model to project A would be as follows.
At the first branch, project A would be evaluated for its alignment with the
organization’s core business. Since this requirement is met, it would then
be evaluated for top management support. Because there is top manage-
ment support, project A would next be evaluated for its impact on various
stakeholders, including the organization’s stockholders. Project stakeholders
view the project favorably, so the evaluation process proceeds. At this point,
project A has successfully negotiated the first three project-selection factor
branches. However, it is discarded at the fourth factor, because the tech-
nology is in an early stage of development. Project B is discarded at the start
of the decision tree process because it is poorly aligned with the organiza-
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tion’s core business. Thus, it would appear that neither project A nor B
supports the needs of the organization.

An advantage of the decision tree model is its ability to depict the eval-
uation process graphically. Project managers/teams can quickly identify the
limitations of individual projects. Unfortunately, the decision tree model
possesses a number of disadvantages. One is that the project either meets
or does not meet the project-selection factor requirements. Thus, the project
manager/team is forced to make go/no go decisions. A second disadvantage
is that only those projects that meet all of the needs will successfully ne-
gotiate the decision tree model. This may cause projects that are strong in
many respects and weak in only in one or two respects to be discarded.
Particularly rigorous decision trees may not yield any suitable projects.

PROFILE MODEL

The primary use of the profile model is in situations where an organization
has limited information about the potential contribution of each project.
The profile model may utilize the set of organizational project-selection fac-
tors developed above. For each factor, the project evaluators make a binary
decision, that is, either yes or no, as to whether the project meets the re-
quirements of a given selection factor. After evaluating all of the factors, the
project manager totals the number of factors which the project fulfills. The
project manager/team can then select either all projects that meet a mini-
mum number of the requirements or a certain number of the projects that
meet the most requirements.

EXAMPLE: An examination of projects A and B with respect to the prelim-
inary project-selection factors would yield the following results.

Meets Requirements

Selection Factor Project A Project B
Alignment with core business Yes No
Top management support Yes Yes
Positive impact on various stakeholders Yes No
Stage of technology development No Yes
Organizational technological knowledge No No
Existing facility and equipment No Yes
Availability of raw materials Yes Yes
Potential market for output Yes Yes
Probability of share of potential market Yes No
Able to reach market in a timely manner Yes Yes
Adequate return on investment No Yes
Adequate payback period No Yes

Total requirements met 7 8
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According to the profile model, project A meets seven requirements while
project B meets eight requirements. It would appear that project B is a
slightly better choice for the organization to pursue than project A.

While the profile model is simple and easy to use, it suffers from a num-
ber of limitations. The most serious of these is that the project manager/
team must decide that the project either meets or does not meet each of
the selection requirements. There is no mechanism to account for varying
degrees to which a project meets the selection requirements. A second lim-
itation is that this model assumes that each selection requirement is of equal
importance to the organization. Thus, a selection factor that may actually
have significantly less value to the organization will have the same mathe-
matical impact on the final rating as a more critical selection factor.

Numeric Methods

Numeric methods are normally used when more information is available
about the potential projects and a sufficient amount of time is available to
conduct a more rigorous evaluation. Most of these models may be easily
implemented using microcomputer spreadsheet software such as Microsoft
Excel. There are two general categories of numeric methods: scoring and
accounting models.

SCORING MODELS

Scoring models are more complex versions of the basic profile model.
Whereas the basic profile model required a simple yes/no response to each
selection factor, scoring models require a numeric assessment of the degree
to which the project contributes to the factor. Scoring models include un-
weighted and weighted factor models.

Unweighted Factor Model

The unweighted factor model consists of assigning a numeric score for each
selection factor for each project. This model assumes that each selection
factor is of equal importance. Typically, each project is rated as very high,
high, medium, low, or very low with respect to each selection factor. A nu-
meric value is associated with each rating. A project rated very high for a
particular factor would receive a value of five. Conversely, a project rated
very low may receive a value of one. After the numeric score for each selec-
tion factor is assessed, the values for all of the selection factors are totaled.
The total score for each project is compared to other competing projects.
The projects with the highest scores are presumed to offer a better fit with
the strategic and tactical needs of the organization.
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EXAMPLE: With additional information, a reevaluation of projects A and B
with the unweighted factor model could yield the following results:

Rating

Selection Factor Project A Project B

Alignment with core business

Top management support

Positive impact on various stakeholders
Stage of technology development
Organizational technological knowledge
Existing facility and equipment
Availability of raw materials

Potential market for output

Probability of share of potential market
Able to reach market in a timely manner
Adequate return on investment
Adequate payback period

Total unweighted score

=
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Using the unweighted factor model, both project A and project B receive a
rating of 41 points. While project B was rated higher using the profile model,
the increased sensitivity of the unweighted factor model indicates that the
projects are approximately equal in opportunity for the organization.

As with the profile model, the unweighted factor model is limited by its
inability to take into account selection factors that are more important to
the organization.

Weighted Factor Model

The limitations of the unweighted factor model are taken into account in
the weighted factor model. In this model, a weight associated with each
project selection factor is added. This allows selection factors deemed more
important to the organization to have greater influence on the final scoring
of individual projects. One difficulty inherent in the weighted factor model
is in determining the individual weights for each of the factors. One way to
determine the individual weights involves the use of the Dephi method.

DELPHI METHOD FOR DETERMINING WEIGHTS. The Delphi method utilizes
a panel of members to make subjective judgments on the relative impor-
tance of each project-selection factor.? Judgments are collected in an anon-
ymous manner so that the participants are free from undue influence or
inhibition in expressing their opinion. The responses are aggregated in a
statistical format by an administrator and are fed back to the panel. The
panel individually deliberates judgment based on the feedback. After a num-
ber of iterations, a final judgment is made and documented. The imple-
mentation of the Delphi method to determine project-selection factors can
be summarized by:



Practical Tools and New Developments in Project Selection 65

Step 1: Group-forming. The administrator forms a group of experienced
individuals to participate in the Delphi process.

Step 2: Opinion-gathering and feedback. Each individual rates the rel-
ative importance of each of the selection factors on a 0 to 10 scale.
This data is collected and statistically summarized. The statistical
summary is then distributed to the participants to enable them to
compare their individual responses with the anonymous views of the
others.

Step 3: Iterative balloting. Members of the panel revise their opinions
of the relative importance of the selection factors based on the sta-
tistical analysis.

Step 4: Consensus. The iterative process may include anonymous written
explanation of the correctness or incorrectness of any response. The
process continues until a certain percentage (for example, 70 percent)
of the members has reached consensus. Otherwise the final statistical
analysis is displayed with a note that consensus could not be reached.
This statistical analysis results in the raw weights for each of the proj-
ect selection factors.

NORMALIZATION. After the determination of the relative importance of the
selection factors by the Delphi method, it is necessary to normalize the fac-
tors. The values for all of the factors are totaled and then the relative im-
portance of each factor is divided by the total. This yields a weight between
0 and 1 for each project-selection factor.

Selection Factor Raw Weight Normalized Weight
Alignment with core business 8 8/95 = 0.084
Top management support 10 10/95 = 0.105
Positive impact on various stakeholders 10 10/95 = 0.105
Stage of technology development 6 6/95 = 0.063
Organizational technological knowledge 7 7/95 = 0.074
Existing facility and equipment 4 4/95 = 0.042
Availability of raw materials 9 9/95 = 0.095
Potential market for output 10 10/95 = 0.105
Probability of share of potential market 10 10/95 = 0.105
Able to reach market in a timely manner 8 8/95 = 0.084
Adequate return on investment 8 8/95 = 0.084
Adequate payback period 5 5/95 = 0.053
Total weights 95

EXAMPLE. The score for each project is calculated in a similar manner as
the unweighted model. the value for each selection factor is multiplied by
the project-selection factor weight.
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Weighted Project Scores

Selection Factor Project A Project B
Alignment with core business 4 X 0.084 = 0.336 4 X 0.084 = 0.336
Top management support 4 X 0.105 = 0.420 4 X 0.105 = 0.420
Positive impact on various stake-

holders 5 X 0.105 = 0.525 2 X 0.105 = 0.210
Stage of technology development 1 X 0.063 = 0.063 4 X 0.063 = 0.252
Organizational technological

knowledge 2 X 0.074 = 0.148 2 X 0.074 = 0.148
Existing facility and equipment 1 X 0.042 = 0.042 3 X 0.042 = 0.126
Availability of raw materials 5 X 0.095 = 0.475 5 X 0.095 = 0.475
Potential market for output 5 X 0.105 = 0.525 5 X 0.105 = 0.525
Probability of share of potential

market 5 X 0.105 = 0.525 1 X 0.105 = 0.105
Able to reach market in a timely

manner 5 X 0.084 = 0.420 3 X 0.084 = 0.252
Adequate return on investment 2 X 0.084 = 0.168 3 X 0.084 = 0.252
Adequate payback period 2 X 0.053 = 0.105 5 X 0.053 = 0.265

Total weighted score 3.753 3.366

With the weighted factor model, project A shows clear superiority over proj-
ect B, even though project A was rated lower than project B with the un-
weighted factor model. The additional effect of the weighting for each
selection factor is directly responsible for this differentiation.

ACCOUNTING MODELS

Accounting models can be used by project managers/teams either in iso-
lation or in conjunction with some of the previously discussed models.
When used in isolation, models fail to take into account the impact of any
other factors that are not specifically financially related. In contrast, when
utilized in conjunction with the weighted factor model, a systems approach
results where accounting issues are considered, but not used to dominate
the evaluation. Since this publication emphasizes practical approaches, we
will limit our discussion to the simple accounting models of payback period
and return on investment.

Payback Period

This method is used to determine the length of time required for a project’s
accumulated cash flow to equal the amount of capital that was originally
invested in the project. In the most simple case, if we assume that the net
cash flow will be equal year to year, the number of years to pay back the
project investment is:

Payback period in years = Total project investment/Net annual cash flow

Generally speaking, a payback period of one year or less is considered
excellent, while most organizations will require a payback period of less than
three years.
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EXAMPLE. Project A has a total investment of $200,000. Operating expenses
including direct labor and maintenance are anticipated to be $30,000 per
year. Expected revenues as a result of the project will be $75,000 per year.
The net cash flow is $75,000 — $30,000 = $45,000. The payback period is
$200,000/$45,000 = 4.44 years.

Project B has a total investment of $100,000. Operating expenses includ-
ing direct labor and maintenance are anticipated to be $20,000 per year.
Expected revenues as a result of the project will be $83,000 per year. The
net cash flow is $83,000 — $20,000 = $63,000. The payback period is
$100,000/$63,000 = 1.59 years. Thus, in isolation, it would appear from the
payback period analysis that project B would be more advantageous to the
organization.

Return on Investment

Many organizations require that investment in a project meet a minimum
rate of return. Typical minimum rates of return are between 20 and 50 per-
cent. Rates of return may be calculated with the following equation:

Total project investment X (A/P, Rate of return, Service life) = Net
annual cash flow Where (A/P, Rate of return, Service life) can be found in
an engineering economy table of interest factors.

EXAMPLE. If the expected service life for project A were eight years, we
would have the following equation:

200,000 X (A/P, Rate of return, 8 years) = 45,000
(A/P, Rate of return, 10) = 0.225

Using an engineering economy table of interest factors, 0.225 corre-
sponds to a rate of return of approximately 15 percent.

If the expected service life for project B were three years, we would have
the following equation:

100,000 X (A/P, Rate of return, 3 years) = 63,000
(A/P, Rate of return, 3) = 0.63

Using an engineering economy table of interest factors, 0.63 corresponds
to a rate of return of approximately 40 percent. Thus, if the minimum return
on investment the company were 30 percent, project B with a rate of return
of 40% would be far more attractive than project A with a rate of return of
15 percent.

New Developments in Project-Selection Techniques

Recent advances in information technology enable the project manager to
execute the project-selection process more effectively than every before. To-
day, project managers have access not only to the Internet, but frequently
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to organizational intranets. A project manager may typically use the Internet
to benchmark project-selection factors with those of other competitors
through public access databases or information brokers. The success of the
Internet has convinced many larger organizations with dedicated informa-
tion technology personnel to develop secure internal Internet or intranet
systems. These intranet information systems can give project managers ac-
cess to previous internal projects or project-selection processes that might
otherwise have been inaccessible. This is particularly important as the rec-
ords of many past projects may only exist on paper or be accessible through
some legacy database system.

Information technology also allows the project manager to conduct elec-
tronic brainstorming sessions for identifying organizational specific project-
selection factors. Advantages of electronic brainstorming over conventional
brainstorming for this process include the ability to include more individuals
in the discussion and to allow the participation of individuals who cannot
attend the sessions due to distance or schedule limitations. It also allows for
an electronically recorded history of the discussions. The primary disadvan-
tage is the unsynchronized nature of implementing electronic brainstorm-
ing. Unless everyone in the session is simultaneously participating, the
discussion does not occur in real time. Thus, it may be necessary to allow
for several days before the session can be concluded. Electronic brainstorm-
ing can be implemented by either an e-mail discussion list or an electronic
bulletin board.

An e-mail discussion list is the easier of the two to implement. With this
method, the project manager sets up an e-mail address list that includes the
email addresses of all of the individuals with potential interest in the project.
These individuals are commonly known as stakeholders. As each individual
stakeholder thinks of a new idea, the concept is entered in an e-mail replay
to the list and is automatically redistributed to all of the members of the e-
mail list.

A small irritation that has been identified with e-mail list brainstorming
sessions is when the participants set their e-mail package to notify them
automatically of incoming e-mail. If there is a high degree of volume on the
list, the constant notification of e-mail messages can become disturbing.
Many otherwise useful individuals are likely to request to be removed from
the list rather than be continuously disturbed by the series of e-mail mes-
sages.

A final issue associated with e-mail brainstorming is the manner in which
many individuals may communicate. There is some evidence that individ-
uals will communicate more formally than in person, but less formally than
with written correspondence. This means that it may be necessary period-
ically to sanitize or censure the e-mail list prior to remailing to all of the
recipients.

The electronic bulletin board approach to brainstorming eliminates the
continuous e-mail message notification problem. Here, the project manager
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sets up a web-based bulletin board to control the brainstorming discussion.
Individuals must take the initiative to regularly check the bulletin board for
new developments. The potential success of this approach may at first seem
questionable. However, many user group bulletin boards typically experi-
ence high levels of activity. If the project manager’s brainstorming group is
as interested in the project as the average individual is in interest group
bulleting boards, the necessary level of activity is ensured.

Summary

The objective of this chapter was to provide project-management practi-
tioners with a working knowledge of practical project-selection techniques.
This chapter included specific instruction on how to generate a list of ap-
propriate project selection factors, the advantages and disadvantages of a
variety of nonnumeric and numeric project-selection models, and how to
implement each of these models.

Appropriate project-selection factors can be identified using the prelim-
inary list and modified through brainstorming sessions. The project manager
can utilize advances in information technology to help perform these ses-
sions. The choice of project-selection model depends on the amount of in-
formation available on individual potential projects and the amount of time
available for the evaluation. Some project-management practitioners may
find it beneficial to use the simpler nonnumeric models to screen out the
most promising projects and then use the more complex numeric models
to assist in the final decisions.
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Introduction

models for managing projects, no one model has been accepted as
the standard for describing the processes a project must go through
to move an idea from a concept to a finished product. Each model variation
has strengths and weaknesses. The traditional model that is most widely
accepted within the project-management profession is termed the project

g Ithough many expert project managers have developed different

Field Guide to Project Management, Second Edition. Edited by David I. Cleland 71
Copyright © 2004 John Wiley & Sons, Inc.



72  Project Planning Techniques

life cycle (see Figure 6-1). This is a useful model for explaining what must
be accomplished to complete a project, but it is not realistic in describing
how that work should be accomplished.

The Project Management Institute’s Guide to the Project Management
Body of Knowledge (PMBOK) has attempted to develop a model of the proc-
ess a project must go through from conception to completion. The model
leaves much to be desired in explaining the progress of managing a project
through its life cycle because it completely fails to recognize the need to use
knowledge acquired during the project’s execution to modify decisions
made earlier.

This chapter presents a model that builds on both the traditional life-
cycle concept and the work presented in the PMBOK to produce a more
comprehensive model of project management. Unlike the other two models,
the model presented in this chapter uses feedback of newly developed in-
formation gathered during later phases of the life cycle to change the proj-
ect’s plans and modify decisions that are made early in the project life cycle.

Toward a Realistic Model

A model is a simplification of reality, constructed for the purpose of explain-
ing, illustrating, and emphasizing some of the main characteristics of that
reality. If a model tried to incorporate all of the real world’s complexity, it
would be as complex and difficult to understand as the real world. For this
reason, a model should be designed to highlight the most important attri-
butes of the real-world situation being modeled, the attributes that, when
understood, provide an overall explanation of what occurs in the actual sit-
uation examined. In this case, the situation to be examined is the generic
process of managing a project. It is a complex process, one that appears on
the surface to vary significantly in detail from one organization to another,
yet one that also demonstrates high levels of consistency regardless of the
project being considered. The challenge here is to model the commonalities
that cut across projects and organizations while recognizing and allowing
for the fact that the details of implementing this process will vary greatly
from project to project and from organization or organization. One of the
most universal of all characteristics associated with the execution of projects
is the need to almost continuously modify the project plan to reflect the
conditions encountered when the work of the project is actually being per-
formed.

Traditional Project Life Cycle

Most models of the project-management process are based on the concept
of the project life cycle in which the project is broken into phases based
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upon the type of work being performed in that phase and the type of skills
needed to perform the work. One example of a typical project life cycle is
shown in Figure 6-1. In this model, the project’s life cycle is divided into
four phases with clearly defined deliverables for goals marking the transition
form one phase to another. The project life cycle is traditionally explained
as follows:

Phase I: Conceptual. Management above the level of the project man-
ager conceives of a project, evaluates it with respect to other possible
projects, and commits to proceeding with this project. This commit-
ment is generally associated with the appointment of the project
manager, which marks both the deliverable of this phase and entry
into the planning phase of the project.

Phase II: Planning. This phase involves the development of the detailed
project plan and the project’s managerial team. Formal acceptance
and approval of the plan by the project’s sponsor or owner marks the
transition to Phase III and the initiation of physical work to accom-
plish the project.

Phase III: Execution. This phase may involve subcontractors, construc-
tion workers, programmers, medical personnel, or other skilled per-
sonnel necessary for accomplishing the work of the particular project.
The actual work of producing the product being produced by the
project is accomplished in this phase.

Phase IV: Completion. The transition to the completion phase tradition-
ally occurs when the product being produced by the project is ready
for testing or some form of demonstration to confirm that the product
is complete and ready to be accepted by the sponsor or owner. The
project ends with the formal acceptance of the product by the sponsor
or owner of the product, or with the project’s early termination if it
is determined that the project should be abandoned.

PHASE I PHASE II PHASE II1 PHASE IV
Conceptual Planning Execution Completion
Substantially
> Complet
DELIVERABLES Approval for ,, Approval of Plan Roat e
Project Planning/ for Execution -y
Testing

........... » “Go” Decision

Time

Figure 6-1 A Typical Project-Life-Cycle Model
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Deliverables

The phases of the project life cycle typically refer to the product being pro-
duced by the project, rather than the process of managing the project. The
model of project management presented by the PMBOK attempts to relate
the project’s phases to the processes being implemented to accomplish that
work. According to the PMBOK:

Each project phase is marked by completion of one or more deliverables.
A deliverable is a tangible, verifiable work product such as a feasibility
study, a detail [sic] design, or a working prototype. The deliverables, and
hence the phases, are part of a generally sequential logic designed to
insure proper definition of the product of the project.!

The term project could be substituted for the term project phase in the first
line of this quotation and the statement would be just as valid. Thus the
project itself could be considered a “phase” in a larger, ongoing work effort
of the organization—such as developing or implementing a strategic plan.
In fact, this quoted statement applies equally well to a project, a phase of a
project, a subproject, a task within a project, an activity, or a work package.
The only difference would be the scope of the work being discussed. Projects
at any level are thus made up of smaller projects. Any work ‘“processes’’ that
are incorporated within a model of project management must therefore also
be scalable based upon the scope of the project being considered.

Processes

The PMBOK attempts to relate the processes involved in managing a project
to the phases of the project life cycle. A process is defined as ‘““a series of
actions bringing about a result,””? a concept that can also be interpreted at
several different levels of detail within the project context (as noted above).
This general concept is used in the PMBOK to classify a variety of manage-
ment processes into different process groups depending on the nature of
the action that is being accomplished. The PMBOK defines initiating, plan-
ning, executing, controlling, and closing as the five “process groups” asso-
ciated with project management.?

In the real world, project managers will grant the value of identifying
project phases, defining the activities that should occur in each phase, and
identifying management review points for making a transition from one
phase to another. This is a useful technique for describing to others what
needs to be accomplished when, and by what groups, in order to complete
the project. However, no project manager would propose that the project is
actually conducted in this manner, and a model of the project-management
process needs to explain how the project is actually conducted. The problem
with the project life cycle is its implication that a project progresses in a
continual flow through its life cycle. For example, the project life cycle im-
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plies that planning is completed, reviewed, and approved in detail during
the planning phase of the project, and the project is then implemented ac-
cording to that approved plan during the execution phase. Real-world ex-
perience clearly demonstrates that information obtained during the
execution phase of the project is consistently and regularly fed back and
used to revise the project plan based upon actual occurrences in the field
over which the project manager may or may not exercise control. The same
issue exists with other phases. That is, feedback of occurrences in the field
that result in improved knowledge of what the project will actually require
or accomplish is regularly used to modify the decisions made earlier in the
life cycle. Because a comprehensive model of project management must deal
with the process of managing a project, the model must provide for the
information feedback needed to modify the schedule, the budget, the work
flow, and even the basic project objectives, when necessary. The feedback
reflects what actually happens when managing projects in the field.

EXAMPLE: The B-52 Follow-On Bomber. Several years ago, the U.S. Air
Force was working on an approved and funded project to develop a replace-
ment aircraft for the B-52 bomber. The B-52 was the most recent of a long
line of aircraft that included the famous B-17 Flying Fortress; the B-24 Lib-
erator and the B-29 Super Fortress of World War II fame; the B-36 Strato-
fortress developed immediately after World War II; and the first jet-powered
long-range bomber, the B-47. These aircraft were specifically designed to
carry large bomb loads over long distances and drop them on enemy targets
from very high altitudes. For accurate bombing, they had to fly straight and
level for a period of time immediately before dropping the weapons so that
the bombardier could take accurate aim on the targets. The aircraft were
essentially large, slow, multi-engined cargo carriers with very little maneu-
verability and limited defensive capability. For the new aircraft, the original
project specifications called for implementing new technology to create a
new weapon system of similar design but capable of carrying larger bomb
loads at higher speeds over longer distances. The new aircraft would need
to operate at higher altitudes with an increased capability for survival in a
combat environment.

Several years into the project, studies and analyses of potential enemies
and their future defensive capabilities demonstrated clearly that ground-
and air-launched guided missiles and radar-detection equipment were being
deployed that would soon make it impossible for a large, relatively slow,
high-altitude bomber to survive long enough to reach its target, much less
return from enemy airspace. It was clear that an entirely new approach to
long-distance bombing was required and that the basic project objectives
would have to be modified if a useful, effective, and survivable weapon sys-
tem was to be developed.

The existing project objectives, of course, had been approved and funded
by the Congress of the United States. Any significant modification to the
basic weapon-system design philosophy would have a significant impact on
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the approved schedule, budget, design specifications, and capabilities of the
new weapon system. Neither the project manager nor any other military
person had the authority to make such changes without the specific ap-
proval of both the U.S. Congress and the military Commander-in-Chief, the
President of the United States.

The project manager prepared documentation making the argument for
a significantly different weapon-system design. The documentation included
the impact such changes would have on the schedule and budget for the
project. The project manager took the proposal through the military chain
of command to the Secretary of Defense, and finally to a joint session of the
House and Senate Armed Services Committees. The Committees voted to
endorse the proposed revision to the weapon system philosophy. The com-
mittee members encouraged Congress to approve the proposed adjustments
to the project’s schedule, budget, and specifications. The Committees also
encouraged Congress to authorize new research projects aimed at devel-
oping the specialized electronic equipment needed by the new bomber sys-
tem. Congress and the President approved the proposed changes, and the
project plan was totally revised to reflect the new requirements. The final
result of the project was a weapon system designed to penetrate enemy
defenses by flying well below the potential enemies’ radar detection system,
using a terrain-following airborne radar developed specifically for this air-
craft.

During the execution phase of the project, the project manager discov-
ered that it was necessary to change basic decisions that had been made
and approved during the conceptual phase of the project. From the mod-
eling point of view, information developed during the project was provided
as feedback to the sponsor and owners of the project so that appropriate
decisions could be made. The result was a complete redesign of the project
plan that had been developed and approved during the planning phase of
the project, at a time when conditions under which the aircraft would need
to operate were not accurately known.

This admittedly rather extreme example is intended to show that feed-
back across a project’s phases is an absolutely essential part of the processes
used to manage projects. This feedback process is used regularly in large
and small projects to make both major and minor adjustments to the pre-
viously defined project plan. An acceptable model of project management
must therefore provide for the feedback of information about events that
occur during the life cycle of the project, and thus accommodate to the
conditions of the real world in which the project is being conducted.

Core Processes and Facilitating Processes

The PMBOK introduces a classification scheme for defining processes that
occur in managing projects in more detail than the process groups. These
processes are called core processes and facilitating processes. The PMBOK
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defines core processes as those that ‘“have clear dependencies that require
them to be performed in essentially the same order on most projects.”*
Facilitating processes are those that are ‘“more dependent on the nature of
the project.” That is, they “‘are performed intermittently and as needed dur-
ing””® the project.

The core processes include those activities that must be accomplished
uniquely for each project as the detailed project plan is developed. The core
processes include developing the specific work-breakdown structure (WBS),
the logic flow and schedule of activities to be conducted, and the budget
that will be used to manage and control the project. Also called project-
management knowledge areas, these core processes cover:

¢ The scope of the work to be accomplished

¢ The time available to complete the project

¢ The money or resources senior management is willing to commit to
the project

The integration of the above three factors (scope, time, and money) as
necessary to complete the project

The facilitating processes include those activities that are frequently pro-
vided as a service to the project on an as-needed basis depending on the
specific characteristics of the product being developed. In organizations that
lack some aspect of the support required for completing the project, or in
stand-alone projects, facilitating processes must be developed or provided
by the project itself. For example, projects that subcontract much or all of
the work involved may require a high level of procurement management
services and skills for the entire project’s duration. Other projects may need
procurement skills only for a limited number of large-scale purchases of
material or equipment. Facilitating processes typically include human-
resources management, risk management, communication management,
and quality management.

Project-Management Process Model

The following project-management process model is specifically designed to
incorporate the five process groups defined in the PMBOK (i.e., initiating,
planning, executing, controlling, and closing). The model also demonstrates
the complex interactions that occur among these process groups as the proj-
ect progresses. The basic model is shown in Figure 6-2. Notice that the
facilitating processes as defined in the PMBOK are shown outside the flow
of the core processes, indicating that they can be integrated into the proj-
ect’s work flow as needed based on the particular characteristics of the proj-
ect. The core processes—those that must be conducted in approximately
the same sequence on any project—are shown as providing the feedback
necessary to modify the project’s plan, and even the project’s objectives,
during the conduct of the project. The model can be interpreted at any level
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of detail appropriate to the project, including the phase, task, activity, and
work-package levels of detail, but for the sake of clarity the discussion begins
at the project level. The typical phases of a project’s life cycle referred to in
Figure 6-1 can be directly associated with four of the five process groups
shown in this model.

Initiating-Process Group

Work on a project begins with the initiating-process group. Senior manage-
ment defines the basic requirements and requests that a project be initiated.
Senior management consists of the people to whom the project manager
looks for guidance and direction concerning the project’s objectives. Senior
management could include, depending on the project, managers above the
project manager in an organization, the sponsors of the project, the future
owners of the product resulting from the project, or any combination of
these. The goals of the project are defined in terms of:

¢ The scope of the work to be accomplished

¢ The time available to complete the work

¢ The money or resources senior management is willing to commit to
the project

These are three of the four project-management knowledge areas defined
by the PMBOK as contributing to core processes, and they are typically
known as the “triple constraints.” (The fourth project-management knowl-
edge area, integration, is discussed later.) Before moving to the next phase,
called the planning process group (or planning phase), a project manager is
appointed and a project objective is established.

Planning-Process Group

Planning takes place at two different levels within the planning-process
group. First, the project manager interacts with senior management to de-
fine the project objective in more detail; to specify the priorities among the
scope, time, and budget aspects of the project; and to determine the appro-
priate levels of decision-making authority within the project. In particular,
the project manager must develop at least a general understanding of:

¢ What decisions are within his or her prerogative
¢ When senior management wishes to be involved in making decisions
relevant to conducting the project

Second, the project team then develops an integrated project plan, to in-
clude the project’s action plan or work flow, the schedule, the budget, and
the interactions among them. This is where the fourth core process defined
in the PMBOK and drawn from the ‘“‘project integration management”
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knowledge area is brought into the model. More specifically, the project-
management process requires that planning, executing, and controlling be
accomplished as an integration of the project scope, time, and cost-
management knowledge areas. The feedback arrows in the model indicate
that the project manager gets senior-management approval for the inte-
grated project plan before the project proceeds to the executing phase.

Executing-Process Group

The executing-process group involves implementing the planned activities
according to the approved schedule and budget. This is where the work of
the project is actually performed and where both resources and time are
consumed. One must recognize that, no matter how carefully and well it is
developed, the project plan is actually based on a complex structure of es-
timates or guesses concerning durations and costs. No project manger will
assume that all these guesses will prove to be correct. Instead, the project
manager must implement a series of checks and balances designed to:

¢ Identify when the project is deviating from the approved plan
¢ Provide the information needed to take action concerning any signifi-
cant deviation(s) from the plan

This series of checks and balances is defined collectively in the PMBOK as
the controlling-process group.

Controlling-Process Group

The controlling-process group, unlike the other four process groups, does
not have an equivalent phase in the traditional project life-cycle model
shown in Figure 6-1. Rather, the control process is the area that is missing
from the project-management life-cycle model. The controlling process pro-
vides the feedback that allows (and requires) that the project plan be revised.
Failure to include this concept in the typical project life-cycle model is what
makes the life cycle inappropriate as a model of the project-management
process.

Periodically, project personnel must evaluate and document progress in
terms of:

¢ The time that has been consumed
¢ The money that has been spent
¢ The work that has actually been accomplished

On small projects, this may be a very informal process. On large projects,
however, it tends to become a very formal process consuming considerable
time and effort. The current project status must be compared with the cur-
rent project plan to determine how the accomplishments have varied from
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what was planned. Progress must be reported in terms of specific activities,
and the status of each activity must be documented in terms of the time
consumed, the money committed, and the actual work accomplished. When
a given activity is completed, the work associated with that activity proceeds
to the closing process group so the activity can be administratively termi-
nated. In all other cases, variances from the plan should be used as a basis
for revising the project plan to provide the best opportunity possible under
the existing conditions for accomplishing the overall objectives of the proj-
ect.

The closed loop from the planning process group through the executing
process group and the controlling process group back to the planning pro-
cess group is the key to demonstrating how feedback is used in managing
projects to revise both the integrated project plan and the basic objectives
of the project, when necessary.

Projects are completed activity by activity. Schedules and resources may
need to be revised any time an activity’s actual accomplishments vary from
what was planned. Controlling processes identify these variances and report
them so that the necessary adjustments can be made in the project plan. As
an example, if an activity is accomplished late, other activities may have to
be delayed and resources may have to be reallocated to minimize the impact
of the delayed activity on the project as a whole.

If the impact is small, or if the impact can be managed by a minor ad-
justment in schedule, budget, or resource allocations, then the adjustments
to the plan can usually be accomplished within whatever project specifica-
tions are current at the time. If the impact is large, however, or if a signifi-
cant opportunity develops that had not been considered when originally
defining the project’s scope, the project manager may need to prepare doc-
umentation and make proposals that could modify the overall objectives of
the project—that is, the time, budget, and/or scope of work assigned to the
project (for example, see the B-52 Follow-On Bomber example above). In
such a case, the project manager must consult with senior management to
determine the appropriate course of action that would best serve those for
whom the project is being conducted. This latter situation is reflected by
the double-headed arrows leading back from planning to the initiating proc-
ess group.

Closing-Process Group

The project is completed when the objectives (as revised during the project
to include the possibility of simply terminating the project completely) have
been met. In the closing-process group, termination processes such as clos-
ing out contracts, paying contractors, reassigning responsibilities for the
project’s product and personnel, and documenting lessons learned are com-
pleted.
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A Hierarchy of Projects

It is important to note that projects are made up of projects that are in turn
made up of projects. The model depicted in Figure 6-2 is equally applicable
to a project, a phase of a project, a task within a phase, an activity within a
task, a work package, or any other subdivision of work within a project that
has a specified deliverable. The only difference would be the scope of the
work being performed, or, in other words, the scope of the project being
discussed. The model is therefore applicable at all levels of detail associated
with a program or project. It basically emphasizes the repetitive nature of
the process groups at all levels of detail within the project and documents
the continuous interactions among them as the project progresses over time
toward completion. Figure 6—-3 demonstrates that the model can be applied
at any level of detail within the project.

At the highest level, the project must follow the behavior explained by
the model shown in Figure 6-2. At this level, as the project is examined from
the perspective of the project manager, four of the process groups can be
considered phases of the project, integrated together by the processes in-
corporated within the control-process group. All activities of the project
must be initiated, planned, executed, controlled, and closed, with all the
required interaction taking place among these processes.

Program/Project Level

Subproject Level

ST

Figure 6-3 Model Applied at Different Levels of the WBS
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However, subprojects may be initiated that must also be implemented
through a project-management process. Examining the subproject from the
perspective of the subproject manger, the full model should be implemented
through the initiating, planning, executing, controlling, and closing-process
group of the subproject. From the perspective of the overall project man-
ager, however, the subproject is being conducted as part of the execution
phase of the overall project. Figure 6-3 is intended to demonstrate this con-
cept, showing that, although subprojects or tasks may require the full
project-management process, they are all part of the subordinate activities
for the manager overseeing the total project effort.

Core vs. Facilitating Processes

Core processes are related to the basic elements that must be managed in
almost every project, including scope, time, and cost and the coordination
among these elements. The model presented in Figure 6-2 and described
above concentrates on these elements. Within the project-management pro-
cess, a clearly defined set of tools exist that have been developed specifically
for supporting these core processes, including the work-breakdown struc-
ture, network logic diagramming, earned value analysis, and various cost
estimating techniques. These tools are generally applied to the project in a
process that follows a fairly well-defined sequence of activities. For example,
the work-breakdown structure is used to break the project down into the
activities that will be used to plan and manage the project’s progress, while
network logic diagramming is used to sequence these activities into a logical
flow of work. Clearly the logic flow cannot be developed until the activities
have been defined, so the work-breakdown structure is implemented before
the corresponding logic diagram can be developed. These tools are used to
develop and implement the specific, unique plan that is designed for a par-
ticular project. Most of the computer software tools developed specifically
to assist in managing projects provides features that aid in managing these
elements.

On the other hand, facilitating processes are applied to projects at differ-
ent points in the project’s life cycle, at different levels of detailed analysis,
and in different orders of application depending on the nature of the project
and the product being developed. For example, projects that subcontract
much or all of the work involved may require a high level of procurement
management services and skills for the entire duration of the project, while
other projects being accomplished entirely within the sponsoring organi-
zation might require procurement skills only to deal with a limited number
of large scale purchases of materials or equipment.

Figure 6-4 is intended to show that the ongoing activities in the sup-
porting organization may provide some or all of the facilitating processes
support needed by the project. The amount of support provided depends
on the relevance of the processes to the particular project and the capabil-
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ities of supporting organizations to provide the needed services. In projects
that are conducted completely within a large, functional organization, the
organization may provide most or all of the facilitating processes. It is more
likely in stand-alone projects, however, that the project will have to develop
its own management for the facilitating processes. These facilitating proc-
esses are:

¢ Human resource management. The effective use of people in the
project, including team building, conflict management, leading, dele-
gating, motivating, performance appraisal, and other such activities as-
sociated with managing the human resource

e Communication management. The administration of effective com-
munications within the project and with those outside the project who
have a stake in or should support the project

¢ Quality management. The use of quality control (statistical sampling,
Pareto diagrams), quality assurance, and the total quality concept to
assure the required level of quality is incorporated into the project.

¢ Risk management. The use of risk identification, risk quantification,
risk response development, and risk response control in order to ana-
lyze, prepare for, and respond appropriately to project risk

¢ Procurement management. The use of appropriate contracting and
procurement methods and techniques to administer the project work
that will be performed by agencies outside the organization sponsoring
the project

Managing Facilitating Processes

The model in Figure 6-2 explains the project-management process from the
standpoint of core processes and describes the relationships among the five
process groups defined in the PMBOK relative to this process. The facilitat-
ing processes are shown as auxiliary to the core processes, and it is implied
that facilitating process support can be obtained from outside the project.
It has also been stated, however, that projects may have to provide their
own facilitating processes. In the case where the facilitating processes sup-
port cannot be provided from outside the project, the same relationships
should be developed among the process groups for the facilitating process
as exists for the core processes. Procurement management is used as an
example below:

e Initiating. In this process group, the general contracting strategy is
determined, including whether the project is to be conducted primarily
in-house, by contract, or somewhere in between. If it is to be a mixed
project with some work conducted inside and some outside the project,
the individual who will determine what work is to be contracted out
should be identified as part of this process group.
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¢ Planning. In this process group, there are two main subprocesses:

e Defining. Here clear objectives should be defined that guide the de-
cisions regarding whether to procure, what to procure, when to
procure, and who is responsible for the procurement decisions.

¢ Developing. Here the detailed procurement plan is developed and
integrated into an overall project plan.

e Executing. In this process group, the contracts are developed, solici-
tation is performed, and the contracts are awarded and executed on a
schedule designed to support the integrated project plan.

¢ Controlling. In this process group, there are two main subprocess
groups:
¢ Evaluating. Here the contracted work is tracked to determine what

work has actually been performed at any specific point in time.

* Reporting. Here the contracted work actually completed is com-
pared to what was scheduled to be completed in the current project
plan, and any significant variances are documented. These variances
are reported to the project team so that any needed adjustments can
be made to the integrated project plan.

¢ Closing. In this process group, completed contractual work is paid for
and the contract is closed out.

Conclusion

Project management is a growing profession that is rapidly gaining recog-
nition from major business and government organizations, but it has yet to
define an accepted, comprehensive model that effectively describes the
processes a project must go through in order to transition an idea from a
concept to a finished product. This lack is an important issue to a growing
profession, for it indicates that the basic processes driving the accomplish-
ment of work within the profession are not yet well understood. This has
implications for our ability to teach prospective new members of the pro-
fession what they need to know to survive in project management. If we
cannot prepare new members to function well in our profession, then the
profession cannot survive and grow in the long run. The model that is most
widely accepted within the project-management profession today is termed
the project life cycle. This is a useful model for explaining what must be
accomplished to complete a project, but no project manager will propose
that the life-cycle model adequately describes the process by which projects
are accomplished. The Project Management Body of Knowledge (PMBOK)
attempts to incorporate processes into the discussion of project phases, but
fails to recognize the need to use knowledge acquired during the project to
modify decisions made in earlier phases. The model presented in this chap-
ter builds on both the life-cycle concept and the work presented in the
PMBOK to produce a more comprehensive model of project management.
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Specifically, the concept of using feedback of newly developed information
to change the project’s plans and modify decisions that had been made
earlier in the project life cycle is added to the earlier work. This significantly
improves the ability of the model to explain how project managers improve
and adapt their project plans to the conditions that are encountered as the
project progresses.

One purpose of this model is to provide a conceptual base for further
developing the PMBOK and our understanding of how projects are accom-
plished. It is hoped that others will use the work presented here to better
understand the way projects are managed today. This should also help ex-
pand the Project Management Body of Knowledge and provide a basis for
developing improved methods for managing the projects of the future.

ENDNOTES
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Introduction

for software development and other types of product-development

projects. By using a structured approach, IT, software, and other or-
ganizations that work on projects with outcomes that are largely known can
benefit from the experiences of their predecessors. Standardized life cycles,
because they provide order and help provide completeness to plans, can
help improve predictability for those who work on what may have been
haphazard development projects. The life-cycle processes as described by
IEEE (IEEE Std 1074-1997) provide an excellent starting point for organiza-
tions that must create or revise their project-management methodology, de-
liverables, and activities. Since the 1970s, models such as the waterfall,
evolutionary, incremental development, RAD, and others have been tried in
an attempt to make software development more predictable. Though they
have achieved spotty success, they have moved us forward.

But how do these processes apply to the world of ever-evolving and
changing requirements and specifications or new, relatively untried tech-
nologies? A new family of methodologies, under the banner of Agile Software
Development, has evolved at the convergence of software development and
project management and promises project management that focuses on in-
novation and creating customer value. Individual methodologies under this
agile umbrella include extreme programming, Scrum, adaptive software de-
velopment, and feature-driven development.

In most software- and systems-development projects, the requirements
and specifications are an honest attempt to clarify what the developers
should build. Often these projects, such as a migration project, upgrade
project, or a project to make enhancements to an existing system, have a
particular desired outcome. Often they solve a specific business problem,
such as improving accuracy in sales orders. But even with a specific desired
outcome and clear requirements and specifications, change will almost in-
evitably occur as a project unfolds, with larger projects generally experienc-
ing more changes than small ones.

Whether you are planning and managing a migration project or the de-
velopment of a new application that solves a problem, the result you plan
to create will affect the type of work process best suited to that result. Fre-
quent interruptions in these work processes while new requirements are
added can have serious business consequences, such as lost customers.
Therefore, for any of these projects, you will save time and minimize turmoil
if you have a methodology that includes defined life-cycle processes. In the
21st century, most organizations have them, and increasingly they actually
use them. Using appropriate life-cycle processes does not guarantee success,
but not using one comes close to guaranteeing failure.

Regardless of the life-cycle model and processes used, involve the users,
subject-matter experts, sponsors, and other stakeholders from the begin-
ning. Get the requirements right, then confirm them frequently. Users and

This chapter will revisit the concepts of life-cycle processes and models
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sponsors should know, within a reasonable range of dates, when they will
have specific functionality available to them, and the impact on their busi-
ness. What is the impact on those who will use the new or enhanced system?
What is the availability of people with the right combination of skills to
actually do the coding necessary for the enhancements? Do they have a
successful history of working together?

A business requirement document (BRD), and a conduct BRD walk-
through that includes business analysts, subject matter experts, users, de-
velopers, and others as appropriate. The BRD must be written in language
that is easily understood by all stakeholders, stating clearly what the users
will get from the project. Get sign-off. Will the requirements and specifica-
tions change? Will the scope creep? You can bet on it. That is why it is so
important to have an orderly, collaborative change process that includes
updates to time, schedule, and cost estimates. Once the business require-
ments are signed off, analyze alternatives and formulate an approach. Next,
prepare a functional specification or software requirements specification.

Software-development life cycles (SDLCs), or product life cycles, are pres-
ent in almost every organization. The Department of Defense (DoD) and its
contractors use them; construction management companies use them.
These life cycles are composed of phases, such as concept, requirements,
design, construction, and implementation. Sometimes the structure and
guidelines are appreciated, while at other times they are cursed because they
often require elaborate documentation and seemingly endless revisions.

Software Life-Cycle Processes

The Institute of Electrical and Electronic Engineers (IEEE) has published a
Standard for Developing Software Life Cycle Processes. The Standard con-
tains activity groups that are equivalent to phases or stages in most software
life cycles. For software development, IEEE’s Life Cycle Processes? add spe-
cific deliverables and activities, a structure that can easily be adapted if you
need to create or revise your SDLC. It can be applied to most life-cycle
models. The five activity groups are:

¢ Project management
Predevelopment

¢ Development
Postdevelopment
Integral

The five activity groups with their respective activities are:

A.1 Project Management Activity Groups

A.1.1 Project Initiation Activities

A.1.2 Project Planning Activities

A.1.3 Project Monitoring and Control Activities
A.2 Pre-Development Activity Groups
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A.2.1 Concept Exploration Activities
A.2.2 System Allocation Activities
A.2.3 Software Importation Activities
A.3 Development Activity Groups
A.3.1 Requirements Activities
A.3.2 Design Activities
A.3.3 Implementation Activities
A.4 Post-Development Activity Groups
A.4.1 Installation Activities
A.4.2 Operation and Support Activities
A.4.3 Maintenance Activities
A.5 Integral Activity Groups
A.5.1 Evaluation Activities
A.5.2 Software Configuration Management Activities
A.5.3 Documentation Development Activities
A.5.4 Training Activities

Various life-cycle models have used these or similar phases and activities.
Project managers who want to choose an appropriate life-cycle model
should consider the following:?

¢ Requirements volatility

e The “shape” of requirements volatility (e.g., discrete leaps, based on
brand-new threats; or gradual changes as with a need to do things
faster)

¢ The longevity of the application

¢ The availability of resources to develop or effect changes (it may be
easier to get resources up front than to devote significant resources for
enhancements)

In the sections below, three common life-cycle models—waterfall, evolu-
tionary prototype, and rapid application development (RAD)—will be dis-
cussed. The Agile model will then be explained.

WATERFALL
Almost everyone is familiar with the waterfall life-cycle model. As the name
implies, this model is characterized by sequential phases. This life-cycle
model is the oldest and has been applied to projects in nearly every industry.
In system and software development, the software theoretically evolves in
an orderly fashion from concept to design to development and implemen-
tation. The Gantt chart bars representing the software development phases
descend from left to right, as shown below. The phases would generally
succeed one another with little overlap.

Because planning for an entire project is attempted while work is begin-
ning, there is a heavy reliance upon the precision of the requirements and
specifications documents. According to Boehm:*

For some classes of software, such as compilers or secure operating sys-
tems, this is the most effective way to proceed. But it does not work
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well for many classes of software, particularly interactive end-user ap-
plications. Document-driven standards have pushed many projects to
write elaborate specifications of poorly-understood user interfaces and
decision-support functions, followed by the design and development of
large quantities of unusable code.

Using the waterfall model, phases or stages, once complete, are generally
not revisited. This often translates to a ‘“‘throw it over the wall” way of think-
ing. When this happens, one group believes it has finished prematurely.
Many have found through experience that this life-cycle model is not ap-
propriate for most software development.

EVOLUTIONARY

To use the evolutionary prototyping model, Analysts gather known require-
ments and then Developers design and build the desired functionality. This
model can work though only some of the requirements are known, because
the customer or sponsor is kept informed about ongoing progress and ac-
cepts the concept of getting software that will evolve and become more
robust over some period of time. Often there is a wide range of possible
duration for the project.

With a limited number of the known requirements met in the form of a
prototype, the users begin working with the new software to try it out. When
the users provide feedback about their experience in using the system, the
requirements and specifications are augmented, further design and coding
occurs, and the next prototype evolves. New dialog boxes and new func-
tionality are added with each new prototype and, importantly, with the cus-
tomer’s full knowledge and concurrence.

The evolution of a system can take a number of approaches. The first
prototype may be chosen because the functionality provided meets the most
urgent need, or you could choose to start with the easiest functionality (al-
though this approach is not usually recommended).

RAPID APPLICATION DEVELOPMENT (RAD)
RAD is a user-centered and team-based life cycle that allows for functionality
to be installed quickly, in smaller chunks. Users are involved in system de-
sign and in providing feedback on a regular basis. RAD is often used in
conjunction with joint application development (JAD), which is a collabo-
rative effort that combines the knowledge of users, analysts, and developers.
RAD is most often associated with small development teams of between four
and six people that simplify communications and reduce the number of
meetings needed, and short, three- to six-month project durations.

RAD, which extends the set of practices used with evolutionary proto-
typing, combines five productivity-enhancing techniques to develop appli-
cations:®

¢ Rapid prototyping
e Integrated development tools
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e SWAT (Specialists with Advanced Tools) teams
¢ Interactive JAD
¢ Timeboxing

Taken together, these techniques help prevent scope creep by tightly coor-
dinating the efforts of all stakeholders. Each works to support rapid appli-
cation development (RAD).

The RAD life-cycle model is designed to allow for incremental develop-
ment.® Rather than planning all of the details necessary for a two-year
project, RAD breaks the project into small, sequential three-month “‘time-
boxes,” during which a group of related functions or objects can be de-
signed, developed, and installed. Then another group of functions or objects
follow the same sequence. This allows for the inevitable changes and related
learning as the system evolves.

Effort and cost estimating for RAD is done one increment at a time. If it
is determined that a certain function cannot be completed within a certain
increment, it is moved to the next increment.

Many variations of RAD are being used at different organizations. Most
apply rapid prototyping and evolutionary techniques. Some forgo functional
specifications for detailed requirements, but most reduce documentation
time drastically, including rewrites.

RAD is complementary with object-oriented development because
object-oriented development is considered to be more flexible and adapta-
ble than earlier development technologies (and therefore fits with the fre-
quent changes encountered in RAD development). It aims at producing an
object. Objects, or classes, which are more stable than a business process,
have attributes and behaviors related to real-world things such as accounts
and customers. They are things, which makes their decomposition and re-
source assignments match up well with a work-breakdwn structure. Some
examples of objects/classes are:

e An account record
¢ A paycheck
e A timecard

Each object is unique. When related objects, classes, or use cases are tested
together, they can be grouped into packages. For example, tax-related ob-
jects or classes could be grouped together as a package. Ordering-related
objects from a company website can be referred to as a package that can
be designed, developed, and tested.

Though RAD does allow for iterations, another, more flexible approach
is needed.

The Final Outcome Is Not Known

There are two distinct types of oil drilling—production and exploration. In
the first, the known location and characteristics of the oil field drive engi-
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neers to figure out cost-effective means to extract the oil. A production drill-
ing project has a well-known outcome and a project plan that focuses
on efficiency and cost control. Exploration drilling is entirely different. For
all the sophisticated geophysical analysis of seismic data, on average a
company spends $100 million and has a 10 percent chance of striking a
production-quality oil field. Exploration drilling is an exercise in risk man-
agement.

New product development, new business initiatives, and seemingly well-
understood projects with new twists (the Big Dig in Boston, for example)
are examples of exploratory projects for which the outcome may not be
completely defined until the end of the project. A product vision, or goal,
drives the project, and, while schedule and cost boundaries may be estab-
lished (drillers often establish a depth at which they will abandon an ex-
ploratory well), the specifics of the project evolve over its life as customers
and the project team interact and learn about the problem space. In this
environment, a different type of life cycle is needed in which planning, re-
quirements gathering, design, and building all evolve in parallel over time.

Agile Life-Cycle Model

Although the term Agile life-cycle model is used for consistency with other
sections of this chapter, agile project management and development encom-
passes more than life cycle. “Agile” reflects the recognition that many proj-
ects have characteristics of new product development (NPD)—requirements
volatility, utilization of new technologies, intense time pressure, and high-
quality demands. Responding to these demands requires more than a new
life cycle, it requires an adaptive, collaborative approach to project man-
agement and development—an agile social architecture to accompany an
agile life cycle.

In the 1990s, a half-dozen software development methodologies evolved
under names like extreme programming, adaptive software development,
scrum, and feature-driven development. In February 2001, the leaders in
each of these methodologies met and created an umbrella term that covered
all these approaches to developing software under conditions of high
uncertainty—they are now referred to as agile software development meth-
odologies. Similar approaches in manufacturing, industrial product devel-
opment, and construction arose under labels such as agile manufacturing,
the Lean Aerospace Initiative, and lean construction.

When Exploration Is the Problem, Innovation Is
the Solution

Symyx boasts that their process enables scientists to discover and optimize
new materials at 100 times the speed and 1 percent of the cost of traditional
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research. Drug companies, which once pored over designing compounds,
now generate millions of compounds and then test them using ultrasophis-
ticated, ultra-speedy mass spectrometers. Toyota employs set-based design
in its automobile design process—maintaining multiple design options on
components until late in the development process. Boeing designed the 777
in silicon (using sophisticated simulation programs) before building physical
components.

From materials research to drugs to airplanes, companies are relentlessly
driving the cost of change out of their new product-development processes.
Why? In order to increase experimentation, to increase the diversity of paths
explored, to foster innovation. These “exploration” projects severely chal-
lenge traditional production-oriented project-management practices that at-
tempt to optimize, predict paths, and conform to detail plans. A new
model—Ilabeled agile project management—focuses on quick starts, itera-
tive exploration, delivering customer value, low-cost iterations, frequent
feedback, and intense collaboration. Agile project management excels on
projects with high exploration factors, those projects in which new, risky
technologies are incorporated, requirements are volatile and evolve, time-
to-market is critical, and high quality must be maintained.

The uncertainty and risk of exploration projects make it difficult to im-
possible to utilize a serial project life cycle in which planning and require-
ments gathering can be completed in the beginning of the project. As new
technology—from new high-tensile materials to Internet-based information
technology, genomics and life science technology—advances, companies try
to predict when and how to incorporate these new technologies into new
products and business processes. The newer the technology—the more
bleeding edge—the greater the risk and uncertainty (and of course the
higher the potential reward because of these risks) of incorporating it into
a project plan. Similarly, the detail requirements of new products and busi-
ness initiatives are often fuzzy. Product teams are often long on vision but
short on specifics. The key point here is that the details are not only un-
known, they are usually unknowable in the beginning. Only through build-
ing the product itself—often using models, simulations, and prototypes—
does this information unfold.

In order to succeed in this highly volatile and usually time-pressured
environment, project teams must be creative and innovative, in both a tech-
nical dimension and an organizational dimension. The way they work to-
gether needs to encourage innovation and at the same time deliver results
reliably to some vision within a set of boundary conditions.

Prerequisites for an Agile Approach

There are two prerequisites for project teams who want to use an agile
approach—problem type and project community culture. While agile prac-
tices can be used with nearly any type of project, they provide potentially
greater payback with projects classified as exploration projects—those that
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are either NPD projects or have characteristics of NPD projects. And agile
projects, since they are exploratory in nature, require a substantially differ-
ent mindset (culture) than that required for production type projects.

Two characteristics indicate if a problem, or project, type is suitable for
an agile approach—exploration and low-cost iteration. The first issue is
whether or not the project involves a level of exploration, in terms of either
technology or requirements. When there is uncertainty about the specific
requirements for a product or the applicability of new technologies (will they
work, how long will it take us to make it work, etc.), then an exploratory
approach—try something, test the results, adjust—works best. Secondly, an
iterative approach only works in situations in which the cost of iteration (the
cost of change) can be kept low. Software is the most malleable medium,
and under the right circumstances the cost of software changes can be kept
low (within a given platform architecture). One of the reasons so many in-
dustrial products are being designed using simulations and models is that
the cost of iteration—trying and testing—can be kept low.

Production and exploration cultures are different. Production approaches
and cultures, value planning, stability, repeatability (input-driven), and con-
forming to plans. Exploration approaches and cultures, value experimenta-
tion, adaptation, reliability (results-driven), and conforming to value (often
at the expense of conforming to plans). Each of these approaches and cul-
tures has validity for the appropriate project types, but it is difficult to pursue
a production problem with an exploration culture and vice versa.

A third prerequisite, related to the wider culture of the organization (not
just the project team), is that the product-management and/or customer
group (depending on whether the product is for internal or external custom-
ers) must be willing to work closely with the development team on an
on-going basis. In traditional, serial life-cycle development, the product
managers/customers can often get away with contributing to requirements
at the beginning of the project and then interacting very little thereafter (this
is the theory, but it really doesn’t work very well). Agile development with
its short iterations requires active participation by the customers throughout
the project.

The Agile Manifesto (for Software Development)

The agile movement, at least in software development, was launched in the
spring of 2001 with the publication of the Manifesto for Agile Software De-
velopment. This manifesto declares that:’

We are uncovering better ways of developing software by doing it and
helping others do it. Through this work we have come to value:
Individuals and interactions over processes and tools
Working software over comprehensive documentation
Customer collaboration over contract negotiation
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Responding to change over following a plan
That is, while there is value in the items on the right, we value the items
on the left more.

These value statements have a form—the first segment indicates a prefer-
ence, while the latter segment describes an item that is something of lesser
importance. The first statement does not say that processes and tools are
unimportant, but stresses that the interaction of talented individuals is the
primary creator of value. Every individual is unique, therefore processes
should be melded to individuals and teams, not the other way around.

Similarly, while documentation—at least in moderation—can be useful,
the primary focus must remain on the final product—working software (or
working industrial products or their simulations). Working products are real;
they demonstrate value to the customer in ways that no other development
artifacts (documentation, for example) can.

Contract negotiation, whether an internal project charter or a legal con-
tract, is necessary, but it is insufficient. Contracts and charters provide
frameworks within which the parties can work, but only ongoing collabo-
ration between developers and customers can produce viable results. Fi-
nally, while plans are useful, they can also blind a team to change. In
exploratory projects, planning is important, but adapting to customer, tech-
nology, and management changes during the project is even more impor-
tant.

Agile Iterative Life-Cycle Model

There are many variations of iterative life cycles—iterative, incremental,
evolutionary, spiral, and others. The iterative style that could be labeled
an agile life-cycle model has several characteristics—quick starting; short,
feature-based iterations; frequent feedback; and quality focused. In addition,
in agile projects the entire team—customers and those who are delivering
results, not just the project manager and group leaders—is involved in plan-
ning and other project-management activities.

QUICK STARTING

“Two beers and a napkin,” replied one agile proponent to the question of
how quickly to begin a project. As the degree of exploration increases, the
extent of useful up-front planning decreases rapidly.

This raises one of the key issues in development (not just agile devel-
opment)—balancing anticipation (up-front planning, architecture, require-
ments gathering, and design) versus adaptation (letting the plans,
architectures, requirements, and design evolve over the iterations). When
the market is highly volatile and uncertain and iteration costs are low, en-
gineers need to rely more heavily on their ability to adapt than on their
ability to plan. The rhythm becomes,—plan a little, build a little, revise a
little, plan a little more. . . . In most cases, quick starting means a few weeks
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(rather than months) of requirements gathering and feature identification,
architectural design, iterative project planning, and other typical project in-
itiation work. The length of the quick start will depend on the type of project
and its size, but the emphasis for high-exploration-factor projects will always
be on the “quick.”

SHORT, FEATURE-BASED ITERATIONS

Once underway, agile projects proceed in short, time-boxed iterations. For
software projects, these time-boxes are several weeks in length (usually two
to six weeks), while for other products they may be longer. But while many
people view iterative development as incorporating short time-boxes, they
often miss the second critical piece, that the product of these iterations are
working product features—partially completed products or models contain-
ing those features.

When outcomes are known, the team can measure progress against those
known outcomes. However, when outcomes are unknown, the feedback
loop between the project team and its customers must be short and the
information exchange must be in a shared medium. Regardless of the prod-
uct, from software to electronic instruments, technical documents—even
most requirements documents—do not represent shared medium. “Shared”
means that the artifacts under discussion between customer and developer
are well understood by both parties. Engineering blueprints may be shared
space between two engineers, but not between engineers and customers.
Features are shared medium—they are artifacts that have value to the cus-
tomer and can be directly used by that customer. By reviewing features,
customers can give immediate feedback to project team members about the
product. In software development, features are working software, not doc-
uments. Working features are tangible, real evidence of progress that cus-
tomers can relate to their business goals.

Another key aspect of these short, timeboxed, feature-based iterations is
that they force the project team, the customers, and executive management
into facing difficult trade-off decisions throughout the project because fea-
tures are tangible. Features work or they don’t. If the team plans to deliver
fifteen working features in an iteration, they either work or they don’t. If the
results fall short, then all parties need to face the reality that the project will
probably not progress as planned. Realistic evaluation of progress and quick
response are characteristic of agile projects, and many managers and teams
find this realism unsettling. Iterative development can also become incre-
mental development when those reviewed partial results are actually de-
ployed for the customer.

FREQUENT FEEDBACK

When exploring through iteration, a critical piece of keeping projects on
track is frequent feedback in four areas: product, technology, project status,
and team performance. First, the features delivered for each iteration are
reviewed by customers or product marketing, and change requests (using



100  Project Planning Techniques

an informal process) are fed into the next iteration planning process. Sec-
ond, the technical team evaluates the technical quality of the product
(design, conformance to architectural plans, defect levels). Maintaining
technical quality is an important tenet of agile development because keeping
the cost of change down (by maintaining consistent high quality) is so crit-
ical to effective exploration. Third, status reporting remains important for
any project. And fourth, particularly in agile projects, which tend to be high-
stress, it is important that the team evaluate its performance—both process
and behavior—and make adjustments on a regular basis.

Whereas production-oriented project management focuses on confor-
mance to plan, periodic review, and then corrective action, agile project
teams, assuming that the plan will be incorrect much of the time, refer to
adjustments as ‘‘adaptive action,” arising from constant analysis of plans,
actual results, and current expectations.

TECHNICAL QUALITY

One way in which agile development can be differentiated from other evo-
lutionary approaches is the emphasis on technical quality in order to min-
imize the cost of change and therefore experimentation. Exploration
requires iteration and experimentation, which in turn require low iteration
cost in order to be viable. Low iteration costs are achieved by technical
practices such as constant, ruthless testing, continuous integration of fea-
tures, simple design (designing for what is known rather than anticipating
what is unknown), and systematic redesign (to maintain design quality).

Agile Social Architecture

A life-cycle model does not, by itself, deliver reliable innovation. Innovation
and creativity can not be planned, but they can be reliably delivered given
the right environment. Harvard Business School professor Rob Austin and
co-author Lee Devin characterize the difference between exploration and
production work as artful making versus industrial making. ‘“‘Artful’, be-
cause it derives from the theory and practice of collaborative art and requires
an artist-like attitude from managers and team members. ‘Making’, because
it requires that you conceive of your work as altering or combining materials
into a form, for a purpose.”’® Production projects may be best served by
industrial making, but exploration projects are certainly best served by artful
making. There are three key social architecture aspects of agile project
communities that contribute to this artful making: collaboration, self-
organization, and self-discipline.

COLLABORATION

Agile project management is collaborative project management. Collabora-
tion differs from communication. Communication involves sending mes-
sages or documents between individuals. Collaboration involves joint
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participation in creating a product or document, or participating in some
decision-making process.

Innovation arises from diversity and interaction—from involving a range
of people with complementary skills and experience in intense interaction
and debate. One reason for the increased emphasis on cross-functional
teams arises from this need to interact, in real time, to create innovative
products.

Agile teams employ a range of collaboration practices that include, but
are not limited to, jointly planning iterations, holding daily team integration
meetings, holding customer focus group sessions at the end of each itera-
tion, using peer-to-peer development practices such as pair programming,
and holding brief mini-project retrospectives at the end of each iteration or
milestone.

SELF-ORGANIZING, SELF-DISCIPLINED TEAMS
Self-organizing teams are those in which the project manager establishes
goals, articulates boundaries, reviews results, and participates in key project
decisions while project team members manage their own work (for example,
tasks are not assigned by the project manager but signed up for by team
members), are accountable for results, and figure out how to deliver the
results within a general framework agreed to and adapted by the team. Lead-
ers articulate goals; team members determine how to achieve those goals.
Self-organizing teams are democratic and egalitarian (empowered in a
sense), but the satisfaction of working in this kind of environment comes at
a price—self-discipline. Many project teams operate on authoritarian dis-
cipline—the boss is in charge. Talented, skilled technical savvy individuals—
the kinds of people required to create new products—balk at working in
these environments. However, people who want to work in a less authori-
tarian environment have to discipline themselves by fully participating in
team discussions and debate, working within the framework the team has
decided upon, accepting accountability for results they have agreed to de-
liver, and respecting other team members for their contributions. Self-
organizing and self-discipline go together to create an innovative, adaptive
culture that has the best chance of delivering on extreme projects.

The Agile Edge

Companies, from those that create software products to those that create
medical electronics, have embraced agile project management and software
development to gain a competitive edge by increasing their ability to deliver
innovation reliably. Agile development focuses on processes and practices
that are particularly effective in high-change, uncertain environments driven
by intense time-to-market pressures. Agile development also embodies a
particular social architecture, one characterized by both self-organization
and self-discipline, a social architecture well suited to deliver on these ex-
treme projects.
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an analogy from his rugby days. Every time he walked out onto the

field before a match, he knew exactly what the goal was and his
purpose on the team. When he left the field, he knew exactly (‘“sure as hell”
was his actual phrase) whether he had met the goal or not and how he had
contributed to the outcome.

Every day is a journey toward achievement of corporate objectives, each
company’s World Cup. Projects, the building blocks of corporations, can be
considered matches that get them their Cup. Management wants all projects
won. The way the team knows what each project goal is, how they contribute
to it, and whether or not they obtain victory at its end is through the proj-
ect’s work-breakdown structure (WBS).

g senior manager once began a talk on measuring performance with

WBS Defined

What is the project WBS? According to the PMI Standards Committee 1996
the WBS is a

product-oriented family tree of project components that organizes and
defines the total scope of the project. Each descending level represents
an increasingly detailed definition of a project component. Project com-
ponents may be products or services.!

Based on the rugby analogy, this is what the team members need. Product-
oriented sets a definable, tangible deliverable, a purpose, and the overall the
goal of the project. Family tree, project components, and descending levels of
detail indicate that a WBS has a hierarchy that ties the various efforts
through manageable summary points to the overall goal. Total scope, prod-
ucts, and services mean that defined within the WBS will be what needs to
be done for the entire project, its budget, and how it will be achieved.

A project win consists of the achievement of three objectives: technical
requirements, schedule, and budget (see Figure 8-1). There is something to
achieve, create, modify, decommission, and/or transition to (technical re-
quirements), a waiting customer (schedule), and a finite amount of re-
sources available (budget). The WBS is a visual model that breaks down the
ultimate project objectives into manageable, understandable, and winnable
work units. It defines the entire project scope in a manner that ensures that
all components are included and that their relations to each other are iden-
tified. A WBS provides a systematic way for the team to consider all the
required components and steps in the beginning of a project and is the
reference by which the team will know exactly whether they have won or
not at the project’s conclusion.

In general, the WBS provides the means for:

¢ Summarizing all the deliverables, resources, and activities of the project
¢ Relating the work elements to each other and the total project
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Schedule Budget

Technical Requirements

Figure 8-1 Project Objectives

¢ Building the project team by cross-referencing the lowest-level work
elements to the organizational resource responsible for their comple-
tion

¢ Addressing all contracted resources required for the project

¢ Estimating costs, simulating project scenarios, and conducting risk
analysis

¢ Providing information to define, budget, schedule, perform, and con-
trol work packages

¢ Providing a point where metrics can be developed and measured

WHY A WBS

To appreciate the real value of the WBS, it is beneficial to understand that
running a project is different from running the day-to-day operational ac-
tivities of an organization. While both involve schedules to meet, limited
budgets, resource planning, and difficult decisions, the team needs to con-
sider the differences when planning, organizing, executing, managing, and
controlling projects. Day-to-day operational activities deal with familiar, re-
petitive work, supported by work methods and job definitions that have
been defined and refined over a relatively long period of time. Historical
performance data and experienced individuals exist to guide managers’ de-
cisions. The team members performing the functional activities are usually
familiar with each other and most likely have a common skill among them,
such a design engineering department, manufacturing cell, human resource
office, or graphic arts group.

Projects are an ad hoc effort, dealing with something new to the orga-
nization. Projects rely heavily on estimates made from limited data and are
executed in an environment of higher risk. They have a beginning and an
end. Project teams come together for a purpose, achieve it, then get dis-
banded and absorbed back into the company. Team participants will rep-
resent a broad cross-section of the organization, bringing with them
different views, working practices, and communication barriers. Depending
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on the age of the technology introduced, the skill base within the organi-
zation may be light, thus outside consultants and contract labor may be
used. Adding even more to the team diversity, projects can reach across a
broad area, covering multiple plants in multiple countries. Finally, line man-
agers are often rewarded to achieve the near-term payoffs of day-to-day
activities rather than the far-reaching benefits of a project, and thus affecting
the availability of potential team members.

Given the uncertainty in the end deliverables, the limited supporting
data, and the communication challenges of diverse resources, the team
needs a common, shared understanding of what is required and how it will
get done. The WBS is a roadmap that brings together all the deliverable end
items and the major tasks essential for the conception, design, creation, test,
and operation project phases, along with the disposal of the end items.
When controlled properly, the WBS also helps the project team deal with
change. As the project accumulates effort, new knowledge will be gained,
altering the assumptions upon which early estimates and directions were
set. Through the WBS, team members track and evaluate effort against tasks
from one common information source and make any necessary, controlled
adjustments to changing conditions, instantly visible to all concerned.

WBS Functions

The WBS serves four major functions for a project:

Conversion of project requirements into manageable tasks
Translation of tasks into specific, committed work packages
Communication of objectives to all stakeholders
Foundation for project planning, scheduling, and control

CONVERT REQUIREMENTS INTO MANAGEABLE TASKS

The project manager and developers creating the WBS must start with a
clear understanding and definitive statement of the overall project objective.
They first break down this objective into major project components. Each
component is then divided into key summary activities, then down the WBS
in a hierarchical manner to the lowest level of reportable activity (see Figure
8-2).

Inevitably, the question is asked “How deep does a WBS go?” When
developing a WBS, the project team faces two competing targets: compre-
hensiveness and manageability. The team clearly does not want to overlook
any major requirement. However, if the WBS is too detailed, the visual
model becomes overbearing and thus loses its communication effectiveness
(see Figure 8-3).

The WBS level should be set at a level where budget can appropriately
be allocated and managed throughout the life of the project. Taking an ex-
ample from a software upgrade project, one component was the hardware
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Figure 8-3 A Very Deep WBS Example
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upgrade, of which there are many steps. Team members not involved in this
activity, such as the training crew or end users, did not need to see every
minor detail of this requirement. To ensure both manageability and com-
prehensiveness, the team can reasonably document many of the low-level
tasks without listing them directly on the WBS. A statement-of-work (SOW)
document describes the actual effort to be performed on a project step.
SOWs combined with the specifications form the basis for a contractual
agreement on the project. They describe what is going to be accomplished,
a description of the tasks, the end products delivered from the work, plus
any references to specifications or standards. Thus, the lowest level WBS
activity description still communicates the required task succinctly to the
team (e.g., install new server), while the SOW clearly identifies the specifics
to be done for those performing them.

TRANSLATE TASKS TO SPECIFIC, COMMITTED WORK PACKAGES

Work packages are a combination of the WBS steps at the lowest level and
the assigned responsible person. While a number of people may actually be
involved in a given project step, it is critical that only one person be assigned
responsibility, the work package manager. This eliminates confusion (i.e.,
one person assuming another was responsible) and potential missed assign-
ments.

Work packages should have clear, measurable results with defined start
and end dates. They should be sized to minimize work in progress over a
number of control reviews. Otherwise, they become difficult to assess and
lose the ability to feedback control information to the project team. For
example, if a work package is estimated to take three months to complete
(e.g., train end users) and review cycles are biweekly, an assessment of per-
cent complete and ahead or behind schedule at each cycle reveals little to
the team. Smaller, more measurable work packages (e.g., secure rooms,
complete training material, produce manuals, prepare trainers, deliver train-
ing, etc.) help the team better assess project progress.

The effort of the work package can be described, related to the overall
project objectives, tied to any specifications required, estimated, scheduled,
and budgeted. This is how the project players know how they contribute
coming into a project and how well they did leaving it.

Within the process of developing the WBS, the team determines how best
to divide the project into major groups, groups into tasks, and tasks into
subtasks. When an acceptable level of detail is obtained, the tasks and sub-
tasks are matched against the organizational structure. The project manager
can see what is required and what skills are needed. This assists in the
communication with the line managers of the resources to gain their com-
mitment to release people to the project. The timing of the resource avail-
ability impacts the overall project schedule and task priorities.
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COMMUNICATE PROJECT OBJECTIVES AND PERFORMANCE TO
PROJECT STAKEHOLDERS

The WBS is the information link to project stakeholders. Project stakeholders
are essentially anyone with a stake in the outcome of the project (e.g., the
end customer, the overall program manager, the project steering committee,
the team resource owners, contractors, team members). Each project stake-
holder should have access to the status of the project anytime throughout
its life.

The WBS is the foundation for the project control systems. Because it is
designed with increasing levels of detail and mapped to a higher project
component and objective, work can be easily summarized to the level of
control desired by the stakeholder. Control systems, such as scheduling, cost
and performance measurement, and resource tracking, all have their roots
from the WBS. They are the key to warning of stakeholders of any imminent
problems early enough so that the team can make decisions and adjust-
ments to solve them or, better yet, avoid them altogether. It is important
that stakeholders know how data is inputted into the project WBS. This
defines the data that drives the project measurement and control systems.
Covered in the WBS should be the project-account systems (e.g., accounts
receivable, accounts payable), work booking tools to be used, and project
performance reporting rules and methods.

FORM FOUNDATION FOR PLANNING AND SCHEDULES

The WBS is the basis from which the team plans and schedules the project.
Through the WBS visual model, the team understands the relationship and
precedence of tasks, their duration and cost, the people involved, and when
they will be available. A project manager may be overwhelmed by the size
and scope of a project objective. However, the process of creating a WBS is
basically the same regardless of is scope. If a team properly exercises the
methodologies of project management, the magnitude of the cost of a proj-
ect should be of no concern to any of the team members. The WBS provides
a systematic approach to define all the work packages along with their in-
terrelationships from the scope of the project. Through this process, a team
can break down a large project into smaller, controllable, and more com-
fortable work packages.

WBS Components

To be an effective communication tool, the WBS must have a common lan-
guage understood by all project members and stakeholders. How the team
codes the WBS is instrumental to ensuring that all parties understand the
entire scope of the project and their role within it. There are three basic
elements of the WBS:
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e Reporting
e Structuring
¢ Coding

REPORTING
The first thing to remember is that people need information to manage a
project. It is important that the WBS designers have an understanding of
what the team and stakeholders will need to know to control a project. When
designing the WBS, all levels of reporting should be reviewed, ranging from
senior management summaries through to the person inputting project
data. Designers must ensure that both the WBS and the reports generated
from it clearly convey what is required, what work has been done toward it,
and what actions are expected by the report user. Different stakeholders of
the project will need to know varying degrees of project details depending
on their level of responsibility, authority, and accountability. A project en-
gineer may want to book hours against a job order for a project component;
a project group leader may want to know the total hours billed against that
job order by week; and a project manager may want to know the total costs
summed-to-date of the component to compare against an estimate. These
varying levels of details will impact the structuring and coding of the WBS.
Reporting flexibility and speed are also important considerations. Reports
from the WBS must be easy to produce without requiring complicated com-
puter programs or manual collection of data. The more complexity that is
put into the structure and code of the WBS, the more difficult it will be to
retrieve information from it. A simple design code conducive to basic query
summations promotes speed and flexibility in reporting.

STRUCTURING

Since the WBS is the device by which all project information is gathered and
dispersed, its structure design is an important component of an effective
working project. WBS designers must carefully structure the WBS consid-
ering both the data-collection need of the project and the reporting needs.
It is important that each level serve a purpose and render meaning to its
users, while, of course, balancing manageability with comprehensiveness as
previously discussed. The lowest levels provide the information to plan,
manage, and control the project. Each higher level becomes a summary
point of all the activities of the levels directly beneath it. However, to main-
tain manageability, designers must not include too many levels into the
WBS. Four to six levels are sufficient for most large projects.

CODING

Regardless of position or background, a well-designed WBS code is easily
understood by any project member. By using systematic procedures early,
the team can reduce or eliminate assumptions regarding the coding that
cost the project later, and maintain integrity in the use of the WBS through-
out the project.



Putting Together a Work-Breakdown Structure 111

The WBS code is related to the structure design, for each level of the
structure adds a segment to the code. The code from each work element is
the combination of the number of letter coded work levels preceding it plus
its own identifier. For example, in a software-upgrade project, Level I can
represent the project components (e.g., 1.0 Program Management, 2.0 Infra-
structure, 3.0 Software Upgrades, 4.0 Change Management, et al.), Level 2
can represent key summary activities under each component (e.g., 4.1 Com-
munications, 4.2 Process Behavior Training, 4.3 Senior management train-
ing, 4.4 End user transactional training, et al.), Level 3 can represent the
work package level (e.g., 4.4.1 Train super users, 4.4.2 Develop training ma-
terial, 4.4.3 Secure training rooms, 4.4.3 Deliver end-user training).

By including the preceding levels related to the work elements, the cod-
ing system enables the summary of the costs and activities of lower-level
work packages along the correct path of higher-level work elements in the
WBS. The hierarchical numbering scheme produces a unique code to label
and identify work packages. This helps establish the WBS as the device used
by the project control systems. Utilizing the WBS code for entering and sum-
marizing all project data and information enables the team to compare
progress to a baseline. Example: Project element 4.4 (End-user transactional
training) was overrun due to the unavailability of training rooms. To prevent
slippage, the unbudgeted cost of leased computers was booked against work
package 4.4.3 (Secure training rooms).

WBS in Action

Enterprise Resource Planning (ERP) software applications have become
more comprehensive and far-reaching across the organization. Previous
stand-alone systems, such as sales, engineering, logistics, purchasing, man-
ufacturing, finance, and human resources, now share data within the same
system or via electronic bridges in real time. Real time means that any data
change can have an instantaneous impact on the company (especially bad
data—e.g., wrong lot size). This system integration changed the whole phi-
losophy of software upgrades, raising the scope and risks. No matter the size
of the software or magnitude of change, if another part of the enterprise is
affected in real time, the area becomes a major player in the upgrade project.

In a recent software upgrade event, sound project-management practices
were utilized, including a firm WBS. The entire site was touched. While the
task looked daunting, the results were highly favorable: on-time, under
budget, and the technical parameters met upon go-live.

GETTING THE TEAM TOGETHER

Because the WBS ultimately determines who is to be included on the team,
the designers are usually a group of people experienced in project manage-
ment who are knowledgeable about the project end items and the availa-
bility of resources required to achieve them. This upgrade project started
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with the ERP director, the site business improvement director, the lead man-
ager of the IT provider, and ERP managers from the major parts of the
business: customer units, purchasing, operations, and finance.

BUILDING THE WBS
When putting together a WBS, the designers first looked at the project as a
whole, e.g., software version, fit into the corporate vision, major compo-
nents. It is recommended that the team review a previous project WBS to
spur ideas and learn from past experiences. Initially the designers may ven-
ture into areas beyond their expertise. However, at this stage, they need not
immediately bog themselves down with all the details. The group should
begin with a simple structure, outlining the project with two to three levels.
For an ERP upgrade, major components include project management (the
work involved in managing the project), system infrastructure (server size,
network, clients), software upgrades, change management (preparing the
organization for the upgrade), process analysis, any customization require-
ments, validation and testing, and post-implementation activities. Initially,
the structure should be clear, with the code open to further refinement after
the structure has been finalized by the team (see Figure 8-4).

The team then continues with a more detailed, level-by-level breakdown,
clarifying the project’s scope, until the proper practical level of work pack-
ages is reached. Identify for each work package:

Technical specifications—what exactly needs to get done

Resources required and commitment acceptance from the resource
owner of resource availability

Authority and responsibility for its completion

¢ Estimates of time and financial budget

¢ Milestone events and schedule dates

The designers should solicit input from team members and stakeholders
who will be using it to adjust the code and structure. Always make sure that
each lower element of work is associated with only one higher-level element.
This maintains the accountability of project elements up the hierarchy
through to the project objectives. It is also a good idea that once the struc-
ture and code are prepared, the designers generate a few sample reports
using the WBS and distribute them to various team members and stake-
holders for review.

After the final design of the structure, code, and reports, the WBS is
presented by the designer and explained to the team and stakeholders, in-
cluding the dictionary of each WBS element.

USING A WBS

Since the WBS can be used to gather and disperse information, instruct the
team to input project data (e.g., completion date, hours booked, etc.) for
each element under its WBS code. Periodically total this information up the
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Software Upgrade
1. Project Management
1.1.1.  Planning
1.1.2.  Monitoring
1.1.3.  Controlling
1.1.4.  Administration
2. Infrastructure
2.1.1.  Server Capacity
2.1.2.  Network Capacity
2.1.3.  PC Capacity
3. Software Upgrades
3.1.1.  Cutover Data Loaders
3.1.2. Knowledge Base
3.1.3.  Operating Systems
3.1.4. Bridges to other systems
3.1.5. GUI
3.1.6. Development Box
3.1.7.  Quality Assurance Box
3.1.8.  Production Box
4. Change Management
4.1.1. Communications
4.1.2.  Process Behavior Change
4.1.3.  Senior Management Training
4.1.4. End User Transactional Training
5. Process Analysis
5.1.1.  Analysis of Current Production System
5.1.2.  Analyze New Version to Current Busi ness Processes
5.1.3.  Refine Process Definition and Documentation
6. Customization
6.1.1. Develop and Design
6.1.2.  Configure System
6.1.3. Test
6.1.4. Transport
7. Validation
7.1.1.  Testing Logistics
7.1.2.  Unit Testing
7.1.3. Interbusiness Testing
7.1.4. Integration Testing
7.1.5. Rework and Retest
8. Post Upgrade Support
8.1.1.  Provide Production Support
8.1.2.  Postimplementation Review (PIR)
8.1.3.  Summarize and Review Lessons Learned

Figure 8-4 High Level WBS for a Software Upgrade

levels of WBS and compare actual performance to budget and schedule. Use
the information to address problems and initiate corrective actions and ad-
just work packages, budgets, and schedules accordingly. In a previous ex-
ample, leased computers charged against an upgrade project could have
been used in a variety of places for a number of reasons. By assigning it to
a specific WBS code, the reason for the cost was more easily identified.
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CONTROLLING A WBS

Executing a project requires adherence to project-management principles.
It is important that the team use a change-control process. Once past the
project-definition phase, the WBS is frozen at a point in time and changed
in an organized, orderly, systematic manner. While flexibility is an obvious
requirement in dynamic environments, maintenance of the WBS integrity is
critical. Identify budget and schedule impact of changes and require sig-
natures for changes, additions, and deletions to the WBS document. For
some team members, the change-control process may seem militant and
bureaucratic. Make sure to stress early in the project that this policy is crit-
ical and that it is the most effective way to maintain the WBS as a valid
communication tool for all team members and stakeholders.

Conclusion

The WBS is a highly valuable management tool in delivering project success.
It is a disciplined, systematic methodology to organize project work and
ensure that all required work packages and the required resources are iden-
tified. The WBS adds clarity by providing a visual communication tool for
all project stakeholders that details deliverables along with the processes by
which they will be attained. It allows a diverse team to break down the
complex project components into committed, measurable, and manageable
work packages. The WBS enables the team to begin planning, estimating,
budgeting, scheduling, executing, and controlling the work required to meet
the project deliverable. A WBS provides a systematic way for the team to
understand the goal and their purpose as they walk onto the project field
and lets them know exactly whether they have won or not when the project
is done.

ENDNOTES
1 PMBOK Guide (A Guide to the Project Management Body of Knowledge), Upper
Darby, PA: Project Management Institute, PMI Standards Committee, 1996
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views the process of estimating the duration of project activities. If

realistic estimates can serve as the basis of project planning and im-
plementation, the likelihood of conducting a project successfully grows dra-
matically. Then the chapter examines six dominant techniques of project
scheduling: Gantt charts, milestone charts, precedence diagramming, critical
chain scheduling, time-boxed scheduling, and earned-value management.

This chapter examines basic issues of project scheduling. First, it re-

The Impact of the New Business Environment on
Project Scheduling

Effective project professionals must possess a wide array of skills. The broad
range of desired skills is reflected in the Project Management Institute’s
Guide to the Project Management Body of Knowledge (PMBOK), which iden-
tifies nine specific areas of competency in project management: (1) scope
management, (2) time management, (3) cost management, (4) human re-

116 Field Guide to Project Management, Second Edition. Edited by David 1. Cleland
Copyright © 2004 John Wiley & Sons, Inc.
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source management, (5) risk management, (6) quality management, (7)
procurement management, (8) communication management, and (9)
integration management. A quick review of this list suggests that effective
project professionals should be good generalists: in addition to understand-
ing the technical aspects of their work, they should be good at business, at
administration, at contracting, and at dealing with people.

Having said this, it should be recognized that what most distinguishes
effective project professionals from professionals working in other areas is
their focus on the management of time. Project professionals are expected
to be experts in the art and science of scheduling project efforts. They should
be good at estimating how long it takes to carry out specific activities, at
identifying when key milestones can be achieved, at developing alternative
scheduling scenarios, at tracking schedule progress, and at offering guidance
on how schedules can be accelerated.

The effective management of time has always been recognized to be im-
portant to individuals and organizations. After all, time is a non-renewable
resource—once it passes, it can never be reconstructed. People are con-
cerned that they utilize their time effectively and try to avoid wasting time.
In today’s brutally competitive environment, effective time management is
more important than ever. Our customers have come to expect us to deliver
goods and services as quickly as possible. If we cannot satisfy them in this
respect, then they will shift their business to our competitors.

Recognition that we must supply our customers with goods and services
quickly has created serious problems for many project teams. It has led
to a situation where unrealistic promises are being made as to when goods
and services can be delivered. If these promises are not kept, then customer
disaffection arises. In a scramble to meet the unrealistic promise dates, good
project procedures may be ignored, shortcuts may be taken, and decision-
making may be colored more by panic than by good sense.

Ongoing research I am conducting suggests that among the well-known
triple constraints of time, budget, and specifications, working within the
time constraint is where project teams are having their greatest difficulty.
For example, in one recent survey of 438 project professionals working in
42 organizations, I found that while 55 percent stated they were facing
budget problems and 29 percent stated they were having trouble meeting
the specifications, 69 percent reported facing schedule slippage. Clearly,
schedule-related problems are the key problems encountered by this group
of respondents—and 1 suspect that their experiences are shared by most
project teams today. It is clear to me that these schedule difficulties are
directly tied to the making of unrealistic promises as to when goods and
services will be delivered. As an old joke goes, nine women working con-
currently cannot make a baby in one month.

Estimating Durations of Activities

Effective project scheduling rests heavily on developing accurate estimates
of the duration of individual activities. The ability to create accurate esti-
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mates depends largely on the estimating organization’s prior experience in
doing the activities. If the project team is carrying out a set of activities for
the first time, then it is likely that the estimates will be rough. For example,
researchers carrying out a project to identify the causes of a newly discov-
ered disease are treading new ground and have only the vaguest sense of
how long it will take them to do the job. On the other hand, if a team has
carried out a set of activities many times before, then their estimates can be
quite precise: a team that has installed a certain type of telephone switch
for hundreds of customers has detailed knowledge of how long it takes to
carry out each task.

Increasingly, organizations recognize the role of experience in enabling
them to make accurate estimates of time, cost, and resource requirements
for their projects. Consequently, they are beginning to implement proce-
dures to capture their experiences systematically by having staff maintain
accurate records of their activities. Thus, software testers keep track of how
long it takes to test certain software modules, and equipment installers track
the duration of standard hook-ups. This type of data can provide future
project workers with guidelines on the duration of individual activities.

DISTINGUISHING BETWEEN WORKING TIME AND ELAPSED TIME

In developing project schedules, it is important to recognize that the passage
of time can be viewed from different perspectives. For example, there is a
fundamental difference in computing the time spent by a painter in painting
a chair and the time it takes for the paint to dry on the chair. If, while the
painter is painting the chair, she is interrupted with a phone call, then work
on the chair temporarily stops. Similarly, during the time the painter takes
a lunch break, work on the chair stops. This concept of time is called work-
ing time. For workers who work eight hours a day for five days a week, their
working time effort is 40 hours per week.

In contrast, phone interruptions have no bearing on whether or not paint
dries on the chair. The paint will dry no matter what. This concept of time
is called elapsed time. Elapsed-time activities are common in projects that
entail physical activities, such as construction and facilities-management
projects. On such projects, freshly poured concrete must be given time to
cure, paint time to dry, and glue time to set. Even intangible projects in the
software arena may encounter elapsed time situations: for example, main-
frame computers operate 24 hours a day, seven days a week. They do not
take lunch breaks or shut down on holidays. Thus, a software testing job
may be sitting in a queue until 2:30 on a Sunday morning, at which time it
is finally enabled to execute.

Failure to recognize the difference between working time and elapsed
time activities may lead to incorrect schedule estimates. To see this, consider
the following simple example: Marvin finishes painting a chair at 5:00 on a
Friday afternoon. Immediately upon finishing the chair, he goes home and
has a relaxing weekend with his family until he returns to work at 8:00 on
Monday morning. This is a clear illustration of working time. Marvin works
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during the week, then takes a break over the weekend, during which time
no work is done.

Meanwhile, the paint on the chair begins drying at 5:00 p.m. on Friday.
If it takes two days for paint to dry, then the paint-drying effort will be
completed at 5:00 p.m. Sunday. This illustrates an elapsed time effort. Even
while Marvin is relaxing on Saturday and Sunday, the paint on the chair is
drying. Note that if in entering data into a computerized schedule the project
scheduler treats the paint-drying activity as a working time effort, the com-
puter will calculate that the paint will begin drying at 8:00 Monday morning
and will be completely dry by 5:00 p.m. Tuesday—an incorrect conclusion.

USE OF THE PERT BETA DISTRIBUTION TO ESTIMATE DURATIONS
One thing that experience teaches seasoned estimators is that whatever du-
ration they estimate for a task, their estimate will not be 100 percent correct.
An estimator might predict that a particular task will take two days to un-
dertake. When carried out, the task might actually take 2.2 days. Had project
conditions been a little different, it might have taken 1.9 days. The point is
that the exact duration of a task will almost certainly vary from the estimated
duration.

Often, the variability of estimates assumes what is called a PERT Beta
distribution. An example of a PERT Beta distribution is pictured in Figure
9-1. Let us assume that this particular distribution shows us how many
hours it can take for the paint on freshly painted chairs to dry. The distri-
bution suggests that the quickest time for paint to dry is three hours. The
slowest is seven hours. Most frequently, paint dries on chairs in four hours.
A number of factors contribute to the variability of paint drying times: hu-
midity, ambient temperature, and thickness of the paint are three significant
factors. As these factors vary from job to job, so will the time it takes for the
paint to dry.

The PERT Beta distribution mirrors what frequently happens on projects:
the very best time in which a job can be done (three hours in our example)

Number of
Observations

| | |
3 4 \ 5 6 7 Hours

Average duration = 4.33 hours

Figure 9-1 Pert Beta Distribution
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is not that much better than what happens most typically (four hours). How-
ever, when things go wrong, durations can really stretch out (up to seven
hours in our example). It should be noted that what happens most fre-
quently is not a good estimator of how long it takes for a task to be carried
out. A good estimator is the average time spent on a task. If the pessimistic
estimate of duration is substantial, then the average time spent on a task
will be larger than what happens most frequently because the worst-case
situations cause the average value to grow in size.

Calculating the average value of a PERT Beta distribution is nontrivial,
since this distribution is fairly complex mathematically. However, statisti-
cians have developed a simple formula that enables us to estimate the av-
erage with a fair degree of accuracy:

Average duration = (a + 4b + ¢)/6

where a = optimistic duration, b = most typical duration, and ¢ = pessi-
mistic duration. In the paint-drying example, average duration is (4 + 4 X
4 + 7)/6, or 4.33 hours. This means that if we were to track the drying times
of, say, a thousand painted chairs, we would find that they took an average
of 4.33 hours to dry.

Even here, we know that it will not take exactly 4.33 hours for the paint
to dry. The actual result will be something greater or less than this. The level
of accuracy of our estimate can be roughly identified by using the following
formula (in statistics, this level of accuracy is called standard deviation):

PERT Beta standard deviation = (c — a)/6

where ¢ = pessimistic duration and a = optimistic duration. In our numer-
ical example, standard deviation is (7 — 3)/6, or 0.67 hours. Thus in report-
ing our estimate for how much time it takes for paint to dry on chairs, we
would make the following statement:

“We are quite confident that it will take 4.33 hours, plus or minus two-
thirds of an hour for paint to dry on most chairs. That is, the paint can dry
in as little as 3.67 hours or as long as 5.00 hours.”

Of course, the actual values can lie outside this range. On a particularly
hot, dry day, the paint may dry very quickly—say, in 3.25 hours. Or on a
cool, humid day it may dry slowly—say, in 6.1 hours. The key point here is
that by computing the average and the standard deviation, we have a good
sense of the range of time it will take for most cases.

Project planners who compute standard deviation for their duration es-
timates will have a better handle on their estimates than those who do not.
To see this, consider estimates made for the amount of time it takes for an
expert and a novice to carry out a particular system test during a system-
integration exercise. Let us say that the expert has conducted this type of
test many times over the past ten years. To her, this test has become a
routine effort. She can perform it in an average of 12.0 hours. A computation
of the standard deviation might show that the amount of variability for dur-
ing the job is plus or minus 0.5 hours.
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In contrast, the novice has just begun implementing this type of systems
test. Like the expert, he can conduct the test in an average of 12.0 hours.
But because of his inexperience, his performance is less consistent. He may
sometimes shortcut proper procedures and actually get the job done more
quickly than the expert. On the other hand, when he encounters problems,
this will show him down and he will take longer to do the job. While his
average time spent in conducting the test might be 12.0 hours, the corre-
sponding standard deviation might be plus or minus 1.5 hours.

What this information tells us is that while both the expert and novice
will spend the same average amount of time conducting the test, it is just
as likely that the novice will do the job in 13.5 hours (12.0 + 1.5 hours) as
that the expert will do it in 12.5 hours (12.0 = 0.5 hours). If the consequences
of schedule slippage are serious (for example, they may trigger contract pen-
alties), the lack of predictability of the novice’s performance should be fac-
tored into the schedule estimate.

THE NEED FOR INDEPENDENT VERIFICATION

No amount of sophisticated statistical treatment will produce accurate es-
timates if the numbers that go into the formulas are off-target. Unfortu-
nately, this is a fairly common occurrence today. For example, salespeople
face substantial pressure to sell an organization’s goods and services to
clients because their incomes are often tied—through the use of sales
commissions—to the volume of revenue they can generate. To make the
sale, they may promise customers that projects can be carried out according
to promise dates that are unrealistic. If the project team cannot make these
promise dates, then customer disaffection is ensured.

In order to avoid this kind of problem, it is a good idea to have schedule
promise dates independently verified. This verification can occur by using
outside parties to cross-check promise dates (this is the preferred mode of
operation of the U.S. Department of Defense) or by employing internal re-
sources. The important point is that the promise dates should be reviewed
from both a technical perspective (e.g., is it technically possible to do the
work as quickly as promised?) as well as from a broad managerial perspec-
tive (e.g., do we have qualified resources available to carry out the work as
planned?).

If the assessment of the independent verification is that the promise
dates cannot be met, then the project should not be carried out unless the
promise dates are renegotiated. This is a tough decision to make, because
the organization may be unwilling to lose the business. However, if they
move forward on the project, they will encounter customer disaffection. The
organization may be seen to be incompetent and consequently may lose
large amounts of future business.

MONTE CARLO SIMULATION
Project planners have recently begun employing Monte Carlo simulations to
obtain better estimates of project schedules. This technique was developed
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in the 1940s, but it only gained widespread usage in the 1990s with the
advent of user-friendly software that runs the simulations of personal com-
puters. The technique allows planners to factor uncertainty into their esti-
mates of schedules, budgets, and resource requirements.

The way Monte Carlo simulations work can be illustrated by means of
an elementary example. Assume that we are working on a very simple proj-
ect that has only three phases to it. The first phase involves designing a
widget, the second entails building it, and the third involves testing it before
turning it over to the customer. Our records show that on similar projects,
the design effort most typically takes 4 days, the building effort 12 days and
the testing effort 4 days. If we were simply to add these numbers together,
we would deduce that this project should take 20 days to complete.

However, let us assume that we carry out a Monte Carlo simulation to
estimate project duration and that we have the data shown in Table 9-1 to
help us with our estimate. With Monte Carlo simulation, we instruct the
computer to employ a random-number generator to allow our estimated
values to fluctuate according to whatever distribution we specify (say a nor-
mal distribution or a PERT Beta distribution or a triangular distribution).
Using a random-number generator, the computer may specify that the de-
sign effort takes 4.2 days, the building effort 10.9 days, and the testing effort
4.5 days. In total, 19.6 days will have been spent on the project. Then the
computer has the random-number generator change the values for design,
build, and test and computes the total duration a second time. This process
is repeated many times. On each occasion, the computer keeps track of the
total estimated time. What is happening here is that the computer is sim-
ulating the vagaries of carrying out a project under many different circum-
stances.

Table 9-2 shows the results of a Monte Carlo simulation when the
random-number generator is instructed to employ a triangular distribution
to generate values for the design, build, and test phases. It did this for 10,000
iterations. The results show that if this project were carried out many times,
the average duration for doing the work would be 21.6 days, 1.6 days longer
than our original estimate of 20 days. Furthermore, the Monte Carlo simu-
lation can give us probabilities for different scenarios. For example, the sim-
ulation described here found that 25 percent of the time, one can expect
the project duration to be 20.5 days or shorter, while 25 percent of the time,
one can expect the duration to be 22.7 days or longer. Most significantly,
the simulation suggests that it is highly unlikely that we could do the work

Table 9-1 Estimated Time to Carry out the Widget Project

Task Best Case Most Typical Worst Case
Design 3 days 4 days 7 days
Build 10 days 12 days 16 days

Test 3 days 4 days 6 days
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Table 9-2 Results of Monte Carlo Simulation, Using 10,000 Iterations

25% Likely That 25% Likely That
Average  Standard Minimum Maximum Duration Is Less Duration Is More
Duration Deviation Duration Duration Than: Than:

21.6 days 1.6 days 16.9 days 27.5 days 20.5 days 22.7 days

in 20 or fewer days as initially estimated (the probability of this eventuality
is only 17 percent).

At present, software exists that permits project planners to carry out
Monte Carlo simulations on their computer-based precedence diagram
schedule networks (the precedence diagram method methodology is dis-
cussed later in this chapter). The duration of each task in the precedence
diagram is allowed to fluctuate according to whatever distribution the plan-
ner specifies. The computer can be instructed to go through hundreds of
iterations, where durations are allowed to fluctuate randomly for all tasks.
The simulation tracks the results of all these runs to identify a broad range
of project outcomes. As a consequence, planners can create reasonably re-
alistic scheduling models.

For a more detailed exposition of Monte Carlo simulation, see Frame.!

Scheduling Techniques

Presently, three basic scheduling techniques dominate project management
practice: Gantt charts, milestone charts, and precedence diagram method
networks. Each of these techniques will be discussed in turn.

GANTT CHARTS

The Gantt chart is the most commonly employed project-management
scheduling tool. Its simplicity is its strength. Project staff, customers, and
upper-level managers can interpret Gantt charts without training. Project
workers can begin constructing them immediately. Overall schedule status
can be determined at a glance.

Gantt charts come in a number of variants. The most common variant—
the bar chart—is shown in Figure 9-2. This simple Gantt chart pictures a
project to build a birdhouse. The project is being carried out by Susan and
her young son, Randy. In this variant, bars are used to display the interval
of time in which an activity is supposed to be carried out.

A little reflection shows that the most basic information that the Gantt
chart contains is data on when tasks begin and when they end. Given this
information, we can determine the length of the tasks. For example, the task
“obtain kit” starts at 9:00 a.m. and ends at 10:00 a.m. Thus it consumes one
hour of effort. Similarly, “Gather tools” starts at 10:00 am and finishes at
10:30 a.m., consuming one-half hour of effort.
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Figure 9-2 Gantt Chart

By inspecting the chart, we can also identify the proposed sequencing of
activities. For example, while the task “Assemble birdhouse” is being carried
out, first “Emplace pole” and then “Help assemble” are being implemented.

Gantt charts are the most effective way of portraying schedule status to
customers, staff, and management. That’s because they allow actual effort
to be juxtaposed directly against scheduled effort. In figure 9-2, planned
effort is pictured with empty boxes while actual effort is pictured with the
solid black boxes. A review of the ‘“actuals” data suggest that work was
achieved according to the schedule for the first three tasks (phase I), but
that slippage occurred in phase II. Specifically, “Assemble house” began a
little late and ended late, and “Help assemble” began late and took longer
to carry out than planned.

MILESTONE CHARTS
Gantt charts are a simple way to picture how tasks are scheduled to occur.
Milestone charts, in contrast, focus on the desired results of activity. In a
sense, they provide targets at which the project team aims its efforts. In
addition, like the milestones travelers encounter along highways, they are
markers indicating where individuals are in regard to their starting point as
well as their destination.

Figure 9-3, a milestone chart, lays out the birdhouse project according
to a number of key milestones. It should be noted that the milestones con-
tained in the chart reflect anticipated results, not tasks per se.



Tools to Achieve On-Time Performance 125

Bl B

B
(e]

| I I I I I
9:00 10:00 11:00 12:00 1:00 2:00 3:00

Milestone Legend

Birdhouse kit obtained
Supplies gathered

Tools gathered

Pole placed in ground
Birdhouse assembled
Birdhouse affixed to pole

OOk WN =

Figure 9-3 Milestone Chart

When milestone charts are employed with a measure of creativity, they
can provide the project team with valuable insights. For example, they can
be employed to enable the project team to estimate the amount of work
they have carried out. To see this, consider a 2,500-person-hour project
where the scheduler has carefully identified five milestones, each of which
represents the planned accomplishment of an estimated 500 person-hours
of work. Once the work associated with the first milestone has been accom-
plished, the project team can state that they have achieved 20 percent of
their targeted effort. When the work associated with the second milestone
has been accomplished, the team can state they have achieved 40 percent
of their target effort. And so on.

Another creative use of milestone charts has schedulers including a
broad array of items in the chart, beyond purely technical milestones. One
highly successful project team working on a near-billion-dollar project at-
tributed a large portion of their success to the use of such a milestone chart.
For example, the chart highlighted political milestones (e.g., ““It is politically
wise to finish phase I by 13 August so that the CEO can announce project
progress at the stockholder meeting on 15 August’’), budgetary milestones
(e.g., “To obtain project funding for the next fiscal year, we must have our
budget request form submitted to the finance office by June 30”), and bu-
reaucratic milestones (e.g., “Our next quarterly progress report is due on
October 15”).

Milestone charts are particularly useful in trying to obtain an overview
of project efforts on large, complex projects. With such projects, Gantt charts
and PERT/CPM charts can become so messy that they are difficult to inter-
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pret. Because milestone charts simply highlight basic results, they are easy
to understand, even on large projects. Furthermore, when the achievement
of actual results is pictured on the chart, they can be compared to
the planned milestones, allowing the milestone chart to be employed for
project-control purposes.

PRECEDENCE DIAGRAM METHOD NETWORKS

As flowcharting techniques gained popularity in the 1950s, engineers began
experimenting with ways to employ them to schedule project efforts. Two
initiatives were highly successful: PERT (program evaluation and review
technique) and CPM (critical path method). PERT was developed for the
scheduling of the Polaris missile submarine program, while CPM was de-
veloped independently by DuPont Corporation for use on its chemical en-
gineering projects. As we have seen, Gantt charts lay out when different tasks
will be implemented and milestone charts focus on the achievement of key
results. In contrast, PERT/CPM networks show how the different tasks are
connected to each other, enabling the project team to view the project as a
system comprised of interrelated parts.

The PERT/CPM approaches gained a great deal of attention in the early
1980s with the development of user-friendly personal computer software
that allowed project planners to conduct PERT/CPM analyses easily. (The
first heavily used PC-based software product was called Harvard Project
Manager.) Although there were pronounced differences distinguishing PERT
and CPM networks in the 1950s, the current generation of scheduling soft-
ware is basically an amalgam of key features associated with both tech-
niques. It is neither pure PERT nor pure CPM.

Virtually all the new software approaches PERT/CPM by using what is
called the precedence diagram method (PDM). With this approach, tasks are
pictured as boxes and interdependencies as lines. This is the approach em-
ployed in this chapter. Back in the early days of PERT/CPM, the preferred
approach was called the activity-on-arrow diagram approach. This meth-
odology employed arrows to illustrate both tasks and precedence relation-
ships. This approach is not treated here.

Functioning of PDM: The Basics

The basic functioning of PDM will be illustrated by means of the birdhouse
example. A PDM chart for the birdhouse project is pictured in Figure 9-4.
This chart contains two paths. As indicated in the figure, the tasks along one
path are carried out by Susan while the tasks along the other path are carried
out by Randy.

In phase I, Susan will drive to the hardware store to pick up a birdhouse
kit. This will consume one hour. Meanwhile, Randy will gather supplies (one
hour effort) and tools (one-half hour effort) from around the house. In all,
Randy will devote 1.5 hours to phase I while Susan will devote 1.0 hours.
Note that the duration of phase I will be defined by the longest path
(Randy’s). Thus, phase I will last 1.5 hours. In PDM, the longest path is given
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Figure 9-4 Precedence Diagram

the name critical path. Susan’s path is noncritical. In fact, because she is
scheduled to carry out only one hour’s worth of effort, she has a half hour
of flexibility in implementing her task (this flexibility was called float in CPM
scheduling and slack in PERT scheduling—today both terms are used inter-
changeably).

Because she has one-half hour of slack built into her schedule, Susan
has a measure of flexibility in when she begins her task to obtain a birdhouse
kit. She can begin it as soon as the project commences at 9:00 a.m. (this is
called earliest start, or S;), or she can begin it as late as 9:30 a.m. (this is
called latest start, or S;). Slack is S; — S, or 9:30 — 9:00, or 30 minutes.

This same kind of reasoning can be extended to phases II and III. The
thick lined path indicates the critical path for the whole project. This path
enables the project team to calculate the estimated duration for the entire
project, which is four hours (the sum of the durations for the tasks that lie
on the critical path). If one hour is added to the project duration to take
into account an hour lunch break at noon, then the end date for the work
is 2:00 p.m.

The example offered here has been kept simple in order to explain some
key characteristics of PDM logic. This same logic can be extended to cover
highly complex, large projects.
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Logical versus Resource-Driven Links

The trick to creating effective PDM network diagrams is to know how to link
tasks together. Two aspects of linking tasks will be covered here: (1) recog-
nizing the difference between logical links (sometimes called hard logic) and
resource-driven links (sometimes called soft logic), and (2) understanding
the use of start-finish, start-start, finish-finish, and finish-start links. In this
section we deal with the first aspect, and in the next with the second.

The difference between logical and resource-driven links can be appre-
ciated by referencing Figure 9-5. This simple PDM chart shows a number
of tasks that George and Martha will carry out in order to prepare lunch for
a picnic. George and Martha have decided to split the workload as equitably
as possible. Thus while George is preparing sandwiches (ten minutes), Mar-
tha is preparing lemonade (four minutes) and gathering food for snacks (five
minutes). Once the sandwiches, lemonade, and snacks are ready, they will
be put into a picnic basket. The links connecting ‘Prepare sandwiches’” and
“Prepare lemonade’” with “Pack picnic basket” and logical links: what the
PDM chart suggests is that the picnic basket cannot be packed until the
food is prepared.

Note, however, that the link connecting snacks to lemonade is a resource-
driven link. There is no logical reason why “Gather snacks” must lie on the
same path as ‘“Prepare lemonade,” or why, for that matter, it should precede
“Prepare lemonade” (it could just as easily have followed ‘‘Prepare lemon-
ade” without affecting the quality of the lunch). In fact, if there were a third
person to help with the project, he could have worked in parallel with
George and Martha, preparing the lemonade while George worked on the
sandwiches and Martha gathered the snacks, in which case the PDM chart
would have three paths rather than just two.

The principal point here is that with logical links, schedulers do not have
much flexibility in connecting tasks to each other. Logically, these tasks must
be linked together in a prescribed order. On the other hand, with resource-
driven links, there is a good measure of flexibility in connecting tasks. For

Resource-driven link

Gather Prepare Gather Pack
snacks lemonade equipment [ car
t=5 min t=4min t=5min t=45 min
Prepare ’ Pack lunch

sandwiches basket
t=10 min <; t=13 min

Logical links

Figure 9-5 Logical and Resource-Driven Links
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example, the more resources there are, the more possible it is to carry out
tasks in parallel.

Different Types of Links

All the links described so far in the examples that have been offered are
finish-start links. That is to say, the successor task cannot be started until
the predecessor task is finished. Thus, in the picnic example, Martha will
not begin gathering food for snacks until she has first completed preparation
of the lemonade. Today’s software makes it easy to build lags into the links,
so it is possible to create a PDM chart that indicates that Martha should
finish gathering snacks, wait one minute to catch her breath (a one-minute
lag), and then begin preparing lemonade.

Another link that can be created is a start-start link. For example, painter
A may begin applying a coat of quick-drying paint to the walls of a large
house. Painter B is instructed to start applying a second coat of paint two
hours after painter A begins his work. This is a start-start link with a two-
hour lag.

A third link is the finish-finish link. Three writers might be instructed to
finish writing their sections of a technical report by a specific date. Although
they may have begun their work at different times, the key point is to finish
together. This is a finish-finish link with zero lag.

The final link is a start-finish link. Assume that Mary’s task is to edit a
number of chapters of a long technical report. She instructs Ralph that he
should complete (finish) work on his chapter two days after she begins
(start) her editing chore so that she can work directly on editing his piece
at that time. This is a start-finish link with a two-day lag.

The great majority of precedence links employed by project schedulers
are finish-start links. The other types of links are available, however, to en-
able schedulers to portray their schedules more realistically under appro-
priate circumstances.

CHIEF VALUE OF PDM

A major value of PDM networks is that they serve as mathematical models
of projects. For example, by creating a PDM chart, project planners can
estimate the duration of the overall project and possess knowledge of the
latest and earliest start times for individual tasks.

Beyond this, today’s PDM-based project-management software provides
planners with an integrated view of schedules, costs, and resource require-
ments. Consequently, project planners can conduct various ‘“what-if”’ anal-
yses to see the impact of different situations on schedules, budgets, and
resource requirements. For example, they can create best-case, most-typical
case, and worst-case resource scenarios to predict different scheduling out-
comes that result from the different resource scenarios. Planners can raise
and answer the following type of question: “What will be the impact on the
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project’s end date if only three of five installers are able to work on the
installation of the equipment?”’

GRAPHICAL INTEGRATED COST/SCHEDULE CONTROL

Control is the process of comparing planned activity against what is actually
happening. By itself, looking at planned versus actual schedule performance
is only marginally useful. Of more use is to engage in integrated cost and
schedule control. To learn that a project is two weeks ahead of schedule
may be small consolation if it turns out that it is also facing a 25 percent
cost overrun. On the other hand, a two-week schedule slippage may be eas-
ier to take if it turns out that the project is experiencing a 25 percent cost
savings.

Integrated cost/schedule control can be carried out easily by reviewing
schedule and cost performance graphically. This is done in Figure 9-6, in
which Gantt charts are employed to represent schedule performance and
cumulative cost curves (also called S-curves) picture cost performance. Fig-
ure 9-6a shows a situation where the project is being carried out faster than
planned. However, it is encountering a serious cost overrun. Figure 9-6b
pictures a situation where the project is encountering schedule slippage and
a cost overrun. Finally, Figure 9—-6c illustrates a project that is being carried
out on time and within budget.

CRITICAL CHAIN SCHEDULING

While PDM networks are more sophisticated than Gantt charts, a little re-
flection suggests that they are still quite primitive. To create a PDM network,
you need only three pieces of information. First, you need to identify the
tasks that are being executed. Second, you need to know the durations of
these tasks. And finally, you need to know how these tasks are linked to-
gether. That'’s it!

What is missing here is explicit consideration of resource availability. In
standard PDM scheduling, resource availability is handled indirectly when
making estimates of task duration. If plenty of resources are available, task
durations can be short. If they are not available, then task durations should
be lengthened. But this is a haphazard approach to dealing with the role of
resources in project scheduling, because the PDM approach does not ex-
plicitly accommodate resource availability. In view of the central importance
of resource availability to project performance, it should be handled explic-
itly.

The critical chain technique does this. It not only looks at tasks, their
estimated durations, and their dependencies, but it also takes into account
resource availability. A simple illustration of how it works is presented in
Figure 9-7. Figure 9-7a shows the precedence diagram for a four-task proj-
ect. Tasks A and B comprise a path whose duration is nine days, while tasks
C and D constitute a path with a ten-day duration. Because the critical path
is the longest path, then the C-D path is the critical path.
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Figure 9-7 Critical Chain Scheduling

Let’s say we have outside information that the worker who is scheduled
to work on task B cannot show up for work until day 8. In theory, he can
begin work on task B at the outset of day 6 (after task A’s five day effort is
complete). But in reality, other commitments keep him from beginning work
on task B until the beginning of day 8. When this constraint is taken into
account, it becomes clear that the project will take eleven days to complete,
not ten days as suggested by the precedence diagram. A new critical path
has emerged. In order to avoid confusion with the critical path generated
by the precedence diagram, we give it a new name: the critical chain.

The critical chain technique was developed by Eliyahu Goldratt. It is an
extension of work he carried out for the manufacturing environment, re-
ported in his best-selling book (with Jeff Cox) The Goal.? In this book, Gold-
ratt and Cox describes what they call the theory of constraints (TOC). TOC’s
basic principle is that when examining a process with a view to improving
its performance, we should fix the bottlenecks. Too often, when trying to
improve performance, we attempt to improve everything across the board,
but this is a waste of resources because ultimately the performance of the
process is governed by its weakest links—the bottlenecks.
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In the late 1990s, Goldratt turned his attention to managing projects. He
articulated his views in Critical Chain.® The rationale for the term critical
chain is interesting. The word critical shows a connection to traditional PDM
scheduling: the critical path is the path that defines the length of the project.
The word chain captures the TOC principle: a chain is as strong as the
weakest link. Thus, when examining a schedule, the critical chain is the path
that takes into account bottlenecks in computing project duration. It may
differ dramatically from the critical path and offers a more realistic per-
spective on project duration.

While the mechanics of putting together a critical chain schedule are
interesting,* perhaps the technique’s greatest insights are psychological. Two
points in particular stand out: (1) when executing tasks, Parkinsons’ law
prevails; and (2) multitasking often covers a multitude of sins. Each of these
points will be discussed briefly.

Role of Parkinson’s Law in Executing Tasks

Anyone with experience in scheduling tasks has encountered the following
phenomenon: If managers give workers two days to carry out a two-day
effort, the workers may take, say, 2.2 days to do the job. If they give workers
three days to carry out the same two-day effort, they may take 3.3 days.
Given four days, they may take 4.4 days. The point is that no matter how
much time the workers are given to do a job, they often take more time
than required.

This phenomenon illustrates Parkinson’s Law, which states that work ex-
pands to fill the time available to do a job. What often happens is that
workers wait until the last minute to begin work on a task. Goldratt calls
this the student syndrome. If they are given generous time frames, they feel
little pressure to get on the job right away. When they finally begin the task,
they discover that it will take more time to carry out than they anticipated.
Hence, even though ample time was provided to do the job, they miss their
deadlines.

The critical chain technique uses this phenomenon to provide guidance
on how to build safety into duration estimates for tasks. The prevailing ap-
proach is to focus on a realistic estimate of task duration, and then add a
little safety to the task duration to make sure enough time is offered to avoid
schedule slippages. Let’s say we are dealing with tasks X, Y, and Z, each of
which is a three-day effort. In theory, if carried out sequentially, these three
tasks should take nine days to complete in total. However, we are aware that
there is opportunity for slippage, so we add an extra day of safety for each
task. Thus, in making our duration estimates, we say that each task will take
four days to execute. The total duration of the effort is now scheduled to be
twelve days. Because we have added a substantial amount of safety to the
task durations, we feel confident that we can do the job in the defined time
frame. However, owing to Parkinson’s Law, there is a strong likelihood that
each tasks will take more than four days to carry out (let’s say 4.5 days each).
The total duration of the three-task effort is now 13.5 days.
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To deal with this problem, the critical chain technique requires us to
stick with realistic, unpadded duration estimates for each task. In our ex-
ample, we allocate three days of duration for each of the three tasks. Total
duration should be nine days. Because Parkinson’s Law is still at work, there
is a reasonable likelihood that there will be slippage in the schedule. Let’s
say that each task experiences a half day of slippage, so the total duration—
with slippage—is 10.5 days. In creating a buffer to deal with slippage, some
extra time should be added at the end of the sequence of activities. This
buffer can be half of the total buffer you would use if you were adding safety
on a task-by-task basis. In our example, we initially added one day of safety
per task, which summed to three days of safety for three tasks. In following
the guidance of the critical chain technique, we take half the three days of
safety—i.e., 1.5 days—and use that as buffer for the entire three-task path.

Note that in our example, scheduling work in the traditional way, where
safety is added to each task, resulted in a total duration of 13.5 days. By
estimating task durations realistically and adding buffer at the end of the
path, total duration is reduced to 10.5 days. Three days were saved simply
by managing the buffer intelligently! Experience with real projects suggest
that projects scheduled according to the buffer-management principle de-
scribed here actually save substantial amounts of time.

Problems of Multitasking

In the critical chain perspective, multitasking means that project staff are
asked to carry out a number of different tasks concurrently. This situation
is captured in the following statement: ‘“George, I would like you to spend
most of the day testing the ABC software routine. That should be your top
priority. But I would also like you to help Martha design an XYZ protocol
and want you to prepare a briefing for the executive committee meeting at
4:00 p.m. this afternoon.”

What George is experiencing is commonplace today. Nearly everyone
complains that he or she is being asked to juggle several balls at the same
time. To a certain extent, this multitasking may be justified, reflecting the
messy character of today’s business climate. Things don’t seem to fit in neat
compartments any more.

The critical chain perspective holds that this form of multitasking should
be avoided if possible. It maintains that multitasking hides a multitude of
sins and that it is the haven of incompetents. At first this viewpoint does
not seem to make sense. Today we cherish the image of people who are
able to do several things at one time. But a little reflection shows that there
is merit to admonitions against most cases of multitasking.

Following are some of the problems of multitasking that the critical chain
perspective highlights:

¢ Multitasking creates friction and can reduce efficiency significantly. As
people shift from one task to another, they have to adjust themselves
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to the new conditions. A significant amount of effort may be dedicated
to getting up to speed.

¢ Multitasking can hide quality problems until it is too late to handle
them proactively. To see this, consider the following example. Tasks A
and B are each two-day tasks. It takes a total of four days to complete
both. One way to carry out A and B is to spend two days on A, then,
when it is completed, to spend two days on B. Another approach—
equivalent to what we call multitasking here—is to work on A during
four mornings and B during four afternoons. Note that in theory, both
approaches get the job done in four days. Note also that with the sec-
ond option, both A and B are completed at the end of four days. Con-
sequently, if there are quality problems with the deliverable being
produced, they are not likely to surface until A and B are both com-
plete. With the first approach, however, problems with A (if they exist)
will likely surface at the end of day 2 (when A is finished) and can be
handled at that time.

e Multitasking makes it difficult to diagnose sources of problems because
when two or more tasks are carried out concurrently, it is tougher to
see what’s going on.

¢ Multitasking provides low-productivity workers with an excuse for their
poor performance. If they are criticized for their lack of accomplish-
ments, they can say: “What do you expect? With all these assignments,
I've got my hands full. You can’t expect me to get everything done right,
can you?”

¢ Most people are not good at multitasking. It is difficult enough doing
one thing properly when you are able to concentrate on doing a good
job. But when you need to do two or three things at one time, there is
a good chance that you will not do a good job on any of them.

The criticism of multitasking offered by the critical chain approach provides
us with food for thought. As mentioned above, today’s messy business cli-
mate is unlikely to make multitasking go away. Even as you try to carve out
time to carry out a chore without interruption, you will probably receive
phone calls requiring you to spend time putting out fires here and there. In
the real world of work, no one functions in a protected cocoon. Still, as you
find yourself trying to do two or three things at one time, you should rec-
ognize that you will pay a price for your efforts at multitasking.

TIME-BOXED SCHEDULING

During the glory days of dot-com companies, people began talking about
“Internet time.” What they were referring to was the imperative to do eve-
rything at the speed of light. Customer orders should be filled and shipped
immediately. Customer inquiries should be answered right away. Airline res-
ervations should be confirmed instantly. Packages should be shipped around
the world overnight.
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This obsession with working at breakneck speed became dominant in
software development. Software-development teams that traditionally were
given six months to develop a new product were now given only two
months. Certainly, an aggressive attitude to scheduling work could lead to
speedier deliveries of new products, but there are physical limits to what
can be done. If management orders a team to do what is truly a six-month
job in two months, then they are setting up the team for failure. It was this
environment that led to the development of time-boxed scheduling.

Time-boxed scheduling is based on the premise that “you can’t have it
all.” Let’s say your company is planning to roll out a new software product
that will take six months to develop. You are just about to begin work on
the product when your marketing department learns that a competitor will
release a similar product in four months. In order to scoop the competitor,
your team is told to produce your new product in two months. This seems
like an impossible chore.

However, with time-boxed scheduling, you see a way to get a product
out the door quickly. The team leader might respond to the request in the
following way: “I understand that it is crucially important that we get a
product out before our competitor does. The fact is that the laws of nature
will not allow us to produce a full-fledged product in two months. However,
if we cut back on some of the features designed into our new product, we
can produce a great product in two months that will meet 80 percent of
customer needs. We will call it Version 1.0. Once it is released, we can turn
our attention to adding the expunged features back into the product, which
we will release four months later as Version 1.1.”

There is no magic trick here. Time-box scheduling simply acknowledges
that if you need to produce things more quickly, then you have to cut back
on the features you plan to offer. This is not as radical a pronouncement as
it might seem, owing to something called the 80:20 Rule. The 80:20 Rule
suggests that 20 percent of the features we deliver someone serves 80 per-
cent of their needs. Thus, in order to get a product out the door at breakneck
speed, we can radically cut back on what we develop and still have high
levels of customer satisfaction. If producing a product quickly enables us to
establish a market presence before our competitors, this may give us an edge
that leads ultimately to market dominance.

Experience shows that the greatest challenge to implementing time-
boxed scheduling is to get both business people and technical staff to pri-
oritize their needs and requirements. When asked, “What two or three
features of the new product are most significant,” a typical marketer will
answer. “They’re all important.” Of course, they are not all equally impor-
tant. From the perspective of customers, a relatively small number of fea-
tures are must-haves, while a larger number are nice-to-have, and an
undetermined number are not-really-needed. In time-boxed scheduling, you
work with customers to prioritize the features that the product will deliver.
You then incorporate a relatively small number of high-impact must-have
features into your Version 1.0 deliverable.
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The science of time-boxed scheduling entails use of objective prioritiza-
tion techniques to rank features. Included here are techniques such as an-
alytical hierarchy process, the poor man’s hierarchy, and scoring sheets.’
When applied properly, the must-haves surface to the top of the list, while
the not-really-needed drop to the bottom. Features included in Version 1.0
should be taken from the top of the list.

The art of time-boxed scheduling requires business analysts to have good
facilitation and negotiation skills. They have to convince both business cus-
tomers and technical team members that in order to achieve breakneck
deadlines, you can’t have it all. Initially, they will encounter resistance from
the business and technical players, who see scaling back the scope of their
new products as undesirable. But ultimately they must realize that if they
want to be first to market, they may have to offer less than what they ideally
want to offer.

INTEGRATED COST/SCHEDULE CONTROL WITH

EARNED-VALUE MANAGEMENT

One of the most significant innovations in project-management methodol-
ogy was the creation in the 1960s of the cost/schedule control system (C/
SCS). This methodology is a cost accounting approach to reviewing schedule
and budget performance simultaneously. It is effectively the numerical
equivalent of graphical integrated cost/schedule control. At the heart of the
methodology is an attempt to track performance of something called earned
value, an important measure of work performance.

C/SCS was the child of the U.S. Department of Defense (DoD), which
played the lead role in establishing and promulgating standards for its use.
In the 1990s, a global movement arose to promote application of earned
value principles to all projects—big and little, government and private
sector—and by the end of the decade DoD transferred the guardian role of
the earned value system to the private sector, where it is captured as a
document referenced as ANSI/EIA 738. The appellation C/SCS was dropped
and henceforth the methodology was known as earned-value management
(EVM).

The earned-value measure provides information on how much work has
actually been performed. Work performance is measured in monetary terms.
For example, the computation of earned value for a project may show that
$3500 worth of work has actually been accomplished. Cost variance becomes
a matter of comparing how much money has been spent against how much
work has been done. If actual expenditures are $3700, the project is expe-
riencing a $200 cost overrun, since $3700 has been spent to do $3500 worth
of work.

Schedule variance is computed by comparing how much work has been
done against what was planned to have been accomplished. If $4000 of work
was planned to have been achieved, but only $3500 worth of work was ac-
tually carried out, then the project is behind schedule, since less work was
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done than was planned. Note that schedule variance here is being measured
to monetary terms, not in temporal terms.

The key to employing the EVM methodology is being able to compute
earned value. Several ways to do this have been developed. Three will be
discussed here: (1) using the 50-50 rule, (2) computing earned value based
on historical experience, and (3) making best-guess estimates.

The 50-50 rule

The 50-50 rule is best explained by means of a simple example. Let us say
that a particular project is composed of four tasks. In creating the work-
breakdown structure (WBS) for the project, we devise each task to be roughly
of equal size. Since with EVM we are employing a cost accounting approach,
size is measured in monetary terms. Thus, in our example, each task is a
$100 task. If budgetary data are not available, one can employ person-hours
of effort (or person-days) as a substitute—e.g., each of my four tasks is
scheduled to consume 80 person-hours of effort.

Our goal is to measure work performance. To do this, we assume that
the moment a task begins, we have done half the value of planned work.
Thus, when a $100 task begins, we say, for accounting purposes, that we
have done $50 worth of work. Only when the task is actually finished do we
say that we have done the remaining half of the work. When a $100 task is
completed, we can then state that we have achieved our $100 planned effort.

Let us say that in our hypothetical example we have completed work on
three of the tasks and have begun work on the fourth. Using the 50-50 rule,
we estimate that we have accomplished $350 worth of work—our earned
value. That is, by completing the three tasks, we have achieved $300 of
planned effort, and by beginning the fourth task, we have achieved an ad-
ditional $50 of planned effort.

It should be noted that the 50-50 rule provides the project team with an
estimate of earned value, not the real figure. Project staff who are concerned
that the estimate may be too optimistic can employ a more conservative
approach to calculating earned value: the 0-100 rule. As its name implies,
the value of work associated with a task is not recorded until after the task
is complete. In the four task example, earned value is $300 when the 0-100
rule is employed.

Historical Experience

A more accurate way to calculate earned value is to base the estimate on
historical experience. Let us say that we are trying to compute earned value
to track roofing work on 20 houses. Historical experience may suggest that
when a roof has been framed out, it is 20 percent complete. When plywood
panels have been laid down on the framework, creating a “‘solid” roof, the
roof is 40 percent complete. When tar paper has been placed over the ply-
wood panels, the roof is 50 percent complete. When shingles have been laid
on one side of the roof, it is 70 percent complete, while when they have
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been laid on both sides, the roof is 90 percent complete. Finally, after finish
work has been carried out, the roof is 100 percent complete.

To compute earned value, a technician can be sent to the houses to
tabulate progress. If she sees fifteen houses whose roofs have only been
framed out, she notes that fifteen houses are at the 20 percent mark. If she
also identifies three houses where plywood panels have been laid down on
the framework, then she notes that three houses are at the 40 percent mark.
She determines that two houses have tarpaper laid down on the plywood
panels, indicating that they are at the 50 percent mark. By taking a weighted
average of the progress of the twenty houses ([15 X 0.2 + 3 X 0.4 + 2 X
0.5]/20), she determines that the roofing effort is 26 percent complete. If the
planned cost of the roofing effort for all twenty houses is $200,000, then
earned value is $52,000 (26 percent of $200,000).

Best Guesses

It may be that owing to a lack of project data, the only available way of
calculating earned value is to make a best-guess estimate of how much work
has been done. This probably reflects the practice of most organizations in
their attempts to measure work performance. An expert may review progress
on a module or project work and guess that the module is 70 percent com-
plete.

The problem with this approach is that it tends to lead to optimistic
assessments of project performance. When projects first start out, it often
looks as if the project workers are making tremendous progress, so best-
guess estimates of earned value may inflate the true figure. Thus, the team
may report that the project is at the 90 percent mark quite early in the life
cycle. However, as projects are being wrapped up, it seems to take forever
to tie up loose ends. We even quip that the last 10 percent of a project often
takes 50 percent of the work effort. Consequently, the project is reported to
be 90 percent complete for each of the last several months of its existence.
This phenomenon occurs so frequently that we have even given it a name:
the 90 percent hang-up.

USING EVM TO REPORT PROJECT PROGRESS

Project progress can be tracked quite clearly when project staff employ the
EMV methodology. Consider tracking schedule performance. This is done in
two ways. First, schedule variance is computed by contrasting the work that
has been done (earned value) with the work that was supposed to be done
(measured as planned cost). In the EVM approach, earned value and
planned costs are given special labels—earned value is called BCWP (budg-
eted cost of work performed) and planned cost is called BCWS (budgeted
cost of work scheduled). Using these new labels, schedule variance is de-
fined as:

SV = BCWP — BCWS
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Thus, if BCWP is $350 and BCWS is $400, this indicates a schedule var-
iance of —$50. That is, this effort has achieved $50 less work than it should
have.

A related way to examine schedule performance is to create a schedule
performance index (SPI), which is defined as:

SPI = BCWP/BCWS

What the SPI measures is how much work has been done (BCWP) as a
fraction of how much was supposed to be done (BCWS). If BCWP is $350
and BCWS is $400, SPI is 0.875, which indicates that the project has achieved
87.5 percent of what it was supposed to achieve.

To track cost performance, earned value (BCWP) is compared to actual
costs, which is called ACWP (actual cost of work performed). The data for
ACWP come from the accounting department and reflect money spent on
salaries, purchases of materials, purchases of services, and so on. Cost var-
iance is defined as:

CV = BCWP — ACWP

If BCWP is $350 and ACWP is $450, cost variance is —$100. That is, for
the work that has been achieved (BCWP), the project team spent $100 too
much.

A related way to examine cost performance is to create a cost performance
index (CPI), which is defined as:

CPI = BCWP/ACWP

What CPI measures is the efficiency with which project funds are being
expended. If BCWP is $350 and ACWP is $450, then CPI is 0.778, which
indicates that the project is achieving 77.8 cents of work output for every
dollar spent. This project clearly will run out of funds if it continues to
operate at this level of efficiency.

An important function of CPI is that it lets the project team estimate
what the final cost of the project will be. This estimate of final cost is called
estimate at completion, or EAC. It is computed using the following formula:

EAC = (Total project budget)/CPI

If the total project budget is $1,000,000 and the CPI is 0.778, the EAC is
$1,285,714. This means that if the project continues to generate 77.8 cents
of work for every dollar spent, it will have a $285,714 budget shortfall unless
major adjustments are made (e.g., work can be cut back, budgets can be
increased).

Collectively, the EVM tools we have just examined provide project teams
with the capacity to carry out solid analyses of cost and schedule perform-
ance. These analyses can be carried out at whatever level of detail the team
chooses. They can focus on aggregate data for the project as a whole, or
they can concentrate on reviewing performance at the task and phase levels.
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Note that as EVM departs from military directives and takes on a more
civilian flavor, its guardians are attempting to make it look more user-
friendly. Consequently, the rather awkward acronyms BCWP, BCWS, and
ACWP are gradually being replaced by new ones. BCWP is now called EV
(for earned value), BCWS is now called PV (for planned value), and ACWP
is now called AC (for actual cost). The new appellations have not yet been
fully adopted, so we are likely to live in a world where the old and new terms
coexist for a number of years.

Conclusion

The capacity to schedule projects effectively is one of the most significant
competencies a project professional should master. This has always been
true in project management, but today it is more important than ever, be-
cause in this brutally competitive world, speed of product development and
service delivery provides organizations with an edge that enables them to
beat their competitors. As we have seen, the pressure to deliver goods and
service faster and faster has created a situation where organizations often
promise delivery dates that are unrealistic. If scheduled delivery dates are
not met, then this certainly leads to customer disaffection.

Consequently, effective schedule management requires that project pro-
fessionals develop accurate estimates of how much time it will take to do
the job, create schedules that offer project teams good guidance on how
they should carry out their work, track performance in order to determine
whether the project will achieve its performance targets, and adjust sched-
ules to accommodate the new realities that arise as the project is being
executed.
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Introduction

( :hanges in the marketplace—such as heightened global competition,
rapid advances in technology leading to shorter project life cycles,
and strong emphasis on quality and customer satisfaction—have

evolved from an unstructured activity with loose cost guidelines to a highly
structured activity with well-defined procedures for estimating, controlling,
and collecting data on costs. Customers expect high quality and on-time
delivery from all project bidders and often use the cost estimate in deciding
between potential contractors.

IMPACT OF COST ON SCHEDULE AND TECHNICAL PERFORMANCE
Cost affects schedule and technical performance measures. Cost, schedule,
and technical performance measures can be thought of as a triangle where
changes to one measure necessitate changes to the other two. For example,
expediting the project schedule while maintaining the level of technical per-
formance will increase costs in the form of overtime pay and additional
charges to expedite parts and materials. A common Japanese approach to
managing the interactions among these measures is to use target costing.
In this approach, a target cost is set for a project, and technical performance
parameters and the project schedule are adjusted to meet the target cost.

A project costing system should yield accurate and timely cost infor-
mation at the required level of detail. It should allow the project manager
to evaluate the trade-offs when making decisions on issues affecting sched-
ule and performance. Striking a balance between these three competing
measures requires teamwork. For example, Touran presents a probabilistic
model that considers the random nature of change orders and their impact
on the cost and schedule of a construction project.> The use of cross-
functional teams with representatives from areas such as accounting, sales,
service, and manufacturing is an effective means of promoting consensus in
the event that all measures cannot simultaneously be met and of ensuring
that one measure is not “optimized” at the expense of another.?

COST AND THE PROJECT LIFE CYCLE

Costs must be closely managed throughout the entire project life cycle. The
project life cycle consists of a conceptual phase, a definition phase, a pro-
duction/construction phase, an operational phase, and a divestment phase.
The conceptual phase establishes the feasibility of the project, develops a
basic budget and schedule, and leads to the formation of the project team.
The project’s cost, schedule, technical performance objectives, and design
are established in the definition phase. The production/construction phase
entails procuring project materials, producing/constructing the desired sys-
tem, and verifying its performance. The operational phase involves installing
the resulting system in the environment for which it was developed. Lastly,
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the divestment phase involves training personnel and transferring materials
and responsibility for the system to the end user.*

At the start of a project, it is difficult to estimate with certainty the final
cost. As the project nears its end, many of the expenses have already been
incurred, leaving a smaller portion of the total expense to estimate. A large
portion of project costs is typically expended in the production/construction
and operational phases of the project, but the definition phase sets project’s
cost, schedule, and technical performance standards as well as the resource
requirements and work breakdown structure (WBS).

Decisions made in the definition phase of the life cycle affect project
costs far more than any cost control measures adopted during the produc-
tion/construction and operational phases. It has been reported that approx-
imately 75-90 percent of project costs are determined during the definition
phase of the project.® Design practices that can aid in the development of
realistic cost, schedule, and technical performance measures include the use
of computer aided design/computer aided engineering (CAD/CAE), design
for “X”, concurrent design, simplification, robust design, and designed ex-
periments.® An emerging area, design for supply chain management,” at-
tempts to drastically reduce manufacturing, logistic support, distribution,
and sales costs.

COSTS KEEP CORPORATE STRATEGY IN SIGHT

An effective cost estimating and control system sets performance measures
and requires the selection of a cost management system that complements
the company’s corporate culture and strategic objectives. Note that the set
of relevant performance measures often changes in different phases of the
project life cycle. A good cost management strategy should not merely be a
way to track exactly where costs were expended; rather it should encourage
employees to support the company’s strategies and cost reduction efforts.

CHAPTER ORGANIZATION

The next section of this chapter will discuss ways to examine project costing,
such as types of cost, their frequency of occurrence, and their opportunity
to be controlled. We will then cover the components of a fully integrated
cost management system: how to integrate a cost management system with
an operational control system, reporting the right data to the right people,
and other factors. After a discussion of future trends in costing management,
the chapter will conclude with a brief summary.

The Many Ways to Examine Cost

Costs can be examined with respect to type (direct or indirect); frequency
of occurrence (recurring or nonrecurring); opportunity to be adjusted (fixed
or variable); and schedule (normal or expedited).
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DIRECT VERSUS INDIRECT COSTS

As the name suggests, direct costs can be traced directly to the project that
generated the cost. The most common examples of direct costs include labor
and materials. For example, consider the construction of a bridge. All of the
labor costs associated with the workers involved with the actual construction
process can be traced directly to the project. Note that this would not nec-
essarily include nondedicated resources such as project management and
accounting personnel who may be concurrently overseeing multiple proj-
ects.

In the case of a manufacturing setting, workers may clock in to a partic-
ular production work order via a labor collection system. Labor can then be
accumulated for the work order (which is generally associated with a par-
ticular product) by type and quantity. Direct labor rates can subsequently
be applied to the labor hours to derive the total direct labor cost. Although
fringe benefits can be built into the worker’s direct labor rate, they are gen-
erally placed into an indirect cost category. Like direct labor costs, material
costs are readily traced directly to a specific project. For example, purchase
orders may be issued to procure the needed materials to complete the proj-
ect. In a production environment, the bill of material (BOM) will identify
the type and quantity of all materials needed to manufacture the product.

Typically, anything that cannot be classified as a direct cost gets placed
into an indirect cost category. Indirect costs are generally placed into one
of two categories: overhead, or selling and general administration. Examples
of overhead costs include indirect materials, utilities, property taxes, insur-
ance, depreciation on equipment, repairs, maintenance, and, in general, all
costs associated with operations. Costs that fall into the category of selling
and general administration include advertising, shipping, executive salaries,
sales and secretarial support, sales travel, sales commissions, and the like.

The process of tracing indirect costs to specific projects is not straight-
forward. Most organizations choose instead to use some method of alloca-
tion. In the past, when the ratio of indirect to direct costs was very low and
computer sophistication was crude, there was little concern with an allo-
cation approach. In the wake of the computer age and as the ratio of indirect
to direct costs rises sharply, more attention is being paid to how to trace
indirect costs equitably to the projects responsible for driving the costs. If
care is not taken, there is a potential to grossly misstate the true project
costs. Activity based costing (discussed later in this chapter) has evolved to
address this shortcoming.

RECURRING VERSUS NONRECURRING COSTS

Costs can also be examined with respect to their frequency of occurrence
(recurring versus nonrecurring). Typically, nonrecurring costs occur at the
beginning and end of the project life cycle, whereas the recurring costs occur
in the middle of the project life cycle. Examples of nonrecurring costs in-
clude preliminary design, market assessment, capital investment, training,
divestment, and so on. Recurring costs are those that occur most frequently
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in the production/construction and operational phases of the project. Ex-
amples of recurring costs include material, direct labor, distribution, trans-
portation, packaging, and sales. To help ensure profitability, cost-reduction
efforts should focus on both recurring and nonrecurring costs.

FIXED VERSUS VARIABLE COSTS

Costs can be classified as fixed or variable. Fixed costs do not vary with
respect to usage. For example, the leasing cost for a piece of equipment will
not vary with the rate of production. The cost will be fixed regardless of
whether the piece of equipment is fully utilized or sits idle. Similarly, the
hardware associated with the running of a computer system is fixed regard-
less of the number of transactions processed through the system.

In contrast, variable costs vary in direct proportion to the usage level.
Variable costs will rise as the usage level rises and fall as the usage level
falls. Material cost is an example of a variable cost. The material cost to
manufacture 100 units will be 100 times as great as the material cost to
produce just 1 unit.

The distinction between fixed and variable costs is not always clear. One
could argue that in the short term most costs tend to be fixed and in the
long term they are variable. For example, consider direct labor. In a theo-
retical sense (in the long term), direct labor can be considered to be variable
because direct labor increases and decreases in proportion to the production
volume. From a practical sense (in the short term), however, direct labor
can be considered to be a fixed cost. Why? Assuming that an organization
employs permanent, full-time workers who will be paid for eight hours per
day, then the facility will incur a certain amount of direct labor cost regard-
less of the amount of work.

NORMAL VERSUS EXPEDITED COSTS

Normal costs include the costs to complete the project according to the
planned schedule agreed upon by the parties at the onset of the project.
Note that the planned schedule may be aggressive and include the use of
overtime to meet the completion date. In this case, overtime expenditures
are considered to be normal. Expedited costs refer to those costs that are
unplanned. They are additional costs incurred as a result of accelerating the
schedule or staying on schedule when the project has fallen behind. Ex-
amples of these types of costs include the cost associated with temporary
workers, or subcontracting work to outside entities; and premium transpor-
tation costs for overnight shipment of products or overnight receipt of ma-
terials or supplies.

CLASSIFYING COSTS

Because of the particular characteristics unique to each project, the same
cost will not always fall into the same category. Rather, classification of costs
will be project specific. A good example of this would be direct labor. For a
project using permanent full-time employees, direct labor is considered to
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be fixed, at least in the short term. But for a project that uses all temporary,
part-time employees, direct labor is variable. In this case, workers are only
paid (and direct labor cost is only incurred) for work actually completed.

Table 10-1 illustrates several examples of costs and classifications. For
example, consider the building lease cost. The building lease cost is an in-
direct type of expense. For a company that concurrently develops multiple
projects, it is difficult to trace precisely how each project will consume the
resources associated with the building expense. Common approaches used
to make this approximation would be to allocate the expense to the project
based upon the amount of square footage occupied by the project. Although
in theory this approach appears to have merit, in practice it is difficult to
implement because the same space is often shared by resources that support
multiple projects.

The building lease expense is considered to be recurring. This expense
will be incurred each period, not simply at the start of the project or as the
project draws to a conclusion. For this reason, this cost is easy to predict
across the project life cycle. The building lease cost is also fixed; in other
words, the charge will remain constant regardless of the rate of production.
This assumes of course that the project has not exceeded the capacity con-
straints associated with the building. Building lease expense is also consid-
ered to be a normal cost with respect to schedule. To accelerate the schedule
or to pull the project back onto schedule would generally not require ad-
ditional building lease expenses.

Components of a Fully Integrated
Cost Management System

A fully integrated cost management system must allow for the timely and
accurate collection, accounting, and control of cost data. How this is
achieved is dependent upon the particular company objectives. The system
should support cost estimation and project selection functions in support
of strategic decision-making.

Table 10-1 Cost Classifications

Type Frequency Adjustment Schedule
Non-
Costs Direct Indirect Recurring recurring Fixed Variable Normal Expedited
Direct X X X X
Labor
Building X X X X
Lease
Expedite X X X X
Costs

Material X X X X
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WHAT IS COST MANAGEMENT?
Miller and Louk define cost management as taking

financial report numbers down to a more finite level of accountability by
product, organization, project, cost element, etc. and correlating mean-
ingful non-financial data with it to provide relevance. It is the means of
interpreting information between operating and general management of
an organization.®

A cost management system includes data collection, cost accounting, and
cost control. Figure 10-1 shows the relationship of these functions to one
another and depicts how they form the building blocks of a cost manage-
ment system. At the lowest stage, data collection involves collecting data on
the appropriate cost measures. At the next-highest stage, cost accounting
compiles and presents cost data in order to allow for cost control. Cost
control involves determining, explaining, and correcting cost variances.

In order to be effective, a cost management system needs to support the
strategic business objectives of the firm and provide accurate information
at the right level of detail and in a timely manner. The cost management
system should be independent of the accounting system used for reporting
external financial measures and should explicitly evaluate the trade-offs be-
tween satisfying cost, schedule, and technical performance objectives.
Lastly, it should motivate workers to focus on project priorities.

ELEMENTS OF AN EFFECTIVE COST MANAGEMENT SYSTEM

A common problem with cost management systems is that they do not pro-
vide the appropriate information to the right people. Managers typically
need information that is aggregated in order to get a macro view of the
overall costs associated with the project. Workers at the departmental level

Data Collection

S Cost »
Accounting

Cost Control

Cost
Management

Low High

>

Level of Sophistication

Figure 10-1 The Stages of Cost Management

Source: Miller and Louk, 1988, p. 542. Reprinted with permission of APICS, 1988
APICS International Conference Proceedings
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require more detailed cost information on performance measures which the
workers understand and have control. Compiling only bottom-line financial
information such as return on investment (ROI) and market share does not
provide timely enough information for the proactive management of costs.
In addition, departmental level workers cannot relate a measure such as ROI
to their specific performance. By not presenting the necessary data to the
right people at the appropriate level of detail, many cost control opportu-
nities are simply overlooked.

In order to be effective, a cost management system should do the fol-
lowing:®

¢ A link to business strategic objectives. The cost management system
should provide feedback on how well the business strategies are being
executed and on whether these strategies are financially successful. In
addition, the business strategy helps define which operational mea-
sures are most important (e.g., reliability of a system, on-time delivery,
unit production cost of a product, etc.).

¢ Accurate information in a timely manner. This is perhaps the most
important element of a successful cost management system. Relevant,
accurate information is valuable only if it is generated in time for man-
agement systems to be proactive rather than reactive.

¢ Information at the correct level of aggregation. Managers need ag-
gregated, macro-level data in order to make strategic decisions. Infor-
mation on a host of extraneous performance measures becomes
overwhelming and counterproductive. At the same time, workers at the
departmental level need detailed information on their performance
with respect to measures that relate specifically to their work so that
they can see how their work contributes to the success or failure of the
project. For example, providing a machine operator with data on ROI
hardly serves as a motivational factor to reduce setup times and in-
crease throughput.

¢ Data independent of the accounting system used for reporting exter-
nal financial measures. Cost data should be relevant to decision-
making rather than focused on external reporting measures. The data
should be useful for effective operational control so that cost variances
can be traced back to their cause.

¢ A focus on trade-offs between satisfying cost, schedule, and technical
performance. If the cost management system emphasizes only costs,
then workers will focus strictly on costs and downplay schedule and
technical performance.

¢ Motivation for workers to focus on the right things. The cost man-
agement system should be used to promote teamwork within and be-
tween departments rather than competition.

WHERE DO THE DATA COME FROM?
Data for the cost management system can be collected from existing pro-
duction and process control systems and from databases used for engi-
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neering design, sales, and marketing. The use of technology such as
automated data collection (barcoding, radio frequency identification, mag-
netic stripe, etc.) has greatly facilitated the collection of a wide array of data.
Data from existing production systems should be used whenever possible in
order to avoid the inaccuracies and wasted time associated with redundant
data entry into the costing system.

TECHNIQUES FOR COST ESTIMATING

A cost estimate is a forecast of expected costs based on a specified set of
assumptions or conditions. The most common methods for cost estimating
are expert opinion, analogy, regression, and bottom-up estimating.°

Although often considered a last resort, estimating costs via expert opin-
ion is sometimes the only option available. Expert opinion should be based
on fully documented assumptions. Estimates based on expert opinion are
subject to bias. Generally, the quality of the estimates diminishes as the
complexity of the task increases. In addition, the resulting estimate cannot
be easily quantified in terms of uncertainty. Techniques such as Delphi can
be used to quantify uncertainty when a group of experts is involved in
decision-making.!! Two other techniques that have recently been utilized to
elicit expert opinion for estimating costs are analytical hierarchy process
(AHP) and fuzzy logic. AHP is a useful tool for quantifying subjective indi-
vidual opinion. Roztocki et al. describe the use of AHP to quantify the more
difficult to estimate administrative costs for small businesses and the de-
velopment of cost matrices.'? Nachtmann and Needy have utilized fuzzy set
theory to assist with cost estimation, specifically to handle estimation im-
precision and uncertainty in activity based costing systems.!3

Estimating cost through analogy involves analyzing the costs of a similar
project (assuming that one exists) and then estimating the costs associated
with the differences between the two projects. The technique typically relies
on expert opinion and is therefore subject to the disadvantages discussed
above.

Regression analysis to estimate costs is similar to the analogy approach.'*
Data on cost and variables associated with a similar project are collected.
A predictive model is then built and used to predict costs for the current
project.

Bottom-up estimating compiles detailed estimates of the costs of all the
work packages in a project. It can provide extremely accurate cost estimates
when detailed information is available; however, it is not always possible to
obtain such information.

THE COST FACTOR IN PROJECT SELECTION

Cost is a key factor in evaluating the relative merits of multiple alternatives
and selecting the best project. When comparing the costs associated with
multiple projects, consider the time value of money. That is, certain non-
recurring costs may occur in the present, whereas others may not occur until
some point in the future. Recurring costs will occur periodically over a spe-
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cific time horizon. Therefore, all costs should be converted to the same point
in time so that they can be compared equitably. It is customary to convert
all costs to the present. This type of analysis is termed a net present value
analysis.

Another adjustment may be required with respect to the project life cycle.
Projects will typically have different life cycle lengths. Thus, it will also be
necessary to compare the projects over the same time horizon. By consid-
ering the time value of money and by comparing the project over equal time
horizons, the comparison of multiple alternatives will be more equitable.
Techniques that focus on analyzing the trade-offs among alternatives in-
clude Simple Multi-Attribute Rating Technique (SMART), AHP, and decision
trees.

SMART involves identifying a set of attributes that are important to a
decision-making problem and weighting these attributes to reflect their rel-
ative importance.'® Each alternative is then given a value that reflects how
well it performs with respect to each attribute. The weighted average of these
values shows the overall performance of each alternative.

Cost can be used as an attribute in SMART, or it can be kept separate
and used to perform a cost/benefit analysis. Figure 10-2 shows an example
of how SMART scores can be compared against cost to make decisions
among alternatives. In this example, alternative 1 can be eliminated com-
pletely from consideration because alternative 2 provides a higher benefit
score at a lower cost. Of the remaining alternatives, alternative 3 provides
the lowest benefit but at a correspondingly low cost. Alternative 4 has the
highest benefit score but also has by far the highest cost. The decision-
makers would evaluate how much they are willing to pay for an increased
benefit score in order to arrive at a decision between alternatives 2, 3, and 4.
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Figure 10-2 SMART Cost/Benefit Analysis Example
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AHP is another multi-attribute decision-making tool.’® In this method,
weights of attributes are determined by developing a pairwise comparison
matrix in which the relative importance of each attribute is evaluated with
respect to all other attributes. As with SMART, cost can be included as an
attribute, or a cost/benefit analysis can be performed.

Decision trees are useful for multistage problems in which the selection
of a particular option or alternative at one stage can lead to other decisions
to be made at later stages.!” Suppose that a company needs to develop a
design for the product that meets both cost requirements and specific reli-
ability standards. The company has two alternatives: (1) use its own expe-
rience to develop such a design, or (2) subcontract the design work to a
design engineering firm. Although the probability of a successful design be-
ing developed in the second alternative increases, the expected cost of de-
veloping the design also increases. A third option is simply not to produce
the new product. Figure 10-3 shows a decision tree for this problem.

Trends in Cost Management

The heightened level of importance and awareness of cost management
throughout the entire project life cycle has helped to foster the development
of new tools and methodologies that are gaining widespread use in industry.
These include design for manufacturability and assembly (DFMA), activity
based costing, and design for supply chain management.

DESIGN FOR MANUFACTURABILITY AND ASSEMBLY

Design for manufacturability and assembly (DFMA) is an analysis technique
used in a production setting. It is aimed at reducing the cost of a product
(while maintaining the same functions and features) through simplification
of its design. Although the actual cost to manufacture a product will be

successful
don’t produce the product

design in house
successful
not successful —_—
subcontract design O_
not successful

successful
subcontract design O_
not successful

don’t produce the product

Figure 10-3 A Typical Decision Tree Structure
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driven by the material, labor, and overhead costs, studies have shown that
as much as 90 percent of the product’s cost is determined in the prepro-
duction phases of the project life cycle.'® This represents the largest oppor-
tunity for cost and productivity improvement.

DFMA is accomplished through part simplification, usage of common
parts, and part reduction. For example, fewer parts will result in lower direct
material costs, fewer purchase orders placed, less component inventory
held, and fewer operations performed. Assembly time will also be reduced,
allowing companies to carry less finished goods inventory. This can lead to
a faster response time to customers and a reduction in labor. Success stories
describing the improvements resulting from implementing DFMA are im-
pressive. U.S. manufacturers applying DFMA principles reduced product de-
velopment time by 30-70 percent.'®

ACTIVITY BASED COSTING

Indirect costs have been on the rise for U.S. manufacturers. These manu-
facturers are concerned that the existing traditional cost accounting systems
used for costing are inadequate, particularly when the indirect cost must be
traced to multiple products, systems, or projects.?

Activity based costing (ABC) has emerged as an approach to deal with
the shortcomings associated with traditional cost accounting methods,
namely, their handling of the allocation of indirect costs (primarily focusing
on overhead allocation). Johnson and Kaplan describe the demise of the
arbitrary methods utilized in traditional cost accounting methods for the
allocation of indirect costs using volume based measures such as direct la-
bor.*! They argue that this method has lost relevance in the wake of an
increasing indirect cost base. ABC addresses this deficiency by tracing in-
direct cost components directly to the source. It assumes that activities con-
sume resources and projects consume activities. Activities that drive costs
and are associated with the project can thereby be identified and traced
directly to the project.

DESIGN FOR SUPPLY CHAIN MANAGEMENT

Design accomplished through mutual collaboration between supply chain
partners is a key towards cost improvement. Specifically, it has been re-
ported that the average discrete manufacturer realizes a 12 percent reduc-
tion in time-to-value, a 20 percent reduction in development costs, and a 7
percent reduction in manufacturing costs by collaborating with the supply
chain early in the design process.?> When the supply chain is elevated to the
level of design and development, quality, time to market, and ultimately cost
improvements can be achieved across the supply chain.?

Summary

Cost is a critical element within project management and must be given as
much attention as schedule and technical performance. Contractors and
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other project-based firms can incur stiff penalties for cost overruns. This
chapter has described the growing importance of cost, outlined ways in
which costs can be examined or reduced, described components of a fully
integrated cost management system, and described some of the important
trends in the field.
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must be well-thought-out decisions based on the best available in-

formation. Pricing should begin before proposal development.
Project managers need to understand customer requirements, make esti-
mates of cost targets, and establish a cost baseline. Effective cost estimates
early-on permit management the opportunity to redirect or terminate the
project before submitting a proposal or expending excess resources on an
unsuccessful project.

Many managers consider pricing an art. Estimates for contract bids

Request for Proposal

The organization seeking proposals may provide requests for proposals
(RFPs) to anyone responding to its announcement or advertisement about
an upcoming project. A more usual approach is to use a two-step process.
First, the customer uses a statement of qualifications (SOQ) to create a list

Field Guide to Project Management, Second Edition. Edited by David I. Cleland 159
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of firms the customer believes are qualified to respond. Second, the cus-
tomer sends RFPs to this relatively small list. Typically, SOQs are easier to
review and evaluate than the more detailed proposals. The two-step process
saves both time and effort.

In addition to RFPs and SOQs, a government agency may invite letters
of interest (LOI). The government agency may also ask the bidding com-
panies to submit a form SF 254, which provides general information about
the company. In addition, the responding company may be required to sub-
mit form SF 255, which asks the company to address its capabilities in regard
to a specific project. (Figures 11-1 and 11-2 show samples of forms SF 254
and SF255.)

The RFP usually contains the following:

A description of the services sought

Guidelines for performing the work

Format for and outline of the proposal

Factors that will be used to evaluate the proposals and weights for
different factors

A sample of the contract form to be entered into

Notice of any proposal meeting and the due date of the proposal

The cost part of a proposal is usually prepared in a prescribed format (see
Figure 11-3). That format shows the following:

Labor hours and rates by individual or category

Multiplier for overhead

Direct expenses (per allowable items), such as the cost of air or rail
travel, living expenses, car rental, tolls, parking, and gas

¢ Fee or profit (often limited to a maximum of 10 percent)

The outline prescribed for the proposal usually calls for the proposer to
provide the following in the technical part of the proposal:

¢ Qualifications for performing the work

Demonstration of an understanding of the work

Description of the plan or approach to the project

Description of the team that would be assigned, including a staffing
plan

Description of the specific experience of team members, including
resumeés

How Customers Select a Bidder

Customers review and score technical proposals. A short list of three to five
companies are usually invited to introduce their key team members, present
their approaches, and answer questions. Customers have several options to
select who gets on the short list. One is to identify which teams are qualified
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PRECONSTRUCTION SERVICES

Labor Hours  Rate
Project Manager 1080 $40 $43,200
Architect 240 $35 8,400
Estimator 320 $25 8,000
General Engineer 960 $30 28,800
Structural Engineer 160 $35 5,600
Electrical Rngineer 360 $35 12,600
Mechanical Enginner 350 $35 12,600
Certified Value Specialistt 136 $40 5,400

Direct Labor Subtotal $124,640
Overhead 1.2 x Direct Labor 149,568
Subtotal $274,208

Direct Expenses: Per List Attached 15,000
Subtotal $289,208

Fee 10% 28,921
Total $318,129

Figure 11-3 Cost Proposal

and select the one with the lowest cost proposal. Another is to identify the
most qualified and negotiate to find a mutually acceptable scope and cost.
If negotiations fail, the customer goes to the second best on the list. Another
approach is to arrive at a score combining cost and qualifications.

The successful proposal is usually appended to the contract and becomes
binding upon the proposer. The project-management risk group should re-
view the proposal to be certain that the proposal team has not volunteered
to add undue risk to the scope.

Contract Costs

Construction contracts in both public and private work are awarded on the
basis of the lowest sealed bid. In selecting a project-management team, an
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owner can consider the professional capabilities and select on that basis,
rather than on price alone. Most project-management contracts are selected
on a professional-services basis. Progress invoices are typically issued on a
monthly basis. Billing is for direct labor (as identified in the proposal staffing
plan) at an hourly rate. (Figure 11-4 shows a staffing plan.) Project-
management personnel are usually salaried. Although federal law requires
payment on a time-and-a-half basis for all time worked over forty hours per
week, management personnel are exempt from this and can be required to
work overtime as part of their base salary. The usual practice, however, is
to pay managers for overtime on a straight time basis rather than on a time-
and-a-half basis. That is, managers are typically paid what they earn per
hour for time worked beyond forty hours a week. An hourly rate is created
by dividing annual salary by 2,040 hours. Payroll verification of the hourly
rate is usually required by the project contract.

On the progress invoice, the sum of the direct labor is multiplied by one
plus the overhead multiplier. This subtotal is multiplied by the agreed fee
percentage (the agreed-to profit percent); this figure is added to the subtotal.
Expenses, usually at cost (and in accordance with the proposal), are then
added to complete the invoice (see Figures 11-5 and 11-6).

The professional-services contract is essentially a cost-plus contract, but
in the proposal, the customer typically requires a cap figure. The progress
invoices are for actual services rendered within the cost cap.

Term Contracts

The selection and negotiation process for a contract often takes six to eight-
een months. To avoid this long process, many federal and state agencies
award term contracts, because, once in place, the process for agreeing to
work on task orders under these contracts takes about a week. The term
contract is a master contract because this one contract may cover several
projects—as a master key opens several locks. The master contract, known
more formally as indefinite quantity (fixed) term contract covers areas such
as project management, construction management, value engineering (VE),
and claims management. For this contract, the general type of work is de-
scribed. For example, the contract may be to manage the construction of
postal facilities called a General Mail Facility (GMF) for the U.S. Postal Ser-
vice (USPS). When a project team is under contract, USPS assigns work
orders. The following process takes about a week to accomplish:

1. USPS gives a description of the project scope such as type of GMF,
budget, time of performance, and required service (e.g., construction
management, project management, and inspection).

2. The company responds with proposed staffing plan (including posi-
tions, persons, and hours) and costs with rates approved in the con-
tract.
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STAFF HOURS
Struct. Elec. Mech.
Tasks PM Cvs Arch. | Gen. Eng. Eng. Eng. Eng. | Estimator
Project Pocedures Manual 320
PM Oversight:
Schematic 160
Design Dev. 320
Const. Documents 320
Design Review - Schematic 40 80
Estimate - Schematic 80
Prepare for Schematic VE 16
Schematic VE 40 40 40 40
Constructibility Review Des. Dev. 40 160
Design Review Design Dev. 40 80 80
Prepare for Design Dev. VE 40
Design Dev. Estimate 160
Design Dev. VE 40 40 40 40 40 40
Draft General - Supp. 240
Specifications
On Board Review Const. Doc. 160 160 240 240
TOTALS 1080 136 240 960 160 360 360 320
Figure 11-4 Staffing Plan—Preconstruction Service
Progress Invoice #2
October 1997
Project Manager
Oversight - 80 Staff hours @ $40 = $3,200
General Engineer
Procedures Manual - 160 MH @ $30 = 4,800
Total Direct Labor $ 8,000

Figure 11-5 Progress Invoice Direct Labor Portion
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Progress Invoice #2

October 1997

Preconstruction Phase

Direct Labor $ 8,000
Overhead 1.2 x DL 9,600
Subtotal $17,600
Fee 10% 1,760
Expenses at Cost 1,500
Total Invoice #2 $20,860

Figure 11-6 Progress Invoice

3. USPS accepts or negotiates the level of effort.
4. The consulting company confirms the agreement.
5. USPS issues a notice to proceed (NTP).

The difference between a traditional fixed-scope contract and a master con-
tract is that the type of service under a master contract is specified, but the
scope of service is not. After the contract is in place, the agency issues scopes
of work. The consulting company responds with a proposed scope in the
form of a staffing plan and a time frame. The hourly rates and the overhead
markup are part of the term contract.

The typical term contract is issued with a cap amount such as $500,000
or $1 million. The contract is usually for two years with annual renewal
options for several years. To accommodate this, the proposer is usually al-
lowed to escalate the salaries and hourly rates by 5 percent per year.

Direct and Indirect Labor

The term direct labor relates to personnel that, per contract, can be billed
to the project. From a business viewpoint, being in the direct-labor group
is like being on the varsity. Key members of the direct-labor group are
named in the proposal.

Indirect labor, conversely, is not billable. the positions range from recep-
tionist, mailroom clerk, and secretary, to the chief executive officer. The
indirect labor are the support and management staff known as “corporate”
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that either provide indirect support to the project-management team, or
carry on the nonproject aspects of the company business. The project team
cannot control the ratio of indirect labor to direct labor. That is the respon-
sibility of top management. In fact, the indirect labor to direct labor ratio is
the principal target in corporate downsizing and reengineering. Sometimes
the project-management team gets an opportunity to transfer an indirect-
labor person to a direct-labor position. Carried as an ongoing policy, this
can improve the bottom line. Conversely, between projects, the project-
management team (even if briefly) becomes a part of the indirect labor.

Markup

In preparing the cost proposal, the direct labor is marked up or multiplied
by a factor. The factor has to cover the following:

e Indirect labor. This is support staff and direct labor personnel not as-
signed to a project.

¢ Corporate functions. These are accounting, financial, human services,
insurance, legal, and other functions not directly related to the project.

o Fringe benefits. These are vacation time (accrued as well as taken), sick
time, personal business time, and retirement programs (including
profit sharing and 401 (k) programs). Typically, these are 30 percent to
35 percent of the direct labor cost.

e Travel. Unless travel is allowed as a direct expense, travel related to
the project, including relocation, is part of the markup.

Field or Office Project

When the assignment dictates that the project-management team be located
at the project (i.e., the field), the client typically provides direct support to
the team. This support usually includes office (or trailer) space, furniture,
telephone services, utilities (e.g., air conditioning, heat, water, and sewer),
and basic equipment (e.g., reproduction and computers). In return, the cli-
ent requires that the markup multiplier reflect the services provided. Typi-
cally, the multiplier for a field job would be 1.0 to 1.2 times direct labor.

In addition to the physical support provided, all personnel dedicated full
time at the project site are considered direct labor. This includes many po-
sitions (such as receptionist, secretary, administrator, and purchasing agent)
that would be indirect labor if in the home office. Not only are indirect-labor
positions moved to direct labor, but these new direct-labor positions are
now part of the direct labor that is marked up.

For an office job, the consulting company provides overhead such as the
office space, furniture, computers, office equipment, copy machines, mail-
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room, and secretarial services. Because the consulting company provides
more under the office job, a higher overhead must be carried. As in the field
job, this overhead is typically measured as a percentage of direct labor.

Project Organization

The proposal should include an organization chart. This should be updated
to reflect changes in personnel or assigned tasks. The organization chart
should be posted, made available to the project team, and included in a
monthly progress report to the client. A work-breakdown structure (WBS)
should be developed reflecting the following:

¢ Cost and hours budgeted for each task or project component

¢ Personnel assigned

¢ Breakdown of each task or project component into appropriate levels
of detail.

For more on work-breakdown structures, see Chapter 8.

Project teams often include subconsultants for various purposes. One
purpose is to bring special skills to the team. Another is to meet disadvan-
taged-owned business enterprise (DBE), woman-owned business enterprise
(WBE), and/or minority-owned business enterprise (MBE) goals. Under fed-
eral equal employment opportunity law, federal (and most state)-funded
projects require a minimum percentage of subcontract jobs to go to firms
certified as DBE, WBE, and MBE. The goals are determined by the agency
sponsor. For example, the goals may be the following: DBE 15 percent and
WBE 5 percent, or MBE 10 percent and WBE 3 percent.

Recordkeeping

It is not sufficient for project managers to perform their services well. They
must also be able to prove that services were well-performed. There is
no substitute for comprehensive written records in managing the project
process.

Throughout the project, the project manager should check that all mem-
bers of the project team keep accurate records of conversations, telephone
calls, and events affecting project scope, services, quality, schedule, and cost.
In fact, files should contain all information generated by the project team,
including copies of submittals, transmittals, approvals, project memoranda,
meeting minutes, notations of telephone conversations, project correspon-
dence, review comments, and documents generated by the team. Good rec-
ords are objective, clean, and complete. They should contain facts only;
personal observations should not be included. This may help avoid associ-
ated liability.
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Filing

Project files must provide easily retrievable information. When the project
is completed, the project manager reviews the files, purging them of redun-
dant materials and ensuring that they provide a complete record of the proj-
ect. The baseline schedule should be updated and used as part of the regular
(usually monthly) progress report.

Budget

The budget for the project-management team should be based on the pro-
posed budget as adjusted in the negotiations. It should be on a task basis.
The monthly invoice, furnished by accounting, should be accompanied by
a person-by-person list of hours billed. Figure 11-7 consists of the following
two plots: budgeted cost on an early basis and budgeted cost on a late basis.
If the cumulative cost falls within the budget, the project-management effort
is proceeding within the budget.

Another approach to monitoring cost is the earned-value approach. The
budgeted value for each task is monitored. Progress is measured by a value-
earned curve, as well as cost. Figure 11-8 is a sample value-earned status
check. At the 50 percent point in time, the amount spent is 60 percent. This
suggests that the project value of the work completed is 60 percent. How-
ever, the plot of the earned value of the completed work at the 50 percent

COST

SEP OCT = NOV = DEC = JAN = FEB = MAR = APR ~ MAY  JUN = JUL = AUG
2000 2001

Figure 11-7 Current versus Planned Scheduled-Labor Costs
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Figure 11-8 Value Earned at 50 Percent Scheduled Time

1

point in time is only 40 percent. This shows that the work is behind schedule
and over budget by 20 percent.

Change Orders

When changes occur, they should be identified and documented. If a change
is required in the project-team scope of work, a change order should be for
project time as well as money. Time requests are usually accompanied by a
time impact analysis based on the schedule baselines.

The contract-management team should also monitor the manner and
timeliness with which the project-management team handles contractor



176  Project Planning Techniques

claims for change orders. Change orders take time—and time costs the con-
tractor money. Job morale is definitely affected when a backlog in unpro-
cessed change orders occurs.

Two methods are available to expedite change orders. One method is to
use time and material change orders. If the project-management team and
the contractor cannot agree on a fixed price for a change order, the project
manager can direct the contractor to work on a time-and-material (T&M)
basis. This deletes the negotiation aspect because the project is approached
by doing the following:

e Labor hours by worker are listed on a daily basis.

¢ The base costs of labor are calculated on either a weekly or a monthly
basis.

¢ The invoice for labor (time) is base cost plus markup for fringe benefits
and workers’ compensation.

e This figure is marked up as allowed by the contract for overhead and
profit (usually 20 percent).

¢ Material is billed at cost (backed up by invoices) plus the markup al-
lowed by the contract (usually 10 percent).

A second approach is to issue an initial unilateral change order that includes
the project manager’s estimate of the worth of the change. Unilateral change
orders are used extensively by federal agencies. If the parties cannot agree
on price, and both prefer to avoid working on a T&M basis, the project
manager can issue a unilateral change order. This is issued using a project
manager’s cost estimate, which should be on the low side. It is understood
that the contractor can continue the negotiation process and/or make a
claim for cost overrun if the actual cost is higher than the estimated cost.
Owners and project managers may prefer unilateral change orders because
T&Ms tend to be inefficient and contractors often find that they may not
cover true costs.

This keeps the contractor’s cash flow moving, and makes the negotiation
period less critical. It also doubles the paperwork. Why go through all this?
The contractor can at least get paid in part for the change-order work.

The following case study describes a major construction-management
project in which the processes described in this chapter were used to select
and organize a project-management team. The project-management team
carried out the three-year assignment on time and under budget.

CASE STUDY

When Southeastern Pennsylvania Transportation Authority (SEPTA) assumed
operation of the former Pennsylvania and Reading rail lines in 1983, it inherited
a network of bridges, track, and overhead power lines (catenary) that had
already been in service for many years. Decades of deferred maintenance and
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virtually no dedicated capital funding had resulted in a usable but deteriorating
rail system.

The commuter tunnel, completed in October 1984, connected the once-
separated rail lines; it allowed all regional rail lines to access the three center-
city rail stations. Several months after the tunnel’s completion, an engineering
inspection study indicated a need for renovation of many of the system’s
bridges, some of which had stood for nearly 100 years.

The four-mile stretch of track north of the new tunnel was the renovation
property. The stretch consisted of track and catenary system and twenty-five
rail bridges—a total of sixteen track miles—forming the main line, or throat,
of the old Reading line. Six SEPTA regional rail lines fed into this central cor-
ridor.

The completed project was budgeted at about $300 million. The project,
named SEPTA RailWorks, entailed major infrastructure rehabilitation of this
regional rail corridor. The major components of the work included the reno-
vation of four bridges, complete replacement of twenty-one bridges, replace-
ment of all track, a new catenary system, and replacement of related
equipment, including switches and signals. All of the bridges spanned active
highway crossings in a congested urban setting.

Early in 1991, SEPTA sent letters to firms that had submitted SF 254s that
demonstrated construction-management capability. The letters described the
project and the availability of an RFP. About ten teams responded. A short list
of five were invited to make a presentation of their proposed project team.
From that short list, the O’Brien-Kreitzberg (OK) team was selected as the
project team.

The contract was based on direct-labor time, plus overhead, which was
calculated by multiplying 1.2 times direct labor, and a 10 percent fee on the
total. SEPTA had a substantial group assigned to the field office to manage
the contract. Members of this group approved the actual staffing on each task
and any changes in scope. They also provided quality assurance to confirm
that the construction-management team was performing according to the con-
tract and proposal.

The OK/SEPTA team had a budget of $18 million. The team handled the
base contracts and change orders. In addition, new construction scope—
called supplemental changes—in the amount of $10 million, was managed by
the project-management team. The team underspent the team budget by $2.5
million.

Throughout the project, the contractors were faced with a local population
living in close proximity to the construction operations. Two of the bridges
were actually preassembled in the yards of neighbors. The neighbors contin-
ued to use the streets in spite of the barricades and all attempts to close the
streets. The entire area was laced with sanitary and storm sewers from the
last century, so their existing condition was documented both before the work
began and again after completion. The following list highlights facts about the
project:
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¢ Contracts: total value $140 million
e Contractors: 12 primes, 74 subs
o Start data: August 1990
¢ Track Shutdown windows
Phase | (April 1992—-October 1992)
Phase Il (May 1993-September 1993)
o System returned to revenue service: October 1992 and September 1993
¢ Project closeout: December 1993
¢ Construction-management team (contract $15.5 million): 55 staff mem-

bers
—Construction manager: O’Brien-Kreitzberg 40 percent
—Bridges: Michael Baker Engineers 15 percent
—Rail and power: LS Transit Systems 15 percent
—DBEs/WBE: Management Concepts

Systems & Services;

Don Todd Associates;

Promatech; Vann

Organization; and Mitra &

Associates 30 percent

Although many different companies were represented on the construction-
management team, outside allegiances were minimized. The team had its own
identity in the name RailWorks, and everyone used their position title on the
project rather than their home office title. Stationery, business cards, hardhats,
T-shirts, and baseball caps were created for the project logo and, in general,
everything feasible was done to create a sense of unity within the project team.

It was apparent from the outset that the essence of the project was the
management and coordination of six prime contractors (in each phase) and
their seventy-four subcontractors, combined with the sharply limited time
available for the accomplishment of the work in a highly restricted and con-
gested work area.

A project-specific procedures book was developed before the first shut-
down using the OK generic procedures book as a base. In this same early
time frame, a very successful partnering program was implemented. SEPTA,
the construction-management team, and the initial six prime contractors were
involved.

To make transition between the completion of the general contractor’s
work, the corresponding start of electrical work, and the integrated system
tests as seamless as possible several mandatory milestones were included in
the contract specifications. A special coordination schedule was developed
by extracting relevant detailed window-schedule (the window periods during
which the rail system was shut down) information from each of the contrac-
tors. This process permitted an accurate monitoring of work wherever inter-
dependent operations by more than one contractor was unavoidable, or
necessary to achieve early access.
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Earned-Value System and Weekly Updates

An earned-value system was instituted based upon the detailed, resource-
loaded window schedules. The windows were the times that the tracks were
shut down. Within the windows, where work went on twenty-four hours a day,
seven days a week, the construction project-management schedules were
very detailed—they were known as Level lll. Baseline target and minimum
physical progress goals were established using the budgeted rate of direct
labor-hours usage on the early and late schedules, respectively. Completed
activities were credited with their budgeted labor hours. Credits for all com-
pleted and partially completed activities were added up on a weekly basis and
compared against the baseline. Progress—baseline as well as actual—was
expressed in terms of percentages to maintain a uniform yardstock throughout
the project and across all contracts.

All window activities that met the criteria of physical progress were coded
for cross-referencing with the project WBS, thus allowing computation of
progress as a percentage of any related WBS element in a hierarchical con-
figuration.

The construction-management team worked a weekend shift and prepared
a detailed status report that evaluated progress through the close of business
every Friday. This report was ready for management every Monday morning.

An OK senior principal was on-call for the project and attended thirty-three
monthly progress meetings with the construction-management team and
SEPTA. OK conducted an early internal audit of project procedures. Significant
challenges and the greatest concerns were always twofold: (1) complete each
shutdown on time and (2) restart rail lines successfully. OK considers the fol-
lowing results outstanding:

¢ All dates were met on time or early.

* The project was completed more than $20 million under budget.

¢ Change orders included enhancements (e.g., safe speed was increased
from 40 mph to 60 mph) worth more than $10 million.

¢ There were no claims or lawsuits for disputed work, delays, disruptions,
or disputed change orders. (Although the job was a relatively safe one,
there were some workers’ compensation claims and one death late in
the job.)

* There was no need to apply liquidated damages (at $70,000 a day). Each
summer, a window had a fixed “return to service” date. If that date was
not met, each offending contractor would be assessed $70,000 a day
until it was met. The first summer window was finished two days early,
and the second summer window a week early.

Writing a comprehensive proposal requires the knowledge and experience
to visualize how the project will progress. From this, the writer develops staff-
ing schedules and a management plan for the project.
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dollars of business each year. Resulting contracts span across all types
of businesses and industries, ranging from simple services and sup-
plies to complex multicompany defense contracts, from professional ac-
tivities to business-to-business and business-to-government ventures.
However, winning new business with bid proposals is a complex process. It
is also expensive, exhaustive, and highly uncertain. Among the top bidders,
the field is usually very close. Beating most of the competition is not good
enough. In most cases, there is only one winner. Yet companies have no
choice. Especially for project-intensive enterprises, new contracts are the
lifeblood and must be pursued.
While the techniques for developing and winning contracts are highly
specialized and differ for each market segment, they have some common
dimensions, as summarized in Table 12-1. To score high, bid proposals re-

Bid proposals provide the promotional vehicle for winning trillions of

180 Field Guide to Project Management, Second Edition. Edited by David 1. Cleland
Copyright © 2004 John Wiley & Sons, Inc.
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Table 12-1 Characteristics of Bid Proposal Developments

The following dimensions characterize bid project proposals:

1.

10.

Systematic effort. A systematic effort is usually required to develop a new
project lead into an actual contract. The project acquisition effort is often
highly integrated with ongoing programs and involves key personnel from both
the potential customer and the performing organization.

. Custom design. Although traditional businesses provide standard products and

services for a variety of applications and customers, projects are custom-
designed items to fit specific requirements for a single customer community.

. Project life cycle. Project-oriented businesses have a beginning and an end

and are not self-perpetuating. Business must be generated on a project-by-
project basis rather than by creating demand for a standard product or service.

. Market phase. Long lead times often exist between project definition, start-up,

and completion.

. Risks. Especially for technology-based projects, substantial risks are present.

The contractor must not only manage and integrate the project within budget
and schedule constraints, but also manage innovations, technology, and the
associated risks.

. Technical capability to perform. This capability is a critical prerequisite for

the successful pursuit and acquisition of a new project or program

. Customer requirements. Projects are often unique regarding specific

operational requirements. Applications in the specific customer environment
must be properly understood and addressed in the bid proposal document.

. Follow-on potential. Winning one contract often provides opportunities for

follow-on business such as spare parts, maintenance, training, or volume
production.

. Complex bidding process. The acquisition process is often very complex and

subtle, especially for larger proposal efforts. They often start a long time before
the proposal writing phase.

Contract negotiations. Although the proposal serves as a very important
vehicle for narrowing the selection pr potential contractors, the winning bidder
is most likely selected—and its contract finalized—by negotiations. Often these
negotiations involve intricate and subtle processes.

quire intense, disciplined team effort among all supporting functions and
partner organizations, resulting in the following four characteristics:

1. Well-defined and articulated solution, responsive to the customer
needs and requirements

2. Credibility and trust in the bidding contractor to perform according
to the proposal

3. Competitive advantage, such as innovative solution, cost savings or
licensing agreement

4. Competitive pricing and cost credibility

Producing such a document is both a science and an art. To be successful,
it requires not only writing skills, but significant homework, customer con-
tact, and specialized efforts. A clear understanding of the contract-
acquisitions process and its tools and techniques is critically important to
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organizing and managing the complexities of a proposal development effec-
tively and predictably.

The key components and activities that come into play during the life
cycle of a proposal-based business development, such as

¢ Proposal solicitation

¢ Proposal types and formats

Identification of new business opportunities
¢ Assessment of new business opportunities

¢ Writing a winning proposal

¢ Contract negotiation and closure

will be discussed in this chapter with focus on the procedures and actions
necessary for winning new contract business.

Proposal Solicitation

Bid proposals come in many different types, shapes, sizes, and formats. They
can be solicited or unsolicited. Most proposals are in response to a formal
request for proposal (RFP), request for quotation (RFQ), or request for in-
formation (RFI). However, they can also be based on a less formal inquiry
by letter or personal discussion. But regardless of its type or format, pro-
posals are sales instruments that try to persuade potential customers to buy
goods and services. More specifically, bid proposals offer suggestions for fill-
ing a specific customer need, or solving a particular problem.

Depending on the scope and complexity of the customer requirements,
solicitation, such as an RFP, can range from a simple note to highly complex,
multivolume documents. For the more complex programs, solicitations of-
ten stipulate not only the specific deliverables, but also the conditions under
which the work is to be done, delivered, and procured.

Proposal Types and Formats

The responses to these solicitations or client inquires are termed bid pro-
posals. They are classified in two major categories:

¢ Qualification proposals
¢ Commercial bid proposals

THE QUALIFICATION PROPOSALS

The qualification proposal provides general information about the company,
its organization and management, qualifications to perform, procedures,
methods, and technologies that would be appropriate for the type of work
under consideration. Qualification proposals make no specific offer to per-
form services or deliver goods, nor make any commitments for contracting
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with the client. These documents are also called informational proposals if
the contents relate just to company organization, general qualifications, and
procedures. Furthermore, qualifying proposals are often presented under
the label of white papers or technical presentations. Yet another special form
of the qualification proposal is the oral presentation.

THE COMMERCIAL BID PROPOSAL

The commercial bid proposal offers a definite commitment by the company
to provide specific work, goods, or services in accordance with explicit con-
tract terms and conditions. In addition to the specific performance com-
mitment, commercial bid proposals usually contain the same type of
information found in qualification proposals, but in more detail.

PROPOSAL FORMS

Both qualification and commercial proposals may be presented to the client
in various forms under a wide variety of titles, depending on the situation,
the client’s requirements, and the firm’s willingness to commit its resources.
No sharp distinctions exist among these proposals on the basis of content.
The difference is mainly in the format and extent of preparation effort. The
most common forms are letter proposals, preliminary proposals, detailed
proposals, and presentations.

Letter Proposals
These are either qualification or commercial proposals. They are brief
enough to be issued in letter form rather than as bound volumes.

Preliminary Proposals

These are either qualification or commercial proposals, usually large enough
to be issued as bound volumes. They are sent to the client for the purpose
of dialogue, eventually leading to a detailed proposal development, rather
than an immediate proposal evaluation.

Detailed Proposals

These are most often commercial bid proposals, which, aside from the tech-
nical part, include a detailed cost and time estimate. They are the most
complex and inclusive proposals. Because of the high cost of preparation
and the bid commitments offered, organization and contents of these doc-
uments are defined and detailed to a much greater degree than for other
kinds of proposals.

Presentations

These are generally in the format of oral proposals. Selected personnel, spe-
cialized in certain areas, discuss their proposed offerings verbally with client
representatives. Typical presentation time periods vary from an hour to an
entire day. While oral presentations have been common in business-to-
business biddings for a long time, they have become a new and very im-
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portant element in the federal government procurement process. Most oral
presentations are conducted after the written proposal has been evaluated.
Sophisticated use of information technology in support of audio-visuals is
very common and necessary for optimizing presentation effectiveness.

Identifying New Business Opportunities

Identifying quality business opportunities is the first step toward any new
business acquisition. New business opportunities do not just happen, but
are the result of sophisticated, systematic customer relation efforts, sup-
ported by effective market research. Much can be done to drive and lead
market activities and to increase the number of qualified target opportuni-
ties consistent with the company’s business objectives. Managers who find
the process of identifying new business opportunities subtle and unfairly
biased toward “insiders” often do not utilize effectively the wealth of infor-
mation available in the market and within their own customer community.
Customer meetings on current programs, professional meetings, conven-
tions, trade shows, trade journals, customer service, competitor announce-
ments, and personal contacts represent just a few of the many sources for
identifying new business opportunities, such as shown in the listing of con-
tract information sources at the end of this chapter.

Effective customer relations management (CRM), systematic data mining
of the business environment and contemporary tools, such as joint ventures,
professional networking, on-line data services, consulting services, and the
Freedom of Information Act, can result in identifying more timely and better
qualified opportunities. All of these front-end efforts must be well orches-
trated as part of new business development plan that is fully integrated with
the overall business mission.

ONGOING PROCESS

Identifying new bid opportunities is an ongoing activity. The primary re-
sponsibility falls on the marketing or sales department, but personnel at all
levels throughout the company can help significantly in identifying new
business leads. For most businesses, ongoing program activities are the best
source of new business leads. Not only are the lines of customer commu-
nication better than for new markets, but, equally important, the image of
an experienced, reliable contractor helps in creating a favorable environ-
ment for open communications, and often results in sharing of privileged
information, clearly a desirable competitive advantage!

ACQUISITION LIFE CYCLE

Developing a new opportunity into a contract takes considerable time and
resources. For large programs, this could take several years and millions of
dollars. Few companies rush into a major proposal development without
carefully evaluating the new opportunity or having a clear win strategy. The
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formal bid proposal process provides the toolset for pursuing new business
opportunities and for systematically developing them into contract awards.
Realizing both the complexities and the significance of new business ac-
quisition, many companies have established an internal proposal develop-
ment group or are seeking consulting help from the outside. To make the
process more manageable and to break up its complexities, new business
acquisitions are typically broken into six phases:

1. Identifying new business opportunities

2. Assessing new contract opportunities

3. Planning the business acquisition

4. Developing the new contract opportunity
5. Writing a winning proposal

6. Negotiating and closing the contract

All phases have strong interdependencies and time overlaps, as well as op-
portunities for selective concurrent execution.

Assessing New Contract Opportunities

Pursuing new contracts is a highly intricate process, involving technical
complexities, functional interdependencies, evolving solutions, high levels
of uncertainty, and highly complex forms of work integration. It is a risky
business that requires significant resources and specialized skills. Yet the
win probability is often low. Furthermore, investment into acquisition ac-
tivities alone does not guarantee success. In fact, many less successful
companies find themselves in the quandary of bidding on too many
opportunities without realizing the amount of resources and skills necessary
for seriously competing for any one contract. For a realistic chance of win-
ning, new bid opportunities must be carefully analyzed and assessed. The
result of this analysis is a preliminary acquisition plan that provides the basis
for a bid decision and the starting point for the final acquisition plan. Table
12-2 describes the bid decision process and suggests a checklist for deter-
mining the win potential for a new contract. Since the components for or-
ganizing a winning proposal effort do not add up linearly, it is often better
to consider the bid opportunity in perspective with the overall strength and
weaknesses of the enterprise, rather than trying to quantify a narrow set of
selected variables. Table 12-2 suggests a broadly defined framework of ques-
tions for gaining collective insight into the basic viability of the new oppor-
tunity. Brainstorming, focus teams, Delphi groups, and other expert group
assessment techniques can be useful in determining the chances of winning
the new business and justifying further resources for developing a detailed
win strategy and acquisition plan, as characterized in Table 12-3.
Analyzing a new business opportunity and preparing the acquisition plan
is a highly interactive effort among the various resource groups of the en-
terprise, its partners and the customer community. Often, many meetings



186  Project Planning Techniques

Table 12-2 The Bid Decision

Few decisions are more fundamental to new business development than the bid
decision. Resources for pursuing new business come from operating profits.
These resources set aside for new business development must be carefully
allocated to opportunities with payoff potential. Bid boards serve as
management gates for the release control of these resources. Bid boards are
expert panels that analyze the new business opportunity relative to its
importance to the company mission and competitive strength, to determine the
readiness of the company to invest the necessary resources for a winning
proposal effort. Four major dimensions must be considered in a bid decision: (1)
Desire and value of acquiring the new business, (2) cost of the acquisition effort,
(3) relative strength of the company versus its competition, and (4) readiness of
the company to execute the contract. The new business acquisition plan
provides a framework for the bid board deliberation and ultimate decision.

Major acquisitions usually require a series of bid board decisions, ranging from
preliminary to final. Some preliminary bid decisions are being made as early as
eighteen months before the RFP. Subsequent bid boards reaffirm the bid
decision and help in updating the acquisition plan. They may also redirect or
terminate the acquisition effort. It is the responsibility of the proposal manager
to gather and present pertinent information in a manner useful to the bid board
for analysis and decision making. The following checklist provides a simple tool
for stimulating critical thinking toward an integrated bid evaluation and
decision-making.

Checklist for Evaluating Bid Decision
Evaluate conditions on a 5-point scale
(1 = Strongly Unfavorable . . . 5 = Strongly Favorable) Status

1. We have sufficient resources and capabilities to perform
2. We can meet the client’s schedule
3. We are in a strong technical position to perform
4. We have unique technical solution for client
5. We have unique approach to project execution
6. We have unique resources for project/contract execu-
tion
7. We have competitive cost advantage
8. We have favorable reputation in this type of work
9. Client is ready to start the project (including budget)
10. We are on preferred contractor list
11. We have established strong client relations on this bid
12. We have competitive pricing strategy
13. Contract has significant follow-on potential
14. Contract is consistent with enterprise mission and
plans
15. Contract will enhance future technical capabilities
16. Contract will enhance future market position
17. Contract will result in significant economical gain
18. We understand the competition
19. Number of qualified bidders
20. We are very familiar with this bidding process
21. We have unique advantage over competition
22. We have a realistic chance of winning the contract
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Table 12-3 The New Business Acquisition Plan

The new business acquisition plan is an important management tool for
supporting the bid decision and for providing a roadmap for guiding the
contract acquisition process. The plan also provides the basis for the resources
required to pursue the new contract acquisition, and the roadmap for organizing
and executing the bid proposal development. Typically, the new business
acquisition plan should include the following components:

® Brief description of the new business opportunity. A statement of the customer
requirements, including specifications, schedules, budgets, and key decision-
makers.

® Rationale for bidding. A statement discussing the reason for bidding on the new
contract opportunity, including perspectives against established business plans
and desirable results such as profits, markets, and technology.

e Competitive assessment. A description of each competing firm with regard to
relevant past activities, related experiences, current contracts, customer relations,
strength and weaknesses, and potential baseline of approach.

e Critical win factors. A listing of specific factors important to winning the new
contract and their rationale.

® Ability to write winning proposal. Discussion of the specific resources and timing
required for preparing a winning bid proposal. Factors to be considered should
include: available personnel, understanding of customer problems, competitive
advantage, ability to meet customer budget constraints, willingness to bid
competitively, special factors such as licensing, joint ventures, and long-range
investment.

e Win strategy. A statement describing the actions to be taken for positioning the
enterprise uniquely in the competitive field, including a chronological listing of
critical actions and milestones necessary to guide the acquisition effort from its
current position to contract award. Responsible personnel and timing should be
defined for each milestone.

e Capture plan. A detailed action plan that supports the win strategy, integrated
with the overall business plan. All actions should include timing, budgets, and
responsible personnel. The capture plan is a working document that serves as a
roadmap in a dynamically changing competitive landscape. It should be updated
regularly.

® Ability to perform under contract. This is often a separate document. However, a
summary should be included in the acquisition plan, including ability to meet
technical requirements, staffing, facilities, program schedules, and
subcontracting.

e Problems and risks. A list of problems, challenges, and risks regarding the
capture plan implementation should be presented.

® Resource plan. A budget summary including the key personnel, support services,
and other resources needed to capture the new contract.

are needed between the customer and the performing organization before
a clear picture emerges of both customer requirements and matching con-
tractor capabilities. A valuable side-benefit of such customer involvement is
the potential for building confidence, trust, and credibility with the customer
community. These meetings provide a platform for communicating the un-
derstanding of customer requirements and the capacity to perform, both an
important prerequisite for winning the contract. The acquisition plan, as
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outlined in Table 12-3, provides the foundation and framework for winning
the new contract, providing a roadmap for favorably positioning the enter-
prise. Four dimensions are crucial for positioning a winning proposal:

e Significant customer contact

¢ Relevant experience

Technical readiness to perform
Organizational readiness to perform

SIGNIFICANT CUSTOMER CONTACT

Customer liaison is vital to learning the specific customer requirements and
needs. It is necessary to define the project baseline, potential problem areas,
and risks involved. Customer liaison also allows participation in customer
problem-solving and building a favorable image as a competent, credible
contractor. Today’s complex customer organizations involve many people
in the bid decision-making process. Confusing requirements and customer
biases are realities and must be dealt with. Multinational involvement at
various levels of both contractor and customer organizations is often nec-
essary to reach all decision-making parties. The new business acquisition
plan is a good source of information and a roadmap for the development
effort.

PRIOR RELEVANT EXPERIENCE

Nothing is more convincing to a potential customer than demonstrated prior
performance in the area of the proposed program. It reduces the perceived
technical risks, as well as the associated budget and schedule uncertainties.
This image of an experienced contractor can be communicated in many
ways: (1) field demonstrations of working systems and equipment; (2) listing
of previous or current customers, their equipment, and applications; (3)
model demonstrations; (4) technical status presentations; (5) promotional
brochures: (6) technical papers and articles; (7) trade show demonstrations
and exhibits; (8) audio-visual presentation of equipment in operation; (9)
simulation of the systems, equipment, or services; (10) specifications, pho-
tos, or models of the proposed equipment; and (11) media advertisements.
Demonstrating prior experience should be integrated with the customer li-
aison activities.

TECHNICAL READINESS TO PERFORM

Once the basic requirements and specifications for the new program are
known, it is often necessary to mount a substantial technical preproposal
effort to advance the baseline design to a point that permits a clear defini-
tion of the new program. These efforts may be funded by the customer or
absorbed by the contractor. Typical efforts include (1) feasibility studies, (2)
system design, (3) simulation, (4) design and testing of certain critical ele-
ments in the new system or the new process, (5) prototype models, (6) de-
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velopments necessary to bid the new job within the desired scope, or (7)
developments necessary to minimize technical and financial risks. Although
these precontract efforts can be expensive, they are often essential for win-
ning new business. These early developments reduce the implementation
risks and enhance the contractor’s credibility to perform under contract.

ORGANIZATIONAL READINESS TO PERFORM

Another element of credibility is the readiness of contractor organization to
perform under contract. This includes facilities, key personnel, support
groups, and management structure. Credibility in this area is particularly
critical when bidding on a large program relative to the contractor. Orga-
nizational readiness does not necessarily mean reorganization prior to con-
tract award, but it requires a clearly defined organization plan, detailed
procedures that can be followed after contract award. The following check-
list defines typical organizational components that might be required, and
should be clearly defined in the proposal and discussed with the customer.
If possible, such a customer dialogue should be conducted prior to submit-
ting the formal proposal:

¢ Organizational structure

Authority and responsibility relationships

Project charter

¢ Company policy, procedures, and management guidelines
Staffing plan

Job descriptions of key contract personnel

Type and number of laboratories, offices and facilities

Floor plans

Milestone schedule and budget for reorganizing under contract

Writing a Winning Proposal

Bid proposals are payoff vehicles. They are the final deliverable in the bid
proposal cycle (of course, contract negotiations and closure are yet another
phase of the overall acquisition process). Regardless of the type or nature of
the work, whether bidding on a service or hardware contract, a government
or commercial program, the basic process is the same.

The bid proposal is the most important marketing tool, and often the
only one, for formally communicating the contract offer. The program re-
quirements, soundness of proposed approach, possible alternatives, the
company’s credibility, etc., hopefully have been established during the pre-
proposal phase of the contract development. Yet a superior proposal is still
necessary for winning a new contract in a competitive environment. Your
competition is most likely working with great intensity toward the same goal
of winning this program. They, too, may have sold the customer on their
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approaches and capabilities. Usually only one company will emerge as the
winner. Therefore, writing a superior proposal is crucial to winning. It is a
serious business by itself.

ORGANIZING FOR GROUP WRITING

Proposal development requires hard work and long hours, often in a work
environment filled with tension and constant pressure to perform against
deadlines. As any projects, proposal developments require multifunctional
efforts, well orchestrated for disciplined execution. Special tools are available
to help, especially large programs to integrate the many activities needed
for developing a high-scoring proposal. Smaller proposals often can be man-
aged with less formality. Yet any proposal plan should include at least the
following components:

¢ Proposal-team organization

¢ Proposal schedule

e Win strategy

¢ Categorical outline

Writing assignments and page allocation
Synopsis of approach for each topic
RFP analysis

Technical baseline review

Proposal draft writing

Development of illustration
Reviews

Cost estimating and pricing
Proposal production

Final management review

STORYBOARDING FACILITATES GROUP WRITING

Most bid proposals are group writing efforts. Organizing, coordinating, and
integrating these team efforts can add significantly to the complexities and
difficulties of managing the proposal development. Especially for larger ef-
forts, storyboarding is a useful technique that facilitates the group writing
process. It helps in breaking down the complexities and facilitates incre-
mental integration of the proposal document.

Storyboarding is based on the idea of (1) splitting up the proposal writing
into modules, assigned to various contributors, and (2) developing the text
incrementally via a series of writing, editing, and review phases. The de-
velopment sequence for a typical proposal effort is listed below, with the
percentage-effort relative to the overall development shown in brackets:

1. Categorical outline [3 percent] ............... Completion at day 01
2. Synopsis of approach [6 percent] ............ Completion at day 03
3. Roundtable review [4 percent] ............... Completion at day 04

4. Topical outline [5 percent] ................... Completion at day 05
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5. Storyboard preparation [20 percent]......... Completion at day 10
6. Storyboard review [4 percent]................ Completion at day 11
7. Storyboard expansion [25 percent] .......... Completion at day 22
8. Staff review [3 percent] ....................... Completion at day 24
9. Final proposal draft [15 percent]............. Completion at day 26
10. Final edit [10 percent]..............ccvvvvnnn.. Completion at day 28
11. Publication and delivery [5 percent]......... Completion at day 30

The number and type of phases, and the relative effort, might be typical for
a major bid proposal development with a 30-day response cycle. In addition,
this listing can serve as a guide for smaller or larger proposals. For smaller
proposals, the effort can be scaled back to include fewer phases, possibly
eliminating the first three, and requiring fewer iterations. For very large pro-
posal efforts, more formal project-management systems and additional
stages and iterations are being used. In recent years, integrated product
development (IPD) concepts, including concurrent engineering and stage-
gate concepts, have gained wide acceptance for managing more complex,
large proposal efforts with the primary objective of reducing project cycle
time. Each of the eleven phases is briefly described below.

Categorical Outline

Whether managed by storyboarding or conventional methods, the first step
in the proposal process is the development of a categorical outline. This is
a listing of the major topics or chapters to be covered in the proposal. The
outline should also show, for each category, the following information: re-
sponsible author, page estimate, and references to related documents. The
categorical outline can often be developed before the receipt of the RFP, and
should be finalized at the time of proposal-writing kickoff. A sample cate-
gorical outline is shown in Table 12—4 for a typical technology system pro-
posal, subdivided into three major sections or volumes: (I) Technical, (II)
Management, and (IIT) Cost.

Synopsis of Approach

A synopsis is developed for each proposal category by each responsible au-
thor. As an alternative, the proposal manager can complete these forms and
issue them as writing guideline to each of the responsible authors. This
approach works especially well for developments that have a professional
proposal support group. These synopses can further be used as a basis for
technical brainstorming and search for innovative solutions. The synopsis is
a top-level outline of the proposed approach to be articulated in each cat-
egory. At the minimum, the synopsis should address three questions for
each of the categories:

1. What does the customer require?
2. How are we planning to respond?
3. How is the approach unique and effective?
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Table 12-4 Categorical Outline for Technology System Proposal, Subdivided
into Three Sections

Section I Section 1II Section III
Technical Proposal Management Proposal Cost Proposal
1. Executive summary 1. Executive summary 1. Executive summary
2. Problem statement 2. Management 2. Scope of work and
and analysis commitment cost model
3. Recommended 3. Recommended 3. Contract type
solutions solution 4. Cost summary by
4. Alternate solutions 4. Statement of work workgroups
5. Scope of work and 5. Work breakdowns 5. Cost escalation
limitations 6. List of deliverables 6. Taxes
6. Method of approach 7. Project organization 7. Subcontracting
7. Detailed solutions 8. Task responsibilities 8. Progress payments
Subsystem I 9. Project management 9. Options
Subsystem 1I process 10. Basis of cost
Subsystem III 10. Project tracking and estimate, and
8. Prototyping reporting assumptions
9. Field installation, 11. Project control 11. Liabilities
testing 12. Make-buy analysis 12. Overhead rates
10. Specifications 13. Subcontracting 13. Support facilities
11. Reliability assessment 14. Quality control 14. Assurances for cost-
12. Maintenance 15. Qualifications of key effective contract
13. Training personnel work
14. Risk analysis 16. Contractor 15. Detailed cost
15. Related experiences qualifications schedules
16. Appendix 17. Appendix 16. Appendix
17. Index 18. Index 17. Index

The typical synopsis of approach format is an 8-1/2 X 11” sheet of paper,
subdivided into six sections:

1. Proposal category and responsible writer

2. Objective to be communicated within this proposal category
3. Understanding of customer requirements

4. Proposed approach and compliance

5. Soundness of approach and effectiveness

6. Risks, alternatives, and options

In preparation for the review, the categorical outline and completed syn-
opsis forms are posted on a wall in sequential order. This method of display
facilitates effective open group reviews, analyses, and integrated proposal
development.

Roundtable Review

During this phase, all synopsis forms are analyzed, critiqued, augmented,
and approved by the proposal team and its manager. This is the first time
that the proposed approach is displayed in a complete and continuous sum-
mary form. In addition to the proposal team, key members of functional
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support groups, such as technical resource managers, marketing managers,
contract specialists, and upper management, should participate in this re-
view. The review typically starts four days after the proposal kickoff.

Topical Outline

Concurrent with the review and revision of the synopsis, or shortly there-
after, the categorical outline is expanded into the specific topics to be ad-
dressed in the proposal. This topical outline becomes the table of contents
for the bid proposal. The number of pages needs to be estimated for each
topic, and references to other documents should be made. Similar to the
categorical outline, a responsible individual should be assigned for each
topic.

Storyboard Preparation

Storyboards are expansions of each synopsis according to the topical outline.
All storyboards put together represent the complete bid proposal in sum-
mary form. Preparation is straightforward. Typically, a one-page storyboard
is prepared for each topic by the responsible writer. As shown in the list
below, the storyboard represents an outline and content summary of the
author’s approach to the write-up for a topical module. Often the storyboard
template (A-size form) is divided into the following four parts:

1. Writing guidelines (given by proposal manager): Proposal category,
topic, objective and proposal address; responsible writer and due date

2. Theme section (given by proposal manager): Tone and emphasis of
this proposal topic

3. Text summary (to be prepared by responsible writer): To be devel-
oped in blank space on left side of form

4. Illustration summary (to be prepared by responsible writer): To be
developed in blank space on right side of form

The storyboard takes a first cut at articulating the key issues and proposed
solutions for each topic. The lead-in statement and conclusion should be
written in detailed draft format, as they are intended for the final text. Sto-
ryboard text must be relevant, responsive, logical, and emphatic to be useful
for final proposal text development. Sophistication of expression is impor-
tant.

If done properly, the completed storyboards can be given to a profes-
sional writing team for storyboard expansion, the final composition and ed-
iting effort. Storyboards are one of the most important elements in the
proposal-development process. They should be typed for clarity and easy
comprehension, hence ensuring effective review sessions.

Storyboard Review

The completed storyboard forms are pasted on the walls of the review room
in a logical sequence, together with the earlier displays of outlines and syn-
opses. The set of storyboards is in essence the bid proposal. It presents the
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complete project plan, that is, the total story the contractor wants to tell the
customer.

Typically, storyboard reviews should start within eleven working days
after the proposal writing kickoff. The reviews should be held in the same
room that has been established as a control and display room for the on-
going proposal development. All storyboards are displayed on the walls. Re-
views should be attended by the entire proposal team, including the
acquisition-management group, authors, and key members of the resource
support functions. The storyboard review permits a dialogue among the au-
thor, the proposal team, and its management. For very large proposals, it
may be impractical to bring the whole proposal team together in one meet-
ing, but it may be necessary to review storyboards in categorical modules.
This increases the challenge for the proposal manager of developing a fully
integrated, seamless document. Professional proposal-development teams,
such as proposal specialists, professional writers, and consultants, can pro-
vide useful resources in these more complex situations.

The storyboard review provides the team with the single most important
opportunity to change approaches or direction in the proposed bid. It pro-
vides the team with an integrated overview of the proposed work and a
forum for collectively deciding what material to insert, modify, or eliminate.
Like the synopsis review, storyboarding is an interactive process. During the
reviews, a copy of the latest storyboard of the entire proposal should be on
display in the control room.

Storyboard Expansion

After the storyboard review, each author prepares a storyboard expansion.
Storyboard expansion is the development of each topic from the original
storyboard into a narrative of approximately 500 words. As part of the sto-
ryboard expansion, all authors finalize their art work and give it to the
publications specialist for processing. This is the first draft of the final pro-
posal. The material is given to the technical editor, who will edit the draft
for clarity. Each responsible author should review and approve the final
draft, which might cycle through the editing process several times.

This final text generation is the major activity in the proposal-
development process. All prior activities are preparatory, yet incrementally
cumulative to this final writing assignment. If preparations are done prop-
erly, writing the final text will be a logical and straightforward task without
the need for additional technical clarification and worries about integration
with other authors.

As a guideline, 10 working days out of a thirty-day proposal-development
cycle may be a reasonable time for this final text generation. Because of its
relatively long duration, it is particularly important to set up specific mile-
stones for measuring intermediate progress. The process of final text gen-
eration should be carefully controlled. The proposal specialist, copyeditor,
and other internal consultants, if available, will play a key role in the inte-
gration, coordination, and controlling of this final text generation and its
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publication. The final text should be submitted incrementally to the publi-
cation department for editing, processing, art preparation, and final inte-
gration.

Staff Review

The final proposal review is conducted by the proposal team, its manage-
ment group, and selected functional managers. In addition, a specialty re-
view committee may be organized to fine-tune the final draft for feasibility,
rationale, and responsiveness to the RFP. Typically, this staff review is com-
pleted in less than a day. The comments are reviewed by the original authors
for approval. The staff review can be repeated if necessary.

Final Proposal Draft
Each author finalizes his or her section of expanded storyboards, incorpo-
rating the staff review, comments, and recommendations.

Final Edit

After the final revision, the entire proposal is turned over to the publication
department for copyediting and final layout. The authors should be given a
last opportunity to look at the completed proposal in its final form. Any
major flaws or technical errors that may have slipped into the document are
corrected at this time.

Publication and Delivery
The proposal is now ready for, printing, binding, and delivery to the cus-
tomer.

Negotiating and Closing the Contract

Sending off the bid proposal signals the start of the postsubmission phase.
Regardless of the type of customer or the formalities involved, even for an
oral proposal, the procurement will proceed through the following principal
steps:

. Bid proposals delivery and verification

. Proposal evaluation (by customer)

. Proposal values competitively compared (by customer)
. Alternatives assessed (by customer)

. Clarifications solicited from bidders

. Proposal ranking by value

. Negotiations

. Source selection and contract award

NSO RN WO~

Although bidders have no direct influence on the proposal evaluation or
source-selection process, they can prepare for upcoming opportunities of
customer inquiries and negotiations. Depending on the type of procure-
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ment, opportunities for improving the competitive position come in many
forms, such as:

¢ Follow-up calls and visits

¢ Responses to customer requests for additional information
¢ Fact-finding requested by customer
¢ Oral presentations

e Invitations to field visits

¢ Samples or prototypes

¢ Supportive advertising

¢ Contact via related contract work

¢ Plant or office visits

¢ Press releases

¢ Negotiations

Postsubmission activities can significantly improve the bidder’s competitive
position. Any opportunity for customer contact should be used. Follow-up
calls and visits are effective in less formal procurements, whereas fact-
finding and related contract work are often used by bidders in formal pro-
curements. Many companies use the bid-evaluation period to conduct
postproposal reviews, trying to emulate the customer’s evaluation process.
Although the bidding company mounted an outstanding effort and prepared
the best proposal document possible within the given time and resources,
this postreview can provide valuable additional insight into the strength and
weaknesses of the submitted proposal. This insight provides the basis for
clarifications, corrections, enhancements, and image-building during the
upcoming postsubmission period.

The proposal-evaluation period is highly dynamic in terms of changing
scores, particularly among the top contenders. Only through active customer
contact is it possible to assess realistically the competitive situation and
improve the emerging proposal score. The bidder who is well organized and
prepared for interacting with the customer community stands the best
chance of being called first for final contract negotiations.

Recommendations to Management

Winning contracts involves more than just price, market position, or luck.
Winning a piece of new business via bid proposals depends on many factors
that can be controlled by management, at least to some degree, during the
acquisition process. Successful contract acquisitions start with a keen as-
sessment of the bid opportunity and a sound bid decision, followed by sig-
nificant homework during the pre-RFP period, intense efforts at developing
a responsive and unique bid proposal, and postsubmission customer inter-
actions.
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While aggressive pricing is important and can win certain contracts, re-
search shows that for most solicitations, a low price bid is advantageous
primarily for contracts of low complexity and modest technical risk. In most
other situations, price is a significant factor toward winning, but only within
the context of many other competitive components, including compliance
with customer requirements, unique best-fitting solution, past experience,
soundness of approach, cost credibility, delivery, and after-sale support. The
better a firm understands its customer, the better it will be able to com-
municate the value of the proposed solution and the strength of its orga-
nization in performing under contract. The following recommendations can
help business managers and bid proposal professionals in preparing their
organizations for effectively competing for new contract acquisitions:

¢ Develop a detailed business acquisition plan that includes a realistic
assessment of the new opportunity with specific milestones.

e Form a committee of senior personnel, ensuring that the right people
become involved early in the acquisition cycle.

¢ Maintain close contact with the customer community, trying to un-
derstand the customer requirements well and to develop credibility re-
garding the ability to perform.

e Select bid opportunities carefully. Submitting more proposals does
not necessarily improve your win ratio, but most certainly will drain
your resources.

¢ Be sure you have the resources to go the full distance. Up-front, de-
velop a detailed cost estimate for the entire proposal effort. Decide
what to do in case the customer extends the bid-submission deadline,
which will cost additional money for the extended proposal effort.

¢ Obtain commitment from senior management. Make the necessary
resources and facilities available when needed.

¢ Gain competitive perspective. Before starting the proposal writing, en-
sure a clear picture of strengths, weaknesses, and limitations of all
competing firms relative to your position. Gather marketing intelli-
gence from trade shows, bidder briefings, customer meetings, profes-
sional conferences, competitor’s literature, and special market service
firms.

e Take a project-oriented approach. Plan, organize, and manage your
proposal development as a project.

¢ Use proposal specialist. Enhance the effectiveness of the proposal ef-
fort with a professional proposal specialist.

¢ Cultivate your “unfair advantage.” Define your market niche by un-
derstanding and exploiting your company’s strength relative to your
competition, and focus your win strategy on this ‘“unfair advantage.”

e Use a storyboard process to develop your proposal text incrementally.

¢ Don’t allow exceptions to customer requirements unless they are ab-
solutely unavoidable.
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e Demonstrate your ability to perform. Focus on past related experi-
ences that will score the highest points. Showing that your company
performed well on similar programs, you have experienced personnel,
and you have thoroughly analyzed the requirements will score favor-
ably with the customer and enhance the value of other advantages such
as an innovative solution, streamlined schedules, or competitive pric-
ing.

¢ Review proposal effectiveness. As part of the incremental proposal de-
velopment, ensure effective reviews, checking compliance with cus-
tomer requirements, soundness of approach, effective communication,
and proper integration of topics into one proposal.

e Use red-team reviews. Set up a special review team, especially for
“must-win”’ proposals. This review team evaluates and scores the pro-
posal, emulating the evaluation process used by the customer. Defi-
ciencies that may otherwise remain hidden can often be identified and
dealt with during the proposal development. Such a review can be con-
ducted at various stages of the proposal development. It is important
to budget the time and money needed for revising the proposal after
a red-team review.

e Use editorial support. Have a professional editor work side by side
with the technical proposal writers.

¢ Price competitively. For most proposals, a competitively priced bid has
the winning edge. Pricing should be considered at the time of the bid
decision.

e Prepare for customer inquiries and negotiations immediately after
proposal submission.

¢ Conduct post-bid analysis. Review the proposal effort regardless of the
final outcome. The lessons learned should be documented for the ben-
efit of future proposal efforts.

Taken together, winning new contract business competitively is a highly
complex and resource-intensive undertaking. To be successful, it requires
special management skills, tools, and techniques that range from identifying
new bid opportunities and making bid decisions to developing proposals
and negotiating the final contract. Companies that win their share of new
business usually have a well-disciplined process that is being fine-tuned and
improved continuously. They also have experienced personnel who can
manage the intricate process and lead the multidisciplinary team through
the complex effort of developing a winning bid proposal. Successful com-
panies target specific bid opportunities very selectively, using careful judg-
ment in the bid decision-making. They position their enterprise uniquely in
the competitive field by building a strong image of a contractor well quali-
fied to perform the required work, and by exploiting their strengths. Finally,
winning proposals are fully responsive to the customer requirements and
are competitively priced. Winning new contracts in today’s continuously
changing word of business is not an easy feat. No single set of broad guide-
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lines exists that guarantees success. However, the bid proposal process is
not random! A better understanding of the customer criteria and market
dynamics that drive contract awards can help managers in fine-tuning their
acquisition processes and organizational support systems and will therefore
enhance the chances of winning new business via bid proposals.
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desired outcome—or the absence of a desired outcome—disrupts your

In the context of a project, risk is defined as the possibility that an un-

project. Possibility is an important word in this definition, because risk
is always connected with uncertainty. If something is certain to occur, we
call it an issue instead of a risk. Issues are just as important as risks, but
since they are managed differently, we separate them at the outset.

Consequently, risk management is a set of techniques for controlling the
uncertainty in a project. Depending on the type of disruption that concerns
you, the uncertainty could be reflected in project expense growth, schedule

202 Field Guide to Project Management, Second Edition. Edited by David 1. Cleland
Copyright © 2004 John Wiley & Sons, Inc.
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slippage, lack of quality in the deliverables, or deliverables that fall short in
some other way, such as being too expensive.

Apart from project management, risk management is often associated
with the insurance industry. In fact, risk management is sometimes a syn-
onym for insurance. This connection provides some valuable insights about
project risk management. For example, project risk management is not free.
Just like insurance, you pay for it, but it yields benefits in reducing uncer-
tainty. In general, the higher the ‘“premiums” you pay, the greater the “cov-
erage’”’ you receive in terms of reducing uncertainty, but there is a point of
diminishing returns. The balance between the premiums you are able to pay
and the coverage you desire to receive is a matter of judgment, tempered
by your tolerance for risk. It is important to discuss this balance openly and
arrive at one that is comfortable for your organization.

Risk is inseparable from opportunity, and this is also important to keep
in mind constantly. If you manage risk inappropriately, you can drive out
the opportunity you seek in your venture. This is very important in projects
that depend on innovation, such as product development: a risk-free project
is a sure route to a me-too product. Consequently, risk management is not
a matter of driving out all risk, but rather one of understanding the risks the
project faces and choosing to avoid some of them and turn others in your
favor.

As you can see from the insurance viewpoint and from the opportunity
viewpoint, project risk management is a constant balancing act.

Principles of Effective Risk Management

Here we cover some general principles of effective project risk management
that pervade the chapter. Please keep these in mind as you read on, because
they will help you to place emphasis where it is needed. Our experience with
project risk management is mostly related to product development projects,
so our treatment and our examples may be biased somewhat in this direc-
tion. This is actually advantageous, because product innovation is a de-
manding application of risk management.

When managing the risk in a project, you should look at the project
broadly. Usually, an appropriate perspective is that a risk is anything that
will keep the project from achieving its business objectives. The tendency is
to view it more narrowly from a functional perspective. Then you not only
miss the risks that could occur in other functions, but you also miss more
subtle ones that could arise between functions. For example, in product
development, engineers normally complete most of the project, so it seems
natural to let engineering be responsible for risk management. When this
happens, the engineers will typically focus only on technical risks, missing
market, scope, supplier, resource, and management risks that are actually
more likely sources of business failure.
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This implies that a cross-functional team must conduct all parts of risk
management—especially the risk identification step. Sometimes you should
look even beyond the functions that are usually involved in the project. For
instance, we once conducted a risk management session for a new product
that was the company’s first one aimed at the consumer market (they had
made only professional tools). This firm was concerned about product lia-
bility risks when amateurs used their equipment. Consequently, they in-
cluded a corporate lawyer in their risk management group.

Another earmark of good project risk management is that it is proactive.
That is, you seek to identify the risk and plan how you will deal with it before
it occurs. Often it is advantageous to plan your responses long before the
risk might occur. As you will see when we describe the action-planning step,
the actions you can take against a specific risk usually become fewer and
more expensive the longer you wait. Unless you are proactive, not only will
some preventable risks occur, but others will also be more difficult and ex-
pensive to deal with.

Finally, your project risk management should be based on facts. This may
seem obvious, but because risk has so many emotional undertones, it is
essential in managing a risk on a rational basis to base it as solidly as you
can on the facts that support it. Although people may prefer to sweep the
risk itself under the carpet, they are more willing to discuss the facts behind
it. Also, using the facts makes it easier to quantify the risk’s seriousness,
which is essential in balancing the risk’s potential consequences against the
cost of mitigating it.

We use a tool that will help you base your risk on its facts. We call it the
standard risk model (this model, as well as the rest of this chapter, is covered
in detail in Smith and Merritt).! The model appears in Figure 13-1. We will

Probability of
risk event (P,)

Probability of
impact (P,

/l

Impact

Total loss (L)

Risk event

driver(s) Impact driver(s)

l\./l
|
\'

Figure 13-1 The Standard Risk Model. This model helps you to understand
the components of a project risk and base it on facts that
support it

Source: Adapted from Fastrak Training Inc. training material. Used with
permission. © 1996
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outline its elements here, and you will see how it is applied as we employ
it in a case study that runs through the five risk management steps later.

The starting point of the model is the risk event, which is the happening
or state that triggers a loss. It leads to the impact, which is the consequence
or potential loss that might result if the risk event occurs. The fotal loss is
closely tied to the impact; it is the magnitude of the actual loss accrued
when the risk event occurs. The drivers, at the bottom of the figure, are the
facts in the project environment that lead one to believe that the risk event
or the impact, respectively, could occur. Finally, both the risk event and its
impact have probabilities of occurrence associated with them, as shown at
the top of the figure.

We will describe the risk management process by using this model, so
you will see, as we work through the case study, how the pieces of the model
fit together to provide a complete picture of a risk that guides you naturally
toward means of mitigating it. The model offers several benefits:

e It separates the risk event from its impact, which clarifies cause and
effect and thus helps to focus action plans.

¢ It encourages quantifying total loss, which is advantageous when pri-
oritizing risks in a project.

¢ Perhaps most importantly, it facilitates basing the risk on its facts (driv-
ers), which allows the team to discuss it more objectively and reach
consensus faster in dealing with it.

e It naturally divides action plans into useful groups, so that action plan-
ning becomes more complete and methodical.

Step 1: Identify Risks

We divide the risk management process into five steps, and here we will
guide you through these steps by both explaining them and illustrating them
with a running example of a risk we managed recently. There is nothing
special about these five steps, and indeed, if you consult other authors on
this subject or organizations devoted to it, such as the Project Management
Institute,? the U.S. Department of Defense,® or the Software Engineering In-
stitute,* you will find a somewhat different process. What matters is that
certain vital activities occur, so watch for them and ensure that they are
carried out well in your process. In contrast, we believe that our risk model
adds a great deal of value to the process, and we know of no other author
or organization that does anything similar. Consequently, pay particular at-
tention to how we employ the model.

PREPARATIONS

You should invite a diverse group to participate in this first step, for two
reasons. First, you will need a cross-functional perspective in order to un-
cover the variety of business risks you seek (recall our earlier example about
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inviting the corporate lawyer). It will be easy enough to eliminate inappro-
priate risks later, but you must get them on your list first. Second, this is
where the very important phenomenon of ownership begins. Ultimately, in
order to obtain action against your most important risks, certain individuals
will have to believe in them wholeheartedly and appreciate their nuances.
The individuals who will be expected to take action against the risks should
therefore be involved now to start building this ownership in the outcome.

Now that you have an eclectic group, you will need a skilled facilitator
to lead them through the process. The facilitator should know something
about the risk management process and the project at hand, but the primary
requirement is skill in drawing ideas from a diverse group and balancing the
discussion. The facilitator should not be a major participant in the project,
such as the project leader. A major player is likely to have too much of a
stake in the project, which can lead to bias. Also, the major players should
be devoting full mindshare to identifying risks, not running the meeting.
Such a facilitator could be a senior member of another project, someone
from your human resources or training department, or a consultant spe-
cialized in this field.

Make sure certain logistics are in place. You will need a room isolated
from day-to-day activities and with plenty of usable wall space. Flipcharts,
markers, sticky notes, whiteboards, and overhead transparencies will be
needed to capture and share the risks. Finally, prepare a spreadsheet on a
portable computer that can be used to record your risks. See Smith and
Merritt for details on spreadsheet format.’

WAYS OF FINDING RISKS

There are several frameworks you can use for identifying risks. For a given
project, we suggest that you pick two of them for thoroughness, one rela-
tively specific to the needs of your project and the other intentionally broad
to highlight risks that the narrower approach may miss. Here are some pos-
sibilities.

¢ Schedule-based. We tend to work on projects in which meeting an
aggressive schedule is paramount. In this case, you can post a top-level
project schedule (one that includes the activities of all organizational
functions) and proceed through it phase-by-phase or activity-by-
activity to precipitate risks.

¢ Process-based. Many important but subtle risks occur at organiza-
tional interfaces. If you have a process diagram for your project that
shows how work must flow between organizational units (including
outside units), you can use it to prompt risks. The facilitator simply
works through it piece by piece.

e Work-breakdown structure-based. Work-breakdown structure (WBS)
is a basic tool of project management (see Chapter 8). Once you
have a work-breakdown structure for your project, you can use it to
find project risks. However, be aware of a couple of limitations. One
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is that there are various architectures for building a WBS, such as
organization-based or product subsystem-based, and these will lead
you to different risks; that is, the type of WBS you use will flavor the
risks you find. Second, WBS tends to be a rather technical approach to
project management, so there is likely to be a technical bias to the risks
found.

¢ Success-thwarting. This is a general-purpose one. First, you reverse
your perspective and identify approximately a half-dozen indicators of
success for your project, such as a certain profit margins, success in a
specific market, or a low level of customer complaints. Post these suc-
cess factors, then ask the group what might stand in the way of achiev-
ing this picture of success.

e Prompt list-based. After you have been doing project risk manage-
ment for a while, you will notice that certain types of risks specific to
your business keep appearing. By capturing these and organizing them,
you can create a list that you can post and use to prompt risks for the
current project. Clearly, this technique will work best for a project that
fits your project pattern well.

RECORDING YOUR RISKS

Regardless of the framework used to identify your risks, risk identification
is essentially a brainstorming activity, so media such as sticky notes are
handy for capturing each risk as it arises. Then you can easily organize them
into clusters, eliminate duplicates, and combine similar ones. Referring to
the risk model, for each risk you should capture both its risk event and its
impact on the sticky note. After you have organized your risks, transfer the
risk-event/impact pair for each risk to either a copy of the risk model or to
your spreadsheet.

WHEN TO DO RISK IDENTIFICATION

Because project risk identification interacts with other parts of project plan-
ning, there is no ideal time to identify project risks. If you identify your risks
too early, you will not have enough information specific to that project, so
you are apt to imagine phantom risks with little basis in this project. On the
other hand, if you wait until you have completed project planning, the risks
you identify may then be serious enough that you will have to revise the
schedule, budget, or tasks to accommodate the risks. Consequently, the best
solution is to initiate project planning, then complete the initial steps of risk
management (including risk identification), and finally update your project
planning in light of the risks you face, as shown in Figure 13-2.

CASE STUDY BACKGROUND

To illustrate how the model and the process help you to manage a project
risk, we provide a case study. This example comes from an actual project,
although some names and the type of product have been disguised. Our
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Figure 13-2 Activities specific to risk management are shown at the bottom,
and other project activities are listed at the top. During the
project front end, the initial steps of risk management occur
after initial planning but precede final planning, and during
subsequent task execution, the risk-monitoring step occurs
periodically

project manager, Kim, has been assigned responsibility for delivering a pro-
totype piece of equipment to a customer site for test and evaluation.

Kim’s company develops and manufactures professional camera equip-
ment. This new camera model has been in development for 18 months and
incorporates multiple lenses along with sophisticated digital processing to
produce an adjustable, wide-field image of up to 180°. For this specialized
application, the company is targeting markets such as surveying and real
estate companies, billboard advertisers, tradeshow companies, and print
media. New technology introduced in this camera for the first time allows
a significant price reduction relative to alternative solutions.

The product development team has received strong market interest in
the product; however, most prospects are hesitant to purchase due to the
new technology. Thus, a billboard advertising company has requested that
a demonstration unit be delivered to them for test and evaluation.

IDENTIFYING CASE STUDY RISKS
Kim has been tasked to arrange and coordinate all activities regarding this
customer test and evaluation (T&E). He assembled a cross-functional team
to plan support for this T&E, and one of their first tasks was to develop a
schedule specifying the dates and resources needed to acquire the equip-
ment, develop the test plan, ensure that all nondisclosure agreements are
in place, and stage the equipment prior to shipment.

Using the schedule-based approach mentioned earlier, the team con-
ducted a risk identification workshop by reviewing each phase of the project
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to identify any potential risk events that could disrupt the T&E. They iden-
tified fifteen risks.

One of these risks was that the prototype camera could be damaged
during shipment. We will use this risk with each step of the process to dem-
onstrate how the risk management techniques are applied. As the team dis-
cussed this risk to determine what its impact would be, they decided to
review the request for proposal (RFP), which stated that this customer would
commit to purchasing $15,000,000 worth of equipment over the next three
years, contingent upon a successful test and evaluation of a multiple lens
camera. Kim’s business unit expects a 45 percent gross profit margin for
specialty camera equipment. Using the gross profit margin from the RFP
potential, the team determined that if the prototype equipment were dam-
aged and the T&E could not be completed successfully by the required date,
the impact would be a $6,750,000 opportunity loss.

Thus, Kim identifies this risk as

Risk event. Prototype camera may be damaged during shipment to cus-
tomer test and evaluation (T&E) lab.

Impact. If the July 14 start date for the T&E period is delayed, our cus-
tomer will select our competitor, which will cause us to lose a three-
year contract worth $6,750,000 gross profit margin.

Step 2: Analyze Risks

Risk analysis is perhaps the most time-consuming step, and it should be
done well, because it is the foundation for all that follows. If you produce a
clear analysis, the rest of the process falls into place naturally with the help
of the risk model.

The objective of risk analysis is to place facts under each risk to support
it. These facts, which we call drivers, help you assess how serious the risk
is. Drivers can make the risk either more or less serious. For instance, if the
risk that concerns me is making a spelling mistake in this manuscript, then
a driver that I lack a dictionary will increase this risk’s likelihood, but a driver
that that the spelling checker is active will decrease the chance of misspell-
ings.

Please refer to Figure 13-1 (the risk model). In the risk identification step,
you filled in the risk event and the impact boxes. During risk analysis, you
will fill in all of the other boxes. Because the drivers support the information
in the remaining boxes, you should complete in the drivers first, then use
them to complete the other boxes. In fact, if you have difficulty in com-
pleting the other boxes, consider whether some additional drivers might
help you fill in the model and thus understand the risk better.

Normally, you complete the model for one risk before proceeding to the
next one. Within a risk, the preferred sequence is to list the risk event drivers
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first, then use them to estimate the risk event’s probability. Then proceed
likewise for the impact drivers and probability of impact. Finally, estimate
the total loss from your drivers.

For a given risk, you might have only a couple of risk event or impact
drivers, or you might have dozens of each. As you proceed later, you should
be alert to adding more drivers that might help you understand—thus man-
age—the risk better. You can never have too many drivers, because they put
the risk on a factual foundation and help the team to reach consensus on
how the risk should be handled. Otherwise, there are likely to be a multitude
of opinions and no concerted action against the risk. In short, focusing on
the drivers rather than the risk itself moves the discussion to a more objec-
tive level that leads to action.

Once the risk model is complete for a risk, you should calculate its ex-
pected loss from the quantities in the model:

L,=P,x P, x I,

The expected loss, L, is an overall measure of the seriousness of this risk,
which is used in the next step to prioritize the project’s risks. It is important
to understand what this formula is saying. The total loss, L,, is loss you
would suffer if the risk and its impact happened. However, risks are uncer-
tain, so they will only happen sometimes. The probabilities, P, X P;, tell you
what the chances of it happening are. Thus, expected loss is the total loss
tempered by the chances of it happening. It is the loss you would expect,
on average, from such a risk. Its main value is to compare this risk against
others for the project to help you decide which ones you will devote effort
toward mitigating.

There are many details involved in risk analysis that we do not have space
to cover here. For example, should total loss be expressed in monetary
terms, lost time, or, indeed, can you simply use high, medium, and low as
loss ratings? How do you estimate the probabilities? Please see Smith and
Merritt for these details.5

ANALYZING CASE STUDY RISKS
Now that Kim’s team has determined the risk event and the impact, they
are ready to do a “deep dive” into the risk to determine the facts, or risk
drivers, that lead them to believe that this risk could occur.

The team discovered these risk event drivers:

1. Previous prototypes that have been delivered from the prototype man-
ufacturing line have arrived damaged at customer sites 75 percent of
the time.

2. The packaging material used by the prototype manufacturing line is
different than the type used by the regular manufacturing line.

3. Current equipment shipper was selected solely based on their bid,
which was significantly less than previous shipper.
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After they listed the risk event drivers, the team evaluated the facts and
estimated that P, should be set to 0.75 (75 percent) using their expert judg-
ment.

Next, the team listed the impact drivers:

1. Our customer has already completed evaluation of our competitor’s
product, and it has been deemed acceptable.

2. Our customer has committed to their executive management to re-
place their entire camera inventory no later than September 8.

3. Our customer has issued a request for proposal (RFP) that is worth
$15,000,000 over three years.

The team must now estimate the probability of impact, which is the prob-
ability of suffering the total loss, L,, if the risk event occurs. They decide to
set P; to 1.0 (100 percent), since they were extremely confident they would
lose the business if the prototype equipment arrived damaged, because the
test and evaluation would not be completed on time.

The total loss is easy in this case, because it is stated right in the impact
statement: $6,750,000.

Finally, they calculate the expected loss. Recall that the expected loss is
calculated by multiplying the risk event probability, impact probability, and
total loss together:

L,=P,x P, %I,
0.75 X 1.0 X $6,750,000
$5,062,500

Figure 13-3 is a representation of the completed analysis.

Step 3: Prioritize Risks

This is easily the shortest of the five steps, but it is an important one. This
is where you make the difficult choices of which risks you will devote effort
toward mitigating. At this point, you probably have many more risks iden-
tified and analyzed than you can afford to manage actively. Recall the in-
surance analogy at the beginning of the chapter. You will not only have to
choose the risks against which you will take action, but you will also have
to decide which ones you knowingly will leave inactive in order to limit your
“premiums.” Every hour that you devote to managing a risk is an hour that
becomes unavailable for project tasks. Although such tough choices are un-
comfortable, they are advantageous to the team. By consciously deciding
not to manage a certain risk (and reporting this choice to management), you
will be gaining management concurrence with your choices in case this in-
active risk occurs later.

There are four substeps to prioritizing. First, you arrange all of your an-
alyzed risks in order by expected loss. If you have entered them into a
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L. =0.75 x 1.0 x $6,750,000
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customer test and
evaluation (T&E) lab.

delivered from the prototype completed evaluation of our
manufacturing line have arrived competitor’s product, and it has
damaged at customer sites 75% been deemed acceptable.

percent of the time. 2. Our customer has committed to

2. The packaging material used by the their executive management to

prototype manufacturing line is replace their entire camera inventory
different than the type used by the no later than September 8.

regular manufacturing line. 3. Our customer has issued a Request
3. Current equipment shipper was For Proposal (RFP) that is worth
selected solely based on their bid, $15M over 3 years.

which was significantly less than
previous shipper.

Figure 13-3 This risk illustrates the loss that could occur if a prototype
camera is damaged during shipment. If the risk event occurs,
the company could lose $6,750,000; however, the expected loss
is $5,062,500

spreadsheet, you can do this is easily by sorting them on the expected loss
column. Next, you build a risk map (see the next paragraph) so that you can
see your overall risk picture for the project. Using this map, the team makes
adjustments using its judgment (discussed later) to override the raw sort by
expected loss. Finally, the team communicates its choices to management
to gain the overall organization’s concurrence to the types of risks managed
and the overall level of risk assumed for the project.

A risk map (Figure 13-4) provides an excellent picture laying out all of
the project’s risks so that you can, as a team and in conjunction with man-
agement, ensure that you are covering your most serious risks. The risks
that lie in the upper right corner of the map are the most serious ones, and
the threshold line is a line of constant expected loss that roughly separates
the risks above it that are actively managed from those below it that are only
monitored. Smith and Merritt describe how to draw the threshold line.’

The risk map highlights risks that the team may wish to reassign accord-
ing to their judgment. For example, a risk on the right side of the map is a
catastrophic one that you may wish to actively manage regardless of its
likelihood, because you cannot afford its consequences. This is analogous
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Figure 13-4 A risk map showing risks 1, 2, 5, 13, and 16 under active
management and five more monitored candidates. Risk 10
could be considered a catastrophic one that the team also
decides to manage actively

Source: Reprinted with permission from Proactive Risk Management: Controlling
Uncertainty in Product Development. Copyright © 2000 Preston G. Smith and Guy
M. Merritt, with permission from the publisher, Productivity Press 800-394-6868,
www.productivityinc.com

to bodily injury coverage in automobile insurance. In contrast, a risk on the
left side, independently of its likelihood, is one you can afford if it occurs—
analogous to breakdown coverage in your automobile policy—so you can
downgrade it to monitoring status. There are other strategic reasons for ad-
justing risks, for instance, a risk may affect the firm’s reputation.

PRIORITIZING CASE STUDY RISKS

During the risk-identification workshop, Kim’s team identified fifteen risks
that could disrupt the upcoming test and evaluation. The team’s next step
was to prioritize these risks based upon their expected losses. They applied
expert judgment regarding which risks to manage actively. Even though the
number of risks being considered was small, the team decided to create a
risk map that used the risk likelihood (P, X P,) on the y-axis and total loss
on the x-axis (see Figure 13—4). A threshold line on the risk map, which also
suggested which risks should be managed actively, was used as a check on
the prioritized risk list they had developed previously.
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Step 4: Create Action Plans

This is where your drivers become valuable, because if they are complete
and well stated, they lead you naturally to a robust set of action plans for
resolving the risk. There are several different kinds of action plans, including
avoiding, accepting, and transferring the risk. Here we describe only the two
most common and powerful types of plan: prevention plans and contin-
gency plans. For others, please consult Smith and Merritt, Project Manage-
ment Institute, or Department of Defense.

Prevention plans are intended to reduce the probability that the risk
event will occur, or reduce its impact if it does occur. With reference to the
risk model, your risk event drivers prompt prevention plans. Normally, you
simply proceed down through your list of risk event drivers and ask at each
one what kind of action plan(s) it suggests. Some drivers will prompt mul-
tiple candidates for prevention plans, and some will not suggest any, for
example, if the driver is a fact that cannot be changed. Seldom does a single
prevention plan completely preclude the risk. If this is the case, you can add
other prevention plans or plans of another type to reduce the risk’s severity
to an acceptable level.

Contingency plans deal with the risk after it has occurred to reduce its
severity (although they must be planned and prepared for before the risk
event occurs). Thus, contingency plans are less desirable than prevention
plans, although they may be less expensive to enact. Interestingly, contin-
gency plans are prompted by your impact drivers, just as prevention plans
emanate from risk event drivers.

Moreover, the other types of action plans, such as avoidance and trans-
fer, are also related to certain parts of the risk model, as shown in Figure 7-
2 of Smith and Merritt. This is yet another benefit of using the risk model.

You will likely discover far more action plans than you need or can afford
to implement. Consequently, you assess them on their cost effectiveness,
that is, how much they reduce the risk’s expected loss relative to what they
cost to carry out. The cost can be calculated in monetary terms, effort
(person-hours), or schedule slippage, whatever means the most to your
project.

In general, each plan also has a trigger, that is, a time or condition at
which it is implemented. For example, if you plan to prevent malaria on a
trip to the tropics by taking antimalarial tablets, you need not actually start
taking the tablets until you depart.

CREATING ACTION PLANS FOR CASE STUDY RISKS

The first set of action plans for Kim’s project address changing the risk event
drivers to decrease the probability that the risk event would occur. This is
what we mean by being proactive—prevent the risk from occurring in the
first place. After reviewing the first risk event driver, which was simply an
historical statement of previous damage (see Figure 13-3), the team deter-



Techniques for Managing Project Risk 215

mined that one of the reasons equipment was being damaged was that those
responsible for shipping were not adequately trained in proper packaging
techniques; therefore, the prevention plan was simply to provide appropriate
training. The second driver revealed that the packaging material used on the
prototype manufacturing line was different than that used at the main pro-
duction facility. (It turned out that the prototype line’s packaging material
was obsolete and they never were informed of the change. You can see that
this opens a new line of investigation, which in fact was later pursued by
the team.) Once again, a very simple prevention plan was to order the same
type of packaging and to scrap the obsolete material at the prototype man-
ufacturing facility. Regarding the third driver, the team decided that the total
cost savings realized with this shipper, for all prototype shipments, was sig-
nificant enough to warrant continuing to use them. However, the team did
investigate previous shipments that were damaged, and they did not appear
to be related to shipping and handling.

The second set of action plans deal with the unfortunate reality that some
risks will not be prevented, even with the best prevention plans in place.
Therefore, the team reviewed the impact drivers for possible actions to be
enacted in the event that the risk event still occurs. The first impact driver
dealt with the fact that the customer has already evaluated the competitor
and deemed their solution to be acceptable. The team realized that their
ability to change this driver was too limited to consider pursuing. They then
evaluated the second impact driver to see what could be done. Kim’s team
learned that the entire inventory of older cameras was being replaced with
this next-generation camera, which had to be completed by September 8.
Apparently, the inventory replacement date was triggering the July 14 dead-
line. The team decided to ship spare prototypes in case one of the primaries
failed, which would enable the test and evaluation to continue. The last
driver was the key piece of data to allow the team to fully determine the
total loss they could be facing. No contingency plans were needed to change
this driver.

Step 5: Monitor Progress

The previous four steps are executed at the outset of the project, as ex-
plained in connection with Figure 13-2. In contrast, this one occurs regularly
throughout the project, as indicated by the small triangles in Figure 13-2.
How often is “regularly”’? Our answer stems directly from the concept of
proactivity: by managing project risks, you are trying to preclude problems
with the project’s budget, schedule, or outcome. Consequently, you should
monitor your risks as frequently as you monitor project budget, schedule,
or outcome.

Many tools are available for monitoring a project’s risk, so you can
choose one that fits you needs and style:
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e Tracking list. This is simply a list of your active risks (the ones with
action plans) for the project followed by the inactive (planless) ones,
showing the current expected value for each one.

e Tracking chart. Here you create a thoughtfully formatted one-page
chart for each project risk, for example, see Smith and Merritt.? Relative
to the tracking list, this one has the advantage of showing much more
detail for each risk, such as its prevention plans, but the corresponding
disadvantage that you cannot see all of your project risks at once.

¢ Graphical tracking list. This one is like a tracking list but is portrayed
as a chronological bar chart; see Smith and Merritt.?

¢ Risk map. Using a chart like Figure 13-4, you can add expected loss
trend information by simply showing the trajectory of each risk on the
map over time (for both active and inactive risks). You can add a legend
that indicates the dates involved. This is an excellent portrayal to illus-
trate your progress to management; the goal for each active risk is to
move it below the threshold line, and you can check your inactive risks
to see that they remain below the threshold line.

¢ Risk dashboard. This is a collection of telling metrics for the project
that illuminate various facets of your risk mitigation performance,
much as a car’s dashboard indicates the car’s health by various mea-
sures. See Figure 8-6 in Smith and Merritt, and note that this dash-
board is an aggregate that hides the status of any individual risk.

An important part of the ongoing risk-monitoring step is scanning for and
processing any new risks that appear while you are working on the project.
The project’s environment is in constant flux, and you may also notice risks
that had not been apparent before, for example, risks that occurred on sister
projects. Any new risks you find should pass through mini-versions of steps
1-4 and then be treated the same as the older risks.

Conversely, as you monitor your risks, if you find ones that have passed
below the threshold line (regardless of the monitoring medium you use),
you should retire their action plans. This will conserve resources that you
are putting into actively managing them, and it will keep your active list
uncluttered so that you can see your currently most serious risks clearly.

MONITORING CASE STUDY RISKS

Kim takes the leading role in monitoring implementation of the action plans
and will ultimately be the decision-maker for enacting the contingency
plans, if needed. These action plans are entered into the project schedule
and treated like any other task needed to complete the project.

Outcome: The team’s efforts paid off: the equipment arrived undamaged
after the prevention plans were implemented successfully. However, during
the T&E period, one of cameras developed a latent defect that ultimately
turned out to be related to a faulty component. The on-site test engineer
had to bring in a spare to enable the T&E activity to continue. The testing
was completed successfully and, after root cause analysis of the defective
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camera was provided to the customer, Kim’s company was awarded the
three-year contract.

Implementation Pitfalls

We close with a few cautions to keep in mind as you build your project risk
management capability.

First, do not think of risk management as only identifying your risks (our
step 1). Curiously, many project teams do this unwittingly, and it is worse
than doing nothing at all. When the risks they had identified start occurring
lat